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Preface

M icro b io lo g y  a n d  Im m unology, Second  E d it ion ,  like the  first ,  p resen ts  an over
view o f  m edica l m icrob io logy  and  im m unology. It is des ig ned  to se rve  as  a guide  
for s tuden ts  e i th e r  tak ing  a  fo rm al co u rse  in m edica l m icrob io logy  o r  p rep a r ing  for 
board  o r  g radua te  level exam inations .  T h e  ob jec t ive  is to provide a  m ean s  w hereby  
s tuden ts  c an  m as te r  the  basic  in form ation  essen tia l  for a  th o ro ug h  u n ders tand in g  o f  
the sub jec t  matter. T he  m ateria l  c on ta ined  in this  bo o k  is  the  sam e as  tha t p resen ted  
to m ed ica l and gradua te  s tuden ts  tak ing  o u r  co u rse  in m edical m icrob io logy  at 
Texas Tech U nivers ity  H ealth  Sciences  C e n te r—these  s tud en ts  consis ten t ly  per
form  well on  the  m icrob io logy  sub tes t  o f  the National Board  M edical E xam ina tion .

T h e  book  is o rg an ized  into c hap te rs  d iscuss ing  im m unology , genera l  bac te r io l 
ogy, microb ia l  g ene tics ,  pa thogen ic  microbiology, virology, mycology, and p a ra 
sito logy; the final sum m atio n  chap te r  g ro u p s  m ic ro o rg an ism s  accord ing  to the 
region o f  the  h um an  body  in w hich  they produce  infections. Self-test m ultip le  
cho ice  q uest ions  s im ila r  to those  used on the board  o r  o th e r  co m preh ens ive  
exam ina t ions  supplem ent the  b o o k ’s f irs t seven chapte rs .  A n sw ers  to  these  q u e s 
tions are acco m p an ie d ,  w hen  appropr ia te ,  by  b r ie f  explanations.

D.J.H.
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1
Immunology

Terence M. Joys

Introduction

T he  concep t  tha t h u m an s  have so m e  k ind  o f  im m u ne  
m ech a n ism  arose  from  the ancient observa tion  tha t  ind i
v iduals  w ho  recovered  from  an ep idem ic  d isease  were 
often  no  longer  suscep tib le  d u r in g  fu r th e r  o u tb reaks  o f  the 
d isease. A l though  E dw ard  Jenner  developed  an  em pir ica l  
m etho d  o f  s t im ula t ing  th is  m ech a n ism  to prevent sm allpox  
infec tion  in 1796, the  basis  o f  im m u n i ty  has  only been 
e luc ida ted  d u r ing  the  p as t  100 years. T h e  cells  and m o le 
cu les  responsib le  for im m u n i ty  cons t i tu te  the  im m une  
sys tem , and  th e ir  co llec tive  and coord in a ted  re sponses  to 
fo re ign subs tances  c o m p r ise  the  im m une  response  (Fig. 
l- l) .  T h e  p r im ary  c o n ce rn  is m a in ten ance  o f  the  body 
aga ins t  invasion by bo th  ex te rna l agen ts  and its ow n u n re 
gu la ted  cells , and im m u n i ty  now  is defined  as a reac t ion  to 
foreign substances w ithout implying a physiologic o r patho
logic co nsequ ence  o f  such a reaction.

All an im a ls  have nona d a p tive  (also ca lled  na tu ra l ,  n a 
tive, or innate) sy s tem s tha t  act as a  first line o f  defense

Fig. 1-1 S u m m a r y  o f  t h e  i m m u n e  r esponse .  Ag,  a n t i 
g e n ;  ARC, a n t i g e n  p r e s e n t i n g  cells; Ig, i m m u n o g l o b u 
lin; MHC, m a j o r  h i s t oco mp a t ib i l i t y  complex .

В c e l ls P l a s m a  c e l ls Ig P ro d u c t io n

M e m o ry  c e l ls
M H C  II

A P C L y m p h o k in e s In f la m m a tio n

M H C
M e m o ry  c e l ls

C e l l s  w ith  L y s is  of
" F o r e ig n  ---------->■ C D 8 +  y. T a r g e t  c e l ls

P e p t id e s "  M H C  I т  c e l ls
M e m o r y  c e l ls

aga ins t  foreign invaders. In h u m ans  these  inc lude  the 
ep ithelia l  surface , p hagocy tic  cells, a  c lass  o f  lym phocy tes  
ca lled  natural k il le r  (N K ) cells , and c ircu la t ing  fac tors  such 
as  lysozym e, C -reac t ive  p ro te in ,  a nd  properd in .  F o u r  types 
o f  defensive  obstac les  are  involved. A natom ic  b arr ie rs  
inc lude  in tact sk in ,  w hich  prevents  pene tra t ion  and  has 
local fa tty  ac ids  to provide a low pH  env ironm ent and 
var ious  m u co u s  m em b ran es  that have secre tions  and  cil ia  
to  w ash  away potentia l pa thogens .  Physio log ic  b arr ie rs  
consis t  o f  tem p era tu re ,  p H ,  oxygen  tens ion , and soluble 
fac tors  ( ly sozym e, in te rfe ron ,  com plem ent)  and endocy tic  
and p hagocy tic  barr ie rs  tha t result in rem oval o f  the  foreign 
materia l  by ingestion  in to  a cell .  In f lam m ation  is also part 
o f  the  n o rm al  re sponse  to in jury  and invasion. E n d ocy to s is  
involves m acro m o lecu les  and o ccurs  by  p inocy to s is  (n o n 
specific  m em b rane  invagination) and recep to r-m ed ia ted  
endocy to s is  (m olecu les  are in te rna l ized  a f te r  b ind ing  to 
specific  receptors) . In  bo th ,  the  m olecu les  are en c losed  in 
endocy tic  vesicles tha t  fuse w ith  en d o so m es  (w hich  have 
an ac id  env iro nm en t  tha t c leaves o f f  any recep tors)  and 
then fuse with p r im ary  lysosom es to fo rm  secondary  
lysosom es. P r im ary  lysosom es  are d e r iv ed  from  the  G olgi 
appa ra tus  and conta in  large num bers  o f  degrada t ive  e n 
zy m es  (p ro teases ,  l ipases ,  nucleases ,  and  others) .  T hese  
b reak  dow n the m acrom olecu les  into sm a lle r  p ieces,  which 
are  e l im ina ted .  P h ago cy to s is  involves spec ia l ized  cells, 
w hich  can e n g u lf  par t icu la te  m a t te r  to fo rm  phag osom es  
(1 0 -2 0  t im es  la rger  than  endosom es) .  T hese  fuse with 
p r im ary  lysosom es  and then follow the  sam e  degrada t ive  
pathway. S o m e  ba c te r ia  c an  su rv ive  th is  a ttem pted  d ig es
tion. V ertebrates  have evolved an add it iona l a d ap tive  (ac
qu ired ,  specific)  sys tem  that takes t im e to re spo nd ,  is 
exquis i te ly  spec if ic ,  and  increases  in m ag n i tu d e  w ith  su c 
cess ive  exp osures  ( to  a m ax im um ).  T h is  adap tiv e  sys tem  
can  rem em ber  an exposure  (the an am ne s t ic  response)  so 
tha t su bsequen t encou n te rs  result in an increas ing ly  e f fec 
tive defense  re sponse  and a m p lify  the p ro tec tive  m ec h a 
n ism s  o f  natural im m u n ity  to focus them  on the site  w here 
the na tural im m un i ty  broke dow n. It is dual in nature  and 
involves bo th  a  hum ora l  ( l iquid) and a ce l lu la r  response. 
A gents  that c ause  an im m u ne  re sponse  are ca lled  antigens.
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2  1. I m m u n o l o g y

S ubstances  tha t ap pea r  in se ru m  as a result o f  an tigen  
exposure  are ca lled  an tibod ies . T h e  im m u n e  sys tem  reacts  
in a h igh ly  selective m a n n e r  tha t is very  sp ec ific , and  this 
specific ity  is d e te rm in e d  by lym phocytes .

L ym phocy tes  are m orpho log ica lly  s im ila r  but can  be 
d iv ided  on  physio log ic ,  deve lopm en ta l ,  and  functional 
g rou nd s  in to  two m a jo r  c lasses ,  the  T  cells  and  the  В cells. 
В cells  are responsib le  for the  h um ora l  re sponse  and may 
different ia te  into p la sm a  cells w hen ac tivated  by  reco gn i
tion o f  foreign m ater ia l .  P lasm a cells  secre te  an tibodies ,  
w hich bind specifica lly  to such m ateria l  and  initia te  a 
varie ty  o f  e lim ination  responses.  H um ora l  im m u n i ty  can 
be transfe r red  by p la sm a  to give pass ive  immunity . T he  T 
cells also recogn ize  foreign sub s tances  and d ifferentia te  
into a varie ty  o f  cells that e i th e r  m edia te  the ce llu la r  
response , cause  cy to toxic  effec ts ,  o r  in f luence  the B-cell 
response. T h is  ce l lu la r  response  can  only be t ransfe r red  by 
cells. An individual ly m phocy te  in e i th e r  c lass  is highly  
specific  in its recogn ition  ab il ity  and  will respond  to only 
one or a  few closely  re la ted  fore ign subs tances .  Following 
recogn i tion ,  these  cells  m ust rep roduce  and d if feren t ia te  to 
genera te  an im m un e  response. T h e  c lonal selection theory  
proposes  tha t each lym phocy te  expresses  on its su r face  one 
o f  a large lib rary  o f  recogn ition  molecules .  In addit ion  to 
the lym phocy tes ,  several o th e r  ty pes  o f  cells  are  essentia l 
to the im m une  sys tem , and the i r  func t ions  include p ro ces s 
ing o f  the  fore ign materia l  for p resen ta t ion  to the  T  cells, 
scavenging o f  foreign m ateria l  a f ter  its reac t ion  w ith  the 
im m une  sys tem , and m ed ia tion  o f  physio log ic  chan ges  that 
oc cu r  in the  im m u ne  response. T hese  ac ce sso ry  cells 
include b lood m onocy tes ,  m acro ph ages ,  po ly m o rp h o n u 
c le a r  leukocytes ,  and dendr i t ic  re t icu la r  cells.

In add it ion  to  its obviously  benefic ia l  p rop e r ty  in a id ing 
in defense  agains t  pa thogens  and unregu la ted  host  cells, 
the  im m un e  re sponse  can  be  m od u la ted  not to respond  (that 
is, a  state o f  to lerance  is induced)  o r  to respond  in a m an n er  
tha t is d e le te r ious  b ecause  o f  hypersensit iv ity .  D isease 
s ta tes tha t in f luence  the im m u n e  sys tem  can  result in the 
b reakdow n o f  the  abil i ty  to d is t inguish  " s e l f ” from  “ non
self ,”  and an im m une  re sponse  can  be genera ted  agains t  
host m ateria l.

Im m u n e  re sponses  are  se lf- l im ited  and w ane with time. 
T h ey  consis t  o f  a  co g n itive  phase , in w hich  the foreign 
an tigens  b ind  to preex isting  specific  recep to rs  on mature 
lym phocy tes ;  an activa tion  phase , in w hich  the  ly m p h o 
cy tes  proliferate; and an e ffec to r  p hase , in w hich  cells  and 
mediators (phagocytes, complement,  mast cells, cytokines, 
and leukocytes  tha t are involved in in f lam m ation)  tha t  can 
function  in the absence  o f  lym phocy te  activa tion  are a c t i
vated and focused  on the  fore ign m ateria l .  A s  a result o f 
the response , som e o f  the В cells  and  T  cells  tha t  were 
specifica lly  ac tivated  g ive r ise  to m e m o ry  cells, w hich

c ircu la te  over  t im e  and allow the  re spo nse  to a second  
exposure  to  be m ore  rap id  and m ore  intense, and to last 
longer.

Immunogens___________________

Str ic tly  speak ing ,  an im m un og en  is a su bs tance  capab le  o f  
e l ic it ing  an im m u ne  response , an an t igen  is a su bs tance  
capab le  o f  reac t ing  specif ica lly  with  antibody , and a hapten 
is a sm all  chem ica l capab le  o f  reac t in g  with specific  
an t ib od y  but not able  to  e licit fo rm a tion  o f  tha t antibody. 
H ap tens  m ay becom e im m un og en ic  w hen coup led  to a 
“ c a r r i e r ” molecule.

Abili ty t o  Elicit an  I m m u n e  R es p o n s e

T h e  ab il ity  o f  an im m un og en  to elicit an im m u n e  response  
d epends  on a v arie ty  o f  factors.  T h e  na tu re  o f  the  p ro s p e c 
tive im m u n o g en  exerts  an e f fec t  in tha t  it m ust be fore ign to 
the circu la t ion  o f  the host to w h ich  it is ex p o sed  and m ust 
not have previously  induced  a  sta te  o f  to le rance  in the host .  
T h e  chem ica l na ture  o f  a  su bs tance  is im p ortan t  in d e te r
m in ing  w h e th e r  it will be im m u no gen ic  and th is  includes 
its m olecu la r  size  and  complexity . No clear-cut th resholds  
ex is t  bu t,  in gen e ra l ,  the  b ig ge r  and  m ore  com plex  the 
better.  Usually, d if feren t reg ions  o f  an im m u n o g en  react 
w ith  В cells and T  cells. В -cell ep i topes  o f  an im m un og en  
(also  ca lled  antigen ic  de te rm in an ts ,  h ap ten ic  g rou ps )  are 
those  a reas  tha t c om bin e  specif ica lly  w ith  im m u n o g lo b u 
lin (Ig) on  the  su r face  o f  В cells , s t im ula t ing  these  ce lls  to 
div ide, d if fe ren t ia te ,  and sy n thes ize  specific  an t ib od y  in 
the  p resence  o f  s igna ls  from  T  h e lp e r  cells. T-cell ep itopes  
o f  an  im m u no gen  (ca r r ie r  g ro up s )  are tho se  a reas  tha t  are 
re ta ined  af ter  dena tu ra t ion  o f  the  pro te in  in the  lyso- 
s o m e /fu s e d  vacuole , are able to b ind  to the m a jo r  h is to 
com pa t ib i l i ty  com plex  (M H C ) hap lo type  p ro te ins  p resent 
in the  p rocess ing  cells , and  co m b ine  with specific  T-cell 
recep to rs  (TCR). In rare  c a ses  the  B- and  T-cell ep itopes  
are  the  same. M ac ro m o le c u la r  p ro te ins  are th o u g h t  to  be 
po tent im m u n o g en s  b ecause  they p ossess  m any  T-cell 
ep i topes  and  consequ en t ly  s t im ula te  n u m erou s  T-cell p o p 
ulations to aid in the  im m u n e  response . Such large an t igens  
usual ly  have m ore  than one В -cell ep i tope  and m any T-cell 
ep itopes. Ind iv idua ls  may not p ro d u ce  an t ibod ies  to all o f  
the В -cell ep i topes  or respond  to all o f  the  T-cell ep itopes  
presen t.  T he  В -cell ep i topes  tha t do  elicit an t ib od y  p ro d u c 
tion d if fe r  in the  am ou n t  o f  an t ib od y  p ro d u ced  agains t  
them ; tha t is, they  d if fer  in im m unopo tency . At the  m o lecu 
lar  level, an im m u no g lob u lin  is specific  for В -cell ep itopes  
tha t are 6 am in o  ac ids o r  4  sugars  in size, w h ereas  T-cell 
ep itopes  are 9 to 12 am in o  ac ids long for cy to tox ic  T  cells 
and  15 to 30 am in o  ac ids long for T  h e lp e r  cells. W ith in  a



1. I m m u n o l o g y  3

given  epitope , ind iv idual m olecu les  d o  not con tr ibu te  
equally  to the  spec if ic ity  and  such varia tion  represen ts  
im m u nodom inance . R are  an t igens  can  s t im ula te  a B-cell 
re sponse  in m ice  w itho u t  the  involvement o f  T  cells. It is 
n o t  c lea r  w h e th e r  such s i tua t ions  ex is t  in hum ans . T he  
a n im a l  b e in g  ex posed  to the  im m u n o g en  affec ts  the  re 
sponse , as d if feren t species  may react d ifferent ly  to a g iven 
prospec t ive  im m u n o g en ;  for exam ple , dex trans  are im m u 
n ogen ic  in m ice  and h u m an s  but not in rabbits  and  gu inea  
pigs. Ind iv idua ls  o f  the  sam e spec ies  show  varia tion  in 
the ir  responses.  T h e  exp erim en ta l co nd itions  o f  exposure , 
for exam ple , dose ,  m o de  o f  adm in is tra t ion ,  t im ing  o f  
exposure ,  and physio logic  cond it ion  o f  the  exposed  host , 
have a  b road  effec t  on  the  r e spo nse  e lic ited . A d juvan ts  are 
sub s tances  tha t can  increase  the re sponse  to  an im m unogen  
i f  adm in is te red  w ith  it. T h e y  may prolong re tention  o f  the 
im m u n o g e n ,  increase  its effec tive  size, s t im ula te  the  in 
flux o f  popula t ions  o f  m ac rop hag es  a n d /o r  lym phocy tes ,  
or do  m ore  than  one  o f  these. T h e  se n s itiv ity  o f  the  m ethod  
u sed  to de tec t  the  p resence  o f  an im m u n e  re sponse  may 
d e te rm in e  w h e th e r  o r not a  re spo nse  is m e asu red .  A l 
tho ug h  m any im m u n o g e n s  cause  obvious changes  in a 
su i table  host ,  som e  require  ex trem ely  sensit ive  techniques  
for de tec tion  o f  th e i r  respo nses ,  and the ir  im m un og en ic i ty  
c a n n o t  be  recog n ized  unless  such tes ts  are available.

H e te r o g e n e t i c  A n t ig e n s

T h e se  a n t igen s  are p resen t in d if fe ren t ,  often rela ted , 
species.  T h e  bes t  k no w n  is the  Forssm an a n tig en , w hich 
o ccurs  in the  red  b lood  cells  (R B C ) o f  g u inea  p igs ,  horses ,  
cattle , cats , ch ickens ,  and  som e ba c te r ia  bu t  not in rats or 
rabbits . T h is  an t igen  is a  po lysaccharide .  H u m ans  are 
usua l ly  repor ted  as F o rs sm an  an tigen  negative  but som e 
ind iv iduals  are  posi t ive  in the ir  gas t ro in tes t ina l  m ucosa .  
F o rs sm an  an tigen  negative  ind iv iduals  can  produce  g a s t ro 
in testinal tum ors  th a t  a re  positive. T he  h u m an  g ro u p  A red 
b lood  cell an t igen  is re la ted  to the  F o rs sm an  an t igen  and 
will c ross  reac t with it.

duc t ,  w hich dra ins  into the left subc lav ian  vein  near  the 
heart .  O n ce  in the  b lood ,  the lym phocy tes  c ircu la te  only 
for 30 m inu tes  o r less before en te r in g  som e k ind  o f  ly m 
phoid  tissue.

W hite b lo o d  ce lls  ( leukocytes )  a re  o f  five types. G ra n u 
locytes have n u m ero us  g ranu les  in the cy to p la sm  and are 
also  ca lled  po lym o rph on uc lea r  leukocy tes  because  the n u 
cleus is irregular, lobed ,  o r  seg m en ted .  T hey  co m pr ise  60 
to 70 percent of blood leukocytes and consist of  (1) neu tro
phils, also called microphages, 55 to 68 percent; (2) baso
phils, 0 .5  percen t ;  and  (3) eos inoph ils ,  2 to 5 percen t .  
A granu locy tes  consis t  of: (1) m o n ocy tes ,  3 .5  pe rcen t ,  and 
(2) ly m phocy tes ,  20  to 30  percen t .  M acro p h a g e s  are e i ther  
fixed (in liver, sp leen , bone marrow, lym ph no des ,  e tc . )  or 
w and er in g ,  and are derived  fro m  m onocytes .

All o f  these  cells , p lus e ry th rocy tes  and platelets, are 
th ou gh t  to a r ise  from  the  p lur ipo ten tia l  stem cell du ring  
h em ato po es is  (Fig. 1-2). S tem cells first a p p ea r  in the  yolk 
sac o f  the  developing e m b ry o  and then in the fetal liver. 
A f te r  b i r th ,  they  are located  in the  bo ne  marrow, w here  
they pers is t  du ring  adult  life; if  the  bone m ar ro w  is d e 
stroyed in the  adu lt ,  s tem cells  are seen in the  spleen and 
so m etim es  the  liver. S tem cells  are se lf-renew ing . S om e o f  
the i r  d au g h te r  cells rem ain  stem cells; o thers  b ecom e  more 
d if feren t ia ted  p ro g en i to r  cells , p ro g ram m e d  to yield p ro g 
eny that  d if fe ren t ia te  fu r th e r  into p a r t icu la r  types  o f  blood 
cells. T h e  s tem  cells are rare  and the  type  o f  p rogeny  cell to 
w hich  they g ive r ise  is in f luenced  by local cond it ions  in 
te rm s o f  st imulating factors released by  neighbor cells. Sti
mulating factors include the interleukins, colony-stimulating 
fac to rs  for g ranu locy tes  and m onocy tes ,  and  e ry th ro p o ie 
tin. In h ib i to ry  fac to rs  inc lude  tu m o r  g ro w th  fac to r  ( T G F — 
b o th  a lph a  and beta). T h e  balance  o f  these  in an individual 
c e l l ’s local env ironm ent is th o u g h t  to in f luence  its d if fe ren 
tia tion . T h e  lym pho id  cells d if fe r  from  the  o th e r  s tem cell 
p rogeny  in not prol ifera ting  w ithou t so m e  add it iona l s t im 
ulation.

L ym phocy te  p ro g en i to r  cells  then  leave the  si te  o f  stem 
cell rep roduc tion  and  migra te  to the p r im a ry  lym pha tic

The Lymphatic System 
and Inflammation

Fig. 1-2 The h e m a t o p o i e t i c  sys tem.

Lym ph  is a pale, watery, p ro te inaceo us  t issue  fluid that 
f lows from  the  in t race l lu la r  t i ssue  sp aces  in to  lym phatic  
cap il la r ie s  and then  into a  ser ies  o f  la rger  co llec ting  vessels 
ca lled  lym phatics .  D ur ing  p assage  from the  t issue  fluid to 
the lym phatics  it beco m es  progress ive ly  en riched  in ly m 
phocytes .  T h e  lym phatics  c a r ry  the  lym ph th ro ug h  reg io n 
al lym ph nodes ,  w h ere  it is f i l te red  th rough  a ce llu lar 
ne tw ork  o f  p hagocy tic  cells  tha t trap  an t igen  tha t  it may 
carry. T h e  lym phatics  u lt im ate ly  jo in  to fo rm  the thoracic
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organs, w here  they u n dergo  proliferation  and d if fe ren t ia 
tion independent o f  any s t im ula t ion  by an t igen ,  becom e 
co m m it ted  to behave as e i th e r  В or T  ce lls ,  and  define  the 
specific ity  o f  the ir  an tigen -b in d ing  receptors .  Two p r im ary  
lym phatic  o rgans  exis t: the  thy m us ,  w here  p ro gen i to r  cells 
becom e T  cells, a nd  the B-cell o rgan  equivalen t to the  avian 
bursa  o f  Fabric ius .  In m am m als ,  p rog en i to r  lym phocy tes  
p robably  develop into В cells in the bone marrow , gut- 
associa ted  lym phoepithe lia l  s t ru c tu re s  (G A L T ; e.g . ,  a p 
pen d ix ,  tonsils), the  lym phocy te- in f i l t ra ted  ep i th e l ium  that 
lines m ucosal su r faces  (M ALT), and lym ph nodes. T he  
c o m m it ted  ly m phocy tes  leave the p r im ary  lym phatic  or
gans and migrate, via the b lood, to other secondary lym phatic  
structures. T h ese  con s is t  o f  the sp leen, the  lym ph nodes, 
and  less o rgan ized  c lus ters  o f  lym phocy tes  in many t issues 
and organs. Here, the lym phocy tes  res ide  for a w hile ,  leave 
the  b lood vessels and en te r  the tissue, and rec ircu la te  via 
the lym phatics .  W hen they en co u n te r  the  an tigen  for which 
they have a specific  affinity, these  uncom m it ted  ly m ph o
cy tes  proliferate  and fu r th e r  d ifferentia te .  T he  ab il ity  o f 
lym phocy tes  to rec ircula te  from blood to t i ssues  and back 
th rough  the lym phoid  sys tem  is unique to these  cells  and , 
coup led  with th e i r  long life span and an tigen ic  specific ity , 
equ ips  them  for th e i r  centra l role in the ad ap tive  im m une  
response. T h e  th o rough  m ix ing  o f  ly m phocy tes ,  p a r t ic 
u larly  in the spleen and lym ph nodes ,  en su res  the m ax i
m um  con tac t  o f  an tigen  p resen ting  cells , w hich  have newly 
encoun te red  an t igen ,  with  lym phocytes .  T he  body  wide 
d issem ina tion  o f  expanded  T- and B-cell popula t ions  in 
read iness  for a second  enco u n te r  w ith  the  sam e  an tigen  
en su res  that m em o ry  is available at all sites. L eukocy te  
en try  in to  t issues is con tro lled  by  in teraction  betw een  the 
end o th e l iu m  and adhesion  molecules .  T hese  la tter  consis t 
o f  se lec tin s  ( induced  in the endo the l ia l  cells  by th rom b in ,  
h is tam ine ,  cy tok in es ,  e tc . ,  and cause  neu trophils  and  o th e r  
leukocytes  to  accum ula te  and  roll along the vessel wall), 
in teg rin s  ( syn thes ized  by leukocytes  and s treng then  the ir  
b inding to the ep ithelium ),  and recently  d iscovered  m e m 
bers  o f  the  Ig su pe r fam ily  m olecules .  T h e re  is a  tendency  
for d ifferent types  o f  lym phocy tes  to “ h o m e” to d ifferent 
reg ions  o f  the lym phoid  o rg ans  due to e i th e r  chem otac tic  
fac tors  unique to these  regions or som e  k ind  o f  preferentia l 
adhesion  (specif ic  m olecu les  and the i r  receptors) .  In gener
a l ,  lym ph nodes respond  to an t igens  in t roduced  into the 
t issues they dra in  and the spleen to an t igens  in the b lood. 
T he  g u t ,  lungs , and  ex te rna l  m u co u s  su r faces  also have 
the ir  ow n less spec ia lized  lym phoid  organs . Five hundred 
b illion lym phocy tes  are p resent in the body. M ost leave the 
b lood sys tem  th rough  spec ia lized  reg ions  ca lled  the  high 
endo the l ia l  venules (H E V ). a lthough  in a reas  o f  in f lam m a
tion  they can pass  th rough  n onspec ia lized  endo the l ium .

T h e  two fundam enta l ly  d ifferent c la s ses  o f  ly m p ho 
cy tes .  В and T  cells , look alike and are  d if fe ren t ia ted  on the

b asis  o f  cell su r face  an t igens  and  re sponse  to m itogens  
(c o m p o u n d s  tha t cause  m itos is ,  i.e., cell proliferation). In 
h um an s ,  В cells  have im m u n o g lo b u lin ,  recep to rs  for the 
C3 co m p on en t  o f  co m p lem en t ,  and  a  recep to r  for Fc 
regions o f  im m u n og lo bu lin s  on the i r  su r face  and  respond  
to  pokew eed  m itogen .  T  cells have a recep to r  for sheep  red 
b lood  cells  on  th e i r  su r face  and  respond  to concanavalin .

In a  n o rm a l ,  healthy  in d iv idu a l ,  the m a jo r i ty  o f  ly m p ho 
c y te s  seen  are sm all ( 6 - 8  p.); they  have scan ty  m i to 
c h o nd r ia ,  no  en dop lasm ic  re t icu lum , and  little cy to p la sm , 
w hich fo rm s  a s l igh t r im  a ro un d  a dense  nucleus . T h e se  can  
be В or T  cells  and are th ou gh t  to cons is t  o f  unco m m it ted  
ly m ph ocy tes  (i .e.,  those  not yet s t im u la ted  by ex p o su re  to 
specific  an tigen)  and m e m o ry  cells. B in d ing  o f  specific  
an tigen  to a sm all  lym phocy te  causes  it to en la rge  (up to 
25 p.), p rolifera te ,  and fu r th e r  d ifferentia te .  L arge  ly m ph o
cy tes  have m ore  cy to p la sm ,  w hich  is rich in m ito cho nd r ia  
and po lysom es (pro te in  product ion) ,  and so m e  В cells  have 
en dop lasm ic  re t icu lum  and  a G olg i ap p a ra tu s  (i .e . ,  a sec re 
to ry  system). S om e o f  bo th  В and T  large ly m ph ocy tes  
revert to sm all lym p ho cy tes  that c ircu la te  over  a  long time 
p er iod  as m em ory ce lls . L a rge  T  cells  can  be d iv ided  into T 
helpers ,  T  kil lers (ca l led  cy to tox ic  T  lym phocy tes ,  or  
C T L ),  and poss ib ly  o th e r  types  (suppresso rs?) .  T  he lper  
cells  are d iv ided  into tw o subse ts  acco rd in g  to which 
cy tok ines  they p roduce: T h l  are involved in cy to tox ic  
im m u ne  re sponses  and  secre te  in te r leuk in -2  (IL 2) and 
in te r fe ro n -g am m a (IN F -g am m a) ;  T h 2  are involved in anti- 
bod y -m ed ia ted  re sponses  and  secre te  IL4 , IL5 , and  IL10. 
M ost large В cells  fu r th e r  d if fe ren t ia te  in to  p la sm a  cells. 
T h e se  are even la rger  (ab ou t  2 times),  have an eccen tr ic  
c a r tw h ee l- l ik e  nucleus , and s tain m ore  intensely with basic 
dyes. T h ey  are rarely seen  in the  periph e ra l  b lood and are 
the m ost ac tive  o f  all В cells  in the  sy n th e s is  and secre tion  
o f  im m unog lobu lins .  L eu ko cy tes  have been recen t ly  d iffer
en tia ted  on the  basis  o f  su rface  an t igens  reco gn ized  using 
m onoclona l antibody. T h ese  are ca lled  c lu s te r  o f  d iffe ren 
tia tion  (C D ) an t igens  and o ve r  100 have been de f ined .  
M ajo r  C D  an tigens  w orthy  o f  note  at this s tage  are C D 4  on 
T  h e lpe r  cells and C D 8  on C T L  T  cells. C D 3  c o m b in es  with 
the  T-cell recep to r  to form the  com plex  involved in an tigen  
recognition .

N a tu ra l k il le r  c e lls  have been recog n ized  as  ly m p ho 
cy tes  that do  not have the  su r face  m ark e rs  a ssoc ia ted  with 
В and T  cells. T h ey  arise  in the  bone marrow , m atu re  in 
un know n sites, and  are p resen t as m atu re  N K  cells  in the 
bone marrow , b lood (10-15%  o f  lym phocy tes ) ,  and  spleen 
(1-2% ). O n ly  a few are found  in the lym ph nodes  or 
thym us.  T hey  d o  not rea r rang e  th e i r  Ig o r  T C R  genes ,  but 
have C D 5 6  and  -16 on the i r  su r faces  ( these  a re  not specific  
as  bo th  are found  on som e T  ce lls  and o th e r  leukocytes) .  
T hey  are able to  recogn ize  and  kill au to logous  (self) and 
a llogeneic  tum o rs  w ith ou t  requ ir ing  an  im m u n e  response



1. I m m u n o l o g y  5

o r  the  recogn ition  o f  M H C  an tigens  on  the  ta rge t  cells. 
T hey  also can  kil l ,  w ithou t p r io r  exposure  to  the  an tigen ,  
v irus- in fec ted  cells  and so form  the first layer o f  defense  
before the induction o f  antibodies and antigen-specific C TL . 
B ecause  they have C D 16 on th e i r  su rface ,  they can  b ind  Fc 
reg ions  o f  m ain ly  Ig G l  and Ig G 3 ,  and hence  attack  cells 
coa ted  w ith  these  im m u n og lob u lin s  — antibod y -d epen den t  
ce l lu la r  cy to tox ic i ty  (A D C C ).  R esting N K  cells can  kill 
on ly  a few tum o rs  but they c an  be ac tiva ted  by ex posure  to 
cy tok ines ,  for exam ple , IL 2 ,  to kill v ir tua l ly  all tum ors .  
T h ese  ly m phok ine-ac tiva ted  k il le r  (L A K ) cells  are a lm ost 
all N K  cells  a l th ou gh  som e T  cells  are a lso  activa ted . This  
is the  basis  o f  recen t therapy  attempts.  Note tha t N K  cells 
app ea r  to requ ire  24 hours  to regenera te  a f te r  k il ling  
w h ereas  C T L  ce lls  c an  kill again  im m edia te ly  af te r  a  kil l.

C ells  o f  the  m ononuclear p h a g o cy te  sy s tem  a rise  in the 
bone m arrow  from  stem cells  and can  m ature  into varied  
m orpho log ic  form s. T h ey  first a p p e a r  in blood as m o n o 
cy tes ,  having bean shaped  nuclei and finely g ranu la r  c y to 
p lasm , and then migra te  to t i ssues  and  m ature  into m a c ro 
p h ag es  (h is tiocytes).  I f  ac tiva ted ,  w hich  can  o c c u r  by a 
varie ty  o f  s t im u li ,  they can  develop  into a  variety  o f  form s, 
such as ep ithelio id  cells  with  ab un dan t  cy to p la sm  multi- 
nuclea te  g ian t cells  from cell fus ions, and are g iven  differ
en t n am es  accord ing  to the ir  location in the  body. M a c ro 
p h ag es  p h a g o cy to se  foreign m a te r ia l ,  kill viable bac te r ia ,  
presen t som e o f  th is  m ate r ia l  to  T  cells, and secrete  
cytokines.

In f lam m at io n

In f lam m ation  is a p rocess  in itia ted  in re sponse  to injury 
and  is essen tia l  for the  survival o f  the  host .  B ecause  o f  the 
na tu re  o f  the  env ironm ent and the natural m icrobial flora o f  
sk in  and  m u cou s  m em b ranes ,  in jury  is a lm os t  a lways 
accom p a n ied  by an inf lux  o f  po ten t ia l ly  h arm fu l m ic ro 
organism s .  In f lam m ation  is des ig ned  to  limit th is  invasion 
to the a rea  o f  in jury  and prevent sp read  o f  m icroo rga n ism s  
to the m a in s t ream  o f  the  body. In f lam m ation  involves 
in te r lock ing  n e tw orks  o f  the  co m p lem en t ,  c lo t t ing ,  fi
b r ino lysis ,  and kinin sys tem s and  o f  ce l lu la r  e lem ents .  All 
these  sy s tem s  are  depen den t  on  proteo ly t ic  and o th e r  
enzym a tic  reac t ions ,  w hich  are regu la ted  by activa tion  o f  
inac t ive  p recu rso rs  by  selec tive  pro teo lysis ,  pos i t ive  feed 
b ack ,  s to ich iom etr ic  inh ib it ion ,  m ultis tep  am plif ica t ion , 
and  enzym a tic  degrada t ion  o f  ac tive  products .  T he  in f lam 
m ato ry  p rocess  c o m p r ise s  a se r ies  o f  b iochem ical and 
m icroana tom ic  chan g es  o f  the te rm ina l  vascu lar  bed and o f  
the  conn ec t iv e  tissues .  T hese  chang es  are in tended  to 
e l im ina te  the  in jur ious  agents  and to  repa ir  the  d am ag ed  
t issue  but in so m e  ca ses  the  effec t  can  be d e tr im en ta l  to the 
host .  It can be seen as  redness  (rubor) ,  sw ell ing  (tum or) ,  
hea t (calor), and  pain  (dolor).

A cu te  in fla m m a tio n  o ccu rs  upon t issue  injury. Blood 
vesse ls  in the  in jured  region becom e d ila ted  (e ry th em a)  so 
tha t  th e i r  p e rm eab il i ty  is increased  and fluid accu m ula te s  
in the t issue  (edem a). Initial vasodila t ion  can  be due  to 
dam ag e  to m as t cells by trau m a ,  hea t ,  and ultraviolet (U V ) 
l ight,  resu lt ing  in release o f  vasoact ive  am ines  (h is tam ine)  
and heparin .  T h e  H ag em an  fac to r  (c lo tt ing  fac to r  X II)  is 
ac tiva ted  w ith  the form ation  o f  fac tor X Ia  and  initia tion  o f  
the  k in in  cascade  and the  coagu la tion  cascade .  C lo t t in g  of 
the b lood  by deposi t ion  o f  f ib r in  aids in t rapp ing  the 
de le te r ious  ag en ts  at the  si te  o f  in jury  so tha t they  can  be 
des troyed  before spread ing  to o th e r  parts  o f  the body. 
K allik re in  (chem otac t ic  for leukocy tes)  and b rady k in in  are 
fo rm ed .  Plate lets  are a lso  caugh t up  in the  clot . O nce  a clot 
is p ro d u ced ,  the  resu lt ing  th rom bin  re leased  causes  the 
convers ion  o f  p lasm inogen  to p lasm in ,  which beg ins  d i 
ges t ing  the clot . B ecause  o f  the  accum ula t io n  o f  fluid in the 
a rea ,  the local levels o f  antibody, co m p lem en t factors, 
k in ins ,  and  opson in s  increases  and  toxins fo rm ed  are 
diluted. Platelets, neutrophils, and monocytes  release prosta
glandins (PG), leukotr ienes  (LT), and o th e r  d eg rada t ion  
p roduc ts ,  w hich  increase  the v ascu la r  perm eabil ity .  PG 
and LT are  d e r ived  from m etabo lism  o f  a rach idonic  ac id ,  a 
co m po nen t  o f  m ost cell m em b ranes ,  and  are responsib le  for 
p a in ,  fever, and  att rac t ion  (ch em otax is )  o f  p o ly m orp ho nu 
c lea r  leukocytes  (PM N s) in add it ion  to increas ing  vascular 
perm eabil i ty .  C ross -reac t ive  pro te in  (C R P ) ap pea rs  w ithin 
hours  o f  in jury  and  b inds  to phosphory lcho line  (on the 
su rface  o f  many bacte r ia) ,  w here  the  com plex  is able to  fix 
com plem en t .  T h u s ,  com p lem en t fixation  can  oc cu r  before 
the fo rm ation  o f  an t ibo dy  with the  fo rm ation  o f  C 3 a  and 
C 5 a ,  w hich  s t im ula te  mast cells  to re lease  am ines ,  and 
C 3 b ,  w h ich  s t icks to part ic le s  and e nh ances  phagocytos is .  
P hysio log ic  and b iochem ical chan ges  occur,  for example, 
increased  ca rbon  d ioxide, dec reased  o x y gen ,  increased 
b ody  tem p era tu re ,  and accu m ula t ion  o f  o rgan ic  acids ,  
w hich  may help  to d e te r  invading bac te r ia .  Final resolution 
w ith  t issue  rep a ir  o ccu rs  w hen  m acro p h ag es  have rem oved 
any invading b ac te r ia ,  f ib rob las ts  appear,  and co llagen  is 
dep os i ted .  T he  cy tok ines  tu m o r  necros is  fac tor (T N F ) and 
t ransfo rm ing  grow th  fac tor (3 (T G F -b e ta )  are involved in 
this  healing.

Pers is tence  o f  the de le te r iou s  agent following the initial 
acute  in f lam m ato ry  p rocess  can  lead to chron ic  in fla m m a 
tion , for exam ple , fo re ign bod ies  such as si lica o r  asbes tos  
and urate  c rys ta ls  in gou t.  In the ir  e f fo r ts  to rem ove  the 
agents ,  the leukocytes  re lease lysosom al en zym es ,  e s p e 
c ia l ly  w hen they die in the area ,  w hich  cause  d a m ag e  to the 
su r ro un d ing  healthy tissue. T h is  s i tua t ion  can  lead to 
chronic  im m unolog ic  d iso rd e rs  such as  rh eum ato id  a r th r i 
tis. C hron ic  in f lam m ation  may eventua lly  resolve, e s p e 
c ia l ly  i f  the  ir r i tan t can  be rem o ved ,  o r  c an  lead to  g ra n u 
lom atous  in f lam m ation .
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Pers istent in f lam m ation  can  occ u r  tha t is charac te r ized  
by the  p resence  o f  m on onuclear  cells , tha t is, lym phocy tes ,  
m onocy tes ,  p lasm a cells , m acro ph ages ,  and  ep ithelio id  
cells , and is te rm ed  gra nu lom a tous in fla m m a tio n . G ra n u 
lomas may form  in re sponse  to n onan tigen ic  body ir r i tan ts  
(n o n im m un e  type) o r  they may have an im m u n e  c o m p o 
nent.  T h ey  are espec ia lly  im p ortan t  in de layed-type  hyper
sensitivity.

Im m unologic In flam m ation

In f lam m ation  can  be induced  by injury, trau m a ,  heat,  or 
ti s sue -dam aging  chem ica ls  but is also induced  by im m u 
nolog ic  reac t ions involving specific  recogn ition  o f  antigen. 
In ce l l -m ed ia ted  im m u n i ty  (delayed-type  hy persens i t iv i
ty), an tigen  is p rocessed  by  an an tigen  p resen ting  cell 
(A P C ) and presen ted  in the contex t o f  c lass  II M H C  
antigen  to a T h l  T  cell.  T h is  results  in the activa tion  o f  the 
cell with production of mediators (MIF, MAF, IN F-gam m a, 
CF, and IL2), causing  chem o tax is ,  vasod ila t ion ,  fibrin 
d eposi t ion ,  and g ra nu lo m a  form ation. Im m u n e  com plexes, 
IgE ,  and basophils  can  also p art ic ipa te  in in f lam m atory  
reactions.

В Cells and the  Humoral 
Immune System_______

Stem cells p ro g ram m e d  to  develop in to  В cells  leave the 
bone m arrow  (yolk sac and  fetal l iver before b ir th )  and 
develop into В cells  in a varie ty  o f  locations equivalent to 
the avian bursa  o f  Fabricius. T h ey  then m igra te  to se con d 
ary  lym phatic  s t ru c tu re s ,  w hich  p rovide  an op tim a l  m ic ro 
environm ent for an t igen  p ro cess in g ,  ce llu la r  in terac t ion ,  
and developm ent o f  the  im m u ne  response.

The  Spleen

T h e  spleen is a  large (200  g in an adult man), cap su la ted ,  
vascu la r  o rgan . T he  splenic  a r te ry  en te rs  the spleen and 
d iv ides  into a r te r io les  tha t  are su r ro un ded  by a sheath  o f  
lym phocytes .  T h ese  are visible m acroscop ica l ly  and called  
the  w hite  pu lp . In this  peria r te r io le  shea th ,  the T  cells 
su r ro un d  the a r te r io le  and the В cells  main ly  lie on  top of 
the T-cell layer and  m ay form  follicles. T h e  w hite  pu lp  is 
su rrou nd ed  by a m a rg in a l zone  con ta in ing  spec ia lized  
an tigen p resen ting  cells  and  В cells. T h e se  a r te r io le s  b e 
co m e  th inner,  lose the ir  shea th ,  and  d iv ide  into cap il la r ies  
that en te r  in to  venous s inuses  and hence  into the splenic 
vein. T he  splenic  a r te ry  and  vein  are  ca lled  “ trav ec u la r” 
b ecause  they are supp o r ted  by f ib rous  tissue. T h e se  venous  
s inuses,  associa ted  b lood vessels, and co rd s  o f  re t icu lar 
t issue  (B il lro th 's  co rds)  cons t i tu te  the  m acrosco p ica l ly  red

region o f  the spleen — the red  p u lp  ( som e  ly m p h o cy te s  may 
be p re s e n t— T  and  В cells).

The  Lymph N ode

T h e  lym ph node p a re n c h y m a  consis ts  o f  a ne tw ork  of 
re t icu la r  f ibers  and  re t icu la r  cells  w ith in  w hich  m ot i le  cells 
( lym p ho cy tes ,  p la sm a  cells , and  m acrop hag es)  a re  t rapped  
loosely. T he  no d e  fi lters out an t igen  from  the  incom ing  
lym ph. A fferen t ( inco m in g )  lym ph vessels en te r  a ro un d  the 
c i r cum feren ce  o f  the nod e  w h ere  they fo rm  sinuses.  Lym ph 
leaves the node via a vessel at the  h ilus; b lood  vesse ls  en ter  
and leave here. B lood and  lym ph co m e  in c lose  contac t .

T h e  node is d iv ided  into an o u te r  co rtex  and a m ed u lla . 
T h e  fo rm er  consis ts  o f  an ex ternal  co r tex  (also  called  
su b c apsu la r  cortex),  w h ere  the lym p ho id  follic les and the ir  
g e rm in a l  cen te rs  are located con ta in ing  p redo m in an t ly  В 
cells , and the deep  co rtex  (a lso  ca lled  the  p a raco r t ica l ,  
pa raco r tex ,  o r d if fuse  cortex) ,  w h ich  con ta ins  the  blood 
vessels and some lymphocytes (mainly T  cells). T h e  medulla  
is less ce llu la r  and con ta ins  m any  sinuses w ith  a few 
m acro ph ages ,  p la sm a  cells, and T  cells. Lym ph  nodes  are 
found  in the  g ro in ,  the  u n d e ra rm ,  and the  neck  and in the 
m esen te r ic  region. T h e i r  H E V  (h igh  en d o th e l ia l  venule) 
for lym phocy te  p assage  is m ain ly  in the p a ra co r tex .  In the 
ex te rna l co rtex ,  ly m ph ocy tes  c lu s te r  tog e th e r  to form 
dark ly  s ta in ing  a reas  ca lled  p r im ary  follicles. S o m e  o f  
these  p r im ary  follicles develop  fu r th e r  as  a resu lt  o f  a n t i 
g en ic  s t im ula t ion ,  to fo rm  secon dary  follic les ch a ra c 
te r ized  by a defin ite  s t ru c tu re  with a ge rm in a l  cen te r  on 
the ir  inside. S eco n d a ry  fo llic le s  have a  po la r i ty  w hen 
co m p ared  to the  o u te r  layer (capsu le )  o f  the  lym ph  node: 
N earest  the cap su le  is a cap  o f  ly m ph ocy tes ,  w h ich  c o m 
p rises  those  cells  in the  p r im ary  follicle before  the  g e rm i
nal cen te r  w as fo rm ed . Below  the  cap  is the  g erm in a l 
center, d iv ided  in to  tw o regions: a  zone  s ta in ing  l ighter 
than the  c ap  and con ta in ing  sm all  ly m ph ocy tes  (the “ light 
zone” ) and a zone s ta in ing  ligh te r  than  the  c ap  bu t  dark e r  
than the l igh t zone , ca lled  the '"dark"  o r  “fe r t i le "  zone. 
T h is  dark  zone consis ts  o f  lym p ho cy tes  u n derg o in g  rapid 
m itos is ,  and various  phases  o f  deve lopm en t can  be s e e n — 
p lasm a  cells , large ly m ph ocy tes ,  sm all  lym p ho cy tes  — 
tog e th e r  w ith  som e m acro p h ag es  rem oving  cell debris .  
L ym phocy tes  found  in follicles are  a lm o s t  a lw ays В cells  
w ith  T  ce lls  only rare ly  iden t if ied . However, T  cells  are 
n ecessary  for deve lopm ent o f  the vast m a jo r i ty  o f  ge rm ina l  
centers.

В Cells

Stem cells  tha t  a re  d if fe ren t ia t ing  into В cells  are first 
recogn ized  as  pre-B  lym p ho cy tes  tha t have p. H chains  
(w ith  bo th  V and  С  reg ions) in th e i r  c y to p la sm  but no  Ig on
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the ir  m em brane.  T h ey  are found  in hem atopo ie t ic  tissue. 
T h e  next s tage  is im m atu re  В lym p ho cy tes  in w h ich  L 
cha in s  (kap p a  o r  lam b da)  are p ro du ced  to  fo rm , w ith  the  p. 
H ch a in s ,  IgM  that is exp ressed  on the  cell su rface  and can 
reac t w ith  specific  antigen . However, con tac t  with  specific  
an t igen  (usually  se lf  at th is  s tage)  does  not induce  p ro l if
eration  and deve lopm ent and m ay cause  d es t ruc t ion  ( in 
duc tion  o f  tolerance). M igra tion  into the  p e r iph e ry  o ccurs  
as  m atura t ion  con tinu es  to  g ive m atu re  В cells  with  bo th  p. 
and  delta  H cha in s  being  p ro d u c ed  and  bo th  IgM  and  IgD 
app ea r in g  as  su r face  receptors .  C on tac t  w ith  specific  a n t i 
gen causes  proliferation  and  d if feren t ia t ion  to fo rm  ac t i 
vated  В lym phocy tes .  Here, m os t  o f  the  syn thes ized  Ig is 
secre ted ; som e  cells  p rod uce  a  d if feren t H chain  from  the 
initial fx o r  de lta  (to fo rm  a d if feren t Ig class), that is, class 
sw itch ing ; so m e  ch ang e  to an iden t if iab le  m orpholog ic  
type  ( the  p la sm a  cell); and  som e probably  never  secrete  
m uch  Ig but pers is t as  m em b rane  Ig-express ing  m em ory  
cells. T h is  p rogress ive  d if feren t ia t ion  o f  ac tiva ted  В cells 
requ ires  the in f luence  o f  cy tok ines  p ro du ced  main ly  by T  
h e lp e r  cells (subc lass  Th2).  M em o ry  cells  can  pers is t  for 
long p e r io d s  and ac tive ly  rec ircu la te  be tw een  the b lood , 
lym ph, and  lym pho id  organs. C on tac t  with a n t igen  leads to 
a seco nd ary  im m un e  response.

T h e  re sponse  o f  В cells  to specific  an tigen  co m pr ises  
proliferation  (increase in numbers) and differentiation  where 
m em bra n e -b o u n d  Ig is secre ted  and  usual ly  chan ges  in 
te rm s  o f  its H chain  (c lass  switch). T h e  В cell is also a 
p resen te r  o f  an t igen  to T  cells  and p resen ts  an tigen  at lower 
concen tra t ion s  than  m acrophages .  P ro te in  an t igens  d o  not 
induce  an t ibo dy  w ithou t the  involvement o f  T  (helper)  
cells; the  res ting  В cell requ ires  tw o  dis tinc t  ty pes  o f  
s igna l,  the  specific  an t igen  p lus som e soluble  product 
(cy tok ine)  o f  T  he lper  cells. L ip id s  and p o lysaccharides  
apparen t ly  d o  not requ ire  the T-cell involvem ent ( thym us-  
independen t an tigen s)  in mice bu t  the posi t ion  in h u m an s  is 
not clear.  A response  to  an t igen  tha t  has  never been  seen 
before  (a p r im ary  response)  involves res ting  В and T  cells 
and  takes a ce rta in  t im e  course. E xposure  to the sam e 
an tigen  at a  la ter da te  (a  seco nd ary  response)  involves 
m em o ry  В and  T  cells , w hich are in g rea te r  n u m b er  than 
the  o r ig ina l  inducible  res ting  cells  so tha t the re sponse  is 
faster,  reaches  a  h ig he r  level, and lasts longer. W ith  in 
c reas ing  t im e  o f  the im m u ne  response ,  an t ibo d ies  p ro 
duced  b ecom e  o f  g rea te r  aff in ity  (have a s tronger  b inding 
for the  an tigen s)  because  o f  so m a tic  m u ta tion  and  selection 
o f  those  В cells  tha t p roduce  the h igher-aff in i ty  Ig. (Som e 
o f  these  go ing  into m em o ry  cells will allow the secondary  
re sponse  to occu r  with  a  low er level o f  an t igen  than needed  
for a p r im ary  response .)

U pon b ind ing  to an t igen ,  the su rface  Ig (which is evenly 
d is tr ibu ted  over  the cell su r face)  fo rm s  sm all  g ro up s  that 
migra te  to one part  o f  the cell to fo rm  a large g ro up  that  is

taken into the В cell (recep tor-m edia ted  endocy tos is) .  T he  
cell en la rges ,  p rod uces  more m esseng er  ribonucle ic  acid 
(m R N A ), m ore  recep to rs  for T-helper cy tok in es ,  and more 
o f  its c lass  II M H C  molecules .  C lose  to the  su r face  IgM 
and IgD  are tw o o th e r  p ro te ins  ca lled  lg -b e ta  (a lso  called 
B 29) and Ig M -a lpha  (a lso  called  MB1). W h en  Ig M  or IgD 
b inds  with its specific  epitope , it underg oes  c o n fo rm at ion 
al change  that causes  IgM -a lpha  and  Ig-beta  to  activate  
ty rosine  k inase  and initia te  the  an t ibody  p roduc t ion  re 
sponse. A lso  involved in this  f irst s tage  o f  B-cell activation  
are activa tion  o f  phospho lipase ,  increase  in in trace l lu la r  
c a lc ium  ions, activation  o f  p ro te in  k inase  C ,  and  increase 
in t ran sc r ip t io n  in itia tors (c-fos and C-myc).

T h e  an t igen  is broken  dow n to pep tides  and  these  are 
c o m b in ed  with the  c lass  II M H C  an tigens  so tha t the  В cell 
can  now present the  an tigen  to T  h e lp e r  cells. T hese  
pep tides  are not usual ly  the  regions o f  the  o r ig ina l protein  
an tigen  tha t  co m b ined  with the B-cell su r face  Ig. T h e  T  
he lper  cells  are p resen ted  with p ep tides  in collabora t ion  
with c lass  II M H C  an tigens  by bo th  the ac tiva ted  В cells 
and o th e r  acce sso ry  cells. Following this p resen ta t ion ,  the 
T  he lper  cells  p rod uce  cy tok ines  that in f luence  the В cell to 
ca r ry  on with its func t ions ,  such as pro l ifera tion , secretion  
o f  Ig ,  c lass  sw itch ,  and d if feren t ia t ion  in to  p la sm a  cells o r 
m em ory cells. O ther  accessory  cells, such as macrophages, 
also p rod uce  cy tok ines  that inf luence  the funct ion  o f  the 
ac tiva ted  В cells.

Im m u n o g lo b u l in s

Im m u no g lo bu lin s  are g lycop ro te in  m olecu les  tha t  c an  sp e 
c if ically  c om bin e  with the  su bs tan ces  tha t  elic ited  their 
fo rm ation . However, “ n a tu ra l” an t ibod ies  occ u r  at low 
levels in se rum  a lthough  no  know n an tigen ic  s t im u lu s  has 
o c c u r red ,  for exam ple ,  a n t i -b lo o d  g rou p  subs tances .  T hey  
are found  in se ru m  (20%  o f  total p la sm a  proteins) ,  extra- 
vascu la r  f lu ids ,  and  exocrine  secre tions ,  and on the su rface  
o f  som e lym phocy tes ,  for exam ple ,  saliva, nasal sec re 
t ions, sw eat,  m ilk ,  co lo s tru m , cereb rosp ina l  fluid (CSF), 
and asc i tes  f lu id . A fte r  com bina tion  with an t ig en ,  they  can 
initiate a  ser ies  o f  secondary  reac t ions ,  such as c o m p le 
ment f ixa tion , h is tam ine  release, and s t im ula t ion  o f  m a c ro 
p hages  to phag ocy to se  antigen . Based on e lec trophores is ,  
they  are c lass if ied  as g a m m a  g lobu l ins  and  are ex trem ely  
h e te ro gen eou s  in te rm s  o f  specificity. Table 1-1 lists the 
five c lasses  o f  im m u no g lob u lin s  and d e sc r ibes  the i r  d iffer
en tia t ing  charac teris t ics .

The b a sic  u n it o f  s tru c tu re  is a m o n o m e r  o f  four pep tide  
chains: two identical light (L) cha in s  (m ol.  wt. 2 3 ,0 0 0 )  and 
tw o identical heavy  (H ) ch a in s  (m ol.  wt. 5 0 ,0 0 0 -7 0 ,0 0 0 ) .  
D isu lf ide  bonds  (-S -S-)  be tw een  cys te ine  res idues  are 
found in t racha in ,  tha t is, jo in in g  res idues  w ith in  the  sam e 
cha in ,  and in te rcha in ,  tha t  is, jo in in g  res idues  o f  d ifferent

Im
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T a b le  1-1 P rope r t i e s  of  H u m a n  I m m u no g l ob u l i n s  (Ig)

Ig Class
M olecular

W eight
Heavy Chain 

H alf-life  (days)
% Total

ig
Com plem ent
Fixation Transfer Location Function

IgG 150.000 25 80 + Placenta Blood—60% 
Fluids—40% 
Secretions—0

Major systemic Ig

IgM 900.000 5 6 + + None Blood- 9 0 %  
Fluids— 10% 
Secretions—0

Major early- 
response Ig

IgA 385.000 6 13 Alternate
pathway

Milk B l o o d - 15% 
Fluids —low 
Secretions —85%

Major Ig on 
mucosal surfaces

IgE 190.000 2 0.002 None Blood —very low 
Fluids —very low 
Secretions — 100%

Allergic responses

IgD 180,000 3 1 None Blood —low 
Majority on В 
cells

Involved in B-cell 
response

chains  (m ay be H -H , H -L , and L-L). E ach  chain  is c o m 
posed  o f  a variable  (V ) and  a constan t (C) region, so nam ed 
because  many m ore  am in o  ac id  d if fe rences  o ccu r  between 
related cha ins  in the  V region than  in the  С region. C hains  
are co m p osed  o f  g lobu la r  reg ions, abou t 110 am ino  ac ids in 
length , called  d o m a in s  and  charac te r ized  by  an in trachain  
d isu lf ide  bond  linking res idue  22 (approx im a te)  to residue 
88 (approxim ate).  T he  variable  region (V) o f  the light (L) 
chain  is one dom ain .  T h e  variable  region (V ) o f  the heavy 
(H) chain  is one dom ain .  T h e  cons tan t  (C) region o f  the 
light (L) chain  is one dom ain .  T he  constan t  (C) region of 
the heavy  (H) chain  is three to fo u r  dom ains. T h e  an tibody- 
b ind ing  site  for specific  an tigen  is fo rm ed  by th ree  small 
regions o f  the  V L and th ree  sm all reg ions  o f  the V H 
dom ains  com ing  to ge the r  in the th ree -d im en s ion a l  s t ru c 
ture  o f  the  folded im m unog lobu lin  to fo rm  a c lef t o r 
pocket.  T h is  area  is large eno ug h  to b ind  with four am ino  
ac ids and six sugars. T h e  hinge  region is on the  H chain  ju s t  
below the fork betw een  the С н ' and the C H2 d o m a in s  (Fig. 
1-3) and allows flexibili ty  so tha t  the tw o b ind ing  sites (in 
the V region) can move in space. L im it ing  d iges tion  o f  an 
im m unog lobu lin  m olecule  with  papain  b reaks  the  m o le 
cule  above the h inge  region to yield two Fab f ragm ents  and 
o ne  Fc fragm ent (Fab is / f a g m e n t  c a r ry in g  the  a n t ib o d y  
b ind ing  site  and Fc is f r a g m e n t  readily  c rys ta ll ized) .  D i
gest ion  with pepsin  y ields one F  ( a b ' ) 2 f r ag m en t  with 
d iges tion  o f  the rem ain ing  Fc p o r t io n ,  tha t is, c leavage  
below the h inge  region. Im m un og lob u lin s  are  so m etim es  
associa ted  with o th e r  pep tides.  J chain  is a  po lypeptide  
no rm ally  found in po lym eric  fo rm s,  and secre to ry  c o m p o 
nent (S C ) is part o f  the IgA  m olecu le  found in secretions. 
S eco nd ary  bio logic  ac tiv it ies ,  w hich o c c u r  a f te r  A g /A b  
com b ina t io n ,  are associa ted  with the  Fc f r ag m en t  region. 
Im m u no g lob u lin s  are found in verteb ra tes  only.

L ight c h a in

H e a v y  ch a in

P e p s lrP a p a in
H in g e

C o m p le m e n t-b in d in g
s ite

F c  re c e p to r  
b in d in g  s i te

с  с

— •  C a r b o h y d ra te  g ro u p  
S - S  D leu lllde  b o n d

Fig .  1-3 D ia g r a m m a t i c  r e p r e s e n t a t i o n  o f  a h u m a n  IgG 
im m u n o g l o b u l i n  sh o w in g  t h e  si tes of  p a p a i n  a n d  p e p 
sin d iges t ion .

Classification o f  Im m unog lobu lins

T h e  te rm s  “ c la s ses” and  “ subc lasses” are u sed  for im m u 
nog lobu lins  and H chains .  T h e  te rm s  “ ty p es” and  “ sub- 
types” are  used for L  chains .  Five c la s ses  o f  im m u n o 
g lobulin  are d if fe ren t ia ted  based  on the H cha in  presen t and 
ca l led  IgA  (H  chain  alpha), IgD  (H chain  delta), IgE  (H 
chain  epsilon),  IgG  (H  chain  gam m a),  and  Ig M  (H  chain
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mu). Two types  o f  light (L) cha in ,  ca lled  lam bda  and 
ka p p a ,  are found  in all five c la sses  o f  im m unog lobu lins ,  
but the  tw o  types  never o ccu r  tog e th e r  natura lly  in the sam e 
ind iv idua l im m unog lobu lin  m olecu le ;  kappa  cha in s  show 
al lo types  but no  sub types  w h ereas  lam b da  cha in s  show  six 
o r  m ore  su b types  w ith  no  a llo types . F o u r  subc lasses  o f  
g a m m a  H chain  exis t w ith  tw o sub c lasses  o f  a lpha  H 
chains.

Im m unog lobu lins as A n tig en s

Im m u n o g lo b u lin s  are large com plex  pro te in  m olecu les  and 
act as  po ten t an t igens  w hen in t roduced  into a vertebra te  
circu la t ion  in w hich  they  are foreign. T h is  p ro p e r ty  has 
been  used  to p repare  an tise ra  specific  for the d ifferent 
c lasses  o f  im m un og lo bu lin  and for the ir  d if feren t regions. 
D iffe ren t types  o f  an tigens  have been reco gn ized .  Iso typ es  
are p resen t in all m em bers  o f  the  sam e species  and  are used 
to d iv ide  the  im m un og lob u lin s  in to  c lasses  and  subclasses  
o f  H cha in s  and  types  and  su b typ es  o f  L chains. A llo typ es  
are p resen t in som e but not all m em b ers  o f  the  sam e 
species ,  for exam ple , b lood  g ro up  an tigens. T hey  exhib i t  a 
m ende lian  pa tte rn  o f  inher itance  and have been found  on 
g a m m a  H cha in s  (G m  allo types) ,  a lpha-2  H cha in s  (A 2m  
a llo types) ,  and k ap p a  L chains  (Inv a llo types).  Id io types 
are highly  specific  d e te rm in an ts  tha t o cc u r  on  molecules 
m ade  by a  single  clone o f  im m u no g lo bu lin -p rod uc in g  
cells. T he  de te rm in a n t  is in ,  o r  very  c lose  to, the b inding 
site  and  d epends  on the  3D s tru c tu re  o f  the  H and  L chains 
in this  region. T h is  is the “ priva te" o r  “ un ique"  idiotype. 
Inb red  m ice  show private  id io types p lus “ s h a re d "  o r  “ p u b 
lic” id io types  found  in all an t ibod ies  ra ised  ag a ins t  the 
s am e  antigen.

Pure Im m unog lobu lins

E x p o su re  o f  a  verteb ra te  to an an tigen  results  in the 
p roduc tion  o f  a large nu m b er  o f  d ifferent an t ib o d ie s— 
d if feren t im m un og lo bu lin  c lasses ,  im m u no g lob u lin s  sp e 
cific for d if feren t ep itopes ,  and im m u n og lob u lin s  with 
d if feren t c ap ac i t ie s  to b ind  to a  g iven  de te rm in an t .  D e
tailed  know led ge  o f  im m unog lobu lin  s t ru c tu re  requ ires  the 
availabil ity  o f  pure  im m u no g lo bu lin ,  and this has been 
ob ta ined  from  patien ts  with  m ultip le  m yelom a and o ther  
neop las tic  d iseases  o f  lym phoid  cells  in w hich  (usually ) a 
s ingle  an tibo dy -p ro du c in g  cell be co m e s  m al ign an t  and its 
p rogeny  secre te  a single im m unog lobu lin  into the se rum . 
Such se rum  p ro te ins  (ca l led  M pro te ins ,  m onoclonal p ro 
teins,  o r  pa rap ro te ins)  are easily  isolated and purif ied  for 
study. B ence  Jones (B -J) p ro te ins  are L cha ins ,  usual ly  
d im ers ,  that oc cu r  in the  urine  o f  som e o f  these  patients . As 
a g roup, pa tien ts  with  m ultip le  m yelom a p rod uce  only B-J 
p ro te ins  (10%), only w hole M p ro te ins  (40% ), o r  bo th  M 
p ro te ins  and B-J p ro te ins  (50% ). M y e lo m a  tu m ors  a r ise  in 
o th e r  an im als ,  for exam ple ,  M O P C  tum o rs  cau sed  by

injection o f  m inera l oil into the p e ri tonea l cavity  o f  inbred 
s trains  o f  mice.

Pure  im m u n og lo bu lin s  (m onoclona l an t ibod ies )  for d i 
agnost ic  and  o th e r  w ork  are  now  p repared  using  hybrido -  
mas. M ice are im m u n ize d  and the i r  sp leen cells  fused  with 
m o use  tu m o r  cells  grow ing  in culture .  T h e  resu lt ing  hybrid  
cells  are sc reened  for those  tha t p rod uce  the specific  single 
im m un og lob u lin  o f  an o rig ina l  parental sp leen cell.  T hese  
cells  p ro d uce  a pure  im m u no g lo bu lin  in cu ltu re  and can  be 
g row n as  tu m o rs  in h is tocom patib le  m ice  to  p roduce  e x 
trao rd ina ry  levels o f  such im m u no g lo bu lin ,  for exam ple , 5 
to  15 m g /m l .

Individual Classes o f  Im m unog lobu lins

IgG  co m p r ise s  75 percen t o f  no rm al  se ru m  im m u n o g lo b u 
lins, is d iv ided  into four subc lasses  (total IgG  =  6 0 -7 0 %  
Ig G l;  14 -2 0%  IgG 2 ; 4 - 8 %  IgG 3; 2 - 6 %  IgG 4),  is the  only 
c lass  able to pass  th rough  the  p lacen ta  ( IgG 2  is the  least 
able to d o  so) and  there fo re  is responsib le  for p ro tec tion  of 
the n ew b o rn ,  and can  fix co m p lem en t  (IgG 3  >  Ig G l  >  
IgG 2) by the  c lassic  pathway. IgG 4 c an n o t  use the classic  
pathw ay bu t  m ay  m ed ia te  in the  a lternate  pathway.

IgA  is the  p redo m in an t  im m un og lo bu lin  in secre tions, 
co m p r ise s  15 percen t o f  se rum  im m u n o g lo b u lin ,  and  o c 
cu rs  as  a m o n o m er  (7S IgA ) or po ly m er  to w hich  J chain 
and sec re to ry  com po nen t  may be attached . It is secre ted  as 
a d im er  with a ttached  (noncovalently) J chain  (10S IgA ) 
and tran sp o r ted  th rough  ep ithelia l  cells  o f  the  basem en t 
m em b rane ,  w hich add S C  to p rod uce  secre to ry  IgA.

Ig M  c om pr ises  10 percent o f  no rm al  se ru m  im m u 
nog lobu lins  and occurs  as a  pen tam eric  po ly m er  m ade  up 
o f  five m o n o m er  units p lus  one J chain . It is the p re d o m i
nant ear ly  an tibody  and is very  eff ic ient at f ix ing  co m p le 
m ent .  It is one o f  the tw o (w ith  IgD) m a jo r  im m u n o g lo b u 
lins on  the  su r face  o f  В cells.

IgD  is at low levels in se ru m  (0 .2 %  o f  no rm al  se rum  
im m un og lob u lin s )  and is p resen t on the  su r face  o f  В cells.

Ig E  c o m pr ises  0 .0 0 2  to 0 .0 0 4  percen t o f  no rm al  se ru m  
im m un og lob u lin s ,  is im p ortan t  in allergy, and is called  
“ reag in ."  T h e  Fc region o f  IgE  has  ex trem ely  h igh  aff inity  
for special cell  surface  recep to rs  on  t issue  m as t ce lls  and 
basophilic  leukocytes .  C ross - l ink in g  o f  IgE , bo und  to 
these  cells ,  by  an tigen  causes  re lease o f  pow erfu l v aso a c 
tive am in es  (e .g . ,  h is tam ine).

G enetic Basis o f  Im m unog lobu lin  S tructure

Im m u no g lo bu lin  chains  are specified  on the ch rom osom e 
by  f rag m en ted  regions o f  DNA (exons).  T h is  in form ation  is 
transc r ib ed  into m R N A  and trans la ted  in to  protein  in a 
sequence  tha t a l low s cu tt ing  and  split ting  o f  bo th  deoxy
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ribonuc le ic  ac id  (D N A ) and R N A . H and L cha ins  are 
sy n thes ized  with an N - te rm in a l  p iece o f  about 20 am ino  
ac ids ca lled  a “ leader.” It is m ade  up p redom inan t ly  of 
h yd rophob ic  am in o  ac ids and func t ions  to  gu ide  the chains  
to  specific  recep tors  on the  m em b rane  o f  the endop lasm ic  
re t icu lum . T h e  chains  then pass  in to  a  vesicle w here  the H 
and L  chains  are assem bled  to fo rm  im m un og lob u lin  m o le 
cules. T h e  leaders  are  cleaved o f f  and  the m atu re  im m u 
nog lobu lins  are ex truded  from  the  cell .

F igure  1-4 show s how  light and heavy  chains  are selected 
and sy n thes ized .

T he  first rea r ran g e m en t  involves the  heavy-chain  locus 
(found on ch ro m o so m e  14) and leads to  the jo in in g  o f  one D 
and one J segm ent with  deletion  o f  the  in te rven ing  DNA 
(Fig. 1-4). T h e  D seg m en ts  5 '  o f  the rea r rang ed  D  and the J 
segm en ts  3 '  o f  the rea r rang ed  J are not affec ted  by this  
recom bina t ion .  DJ rear ran gem en t may o ccu r  p r io r  to c o m 
m itm en t  o f  a  lym phoid  p recu rso r  to the  В -cell lineage. 
Following the DJ rea r ran gem en t ,  one o f  the m any V genes  
is jo ined  to the DJ com plex ,  g iv ing  r ise  to a rea r ranged

V D J gene. At this  stage, all segm en ts  5 '  o f  the rea r rang ed  
D are  a lso  deleted . T h is  V D J reco m b in a t io n  o ccu rs  on ly  in 
cells  c o m m it ted  to beco m e  В lym p ho cy tes  and  is a  cri t ica l  
con tro l  poin t  in Ig express ion  because  only the rea r ran ged  
V gene is subsequently  t r an sc r ib ed .  T h e  С region genes 
rem ain  separa ted  from th is  V D J com plex  by an intron 
(p resum ably  con ta in in g  the  u n rea r ra n g ed  J segm ents) ,  and 
the p r im a ry  (nuclear)  R N A  transc r ip t  has  the  sam e o rg a n i 
zation. It is not know n w h e th e r  all the  С  reg ions  are 
expressed  in the  p r im a ry  tran sc r ip t .  S u bsequ en t  p ro ce s s 
ing o f  the RNA  leads to sp lic ing  ou t  o f  the  in tron  betw een  
the V D J com plex  and the  m o s t  p rox im al С region gene, 
w hich  is C ,  g iv ing  r ise  to a  funct ional m R N A  for the  heavy  
chain . Multip le  aden ine  nuc leo t ides ,  ca lled  poly-A  tails , 
are added  to one o f  several co nsensus  polyadenyla tion  s i tes  
located 3 '  o f  the  C R N A . G enes  co d in g  for o th e r  C H c la sses  
a lso  have 3 '  polyadenyla tion  si tes, w hich  are u ti l ized  w hen 
these  С  reg ions  are  ex p ressed .  It is th o u g h t  tha t c leavage  o f  
the p r im ary  R N A  transcr ip t  and  sp lic ing  are  t ightly  c o u 
pled to po lyadenyla tion ,  s ince  m o s t  fu nc t io na l ,  com ple te  
m R N A s have poly-A  tails . How these  events  are  coor-

Fig. 1-4 A r r a n g e m e n t  o f  t h e  h u m a n  g e n e s  con t ro l l ing  i m m u n o g l o b u l i n  s t r uc tu r e  
in t h e i r  e m b r yo n i c  f orm.

H chain locus (chrom osom e 14)

LI VH 1 Ln VH n DH ( n .? )  J h

■ ■  !■■■■■
с и c 6 C T 3  C y 1

Ce 2 Ce 1 С у 2 C Y4 C e1 C a 2

ID O U H Z b
19 *  13 ?  19 23 10

к  chain locus (chrom osom e 2)

( n .  -100)
J k

■■■■I

Xchain locus (chrom osom e 22)
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dinate ly  regula ted  is not know n. T ransla tion  o f  the heavy- 
chain  m R N A  leads to p roduc tion  o f  the  p ro te in ,  g iv ing  rise 
to the  p h eno ty pe  o f  the pre-B  lym phocyte.

T h e  next som atic  DNA recom b in a t ion  involves a light- 
cha in  locus (on ch ro m o so m e  2 and then  on ch ro m osom e  
22) and  follows an e ssen tia l ly  s im ila r  sequence. O ne  V 
segm en t is jo in ed  to one J  s eg m en t ,  fo rm ing  a VJ c o m plex ,  
w hich  rem ains  separa ted  from the  С  reg ion  by an in tron , 
and  th is  g ives  r ise  to the  p r im a ry  R N A  transc r ip t .  Sp lic ing  
o f  the in tron  from  the  p r im ary  t r ansc r ip t  jo in s  the  С  gene  to 
the  V J co m plex ,  fo rm in g  an m R N A  that is trans la ted  to 
p ro du ce  the k a pp a  o r  lam b d a  p ro te in .  T h e  light chain  
assem bles  with  the  previously  syn thes ized  p. heavy  chain 
in the  en do p lasm ic  re t icu lum  to form  the com ple te  m e m 
brane  IgM  molecu le ,  w hich  is expressed  on the cell  sur
face, and the  cell is now the im m ature  В lym phocyte.  
R ea rran gem en ts  o f  Ig g enes  are the  essen t ia l  first s teps in 
the p roduc tion  o f  an tibodies .  In add it ion ,  the  heavy-chain  
pro te in  that is sy n th es ized  in a develop ing  В cell i tself 
regu la tes  the som atic  recom b in a t ion  o f  Ig g en es  in two 
ways. It ir reversib ly  inh ib its  re a r ran gem en ts  on the  o th e r  
ch ro m o so m e  and s t im ula te s  ligh t-chain  gene  rea r ra n g e 
m en t .  R ea rran gem en ts  o f  ligh t-chain  genes  occ u r  first in 
the  kappa  locus. I f  the  k a pp a  rea r rang em en t  is productive , 
g iv ing  r ise  to  a  k app a  p ro te in ,  subsequen t rea r ran gem en t  
o f  the  lam bd a  light chain  is b locked .  R ea rrang em en t  o f  the 
lam bd a  locus occ u rs  only i f  the  rea r ran ged  kappa  genes  on 
bo th  paren ta l  ch ro m o so m es  are  unable  to co d e  for a fu n c 
tional p rote in . T h is  exp la ins  w h y  an individual B-cell 
c lone  can  p ro du ce  on ly  one o f  the  two ty p es  o f  light chains  
d u r in g  its life ( l igh t-cha in  iso type  exclusion).

T h e  m atu re  В lym p ho cy te  is the  func t iona l ly  responsive  
stage  in В -cell m atu ra t ion  in w hich  m em bran e-assoc ia ted  
p. and delta  heavy  cha in s  are  с о -expressed  on the  su rface  
o f  each  cell in associa tion  w ith  k ap pa  and lam bda  light 
chains. Both c la s ses  o f  Ig heavy  cha in s  have the  sam e V 
reg ion  and ,  therefore ,  the  sam e  an t igen  specific ity . S im u l
tan eou s  express ion  o f  a single  V H with b o th  С p. and  С  delta 
to fo rm  the tw o heavy  ch a in s  is tho ug h t  to o c c u r  by 
a lte rna t ive  R N A  splic ing . A long p r im ary  RNA  transcrip t  
is p ro du ced  con ta in in g  the  rea r ran ged  V D J com plex  as 
well as  sequ ences  enco ded  by С genes. If  the  in trons  are 
sp l iced  out such that the V D J com plex  is a ttached  to the С 
p. R N A , it g ives r ise  to  a p. m R N A . I f  however, the  С  p. 
R N A  is sp l iced  ou t  as well so  tha t the  V D J com plex 
beco m e s  c o n tig uo us  w ith  С delta ,  a delta  m R N A  is p ro 
duced .  S ub seq uen t  transla t ion  resu lts  in the  syn th es is  o f 
com ple te  p. o r  delta  heavy-chain  iso types.

A dditional varia tion  in the V reg ions  is b rough t  abou t by 
lack  o f  spec if ic ity  in the  ac tua l  base  pa irs  involved at the 
site  o f  DNA jo in in g  and in the accu m u la t ion  o f  m uta tions  in 
the V region d u r in g  the  life o f  the ac tiva ted  В cell (som atic

mutation). Mutations that result in the production o f  higher- 
a ff in ity  an t ib od y  are se lec ted  out.

M em brane-B ound  an d  Secre to ry  Ig

T h e  DNA co d in g  for the  co n s tan t  region o f  the  H chain  
consis ts  o f  one exon for the  С chain  p lus a  sm all exon 
c od ing  for a tail piece , one exon c od ing  for a tr an s 
m e m b ran e  piece , and one exon coding  for a cys top lasm ic  
piece. I f  the m R N A  is t r an sc r ibed  w ith  all this  in fo rm at ion ,  
the  IgM will be m em b rane  bo un d .  Regula t ion  m ech an ism s  
for these  a l te rna t iv es  are not u nders tood .  L ittle  is know n 
abou t the o th e r  Ig classes.

Class Sw itch ing

A fte r  an tigen ic  s t im ula t ion ,  m atu re  IgM  and  IgD  p ro d u c 
ing В cells  also un dergo  c lass  sw itch ing  a llowing their 
p rogeny to p rod uce  Ig with H chains  o f  d if feren t classes.  
Two m ec han ism s  are involved: o rder ly  de le t ion  o f  H-chain 
genes  and  a l ternat ive  R N A  splic ing. T h e  la tter  takes p lace 
ear ly  in the d ifferen t ia t ion . C lass  sw itch ing  at the DNA 
level is not a random  p rocess  and is a f fec ted  by genetic  
b ackg rou nd  ( ind iv iduals  and  the i r  p rogeny  may have a 
defin i te  ra tio  o f  c la s ses  p roduced) ,  cell m ilieu  (B cells  in 
m ucosa l reg ions  have a  m arked  tendenc y  to p ro du ce  IgA), 
and  the  secre ted  cy to k ines  o f  T  he lper  cells  ( IL 4  fo r  IgE, 
IN F -g a m m a  for IgG2a).

T h e  d if feren t im m unog lobu lin  c las ses  are m etabo lized  
at d if feren t rates and vary  from  IgE (96%  o f  total is tu rn ed  
over  in I day) to IgG  (6 -1 %  o f  total is tu rn ed  over  in 1 day; 
IgG 3  is 17%).

Evolution

Im m u no g lob u lin s  have on ly  been dem o ns tra ted  in v e r te 
brates. P r im it iv e  v erteb ra tes  and fish have IgM . a m p h ib 
ians and  rep t i les  have IgM  and IgG , IgA ap p e a rs  with 
b irds ,  IgE  with m ost m am m als ,  and IgD  in p r im a tes  and 
som e o th e r  m am m als .

D eve lo p m en t o f  th e  Norm al Im m une S ys tem

T h e  capac i ty  for specific  im m unolog ic  re sponses  does  not 
develop  as an a ll-or-none ph enom enon  but ra ther  ap pea rs  in 
a stepwise  fashion for d ifferent an tigens. T h e  th ym u s  
app ea rs  6  to  7 w eeks in to  em bryo log ic  life and by 8 weeks 
has lym phocy tes  p resen t with T-cell m arkers  that leave and 
popu la te  the  body. В cells  w ith  im m un og lo bu lin  on  their 
su rface  are in the  l iver  at 9 .5  w eeks and  periph e ra l  b lood by
11.5 weeks. IgM and IgE  a p p e a r  by  10.5 w eeks ,  and IgG by 
12 w eeks, all at low levels. IgA  is not d e tec ted  but S C  is in 
the  urine. M aterna l IgG  is s ign if ican t by  12 weeks. Cord 
b lood usual ly  con ta ins  IgM  (10% adult level) and a  little 
IgG , IgD, and IgE as well as m ate rna l IgG . In the  new born

Im
m

u
n

o
lo

g
y



12  1. I m m u n o l o g y

h u m a n ,  m ate rna l  IgG  is adequa te  as opson in  for g ram - 
positive bac te r ia  and  v iruses  but not for g ram -nega t ive  
bac te r ia  (n eeds  IgM ). P rem atu re  infants have less m aternal 
IgG  and are consequen tly  m o re  suscep tib le  to infection , 
but usual ly  m atu re  at the  sam e  rate as  fu l l - te rm  babies . IgM 
show s a  rapid  r ise  to adu lt  level by 1 year. M aternal IgG is 
degraded  by 6 to 8 m on ths ,  and syn th es is  to adult level 
o ccurs  by 6 to 7 years. IgA  and IgE  show  a la ter rise than 
IgG but reach adult level by 7 years .

Use o f  Im m unog lobu lins in th e  
D iagnosis o f  D isease

Serum  levels o f  the d if feren t c la s ses  o f  im m unog lobu lins  
are perfo rm ed  in d iag no s is  o f  im m un od ef ic ien cy  d iseases,  
specific  an t ibod ies  are used to d iagn ose  infections (com 
parison  o f  acute  and convalescen t sera) o r p repared  for 
identif ication  o f  m ic ro o rg an ism s ,  and im m u n e  com plexes 
o r  au toan t ibo d ies  are sc reened  in cer ta in  d isease  co n d i
tions.

Possible Future Uses fo r  Im m unoglobulin

H ybrid  antibodies containing two different antigen-binding 
sites have been used to  “ h om e” a  c h em o the rap eu t ic  c o m 
po und  to a specific  site  in the body. C h im er ic  im m u 
nog lobu lins  com b in e  specific  reg ions  o f  m ou se  m on o c lo 
nal an t ibod ies  with  h um an  Fc reg ions  to avoid an im m une  
response  agains t  them . A n ti im m u n o g lo b u l in s  are being 
tes ted  as vaccines.

Cells Containing R eceptors That Bind IgG

M ononu c lea r  phagocy te s  have a recep to r  w hen cy tok ine  
ac tivated  (ca l led  C D 6 4 )  tha t b inds  IgG 1 >  IgG3 >  IgG 4 >  
IgG 2. M ononuclear  p hagocy tes ,  neu troph ils ,  eos inophils ,  
and platelets have a recep to r  ca lled  F cR Il  (C D 3 2)  tha t  
b inds  IgG 1 >  IgG 3  =  IgG 4 > >  IgG 2 . In bo th  cases ,  i f  the 
cell  is phagocy tic  (all except platelets) the recep to rs  allow 
the cell to  bind to an tigen  coa ted  with its specific  IgG 
an tibody  and m ore  easily  p h ag ocy to se  it than i f  the  an tigen 
is not coated .  Natural k il le r  cells, neu troph ils ,  eosinophils ,  
and m acro ph ages  (but not m onocy tes)  are capab le  o f  lysing 
various  target cells , e spec ia lly  i f  the cell is coated  with its 
specific  IgG  antibody. T h is  is called  an tibo dy -dep end en t  
ce ll -m edia ted  cy to tox ic i ty  (A D C C ) and o ccu rs  because  
these  cells  have a recep to r  called  FcII I  (CD16) that can 
b ind  Ig G l  =  Ig G 3 ,  not IgG 2 or IgG 4.

Transgenic Mice

L inear ized  D N A  o f  cho ice  (can  be m an ipu la ted  by re c o m 
binan t DNA techn iques)  is in jected  into the  pronuc leus  o f  
recently  fe r t i l ized  m o use  egg s ,  the eggs  are  t ransfe r red  to 
the  ov iduc t  o f  a p seu do p reg nan t  fem ale , and developm ent 
is a llowed to continue. Usually, 70  percen t o f  the  resulting

pups  have the in jec ted  DNA (cal led  the transgen e)  at som e 
ran d o m  site  in one o f  the ir  c h ro m o so m es  (usually  head-to-  
tail in a bou t 50  cop ies )  and breed  true. Such m ice  have  been 
used to s tud y  the  effec ts  o f  genes  not n o rm ally  p resen t,  to 
a lte r  genes  con tro ll ing  deve lopm en t,  to a lter  regu la tion ,  
and to delete  n o rm ally  present genes.

В-Cel I Tumors

N orm al ce l lu la r  g enes  tha t  co de  for p ro te ins  involved in 
cell g row th  and  regula tion  are t igh tly  regu la ted  in te rm s  o f  
the i r  expression . Som e o f  these, ca lled  p ro to on cog enes ,  
can  cause  the  cell  to  beco m e  m a l ig n an t ,  th a t  is, func t ion  as 
o nco gen es ,  i f  they  are a lte red  by m uta tion ,  i f  they  are 
placed in o th e r  reg ions  o f  the geno m e  by  re t rov iruses  
(w here  th e i r  regu la tion  is not e ffec tive),  o r  i f  th e i r  ex p re s 
sion is a l tered .  B ecause  the В -cell DNA is unusua lly  active 
in te rm s  o f  its being  cut and sp l iced ,  it has  an unusually  
h igh  chance  o f  acc iden ta lly  incorpora t ing  p ieces  o f  d is tan t 
genes. In the  case  o f  B u rk it t ’s ly m p h o m a  the  m is inco rp o ra -  
t ion is a  gene  ca lled  c -m y c .  S im ila r  DNA m anipu la t ion  also 
o ccurs  in T  cells  and these  are a lso  suscep tib le  to m a l ig n a n 
cy  o f  the  sam e  orig in .

T Cells and th e  Cellular 
Immune System________________

T h e  th y m u s  a r ises  from  an an lag e  ( the  first assem b ly  of 
cells  in an e m bryo ,  w hich  co n s t i tu te s  the  b eg in n in g  o f  a 
fu ture  tissue, o rgan ,  or pa r t )  o f  the  th ird  and  fourth  
e n d o d e rm a l  p haryngea l  pouches. T h is  an lage  p rog re ss iv e 
ly loses its ties w ith  the  p ha ry n x ,  its centra l lum en d is a p 
pears ,  and it m ig ra tes  to its final position  in the  upper  
tho rax .  T h e  th ym ic  and p ara thyro id  p r im o rd ia  are  the 
same. T h e  th ym ic  an lage  is then  co lon ized  with s tem  cells 
f ro m  the  yolk sac (ear ly  in fetal life), the  fetal l iver  ( la ter  in 
fetal life), and the  bo ne  m arrow  (a f te r  b ir th).

The m a ture  thym us  is d iv ided  into lobules  (sm all ,  0 . 5 -  
2 .0  m m , g lobu la r  a reas )  by  c o n n ec t ive  t issue  and  c o n t in u 
ity betw een  lobules is prov ided  by na rrow  b rid g es  of 
p arenchym al tissue. T h y m ic  parench ym al tissue  consis ts  
o f  a ne tw ork  o f  ep ithelia l  cells  tha t  d e linea te  sp aces  in 
w hich ly m phocy tes  accum ulate .  S tain ing show s that each 
lobule is d iv ided  into tw o parts . T he  c o rtex  is a dark ly  
s ta in ing o u te r  area  o f  the  lobule tha t  is very  rich  in 
lym phocy tes .  T hese  ly m ph ocy tes  are m ain ly  o f  the  small 
type , and show a high inc idence  o f  m itos is ,  ind icating  
rapid  proliferation . S om e have a lready  acqu ired  T-cell 
m e m b ran e  antigens. T h e re  is also ev idence  that a  large 
n u m b er  o f  these  ly m ph ocy tes  die locally. T h e  m ed u lla  is 
the centra l a rea  o f  the  lobule tha t s ta ins  l ightly  and is m uch  
less ab undan t  in lym phocy tes .  T h o se  presen t are  more
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m ature  than the co rt ica l  lym phocy tes ,  tha t is, they contain  
a  h ig he r  percen tage  o f  large ly m phocy tes ,  are able to 
re spo nd  to m itogens ,  and can induce  the g ra f t-versus-hos t  
response. Som e o f  the ep ithe lia l  cells  in the  m edu l la  fo rm  
ag grega tes  in w hich  the ce lls  are piled and co iled  on and 
a ro un d  each  other. T h ese  s t ru c tu re s  are called  H a ssa ll's  
co rp u sc le s  or H a ssa ll's  bodies. T h e  function o f  H assal l 's  
bodies  rem ains  obscure ,  bu t.  b ecause  the ir  b lood supply 
resem bles  tha t  o f  an e n d o c r in e  g la n d ,  it has been sugges ted  
tha t they  secre te  som eth ing  into the  c ircu la t ion  tha t  may 
in f luence  th y m o cy te  deve lopm ent.  Blood en te rs  each lob
ule in an a r te r io le  at the jun c t io n  betw een  the co rtex  and  the 
m edu lla .  T he  a r te r io le  d iv ides  to fo rm  cap il la r ie s ,  w hich  
eventua lly  co a le sce  to fo rm  a venule  that passes  th rough  
the  c o r t ico m ed u l la ry  ju nc t io n .  T h e  n o rm a l ,  healthy  th y 
m us d oes  not con ta in  lym pho id  follicles o r g e rm in a l  c e n 
ters.  However, these  are p resen t in som e patho log ic  sta tes, 
such as lupus  e ry them atosus .

T Cell D e v e lo p m e n t

P lur ipo ten t ia l ,  hem atopo ie t ic  s tem  cells  m igra te  from their  
region o f  p rod uc t io n ,  and those  p ro g ram m e d  to eventua lly  
becom e T  cells  are en trap ped  in the  co rtex  o f  the thym us,  
w h ere  they accum ula te .  It appears  that the  im m ature  ly m 
p ho cy tes  tha t  reach the  thy m us  are at a  s tage  o f  developing 
into e i ther  T  cells  or В cells, and it is the location in w hich 
they con tin ue  m atura t ion  that d e te rm in e s  the i r  eventual 
type. Here they d iv ide  rap id ly  but only a  sm all p ropo r t io n  
(about 5% ) surv ive  to  b eco m e  m atu re  T  cells. Such d iv i 
sion does  not depend  upon the p resence  o f  antigen . T hese  
im m ig ran t ,  rap id ly  d iv id ing  cells  are ca lled  th ym ocy tes  and 
the  region o f  rap id  d iv ision  and death  is located in the  deep 
area  o f  the co rtex .  A s the th y m o cy te s  pass from  the d eep  to 
the  su rface  a rea  o f  the c o r tex ,  they  co m e  u nd er  the  in f lu 
ence  o f  a ho rm o ne ,  th y m o s in ,  p ro du ced  by the  ep ithelia l 
cells  o f  the th y m us ,  w hich  induces  the th y m o cy te s  to 
mature. Cells  near  the  su rface  o f  the co rtex  have acqu ired  
the  T-cell su r face  antigens. T h ese  sem i- im m atu re  T  cells 
then  pass  from  the co rtex  to  the  m ed u l la ,  w here  they 
com ple te  the ir  m atu ra t ion  and acquire  the ab il i ty  to r e 
spond  to m itogens  and react w ith  foreign cells  (g ra f t-vs .-  
host response).  T hey  are now  ind ist inguishab le  from  c i rc u 
lating T  cells. M atu re  T  cells  leave the th y m u s  by  pass ing  
th rough  the  m edu l la ry  venule  wall. T h e  b lood vessels of 
the co rtex  a p p ea r  to  be  im p erm eab le  to  m olecu les  large 
eno ug h  to be cons ide red  an tigen ic  and hence  the  th y m o 
cy tes  and part ia l ly  m atu re  T  cells  are p ro tec ted  agains t  
exposure  to antigen . T h e  b lood vessels o f  the m ed u l la ,  on 
the o th e r  h an d ,  are an tigen  p e rm eab le  so tha t  it is possib le  
for m edu l la ry  T  cells  to be ex posed  to an tigen  before they 
en te r  the genera l  c ircula t ion . T he  pa ren ch y m a  o f  the thy 
m us is not p ene tra ted  by lym ph vessels. Cell dea th  in the 
m atu ra t ion  p rocess  ap pea rs  to be a way o f  se lec ting  p o s 

it ively for T  cells tha t  can  reac t strongly  with the  M H C  
an tigen  o f  the b ody  and negatively  agains t  those  tha t do  not 
b ind  M H C  pro te ins  or tha t react w ith  pep t ides  from  the 
ind iv idua l 's  ow n body. In som e cases ,  cells  tha t can  react 
w ith  se l f  an t igens  are tu rned  o f f  but not k il led .  T h is  is 
called  anergy.

Thym ic Involu tion

T h e  th y m u s  is la rgest  at the  onset o f  puber ty  and decreases  
in size with con tinu ing  age. As e lderly  ind iv iduals  can 
obviously  m o u n t  an e ffec tive  im m u n e  response ,  there  m ust 
be o th e r  s i tes  w here  T  cells  mature. T h e  T-cell recep to r  is 
m ade  up o f  d im ers  o f  four poss ib le  p ro te ins ,  ca lled  a lpha , 
beta ,  g a m m a ,  and delta .  Young people  have T  cells  m atur
ing in the  th y m u s  that  have main ly  T C R s o f  a lp h a /b e ta  
d im ers ;  o lder  people w ith  m a tu ra t ion  ou ts id e  the thy m us  
have T C R s  w ith  g a m m a /d e l ta  d imers.

T L ym phocy tes

O n leaving the thym us, the mature T  cells circulate th rough
out the b lood  and  lym ph sys tem s. T hey  are the  m a jo r  
lym phocy te  found  in the  b lood and lym ph , and a lso  are 
found  to accum ula te  in the w hite  m atter  o f  the spleen, in 
the  perifo ll icu la r  (lit tle sac) and deep  co rt ica l  reg ions  o f  
the  lym ph nodes ,  and in the bone marrow. T  cells  have 
many d ifferent su r face  an tigens ,  called  CD. S o m e  are 
c o m m on  to all T  cells  and som e  se rve  to d iv ide  the  T  cells 
in to  subsets.  M ajo r  exam ples  are:

T C R ; the  an t igen  recep to r

C D 2; the recep to r  for sheep  R B C  in rosette  fo rm ation  

C D 3: fo rm s  the an tigen  recep to r  com plex  w ith  T C R  

C D4: reco gn izes  c lass  II M H C  antigens  

CDS: reco gn izes  c lass  I M H C  antigens

M ost T  cells  tha t  are C D 4  positive but CDS negative 
(C D 4  + /C D S  ~ ) are T  h e lpe r  cells. T hey  have been d iv ided  
into tw o subsets: T h l ,  w h ich  secrete  m ain ly  in terleuk in-2  
and in te r fe ro n -g am m a and are involved in cy to toxic  im 
m une  re sponses ,  and T h 2 ,  w hich secrete  main ly  IL 4 .  IL5 , 
and ILK) and are involved in an tibody  responses.  C yto tox ic  
T  lymphocytes are C D 4 negative and CDS positive ( C D 4 ~ /  
C D 8 + ). T h ese  kill ta rget cells  and are im portan t  in viral 
in fec tion , acute  a llograf t  re jec tion ,  and re jec tion  o f  tu 
mors. T he  m a jo r i ty  express  the  C D S  + an t igen  and require  
c lass  I M H C  antigen  on the  ta rget cell for its recognition . 
T h ey  em erge  from  the thy m us  as " p r e -C T L "  cells  that are 
co m m it ted  to the C T L  l ineage , have the  C D 8 + an tigen ,  
and have the T C R  for a specific  an t ig en ,  but have no abil ity  
to  lyse target cells. F irst s t im ula t ion  is by  con tac t  with 
specific  an tigen  in a c lass  I M H C  an tigen  contex t that
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m akes them  susceptib le  to the action o f  cy to k ines  p roduced  
by  ac tiva ted  C D 4 + T  cells ( IL 2 ,  IL 4 ,  IL 6 ,  and IN F- 
gam m a). In the  p resence  o f  these  cy to k in es ,  they  m ature  
into C T L  cells  that have lytic ability. M atura tion  and 
differentiation involve the development o f  m em brane-bound 
cy top lasm ic  granules ,  w hich  con ta in  po re - fo rm ing  protein  
(per fo r in  o r  cyto lysin),  ser ine  es te rases ,  and pro te in  tox
ins, and the  secre tion  o f  cytokines.  C T L  killing is antigen 
specif ic ,  requ ires  cell  co n tac t ,  d oes  not affect b ys tander  
cells , and  d oes  not injure the C T L s ,  w hich  can  g o  on and 
kill m ultip le  target cells. C ross - l ink ing  o f  T C R s on the 
C T L  by specific  an tigen  causes  a t r ig g e r  m ech a n ism ,  
leading to the de livery  o f  a  lethal hit . T h is  cons is ts  o f  the 
secretion  o f  g ranules  in the  area  o f  con tac t ,  main ly  the 
po re - fo rm in g  p ro te in ,  o r  o f  protein  toxins tha t  en te r  the 
target cell and b reak  dow n the nuclear  DNA (apoptosis).

Suppressor T Cells

T he se  are a g rou p  o f  T  cells  that were tho ug h t  to  inhibit the 
im m un e  func tions  o f  bo th  T  cells  and В cells. T h ey  seem to 
be pre fe ren tia l ly  p rod uced  in ca ses  o f  m ass ive  antigen 
exposure  and perh aps  are responsib le  for tolerance. T hey  
are  o f  the  C D 8 + type , are able to react d irectly  with 
antigen w ithou t the p resence  o f  M H C  an tigens ,  and act by 
secre ting  p ro te ins  and not the  usual cytokines.

7 Cell Recognition  o f  A n tig en

C D 4 + T  cells  recogn ize  pep tides  (usually  derived  from  
m icrobes  and soluble  an tigen s)  b o u n d  to c la s s  II M H C  
an tigens  on the su rface  o f  a ccesso ry  cells. C D 8 + T  cells 
recogn ize  pep tides  d e r iv ed  from endogen o us ly  sy n th e 
sized  p ro te ins  such as viral p rote ins ,  b ound  to c la s s  I M H C  
an tigens  on cells tha t  are the ta rget o f  th e i r  lytic action. As 
only pep tides  can  b ind  to  the M H C  an tigens ,  T  cells  can  
only respond  to protein  an tigens. В cells respond  to p ro 
teins,  po ly sacch a r ides ,  lipids , sm all bo und  chem icals ,  and 
perhaps  nucleic  acids. T  cells  respond  to a  l inear array  of 
am ino  ac ids w hile  В cells  respond  to a linear array o f  am ino  
ac ids o r  to an ep itope  in its te r t ia ry  s t ruc tu ra l  fo rm .

A ccessory Cells

A ntigen  b reak d ow n  p ro d uc ts  are p resen ted  to the  T  cell by 
a ccesso ry  cells. T hese  are ca lled  an tigen  p resen ting  cells. 
F ore ign  pro te ins  from  ou ts ide  the  a ccesso ry  cells  are taken 
in and part ia l ly  broken dow n (an t igen  processing) .  P h ag o 
cytic  cells take  in the  foreign m ateria l  by phag ocy to s is  and 
degrade  it. Additionally, В cells  reac t  w ith  foreign an tigen  
th rough  the i r  su rface  im m un og lob u lin  (w hich  in itia tes the 
pathway to an t ibody  p roduc t ion )  and  take  in the foreign 
materia l  by recep to r-m ed ia ted  en docy tos is .  T he  an t igens  
are then degraded  to pep tides . M H C  II m olecu les ,  present 
on  the su rface  o f  an tigen  p resen ting  cells  (A P C s),  b ind  the

peptides.  T h e  M H C  I I -p e p t id e  com plex  is then  presen ted  
to the C D 4  + T  he lper  cells ,  w here  it is re cog n ized  as  no n 
self.  T h e re  are tw o  levels o f  selection involved. T h e  M H C  
II m olecu les  can  b ind  p ep tides  12 to 30  am in o  ac ids  in 
length but not all o f  the  poss ib le  p ep tide  b rea k d o w n  p ro d 
ucts  o f  a g iven  antigen . A lso , the  C D 4 +  cells  do  not have 
recep to rs  (T C R ) for all o f  the  p ep tides  tha t  w ill  be  p re 
sented . T h u s ,  the  T-cell ep i tope  d e p en ds  on the  type  o f  
M H C  II and the  ex ten t o f  the T C R  repe r to i re  p resen t.  A few 
accesso ry  ce lls  are able to p resent an tigen  d irec tly  to  T 
cells  u n der  no rm al  condit ions .  However, m os t  a ccesso ry  
cells  are induced  to p rod uce  c lass  II an t igens  w hen  exposed  
to  in te r fe ro n -g am m a resu lt ing  from  an  im m u n e  response  
so that presen ta t ion  is enh anced .

Fore ign  p ro te ins  sy n thes ized  in accesso ry  ce lls  are  also 
p art ia l ly  d eg raded  but by  a d if feren t rou te  th a t  co m b in es  
them  with c lass  I M H C  an tigen .  T h e  com plex  is recogn ized  
by  C D 8 + T  cells. Here, the  reco g n ized  pep tides  are 8 to  10 
am in o  ac ids long. A gain  the  ac tua l p a r t  o f  a pro te in  
p resen ted  and  reco gn ized  by the  C D 8 + cells  d e p en ds  on 
the  type  o f  M H C  II pro te in  possessed  by the  ind iv idual and 
the  T C R  reperto ire .

The Т-Cell R eceptor

T he  an tigen  recep to r  on T  cells  is usua l ly  d e sc r ib e d  as a 
h e te ro d im er  cons is t ing  o f  one a lpha  ch a in  and one beta 
ch a in  jo in e d  to g e th e r  by  d isu lf ide  bonds. However, as  T  
cells  m atu re  ex tra th ym ica l ly  with increas ing  age ,  a  d iffer
en t recep to r  m ade  up  o f  a delta  chain  and  an epsi lon  chain  is 
found. E ach  chain  has  a variab le  (V ) and  a  c o n s tan t  (C) 
region an d .  as they are  not sec re ted ,  like the m em bran e-  
b ound  IgM they have a t r an sm em b ra n e  p iece and a c y to 
p lasm ic  piece. T h e  T C R  ch a in s  are  d e r iv ed  from  com plex 
DNA multiple  alle les w ith  D N A  and  R N A  sp l ic ing  and 
jo in in g .  T h e re  are  not as  many V g enes  for the  T C R  chains  
as  there  are fo r  the Ig m olecu les ,  but the  jo in in g  o f  VJ and 
DJ has m uch  m ore  leeway in the T C R  sy s tem  so that m ore  
V p ro te ins  can  ac tua lly  be p rod uced .  However, the re  are  no 
som atic  m uta tion  chang es  in the T C R  so that  once  the  DNA 
jo in s  are m ade  the  spec if ic ity  is sea led .  T h e  T C R  is able  to 
recogn ize  the  pep tid e - М Н С  an tigen  com plex  on the  a n t i 
gen p resen ting  cell and is found  on the  cell  su r face  in 
associa tion  w ith  the  C D 3  an tig en ,  w hich  is a  com plex  o f  
five po lypep tide  chains .  M any  cha in s  ( Ig ,  T C R ,  c lass  I 
M H C , c lass  II M H C , C D 2 ,  C D 3 ,  C D 4 ,  C D 8 ,  e tc . )  have 
do m a in s  with V and  С regions. T h e se  a n t igen s  have been 
g rou ped  to g e th e r  as  the Ig  gene  superfam ily .

Binding o f  TCR a n d  A n tig en

In the  C D 4 + T  ce ll ,  the  C D 4  an tigen  recog n izes  the  se lf  
c lass  II M H C  pro te in  on  the  p resen ting  ce ll ,  and  the  T C R  
(com plexed  w ith  C D 3 )  reco gn izes  the  an tigen ic  pep tide
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bo und  in the c lef t o f  the  M H C  II molecule .  T h e se  com pr ise  
the specific  p art  o f  the reac t ion .  However, i f  no th ing  
fu r th e r  happ ens ,  the  T  cell goes in to  a c tiva tio n -in d u ced  
c e ll dea th  o r  c lo n a l a n erg y  ( inab il i ty  to reac t  to th is  o r 
o the r  st im ula t ion).  For  proliferation  and d if feren t ia t ion  to 
occur, the  T  cell requ ires  co -s t im u la to ry  s ignals  from  the 
binding o f  a variety o f  T-cell and A P C  molecules. As a result 
o f  the specific binding, together with a co-stim ulatory  s ig 
nal.  the T C R  in f luences  C D 3  to beg in  m olecu la r  events 
that resu lt  in cy to k in e  secre t ion ,  cell  pro l ifera tion , and  so 
for th .  U n d e r  no rm al c ircu m s tan ces ,  these  accesso ry  m o le 
cu les  are p resen t and T  cells  are с о -s t im ula ted .  T he  m a jo r  
e ffec ts  o f  an t igen  b ind ing  to C D 4 + cells  are secretion  of 
cy to k ines  (w hich  act on o th e r  ce lls)  and cell  proliferation . 
In the cy to tox ic  C D 8 + T  cell ,  C D 8  reco gn izes  the se lf  
c lass  I M H C  pro te in  on the  express ing  target cell and T C R , 
com plexed  w ith  C D 3 , recog n izes  the  fore ign p ro te in  on  the 
M H C  I p rote in . C o -s t im u la to ry  s igna ls  are  again  required  
to p rovide  ex tra  s tab il i ty  in the  b ind ing .  C D 3  is inf luenced 
to initia te  a  casca d e  o f  m olecu la r  events , w hich in this  case 
results  in k il ling  o f  the  ta rget  cell .

A d hesion  M olecules

T h ese  m olecu les  stab il ize  and  s treng then  the  T  cell and 
A P C  b in d in g ,  and provide  accesso ry  s igna ls  for T-cell 
activation. T hey  are a lso  involved in T-cell b ind ing  to 
s t rom a  cells. M a jo r  g ro u p s  tha t  have been recogn ized  
include ex trace l lu la r  m atr ix  pro te in  recep to rs  and leuko
cy te  adhes ion  proteins.

R egulation o f  th e  Im m une R esponse

It is obvious tha t an im m u n e  response  is tu rn ed  o f f  a f te r  a 
tim e but the  exac t m ech a n ism s  involved are not yet clear. 
Several m ech an ism s  have been  p roposed .  A n tig en s  are 
rem oved  by the  effec ts  o f  the im m une  re sponse  so that 
s t im ula t ion  o f  the  В and T  cells  ceases .  C ells  a lready 
re spo nd in g  even tua lly  d ie  and the  re sponse  is d im in ished  
with the ir  dea th .  A  n e tw ork  may also be  buil t  up in which 
new ly syn th es ized  Ig m olecu les  have ex tens ive  idiotypic  
regions (som e new ly fo rm ed  by som atic  m uta tion)  and the 
body  will respond  by m ak ing  an t ibod ies  agains t  these 
id io types  and  neu tra liz ing  them . Posi t ive  feedb ack  can 
arise  w h ere  Ig b inds  to uns t im ula ted  В cells  th rough  the  Fc 
receptor, effec tive ly  p reventing  the i r  b ind ing  o f  antigen. 
C y to k ines  tha t  dow nregu la te  the  im m u ne  re sponse  may be 
p roduced .  S up p re s so r  T  cells  may exis t and  act to suppress  
the  effec ts  o f  T  he lper  and В cells.

C ytok ines

C y to k ines  are m ed ia to rs  tha t  func t ion  as up and dow n 
regu la to rs  o f  im m u n o g en ic ,  in f lam m atory ,  and reparative 
host re sponses  to injury. L ym p ho cy tes  p ro du ce  lym pho-

k in es  and m o no cy tes  o r  m ac rop hag es  p ro du ce  m onokines. 
T hey  d if fe r  f rom  h o rm on es  in tha t they  are not p ro d u ced  by 
spec ia lized  g lands ,  that they act on cells near  the ir  si te  o f  
p roduc tion  ra the r  than  on d is tan t ta rget cells, and tha t they 
are not p resen t in s e ru m  u n der  no rm al  c ircu m stan ces .  They  
are pep tides  o r  g lycop ro te in s  with  a m olecu la r  w eight 
rang ing  betw een  6000  and  6 0 ,0 0 0  daltons. E x am ples  are:

In terleuk in -1 :  p ro du ced  main ly  by m ac rop hag es  and in f lu
ences  a vast a rray  o f  cells. It causes  bone m arro w  cells  to 
increase  the ir  p rod uc t io n ,  m acro p h ag es  to p rod uce  o th 
e r  cy tok ines ,  T  cells  to p rod uce  ly m phok ines ,  В cells  to 
p rolifera te ,  and PM N s to increase  th e ir  m etabolic  rate. 
For  non lym ph o id  t issue  it a ffec ts  ad ipocy tes ,  c h o nd ro 
cy tes ,  ep ithelia l  cells , o s teoc las ts ,  b ra in  cells , synovial 
cells , sm oo th  m usc le  cells , hep a tocy tes ,  ad erena l cells, 
and fibroblasts .

IL -2 :  p rod uced  by T  cells and  large g ran u la r  leukocytes .  It 
ac tiva tes  T  and N K  cells and causes  В cells  to proliferate. 

IL -3:  p ro du ced  by T  cells  and p ro m otes  g row th  o f  early 
hem atopo ie t ic  cells.

IL -4:  p ro du ced  by  T  h e lp e r  cells  and  is a  g ro w th  fac to r  for T  
and В cells. It a ffec ts  the switch to epsi lon  H chain  in the 
choice  o f  IgE. It also p rom o tes  m as t cell g row th .

IL -5 :  p ro d uced  by  T  h e lp e r  cells. It s t im u la te s  В cells  and 
eos inoph ils  and  p ro m otes  the  sw itch  to IgA.

IL -6 :  p rod uced  by f ibroblas ts  and o thers .  It a ffec ts  В cells. 

IL -7 :  p roduced  by s t rom a  cells and  is a  lym phocy tic  g row th 
fac to r  for pre-B  and p re-T  cells.

IL -8 :  p ro d uced  by m acro p h ag es  and  o thers .  It is a  chem o- 
tac tic  agen t for neu trophils  and T  cells.

G -C S F  (g ranu locy te  colony s t im ula t ing  factor): p roduced  
by m o no cy tes  and o thers  and genera tes  neutrophils .  

M -C S F  (m acro ph age  colony s t im ula t ing  factor): p roduced  
by m on ocy tes  and o thers  and g enera tes  m acrophages .

In ter fero n

Type a lpha ,  p roduced  by  leukocytes ,  and  type  be ta ,  p ro 
d uce d  by f ib rob las ts ,  have antiv iral activ it ies  and stim ula te  
m a c ro ph ages  and N K  cells. Type g a m m a  is p ro du ced  by 
T  cells  and N K  cells and induces  m em bran e  an t igens  such 
as  M H C .

Tumor Necrosis Factors

Type a lpha  is p rod uced  by  m acro p h a g e s  and o thers  and 
type  beta  by  T  cells. Both have in f lam m atory ,  im m u- 
n oen han c in g ,  and  tu m o ric ida l  p roper tie s .  At low c o n ce n 
tration  they bind  to T N F - R 1 on  th y m o cy te s  and C T L s  to 
cause  cell proliferation . At h igh  concen tra tion  they b ind  to 
T N F -R  1, as  above, and  to T N F -R 2  o f  C T L s  to increase  
the i r  cytotoxicity .  T h ey  also b ind  to f ib rob las ts  to  increase



16  1. I m m u n o l o g y

their  pro l ifera tion , and to o th e r  cells  to increase  cy tok ine  
product ion .

Transform ing G row th Factor

T his  fac tor co m es  from platelets , bone cells , and o thers  and 
is involved in w ound  repair.

PM N s have trad it ional ly  been lim ited  to roles o f  p ha
g ocy tos is  and  re lease o f  p re fo rm ed  en zym es .  Recently, 
they have been show n to syn thes ize  and release cy tok ines  
(e .g .,  IL1, TNF, and IL 6 )  to m odu la te  both B- and T-cell 
activities.

Complement and the  Major 
Histocompatibility Locus________

C o m p le m e n t

C om plem ent  is a  ser ies  o f  b lood pro te ins  that , upon s p e 
cific ac tiva tion , acts  as an e n z y m e  cascade  and func tions  to 
effec t  an acute  in f lam m ato ry  re sponse  tha t concen tra tes  
cells  o f  the im m u n e  sys tem  w here  they are needed .  It 
results  in cell  lysis  in cases  in w hich  activation  o ccu rs  on 
cell surfaces.  Activation o ccurs  by two m e th o d s  plus the 
nonspecif ic  effec ts  o f  proteo ly t ic  enzym es.

The Classic P a thw ay

T h is  pathw ay is initiated by an tigen  b ind ing  w ith  specific  
an tibody  (Fig. 1-5). Two IgG ( Ig G 4  d oes  not activate) 
m olecu les  a ttached  ad jacen tly  on the an tigen  or one pen- 
tam eric  Ig M  m olecu le  bo und  to the an tigen  is suffic ient to 
in itia te  the  pathway. As a result o f  the an tigen  b ind ing ,  the 
Fc port ion  o f  the im m u no g lo bu lin  is c han ged ,  probably  as 
a result o f  an a llos ter ic  sh ift  in th ree-d im ensiona l  s t ructure .  
T h e  new Fc s truc tu re  is capab le  o f  b ind ing  C lq ,  w h ich  in 
its tu rn  chan ges  shape  and reac ts  with  a  p ropro tease  (C lr )  
to  activate  it into a protease. T he  ac tivated  C l r  protease  
part ia l ly  d iges ts  a proes te rase  C l s  to fo rm  an esterase. C4 
is bound  to the  com plex  and is par t ia l ly  d iges ted  by the 
ac tivated  С 1 to g ive a piece C 4 a ,  w h ich  g oes  in to  so lu tion , 
and a p iece C 4 b ,  w hich rem ains  b ound  to the com plex .  T he  
removal o f  C 4 a  reveals a b ind ing  site  on C 4 b  for C 2  and the 
bo und  C2 is p ar t ia l ly  d iges ted  to  C 2 a  by  ac tivated  C l .  
W hen  C 2 a  is b o u n d  to C 4 b ,  it can  split fac to r  C3 in two, 
C 3a  (called an aphy la tox in )  and C 3 b .  T h e  la t ter  may drift 
o f f  into the  s e ru m  and be d e g ra d ed ,  m ay  be released and 
b ind  to cells  with specific  C 3 b  recep tors ,  may com plex 
w ith  s e ru m  fac to r  В to en hance  C 3 b  p rod uc t ion ,  o r may 
rem ain  a ttached to the com plex .  T h e  com plex  b ind s  and 
splits  fac to r  C 5 to yield  C 5 a ,  w hich is re leased  and  has 
anaphyla tox ic  ac tiv ity  and is chem otac t ic  for leukocytes ,  
and C 5 b ,  w hich  rem ains  in the com plex  and b ind s  with C6

Ag + Ab -> Fc region change

-> Ag/AB/Clq/Clr/CIs

/ t \
C lq Clr C ls

c4  ^  Ag/Ab/Clq/Clr/Cls/C4b

Ж  ^
c2  ^  Ag/Ab/Clq/Clr/Cls/C4b/C2a 

c3  ^  A g/A b/Clq/C lr/C ls/C4b/C2a/C 3b_

I

♦ C 4a

4 C 2b

4 C 3a * 
C 3b

c5  Ag/A b/Clq/Clr/Cls/C4b/C2a/C3b/C5b 4 C 5 a *  

c6  ^  C 5b/C 6 A g/A b/C lq/C lr/C ls/C 4b/C 2a/C 3b--------

I
c7  ^ % 5 b /C 6 /C 7  M em brane bound

I
JF

c8 *  C 5b/C 6/C 7/C8 Slow  lysis

I
c9 C5b/C 6/C 7/C 8/C 9 F ast lysis

Fig. 1-5 T h e  classic c o m p l e m e n t  p a th w a y .  *, p ro d u c t s  
w i th  a n a p h y la to x ic  activity.

w ith  the  re lease  o f  C 5 b C 6 .  T h e  C 5 b C 6  com plex  b inds  in 
solution  with C7 and  the  C 5 b C 6 C 7  com plex  has  ch e m o ta c 
tic p ro pe r t ie s  and can  b ind  to  cell  m em bran es .  W hen 
m em bran e  b o u n d ,  the  C 5 b C 6 C 7  com plex  b inds  C 8  and can  
slowly lyse cell m em branes .  However, it is the  addit ional 
b in d in g  o f  C 9  tha t im par ts  the  ab il i ty  to rap id ly  lyse cell 
m em bran es .  T he  e ffec t  o f  the  com ple te  cascad e  is to lyse 
cell m em b ran es  and to re lease fac to rs  tha t cause  the  in 
f lam m ato ry  response.

The A n tib o d y -In d e p e n d e n t  
A lte rn a te  P a thw ay

Two se rum  p ro te ins  involved w ith  the  a lte rna te  pa thw ay 
have been identif ied  and called  fac tors  В and D. F ac to r  В 
n o rm ally  fo rm s  reversib le ,  shor t- l ived  com plexes  w ith  C3 
in the  flu id  phase  o f  the  se ru m .  F ac to r  D  can  reac t with  
these  com plexes to change  fac to r  В to Bb. C 3 B b  can  react 
with  C 3  to fo rm  C 3 a  and  C 3 b .  U nder  no rm al  c i r c u m 
stances, the C 3 a  and  C 3 b  p rod uced  are broken  do w n  by 
specific  inhib itors.  A ctiva tors  o f  the a lternate  pathway,
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such as yeast  cell  w all (zym osan) ,  p lan t p o lysaccharide  
(inulin), end o tox in ,  o r  aggrega tes  o f  im m u no g lob u lin s ,  
espec ia lly  IgA  and  IgG ,  act by  b ind ing  the  C 3 b  produced  
to th e i r  su rfaces ,  p ro tec t ing  it f rom  breakdow n. T h e  p ro 
tec ted  C 3 b  b ind s  fac to r  B , and the  C 3bB  com plex  is acted  
on  by fac to r  D  to fo rm  СЗЬВЬ. T h is  p ro tec ted  com plex ,  
ca lled  S -C 3 b B b ,  is an e n zy m e  that can  s tart  the  c o m p le 
m en t  c a scad e  at the  s tep  tha t  converts  C5 to  C 5 a  and  C 5b .
S -C 3 b B b  has  a shor t  half-life. In add it ion  to  reac t ing  with 
C 5, the S -C 3bB b complex can react with another  blood p ro 
tein, p ro pe rd in ,  to  fo rm  a com plex  tha t is m uch  m ore  stable 
but c an  stil l ac tiva te  the cascade  at the  C 5 step. Cobra 
venom  acts on fac to r  В so tha t  it fo rm s  a  m uch  m ore  stable 
com plex  w ith  C3 and so en han ces  the  a lte rna te  pathway.

N onspecific  A ctiva tion

P ro teases ,  such as p la sm in  and  th ro m b in ,  and  bacte r ia l  and 
lysom al en zym es ,  can  enh ance  the  reac t ion  by  fac to r  D  on 
the  C 3B  com plex  to  in itia te  the a l te rna te  pa thw ay  and can 
also in te rac t  w ith  C l  to  s tart  the  c lassic  pathway.

R egulation o f  th e  Cascade

S pec if ic  m olecu les  in the  s e ru m  have been found that 
inac t ivate  va r ious  p rod uc ts  o f  the  cascade. F o r  example, 
C 1IN H  b in ds  to  ac tiva ted  C l  and  inhibits  es te rase  activity, 
beta-1 H  in te rfe res  w ith  the  in terac t ion  o f  C 3 b  and  C 5 ,  
C 3 b IN H  c o m b in es  w ith  beta-1 H to  degrade  СЗЬ , C 6IN H  
inhibits activated C 6, and anaphylatoxin inactivator cleaves 
o f f  the te rm ina l  a rg in in e  from C 3 a  and  C 5b  to m ake  them  
less b io log ical ly  active.

E nhancem en t

C 3 b ,  re leased  in bo th  the  c lassic  and a lternate  pa thw ays, 
b inds  to  fac to r  В and  then  reac ts  w ith  fac to r  D  to give 
СЗЬВЬ. С ЗЬВЬ is an e n zy m e  that c an  reac t w ith  C 5 ,  as 
d e sc r ib ed  above, and  a lso  with C3 to p ro du ce  C 3b  and 
C 3a .  A s an enzym e , С ЗЬВЬ can  convert  m any  m olecu les  o f 
C 3 ,  en h anc ing  C 3 b  formation .

The B reakdow n  o f  Factor C3

A fte r  the  b reak do w n  o f  C 3  to C 3 a  and  C 3 b ,  the  C 3 b  is 
fu r the r  d eg rad ed  by  a  varie ty  o f  so luble  p ro te ins  in the 
b lood . C 3 b  is f irs t d eg rad ed  to  iC 3b  by  fac to r  H or to  CR1 
and  fac to r  I and then to  C 3c  o r  C 3 d  and  C 3g . T hese  
b reak do w n  p rod u c ts  are  b ound  to ce r ta in  cells  by  specific  
recep to rs ,  w h ere  they have defin ite  bio logic  effects. R e
cep to r  CR1 is found  on e ry th ro cy tes ,  ph agocy tes ,  В cells, 
and  o th e rs ,  and  a ids  phag ocy to s is  by  b ind ing  C 4 b /C 3 b  and 
iC 3b .  R ecep to r  C R 2  is p resen t on В cells , som e T  cells, NK 
cells , A D C C  e ffec to r  cells , and  o th e r s  and  has im m uno- 
regu la to ry  p ro p e r t ie s  w hen  it b ind s  C 3 d  and  C 3 d /C 3 g .  
R ecep to r  C R 3  is p resen t on phagocy te s  an d  a ids  ingestion
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when it b inds  iC3b. R ecep to r  C 3 a R  is found  on n eu tro 
phils, T  cells , and o thers  and has  im m u n o reg u la to ry  p ro p 
e r t ies  w hen  it b ind s  C 3 a  and C 4a .  It is a lso  presen t on  mast 
cells and basophils  w here  it is involved in h is tam in e  release 
and  on sm o o th  m usc le  cells  w here  it is involved in con trac 
tion. A recep to r  for C 5 a  is p resen t on m as t cells  and 
b asoph ils  (h is tam ine  release), endo the l ia l  cells  ( increased  
v ascu la r  p e rm eab il i ty )  and on neu trophils  and  m a c ro 
phages  (chem otaxis) .

Biologic Functions o f  C om plem en t

Lysis o f  cells , as the  end p ro du c t  o f  the  cascad e ,  opsonin-  
ization , and  phag ocy to s is  due  to p rod uc ts  o f  the ca scade  on 
the  su r face  o f  m ic ro o rg an ism s  tha t  can  b ind  to specific  
recep to rs  on p h ago cy te s  are biologic func t ions  o f  com p le 
m ent .  In f lam m ation  is caused  by the  effec ts  o f  C 5 a ,  C 3 a ,  
and  C 4 a  c o m po nen ts  on m as t cells, w hich  s t im ula te  h is ta 
mine  release, and on m usc le  cells , causing  vascu lar  co n 
trac tion . C 5 a  is a ch em oa ttrac tan t  for PMNs.

The C om plem en t Fixation Test

T h is  assay depends  upon the  fact tha t  w hen  an tibody  and 
an t igen  co m bin e  to  activate  the  com plem en t cascad e  the 
com plem en t  fac tors  are dep le ted .  In ce rta in  d iseases ,  so 
m uch  in f lam m ation  o ccu rs  as a con seq uen ce  o f  an tigen ,  
an t ib od y  b ind ing ,  and com plem en t  activation  that the  level 
o f  com p lem en t fac tors  in the  b lood drops. T h is  dec rease  is 
m easu red  as  a m ean s  o f  m on i to r ing  the p rog ress  o f  the 
d isease  o r  the e f fec t iveness  o f  therapy, in such d iseases  as 
rh eum ato id  a r th r i t is .  Normally , the  rem oval o f  co m ple 
ment fac tors  is co un te rb a la n c ed  by syn thes is  so tha t  the 
level is fairly  constan t.  In an in v it ro  co m p lem en t fixation  
tes t ,  an an tigen  and an tibody  are allow ed to co m b ine  and  a 
fixed a m o u n t  o f  com plem en t  is added  so that rem oval o f 
com plem en t  factors can  be de tec ted  by the lysis  o f  sheep 
red  b lood  cells  by  b ound  an t i -sheep  R B C  se ru m .  Lysis o f 
sheep  R B C  indicates  tha t com plem en t  is not “ f ix e d "  and 
tha t no  reac t ion  o ccu rred  be tw een  the  o rig ina l  an tigen  and 
antibody. I f  the  o r ig ina l an t igen  and  a n t ib od y  co m b in ed  to 
activa te  the  com plem en t  cascad e  and rem ove  com plem ent 
factors,  then the  sheep  R B C  are not lysed.

The Kinin Cascade

T h e  k inin  cascad e  is a n o th e r  im p ortan t  m edia tor-form ing  
sys tem  in the  b lood . It results  in the fo rm ation  o f  bra- 
d y k in in ,  a nonap ep tide  w ith  po ten t ab il ity  to cause  in 
c reased  v ascu la r  perm eabil i ty ,  vasod ila t ion ,  hypotens ion ,  
p a in ,  con trac t ion  o f  many types  o f  sm oo th  m uscle ,  and 
activation  o f  ph osph o l ipase  A 2 ,  caus ing  activation  o f  c e l 
lu lar  a rach idonic  ac id  m e tabo lism . Factors  involved are 
h ig h -m olecu la r-w eigh t k in inogen  (H M W K ),  c lo t t ing  fac
to r  X I,  p reka l l ik re in ,  and  the H ag em an  fac to r  (HF). W hen
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con tac t is m ade  with a negatively  charged  su rface  such as 
l ipid  A in g ram -n ega t iv e  cell walls , H F  is c leaved and 
activa ted . A ctivated  H F en han ces  c leavage  o f  additional 
H F  and  c leaves fac to r  X Ia  from  X I. F actor  X Ia  then 
ac tivates  the coagu la t ion  cascade ,  and c leaves o f f  kall i-  
krein from the p rek a l l ik re in -H M W K  com plex .  T he  kalli- 
k re in  a ttacks H M W K  to release b radykin in .  T he  la tter  has 
a  shor t  life and  is d eg raded .  T hese  events  o ccu r  in the 
in f lam m ato ry  reaction.

Arachidonic A cid  M etabolism

A rach idon ic  ac id  is a  2 0 -ca rb on ,  4  doub le -bond  fatty  acid 
liberated  from  m e m b rane  phospholip ids  by  bo th  the se 
quentia l  ac tion  o f  p hospho l ipase  С and d iacy lg lycero l li
pase and  the  d irec t  ac tion  o f  phospho lipase  A 2. O n ce  
l ibera ted ,  it can  be m etabo lized  to yield  many p rod uc ts  that 
are active in in f lam m ato ry  responses.  M ast cells , found  in 
con nec t ive  tissue, form p ros tag land in  D2 (P G D 2 )  by cy- 
c looxygenase reactions. PG D2 causes e ry them a and wheal- 
and-f lare  vasod ila to ry  respo nses ,  m ed ia tes  neu trophil  in
filtration into sk in , and  acts  as  a chem otac t ic  agen t for 
leukocytes .  M as t cells  found in m ucosa l areas  fo rm  leuko- 
tr ienes (LT) by lypooxygenase  ac tiv ity  on  arach idonic  
acid . Four m a jo r  b io log ical ly  ac tive  co m p o u n d s  are p ro 
duced: LTB4, LTC4, LTD4. and LTE4. T hese  cause smooth 
m uscle  con trac tion  and w hea l-an d -f la re  reactions.

The H um an  M ajor 
H is tocom patib il i ty  Locus

T h e  m a jo r  h is tocom patib i l i ty  locus (M H C ) in h um ans  is 
called  the h um an  leukocyte  an t igens  (H L A ) reg ion  and is 
p resent on the shor t  a rm  o f  ch ro m osom e  6. It is a  region of 
ch ro m osom al DNA that c od es  for a varie ty  o f  p rote ins ,  
w hich  have been d iv ided  into th ree  groups .

Class I A n tig en s

T h ese  an t igens  are recogn ized  because  o f  the ir  involve
m ent in transp lan t accep tance  o r  re jec tion  and because  they 
are po tent im m unogens .  T hey  are t r an sm em b rane  pro te ins  
o f  approxim ate ly  4 3 ,0 0 0  daltons with th ree  do m a in s ,  only 
two o f  w hich  have in trachain  d isu lfide  linkages. T hey  are 
co d e d  for by  th ree  loci (H L A -A . H L A -B , and  H LA -C ), o f  
w hich  m any allelic fo rm s exis t.  T hey  are found on the 
su rfaces  o f  all nuclea ted  cells and allelic fo rm s  can  exis t 
co -d om inan t ly  in h e te rozygous  cells. Each class  1 antigen 
is associated noncovalently with a small polypeptide (12,000 
daltons) called beta-2 microglobulin. Testing for class I sur
face an t igens  is done  by the  m icro cy to to x ity  tes t, in which 
mononuclear cells ( lymphocytes and monocytes) are separat
ed from a patient's blood and placed in the well o f  a microtiter 
plate toge the r  w ith  a  test a n t i se ru m  and com plem ent .  Cells

that have the  test an t igen  b ind  an t ibod ies ,  f ix  co m p lem en t ,  
and lyse. Lysis  is seen by adding  eos in .  a red  dye tha t can 
en te r  and  stain  lysed cells. C y to tox ic  T  cells  have recep to rs  
that recogn ize  c lass  I an t igens  on  a ta rge t  cell a nd  c an  kill it 
w hen  the  two cells  have identical c la s s  I antigens.

Class II A n tig en s

T h ese  an t igens  are  recogn ized  by th e i r  ab il ity  to  s t im u la te  
ly m ph ocy tes  from  g ene tica lly  d ifferent ind iv idua ls  in the 
m ixed  lym phocy te  reaction  (M LR ).  B lood leukocytes  from 
o ne  individual are mixed w ith  those  o f  a n o th e r  and  the  T  
ce lls , w hich  o u tn u m b e r  the  В cells  in b lood by  a  fac to r  o f  4 
to 1, a re  s t im ula ted  by any no n -se l f  su r face  an tigens. 
P rol ifera tion  o f  T  cells  is m e asu red  by  up take  o f  radio- 
labeled th ym id in e  resu lt ing  from  rep lication  o f  D NA . Both 
po pu la t ions  re spond .  In m o s t  cases ,  the  reac t ion  o f  the 
rec ip ien t lym phocy tes  to the d o n o r  cells  is o f  m a jo r  co n 
cern  and a one-w ay test can  be set up  using kil led don o r  
cells. C lass  II an t igens  are  t r an sm em b ran e  he te ro d im ers  
m ade  up  o f  two po lypep tide  chains .  T hey  are  found  on В 
ly m ph ocy tes ,  ac tiva ted  T  cells , m acro p h ag es ,  and  d en d r i t 
ic and  o th e r  acc e sso ry  cells. T h ree  loci con tro l  these  
an t igens  in hu m an s  (H L A -D R , H L A -D Q . and  HLA-DP).

G en es ,  w hich  code  for som e o f  the com p lem en t factors 
(C2 and C 4) and the  p roperd in  fac to r  В , are found  betw een  
the H L A -A . -B , and -C reg ions  and the H L A -D  region. 
C lass  II an t igens  are involved in the presen ta t ion  o f  an tigen  
by the acce sso ry  cell to the  T  h e lpe r  cell .

S om e d iseases  are m ore  prevalent in ind iv idua ls  w ith  a 
specific  H L A  antigen . O f  no te  is anky los ing  spondylit is ;  
90  percen t o f  patients with  th is  in f lam m ato ry  d isease  o f  the 
sp ine have H L A -B 27 .  However, not all ind iv iduals  with  
this  gene  develop  the disease.

Structure/F unction  R ela tionships  
in th e  MHC M olecules

M H C  m olecu les  can  be regarded  as a pa r t ia l ly  c losed  hand .  
A n tigen ic  pep tide  may o r  may not fit in to  the  groove 
fo rm ed  by the han d ,  w hich  thus  confe rs  specific ity . A m in o  
ac ids o rien ted  ou t  o f  the groove react w ith  the  T C R  o f  the  T 
cells. D ifferen t a l lo types  o f  one M H C  antigen  will not all 
reac t  w ith  the sam e  pep tide  so  tha t the  ac tua l T-cell 
ep i topes  o f  a g iven  an tigen  will d if fe r  be tw een  allo typ ica lly  
d if feren t individuals.

Immunologic Tolerance and 
Immune Regulation_____________

Failure  to respond  im m unolog ica l ly  to an an tigen  may be 
d ue  to more than one cause. P ara lysis  o ccurs  in cases  in
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w hich  there  is a  m ass ive  a m o u n t  o f  an tigen  so tha t the 
e f fo r ts  o f  the im m u n e  sys tem  are insuffic ient to  rem ove  the 
invading agen t.  N onresponsiveness  o r  low response  o ccurs  
w h ere  there  is a h e red i ta ry  ab sen ce  o f  cells able to respond  
to a g iven  antigen . T h is  e f fec t  is com plex  and  fine tuned .  
Im m u n o lo g ic  to lerance  is a state o f  the  im m u ne  sys tem  
tha t ,  w ith  re sp ec t  to  o ne  o r  m ore  specific  an tigen ic  deter
m inan ts ,  is m an ifes ted  by an absence  o r  d im in ish ed  cap ac i
ty to express  e i th e r  ce ll -m ed ia ted  o r  hu m ora l  im m unity ,  or  
both .

T h e  m a jo r  p ro p e r ty  o f  im m unolog ic  to lerance  is its 
specific ity , w h ich  en d ow s the  im m u n e  sy s tem  w ith  two 
card ina l fea tures ,  to lerance  o f  se l f  and the abil i ty  to  reco g 
nize  and  re sp on d  to  non-self. Such a  p ro p e r ty  a llow s an 
e ffec tive  defense  ag a ins t  all fo re ign an t igens  w h e th e r  they 
be in fec tious  agents ,  tox ins ,  o r  t issue  an t igens  in neo- 
p las tically  t r an sfo rm ed  cells. L oss  o f  se lf- to lerance  occurs  
in au to im m u n e  d iso rde rs  and  an unders tand ing  o f  the 
m ech an ism s  involved is n ecessa ry  for trea tm en t  o f  these 
d iseases  and  a lso  in the contro l  o f  t ransp lan t  re jec tion ,  
a llergic d iseases ,  and im m u n o th e rap y  o f  cancer.

F actors  found  to  be im po rtan t  in the  induc tion  o f  toler
ance  inc lude m a tu rity , s ince  to le rance  is eas ies t  to induce  
d u r in g  em bry on ic  o r  neonata l life; im m u nogen ic ity , s ince  it 
is m u ch  ea s ie r  to induce  to le rance  to  a w eakly  im m u n o g e n 
ic agen t than  to a h igh ly  im m un og en ic  o n e , fo r m ,  s ince  a 
sub s tan ce  in jec ted  in its m on om eric  fo rm  often  induces 
to le rance  but is im m u no gen ic  i f  a l low ed to  aggregate  
because  m acro p h ag es  m ore  readily  phag ocy to se  the  la rger 
fo rm ; dosage, s ince  to le rance  can  be induced  by o pposi te  
ex trem es  o f  d o sa g e ;  and n o n m eta b o liza b le  su b sta n ces, 
s ince  the  co n tin u e d  p resence  o f  an tigen  may induce  toler
ance.

D iffe rences  in t h e  R esp o n ses  
o f  В a n d  T Cells

Both T  and  В cells  are suscep tib le  to  induct ion  o f  to lerance  
bu t  T  cells  b eco m e  to lerant at lower d oses  o f  an tigen  and 
rem ain  to leran t for longer  pe r io d s  o f  t im e than  d o  В cells.

M ech an ism s  o f  Im m uno log ic  Tolerance

T h e re  are m any  ways o f  a tta in ing  the  identical final result 
o f  specific  im m u n e  unresp on s iven ess  and not all o f  these  
m ec h a n ism s  have been exp la ined .

U nresponsiveness in В Cells

T h is  cond it ion  may be due  to clonal abort ion  and  recep to r  
b lockade. A t a  very  early  stage  o f  deve lopm ent,  the В cells 
have only Ig M  on the ir  su r faces  and are  de le ted  if  they 
con tac t  an  antigen. T h is  se rv es  as  a m echa n ism  for a b o r t 

ing cells  tha t  reac t  with  se l f  an tigens ,  but w ould  also 
rem ove  cells  capab le  o f  b ind ing  the  fore ign an t igen  if  
co n tac t  were m ade  at this  stage. I f  a  large n u m b e r  o f  
recep to rs  on a В cell a re  engaged  by the i r  specific  an tigen  
and no cy tok ine  help  co m e s  f rom  T  cells , then  the  cell  may 
be su pp ressed  o r  des t royed  by the  effec t .  T h is  is te rm ed  
c lonal deletion.

U nresponsiveness in T Cells

B y ana logy  with the  В sy s te m , bo th  clonal deletion  and 
c lonal abort ion  have been  p roposed .  In add it ion  to  the 
selective m ec h a n ism s  involved in bo th  T- and В -cell m a tu 
ra t ion , w ith  th e ir  def in it ion  o f  “ se l f” and “ no n-se lf ,”  these  
ly m ph ocy tes  are sub jec t  to regu la tion  by the  so luble  factors 
p ro du ced  in an im m u ne  response ,  to an ti - id io type  a n t i 
bod ies  p rod uced  in ne tw ork  contro l  m ech a n ism s ,  and  to 
feed back  effec ts  o f  an tibodies .  T h e  q u es t io n  o f  w h e th e r  o r 
not su pp resso r  T  cells  are involved in th is  regu la tion  is still 
moot .

Hypersensitivity

In som e  cases ,  ex posure  to an an t igen  can  result in an 
a lte red  sta te  in w hich  re -ex p osu re  to tha t an t ig en ,  o r  a 
s t ruc tu ra l ly  s im ila r  subs tance ,  elic its  re sponses  tha t are 
patho log ic  to the  body. T h is  state is ca lled  hypersen sitiv ity . 
H ypersen s i t iv i ty  re sponses  can  a r ise  im m ed ia te ly  (f rom 
h a l f  an h our to  3 hours )  and  subs ide  w ith in  1 to 15 h ours  o r 
can  be delayed ( tak ing  1-2 days to  show up and a few w eeks 
to  subside).

C ell a n d  C oom bs  have classif ied  hypersensi t iv i ty  as:

Type 1: an aph y lac t ic ,  a top ic ,  o r  im m ed ia te  h y p e rse n s i t iv i
ty d iseases  in w h ich  the IgE  im m u no g lob u lin s  behave 
abnorm ally

Type 2 : cy to tox ic  o r  a llo im m u n iza t io n  in w hich  the  antigen 
b inds  to cells  and  react ion  w ith  an t ib od y  resu lts  in cell 
lysis

Type 3 :  m ed ia ted  by im m u n e  com plexes

Type 4 :  de layed-type  h ypersens i t iv i ty  (D T H )  react ions

Im m e d ia te - ty p e  H y p ersen s i t iv i ty

In the  d iscussion  o f  all allergic re sponses ,  the im m unogen  
is ca lled  the  a llergen  o r  sensitizer, im m u n iza t io n  is called  
sen s itiza tio n , and the  im m un ized  individual is ca lled  s e n s i
tive, hypersensitive , ox a lle rg ic . Type 1 s ta tes  o f  h y p ersen 
sitivity  are cau sed  by  react ion  o f  a llergen with IgE  a n t i 
bod ies  (of ten  ca lled  reag ins)  and the  reac t ion  is called  
an aph y lax is  o r  an anaphy lac tic  reac t ion . S ystem ic  o r  g en 
era lized  a n a p h y la x is  o ccurs  w hen  the  a lle rgen  is in t ro 
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duced  in travenously  into sens it ized  individuals.  T he  re a c 
tion beg ins  w ith in  a few m inu tes  and leads to shock  (acute  
periphera l  c ircu la to ry  failure), vascu lar  e n g o rgem en t,  and 
asphyx ia  due to b ronchial and laryngeal constr ic t ion .  If 
dea th  does not resu lt ,  recovery  is com ple te  w ith in  an hour. 
In h u m an s  th is  is a rare event and o ccurs  in sensit ized  
individuals  s tung by insects (bees ,  w asps, and horne ts)  or 
sens it ized  ind iv iduals  injected with horse  se ru m  used as 
an ti tox in  o r  penicill in  ( th is  d ru g  may also elicit DTH). 
C utaneous a n a p h y la x is  o ccurs  w hen the a llergen is in 
je c te d  in to  the skin. In sens it ized  ind iv iduals  itching at the 
site  o f  injection b eg ins  a lm ost at once  and with in  m inu tes  a 
pale i r regu la r  wheal (round elevation o f  the skin) sur
ro unded  by a zone o f  e ry th e m a  (redness)  form s. T h is  is 
called  a h ive  or  u tica riu m , and the response  is ca lled  the 
w hea l-a n d -fla re  reaction . T h e  reaction is m ax im u m  at 
about 10 m inutes ,  pers is ts  for 10 to 20  m inutes ,  and then 
gradual ly  subsides.  It is used c lin ically  to specify  a p a 
tien t’s range  o f  allergies. P assive cu taneous ana p h yla x is  
o c cu rs  w hen the  se rum  from a sensit ized  individual is 
in jec ted , usually  af ter  d i lu t ion ,  into the skin o f  a no n sen 
s itized  ind ividual.  A f te r  a latent per iod  o f  at least 10 to 20 
hours ,  the  a lle rgen ,  w hich  is in jected  into the sam e site, 
elicits  the w hea l-and -f la re  reaction. T h is  is a co m m on  
technique  for s tudy  o f  a llergy in labora tory  an im a ls ,  into 
w hich the an tigen  is injected tog e th e r  with  a dye (Evans 
b lue) to m easure  leakage from cu tan eou s  b lood vessels. 
T h is  w as called  the P rau sn itz -K u s tn e r  test but is no  longer 
used in h u m a n s  b ecause  o f  the risk o f  hepati tis  and ac 
qu ired  im m unodef ic iency  sy n d ro m e  (A ID S). A topy  is a 
fo rm  o f  allergy in w hich  the re sponse  is elic ited by ex p o 
sure to a  varie ty  o f  env ironm enta l  an tigens ,  such as pollen, 
fungi ,  an im al dan ders ,  house  d us t ,  o r  foods. W hen ind iv id 
uals with atopy ingest o r  inhale  the  appro p r ia te  a lle rgen ,  
h ives o r the  m anifes ta tions  o f  hay fever or as thm a  p rom ptly  
develop. T h e  tendency  for the deve lopm en t o f  a topy  is 
hereditary.

M echanism s o f  Type 1 H ypersensitiv ity

In h u m an s  these  e ffec ts  are caused  by IgE. T h e  a llergens 
not only elicit IgE  but a lso  cause  the p roduc tion  o f  IgG  and 
o th e r  Ig. T h is  has led to the fo rm  o f  a llergy trea tm en t in 
which a  sens it ized  individual is im m un ized  with small 
am o u n ts  o f  a llergen in the  hope o f  s t im u la t in g  IgG  p ro du c
tion. T h is  will act as b locking an tibody  to rem ove the 
a llergen before it c om es  in con tac t  with  the  IgE. IgE 
m olecu les  are cy to troph ic :  tha t is, they bind specia lly  to 
m a st c e lls  and b a so p h ils , and . as  they bind on ly  to hum an  
cells , are ca lled  hom o cy to tro ph ic .  M ast cells  are found 
th roughou t  the body, e spec ia lly  near  b lood vessels and 
nerves ,  and  beneath  ep ithe lia .  T h ey  a r ise  in the bone 
m arrow  and m ature  in the  tissues .  M ost likely, connec t ive  
t issue  m as t ce lls  arise  independently ,  w h ereas  mucosal

mast cells  requ ire  IL3 and  IL4 from T  cells  to mature. Both 
they and basophils  have a recep to r  for the Fc region o f  IgE 
ca lled  Fc epsilon R l  (F ceR l) .  T h e re  is a m uch  lower 
aff in ity  recep to r  for the  epsi lon  chain  ca lled  FceR II  on  В 
cells , m acrop hag es ,  and eosinophils .  IgE b ind s  th ro ug h  its 
Fc port ion  to recep to rs  on m as t cells  and basophils .  A ller
g ens  b ind  to the ir  specific  IgE  to  elicit  the type  I reaction. 
However, an a llergen  m u s t  be m ultiva len t and form  a cross- 
lin k in g  bond  be tw een  ad jacen t IgE m olecules .  For this  
reason ,  univalent hap tens c an  block the  reac t ion  but canno t 
e licit it. C ross - l ink in g  results  in release o f  p r im a ry  m e d ia 
tors as soon as it o ccurs  followed by sy n th e s is  and release 
o f  seco n d a ry  m ed ia to rs . P r im a ry  m ed ia to rs  consis t  o f  
h is tam ine ,  w hich  is stored in g ranules  o f  m as t  cells  and 
b asoph ils  ready  for re lease and has  in f lam m ato ry  effec ts :  
sero ton in , to  w hich  h u m an s  are refrac ti le ;  and en zy m e s ,  
such as  aryl su lfa tases .  S eco nd ary  m ed ia to rs  consis t  o f  
lipid m ed ia to rs  (p ro s tag land in s ,  a rach idon ic  a c id -d e r iv e d  
m edia tors ,  and platelet ac tiva ting  factor)  and cy tok ines  
p roduced  by mast cells. T herapy  is based  on  reduc ing  mast 
cell  activation with sod ium  crom o ly n ;  co u n te rac t in g  leu- 
k o tr iene  effec ts  by b roncho d i la to rs ,  such as ep in eph r ine  
and th eophy l line ;  and  reduc ing  cy to k in e  syn thes is  with  
co rt icos te ro ids .

R egulation o f  IgE a n d  Its Role in Im m u n ity

Ig E -produc ing  p la sm a  cells  are not rare. T h ey  are con sp ic 
uous  in m u cosa  o f  the  in testinal and resp ira to ry  trac ts  but 
less obv ious  in spleen and  perip he ra l  lym ph nodes. T his  
ev idence ,  tog e th e r  with the  very  low level o f  se ru m  IgE and 
the poss ib le  h aza rdo us  effec ts  o f  anaph y lax is ,  sugges ts  
that IgE  p ro du c t ion  m ust be under  very  tight con tro l .  
Im m uniza tion  cond it ions  tha t result in a l lergy involve not 
on ly  the  a llergen but inc lude  o th e r  fac to rs  as well. IgE  m ust 
have som e benefic ia l  e f fec t  in o rd e r  to be m a in ta in ed  in 
hum ans .  A hin t o f  th is  m ay  co m e  from  the  fact that high 
se rum  IgE levels are found in so m e  he lm in th ic  parasitic  
infections. IgE  react ions can  s t im ula te  eos ino ph ils  that are 
able to d am ag e  this g ro u p  o f  paras ites .  Unfortunately , the 
valid ity  o f  th is  h yp o thes is  can  be ques t io ned  because  m ost 
o f  the IgE is not specific  for the  parasite.

C yto tox ic  o r  A llo im m u n iza tio n

T his  type  o f  im m uniza tion  results  in cell  lysis a f te r  the  cell- 
b o u n d  an tigen  has reac ted  w ith  its specific  antibody. In the 
m a jo r i ty  o f  cases ,  this  is a co nsequ ence  o f  activa tion  but 
so m e t im e s  it is induced  by an tibod y -d epen den t  cy to toxic  
cells  (A D C C ).  E xam ples  o f  type  II hypersens i t iv i ty  are 
incom patib le  blood transfus ions ,  hem oly tic  d isease  o f  the 
n ew b o rn ,  d ru g - in d u ce d  hem oly tic  anem ia  and th ro m b o c y 
to pen ia .  G oodpastu re 's  syn d ro m e , and som e o f  the re jec 
tion  response  agains t  o rgan or skin grafts .
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Im m u n e  C om plex  Reactions

In these  reac t ions ,  com plexes deposi ted  at var ious  s i tes  in 
the body  activate  the co m p lem en t  casca d e  and dam ag e  
t issues  in the  a rea  o f  the  deposi t .  The A r th u s  reaction  
results  from c ircu la t ing  an t ibo dy  reac t ing  with an tigen  to 
p ro du ce  im m une  com plexes at the  site  o f  in jec tion ,  causing 
in f lam m ation .  Serum  s ickn ess  a rises  from  in jection  o f  
h e te ro logous  se rum  in to  a  p reviously  exposed  host  resu lt
ing in the fo rm ation  o f  im m u ne  aggrega tes ,  w hich  localize 
in m any  a reas  o f  the body  and initia te  local in f lam m ation ,  
and the  k il ling  o f  t issue  cells  in the a rea . The Schw artzm an  
reaction  is a sk in  reac t ion  that is o f  in terest because  it 
resem bles  the A r th u s  reac t ion  in appea rance  a lthough  in 
rea l i ty  the  t issue  d a m a g e  is caused  by endotox in .

D e la y e d - ty p e  H y p e rsen s i t iv i ty  Reactions

T h ese  reac t ions  are m odeled  by the  tubercu lin  reac t ion  in 
w hich  in f lam m ation  occ u rs  m any  h ours  a f te r  the  cu tane ou s  
injection o f  an extrac t o f  M yco b a c teriu m  tu b ercu lo s is  in 
tub e rcu lou s  g u in ea  p igs but has  no  effec t  in no rm al an i
mals. S im ila r  D T H  react ions o ccu r  with o th e r  infectious 
agen ts  and such sens it iv ity  has been used to d iagnose  
infections and  to screen  ind iv iduals  for p rev ious infections 
(e .g .,  m u m p s ,  leprosy, b ruce l los is ,  p si t tacosis ,  ly m p ho 
granu lom a  v en ereum , m u m ps ,  m any  fungi ,  som e p ro to 
zoa). T h e  effec ts  are caused  by ce l l -m ed ia ted  im m u n i ty  in 
w h ich  the  u lt im ate  e f fec to r  cell is the ac tiva ted  m a c ro 
phage. It is the p r im a ry  defense  agains t  in t race l lu la r  b a c te 
rial infection and consis ts  o f  two phases.  In the cogn itive  
phase , a ccesso ry  cells  p resen t the  an tigen  to C D 4  + T  cells. 
T h e se  an tigen  presen ting  cells  m ay  be L an g erhan s  cells  o f  
the  sk in , w hich  ca r ry  an t igen  to  the  d ra in ing  lym ph node 
and presen t it to T  cells: m acrop hag es ,  w hich w hen  s t im u 
lated by bacte r ia l  cell wall p roduc ts  secre te  I L l ,  w hich  is 
chem otac t ic  for T  cells: endo the l ia l  cells  o f  the  po s tcap i l 
lary  venules : and В cells. T h is  is followed by the  activa tion  
phase , in w hich  secre tion  o f  lym ph ok in es  and proliferation  
occur. Involved are the  following:

ln terleukin -2

IL2 causes  proliferation  o f  an tigen -s t im u la ted  C D 4 + cells 
and increased  syn thes is  o f  ly m phok ines ,  inc lud ing  itself. It 
can  s t im ula te  b ys tan der  T  cells  to secrete  lym phokines .

In terferon-G am m a

IN F -g a m m a  causes  an tigen  p resen ting  cells to express  
the i r  c lass  II M H C  an tigens  for an tigen  presenta t ion . It is 
the  m o s t  po ten t m acrop hag e-ac t iv a t ing  cy to k in e  and is the 
m ost im po rtan t  m ed ia to r  in D TH .

TNF a n d  LT

T N F  and LT act on  venu la r  endo the l ia l  cells to augm ent 
the ir  ab il i ty  to b ind  and activa te  leukocytes .  U nder  the 
in f luence  o f  T N F  and o th e r  cy to k in es ,  the  venu la r  en d o 
thelial cells  p e r fo rm  a variety  o f  func t ions  that con tr ibu te  
to inflammation, including production o f  vasodilating com 
pounds (p ros tacyc l in ) :  alteration  o f  the i r  su r face  pro te ins  
to adhere sequentially neutrophils, lymphocytes, and m ono
cytes: secre tion  o f  cy tok ines ;  and shape alte ra t ion  to forms 
that favor leakage o f  both cells  and pro te ins  into the tissue 
spaces .  O n ce  leukocytes  en te r  the  tissues ,  they may die in a 
few days  (espec ia l ly  neutrophils) ,  m ay  b eco m e  ac tivated  
(espec ia l ly  T  cells  and m onocytes) ,  o r  m ay  leave th rough  
the lym ph sys tem . Activation increases the  recep to r  m ole
cu les  expressed  on the cell for m atr ix  m olecu les  (inte- 
g rins) ,  w hich  are im portan t  in the b ind ing  o f  leukocytes  to 
vascu lar  en d o th e l ium  and ex trace llu la r  matrices.

A ctiv a ted  M a c ro p h a g e s

O n ce  blood m on ocy tes  leave the c ircu la t ion  and en ter  
t issues at s i tes  o f  D T H  reac t ions ,  they  d if feren t ia te  into 
m acrophages .  T h is  chan ge  is ca lled  m acro ph age  a c tiv a 
tion . Such ac tivated  m acrop hag es  kill m ic roo rga n ism s  and 
tu m o r  ce lls ,  s t im ula te  acute  in f lam m ato ry  reac t ions by 
secre ting  m ed ia to rs ,  are m ore  eff ic ient a ccesso ry  cells for 
T  cells  by increas ing  the ir  express ion  o f  c lass  II M H C  
m olecu les ,  and p rod uce  sub s tan ces  (cy tok in es  and grow th  
factors)  that m od ify  the local t issue  env ironm en t with  
initial t issue  des t ruc t ion  and la ter  rep lacem ent with c o n 
nective  tissues .  If  an tigen  s t im ula t ion  pers is ts ,  m ac ro 
phages  becom e chronica lly  ac tivated  and secre te  ad d it io n 
al cy to k ines  and grow th  fac to rs  tha t cause  the orig inal  
tissue  to be rep laced  by  fib rous tissue. T h ey  can  u ndergo  
morphologic changes and cluster a round particulate sources 
o f  an t igen  (e .g . ,  tuberc le  b ac il lu s )  to p ro du ce  palpable  
nodules  called  granu lom as.

C o n ta c t  Skin Sens itiv ity

A llerg ic  con tac t  d e rm a ti t i s  is in duced ,  and its expression  
e lic ited ,  s im ply  by  co n tac t  o f  low -m olecu lar-w eigh t c h e m i
ca ls  with  intact sk in  and is responsib le  for com m on  allergic 
reac t ions  in h u m an s  to poison ivy p lan ts ,  syn th e t ic  c h e m i
ca ls ,  d ru g s ,  and  cosm etics .  T h e  ac tua l im m u n o g en s  are not 
the s im ple  chem ica ls  th em se lves  but covalent derivatives  
that they  form  w ith  sk in  prote ins .  O n ce  es tab l ished ,  this 
fo rm  o f  a lle rgy  can pers is t for years  but it tends to w ane 
w ith  time. A  patch  test to evalua te  its pers is tence  can 
increase  sensitivity. T h e  m a jo r  in f la m m ato ry  react ion  that 
is e lic i ted  resem bles  the  tubercu lin  react ion  and is co n s id 
e red  a D T H  reaction.
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Transfusion and Transplantation 
Immunity______________________

Transfusion

E ry th ro cy te  a l loan tigens  are responsib le  for p rob lem s with 
the  transfus ion  o f  b lood . A llo an t ig ens  are  d e sc r ibed  below.

The ABO S ys tem

T h is  sy s tem ,  w h ich  depends  on d if feren t fo rm s  o f  an R B C  
su rface  g lycopep tide ,  separa tes  h u m a n s  in to  the blood 
g roups  as  ou tl ined  in Table 1-2. All h u m an  R B C ,  including 
g ro up  O, have an addit ional an tigen  called  H , w hich  is a 
varia tion  o f  the  g lycopro te in  involved in A and  B. Normal 
individuals  d o  not p rod uce  an ti-H  an tibodies .  However, 
som e indiv iduals ,  f irs t  found in B om bay and  hence  B om 
bay-type, d o  not have the H an t igen  and there fo re  p roduce  
an ti-H  antibodies .

T h e  A ,  B , and  H an t igens  are found on  R B C ,  the  surface  
o f  m any  ep ithelia l cells , and  m ost endo the l ia l  cells. E ighty  
percen t o f  peop le  have these  an t igens  a lso  present in 
secre tions (secretors) .  T he  p ro p e r ty  is con tro lled  by a  gene 
ca lled  Se, w ith  the  non sec re t iv e  form  (se) be ing  recessive  
so that h e te ro zy g o u s  ind iv iduals ,  S e /s e ,  are secretors .

T h e  na tura lly  o c c u r r in g  isoh em agg lu t in in s  are IgM  im 
m unog lobu lins  and w hat t r iggers  th e i r  p roduc t ion  is u n 
know n. T h ey  m ay be an t ibod ies  p rod uced  agains t  the poly
saccha r ides  o f  in testina l b ac te r ia  th a t  c ross  react with the 
A B  an tigens. T h is  is su p p o r ted  by th e  fac t  tha t  they  a re  not 
presen t at b ir th  bu t  a p p e a r  d u r ing  the first year  o f  life as the 
gut bec o m e s  colonized.

The M inor B lood Groups

T hese  g roups ,  w hich  are R B C  su rface  an t igens  d is tr ibu ted  
allotypically , rarely are  involved in transfus ion  react ions 
un less  the  pa tient has had m ultip le  t ransfus ions  in the past. 
T h e re  are  no  isohem agg lu tin ins .  T hey  co m p r ise  the  M N

T a b le  1-2 T h e  ABO System

G enotype Phenotype %* Serum Antibodies

AA A 42 Anti-B (agglutinates AB
and В groups)

AO A
BB В 9 Anti-A (agglutinates AB

and A groups)
BO В
AB AB 3 No anti-A or anti-B
0 0 0 46 Both anti-A and anti-B

* W h ite , N o rth  A m e r ic a n  p o p u la tio n .

blood group, the  Ss  an t ig ens ,  the  Rh an t ig ens ,  the  Kelly 
group ,  and the D uffy  group. T h e  R h g ro u p  cau se s  the 
syndrom e o f  hem oly tic  d isease  o f  the  n ew b o rn  w hen  an 
R h -  m o th e r  has  an R h + fe tus  ( R h + f rom  the  fa ther)  and 
p rod uces  IgG  an ti-R h  an t ibod ies  tha t pass  th rou gh  the 
p lacen ta  and  lyse the  fetal R B C .  Im m u n iza t io n  o f  the 
m o th e r  w ith  th e  R h an t igen  o ccurs  m a in ly  at p a r tu r i t io n ,  
ra ther  than  exposure  to fetal R B C  p ass in g  th rou gh  the 
p lacen ta .  However, the  la t te r  occ u rs  in 1 percen t  o f  cases  
d u r in g  the  f irs t pregnancy. C onsequently ,  the  d isease  u su 
ally a rises  d u r in g  the  th i rd  o r  fou r th  pregnancy. T reatm ent 
is to replace  the  fetal R B C  at b i r th  but p reventa tive  m e a 
sures  can  be und er taken  to  prevent th e  m o th e r  being  
exposed  to fetal R B C  at p a r tu r i t io n  so tha t fu tu re  p re g n a n 
cies will not be com plica ted  by  the  R h an tigen .  O ne widely  
used p repara tion  is ca lled  R h o G A M  and  cons is ts  o f  h u m an  
an ti -R h  an tibod ies  g iven  72 h ours  before p a r tu r i t io n .  T he  
an t ibod ies  com b in e  w ith  the  fetal Rh an t ig ens  so tha t  the 
m o th e r  is not ex posed  to them .

Transfusion Reactions

T hese  reac t ions n o rm ally  occ u r  be tw een  the  rec ip ie n t’s 
an t ibod ies  and the  d o n o r  cells. T h re e  ty p es  o f  im m u ne  
react ions can  occur. H em oly tic  reac t ion s  are  the  m ost 
serious and result mainly from A B O  incompatibility caused 
by c ler ica l  o r  labora to ry  error. T h ey  c an  also a r ise  from  Rh 
incom patib i l i ty  o r  incom patib i l i ty  in m in o r  b lood group  
an t igens  i f  the  rec ip ien t has  been prev iously  exposed .  
Severe hem oly tic  reac t ions o ccu r  w ith in  m inu tes  o f  t r an s
fusion and  con s is t  o f  d if fu se  m u sc le  p a in ,  h eadach e ,  n a u 
sea ,  and so m etim es  vom iting  and fever. A state  o f  shock 
w ith  renal fa ilure  can  resu lt .  F ebri le  ep isod es  are  usual ly  
the result o f  react ions  w ith  m in o r  b lood g ro u p s  that arise  
from  repeated  t ransfus ions  w ith  b lood m ism atched  for 
m in o r  g roups . A llerg ic  react ions range  from  m ild  u ticaria  
to sys tem ic  anaphy lac t ic  shock.

Cross M atching

C ross  m atch ing  is p e r fo rm ed  to prevent t ransfus ion  re a c 
tions. A m ino r  c ross  m atch  (no t usua l ly  p e r fo rm ed  in the 
U nited  States o r  C an ad a )  cons is ts  o f  m ix in g  th e  d o n o r  cells 
with the recipient serum and observing for agglutination. A 
m a jo r  c ross  m atch  consis ts  o f  the  above  a long  w ith  a n o th e r  
test in w hich  the  d o n o r  cell  and  rec ip ien t s e ru m  are  m ixed ,  
the  cells  are w ashed ,  and an ti - im m u n o g lo b u lin  (C oo m b s’ 
test) is ad d ed  to de tec t  an t ibod ies  a ssoc ia ted  with don o r  
cells. In c a ses  o f  ex trem e  em ergency ,  unm atched  blood 
from  a un iversa l  d o n o r  ( type  O. R h - ) c an  be  used .

T ran sp la n ta t io n

T ransp lan ta t ion  o f  cells  or  o rgan s  from  one ind iv idual to 
an o th e r  has beco m e  rou t ine  in som e cases ,  such as  k idneys .
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and f requent in o th e rs ,  such as  h ea r t  and lungs. Except for 
m on ozy go t ic  tw ins , cells  o f  ind iv iduals  from a given sp e 
cies  d if fer  in m any  su r face  m olecules .  T hese  m olecu les  are 
iden tif ied  as  “ fore ign” in an o th e r  host .

R elationships B e tw e e n  D onor a n d  Recip ien t

An au tograft  is a graf t  from  one area  o f  the  body  to a n o th e r  
in the  sam e  ind iv idual .  T h e  gra f t  is recogn ized  as  “ se l f” 
(au toch thonous)  and no  im m u n e  re sponses  are involved. 
A n iso g ra ft o r  sy n g ra ft  is f rom  one ind iv idual to an o th e r  
w h o  is genetica lly  identical (syngeneic).  T h e  tw o in d iv id u 
als  are said to be  “ h is to com pa tib le .” A n  a llo g ra ft  is f rom  
o ne  ind iv idual to a n o th e r  o f  the sam e  spec ies  w ho  is 
g ene tica lly  d iss im ilar ,  and a xen o g ra ft  is f rom  a d o n o r  o f  a 
d if feren t species.

T h e  im plied  role o f  the  im m u n e  re sponse  in g raf t  re jec 
tion  co m es  fro m  the o bserva tion  o f  f i r s t -  a n d  seco n d -se t 
re jec tions  in w h ich  the  re jec tion  re sponse  to a second  
identical a l lograf t  be tw een  tw o ind iv iduals  is fas te r  than 
the  re jec tion  o f  the  first g raf t .  T h e  cap ac i ty  to m ou n t  a 
second -se t  re jec tion  re sponse  can  be t ransfe r red  from  one 
ind iv idua l to an o th e r  by t r an sfe r  o f  lym phoid  cells. T h e  
t ransfe r red  re jec tion  is specif ic .  T h is  is te rm ed  adop tive  
transfer. H isto lo g ic  exa m in a tio n  o f  the  si te  o f  re jection  
reveals lym ph ocy tic  and m o no nu c lea r  infil tration appear
ing like the  reac t ion  found in delayed-type  h y p e rse n 
sitivity. Specif ic  T  cells  and c ircu la t ing  an t ibod ies  are 
induced  to an a llograf t o r a  xenograf t .  A l th ou gh  an tibodies  
are the m a jo r  c o m p o n en t  o f  R B C  re jec tion  in incom patib le  
b lood transfus ions ,  they have litt le role in the  re jec tion  of 
o th e r  tissues ,  and  it is the  T  cells  tha t  const i tu te  the  m ajor  
im m unolog ic  c o m po nen t  responsib le  for re jec tion  o f  t r an s
plants. T  cells  reco gn ize  specific  a l loan tigens ,  becom e 
ac tiva ted ,  and  release ly m phok ines ,  w hich  recru it  in f lam 
m ato ry  cells  to the  si te  o f  the reaction.

Clinical Characteristics o f  A llo g ra ft Rejection

H yp era cu te  re jec tion  o ccurs  w ith in  a  few m inu tes  to a  few 
hours  o f  t ransp lan ta tion  and is the  resu lt  o f  p re fo rm ed  
an t ibod ies  to the  gra f t  induced  by prev ious transp lan ta 
tions, t ransfus ions ,  o r  p regnanc ies .  C om plem ent  is ac t i 
vated  and  the  graf t underg oes  sw ell ing ,  in ters t it ia l hem or
rhage ,  th ro m b o s is  w ith  endo the l ia l  in jury, and necrosis. 
T h e  rec ip ien t o ften  has fever, leukocy tos is ,  and renal 
shu tdow n. T h e ra p y  consis ts  o f  removal o f  the  graf t  and 
p rocedures  to keep  the patient alive until the  response  
subs ides .  A cu te  re jec tion  involves rec ip ien ts  not previously 
exposed  to the  a llograf t an t igens  and is the  co m m on  type  o f  
re jec tion  in ind iv iduals  for w ho m  the t ransp lan ted  tissue  is 
a  m ism atch  and w ho  have not been suffic iently  im m uno- 
supp ressed .  It usual ly  beg ins a few days a f te r  t r an sp lan ta 
tion and results  in rejec tion  in 10 to 14 days. Im m u n o su p 

pressive  therapy  needs  to be increased  at the  firs t s ign  of 
acute  re jec tion  and  c an  reverse the process .  T h e  d is ad v a n 
tage o f  such therapy  is tha t it is nonsp ec if ic ,  and life- 
th rea ten ing  com plica t ions  can  occ u r  w hen  no n im m un e ,  
rap id ly  d iv id ing  cells  are a lso supp ressed .  A gen ts  in cur
rent use include m ito t ic  in h ib ito rs  (e .g . ,  aza th ioprine);  
co r t ico s te ro id s ,  w hich  are sup p resso rs  o f  the  in f lam m atory  
reaction and reduce lymphocyte numbers; and cyclosporin. 
T h e  la tter  is specific  for an tigen-ac t iva ted  T  cells  and  has 
b ecom e  the m ains tay  o f  transp lan ta tion  therapy  desp ite  its 
nephrotoxicity . C hron ic  re jec tions  o c c u r  m onths  to years  
af te r  the  graf t  has  “ taken .”  It is slow  and progress ive  and 
by the  t im e  it is de tec ted  the  im m u ne  in jury  has  taken place 
so that im m u n o su p p ress iv e  therapy  is not effective.

Uimor Immunity________________

Transplantation o f  tum ors between syngeneic animals results 
in destruction o f  the tum or and a repeat transplantation to 
faster tum or elimination. T he  timing o f  the rejection indicates 
the involvement o f  immunologic  m echanism s with memory.

Tum or A n t ig e n s

S om e an t igens  on the  su rfaces  o f  m al ig nan t  cells may 
const i tu te  new  s truc tu res  un ique  to the  can ce ro us  cell  and 
absen t from  no rm al cells. O th e r  an t igens  m ay represen t 
structures that are com m on to both cell types but “ m asked” 
on no rm al cells  and  “ u n m a s k e d ” on m align an t  cells. Still 
o th e r  tu m o r  cell  an t igens  m ay be present on  fetal o r 
em bryo n ic  cells but absen t on adult cells. T h ese  are on co fe 
tal o r oncodevelopmental antigens. Such antigens are found 
on tum o rs  induced  by chem ica l o r physical ca rc in og ens ,  on 
tum o rs  induced  by viral infec tion , and  on sp on taneous  
tum ors .  C a rc in og en - ind uced  tu m o r  an t igens  exhibit little 
o r  no  cross-react iv i ty .  M any  h um an  tum ors  are  probably  
induced  in th is  way (e .g ., sm oke, rad ia tion) and  the a b 
sence  o f  c ross-reac t iv i ty  m akes  im m u ne  th e rap y  difficult 
and  only possib le  on  an individual tu m o r  basis. Tum ors 
induced  by D N A  or RNA  oncogen ic  v iruses  exh ib i t  ex ten 
sive im m unolog ic  cross-react iv i ty .  T h ese  an t igens  are e n 
cod ed  by the v iru s  and referred  to as  tum or-assoc ia ted  
an tigens  (TAAs). Occasionally ,  the v irus- in fec ted  cell u n 
de rg o es  deregu la tion  and  expresses  oncofe ta l an tigens  e n 
coded  by  the  cell .  O n co gen ic  v iruses  can  be c lass if ied  into 
g rou ps  accord ing  to a variety  o f  physica l and biologic 
p roper t ie s ,  and with in  each g roup ,  and so m etim es  betw een  
g ro up s ,  extensive c ross-reac t iv i ty  o ccurs  am ong  the  TAAs. 
Several h um an  ca nce rs  show  cross-reac t iv i ty  in the  tu m o r  
an t igens  from  d if feren t patients and this  sugges ts  tha t  they 
may be o f  viral o r ig in ;  exam ples  include Burk it t’s ly m p h o 
m a ,  n a so ph ary ng ea l  c a rc ino m a ,  T-cell leukem ia ,  colon
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carc in om a , and m e lan om a .  M any tum ors  express  on  their 
su rfaces ,  o r  secre te  into the  b lood , p rodu c ts  norm ally  
presen t d u r in g  em bry on ic  and fetal developm ent tha t  are 
absen t ,  o r  at very  low levels, in no rm al  adu lt  t issue. They 
are not im m unogen ic  in the  au toch tho no us  host as  ex p o 
sure d u r in g  deve lopm ent causes  tolerance. T hey  are d e 
tected  using  an t ise ra  p repared  in a llogeneic  o r xenogeneic  
systems. Examples are the carcinoem bryonic antigen (CEA), 
found p redom inan t ly  in patients w ith  can ce r  o f  the g a s t ro 
intestinal tract and a lso  som etim es  in lung  cancer,  p anc re 
atic cancer,  and  b reas t  cancer,  and  the a lpha  fe to p ro te in , 
found in hepa tom as and tes ticu lar  m alignancies .

T he  Im m u n e  R esp o n se  t o  Tum ors

E vidence  indicates that bo th  the  hum ora l and ce llu la r  
im m u n e  e ffec to r  sy s tem s play an im po rtan t  role between 
the  tu m o r  and  the  host . H um ora l  m ech an ism s  include lysis 
by  an tibody  and  com plem en t ,  an tibody- and com plem ent-  
mediated opsonization, and antibody-mediated loss o f  tum or 
adhesion. C e l l -m ed ia ted  re sponses  co m pr ise  cy to tox ic  T 
lym phocy tes ,  A D C C ,  des truc t io n  o f  tu m o r  cells  by  ac t i
vated m acrophages ,  and  NK cells.

Role o f  t h e  Im m u n e  R esp o n se

It has  been sug ges ted  that the no rm al im m un e  system 
keeps m alig nan c ies  u nd er  con tro l .  T he  im m un e  sys tem  has 
been se lec ted  for this  role d u r ing  evolution because  it 
a llows the identif ication  and des t ruc t ion  o f  neop las tic  cells 
that arise  by som atic  m uta tion  and loss o f  d if feren t ia t ion  in 
an im als  tha t  are  ex trem ely  com plex  and  long-lived. This  
abil ity  to e lim ina te  tu m o r  cells  as  they arise  may be lim ited  
by location o f  the  tu m o r  at s i tes  not access ib le  to the 
im m u ne  sy s te m , by  tu m o r  cells tha t change  the ir  su rface  
an tigens  or lose th em  altogether ,  o r  by enhan c in g  or b lock
ing factors. In add it ion ,  su pp resso r  cells  may be induced  as 
p art  o f  the  im m u n e  re sponse  to tu rn  o f f  the reac t ion ,  and 
the tum ors  m ay  p roduce  a variety o f  subs tances ,  such as 
p ros tag land ins ,  that act to supp ress  the im m u n e  sys tem . In 
som e cases ,  the  tu m o r  increases in size  at a  rate that is too 
rapid  for the  im m u ne  sys tem  to respond  and m ain ta ins  a 
size  that is too  grea t  for the response  to be effective.

Im m u n o d ia g n o s is

Im m u n o d iag n o s is  is p e r fo rm e d  to de tec t  an t igens  specific  
for tu m o r  cells  and to  a ssess  the  h o s t’s re sponse  to the 
tumor. At the  m o m en t,  im m u n o d iag n o s is  o f  c a n c e r  does 
not con s t i tu te  a  reliably accura te  m e th od  o f  cho ice  for the 
early  detec tion  o f  m alignancy. It is, however, proving 
useful c lin ically  in m oni to r ing  the  p rogress ion ,  or reg re s 
s ion, o f  ce r ta in  tum ors .  M onoclonal an t ibod ies  are ex
trem ely  specific  for tu m o r  an tigens  an d ,  w hen  rad io 

labeled , c an  be used to v isualize  bo th  the  tu m o r  m ass  and 
sm all m etas tases  using  co m p u ted  to m o grap hy  (CT).

Tum or Im m u n o p ro p h y la x is

Im m uniza t ion  aga ins t  an  oncogen ic  v irus  w ould  be e x 
pected  to p rovide  p rop hy lax is  agains t  the v irus  and  against 
the su b seq uen t  induction o f  tu m o r  by the  v irus .  T h is  has 
proved to be t ru e  in ce r ta in  cases .  For  exam ple ,  chickens 
can  be p ro tec ted  agains t  M a r e k ’s d isease  and cats against 
feline leukem ia  and  feline sa rcom a. However, there  are  no 
appro p r ia te  im m u n o g en s  for the  pro tec tion  o f  hu m an s  
agains t  spo n tan eou s  tum ors .

Im m u n o th e ra p y

A lth ou gh  th e re  have been hopefu l results ,  c a n c e r  im m u 
n o therapy  has not yet proved  to be  an e ffec tive  t rea tm en t 
w hen used a lone  o r  in con junc t ion  w ith  surgery , c h e m o 
therapy, o r  radiation . T ria ls  have been p e r fo rm e d  using 
specific  c a n c e r  an t igens  o r  agen ts  that nonspecif ica lly  
en h ance  the  im m u n e  sy s tem ,  fo r  exam ple ,  b ac il lu s  Cal-  
mette-Guerin  (BCG). Lymphokines have been tested and the 
latest ap proach  is the  use o f  L A K  cells. Here, the  pa t ien t’s 
own lymphocytes (from the circulation o r  from the tum or) are 
g row n in t issue  cu ltu re  in the  p resence  o f  IL 2  (p roduc ing  
lym phok ine -ac t iva ted  k il le r  cells) and  are  re in jec ted  into 
the patient.  D ram atic  results  have been reco rded  w ith  som e 
patien ts  but s ide  e ffec ts  are se r ious  and  the w ork  is still in 
p rogress .  T h e  use o f  rad io iso to pes  or tox ins a t tached  to 
tum or-spec if ic  m onoclona l a n t ibo d ies  is being  a ttem pted .

Autoimmunity__________________

M any d iseases  have been d e sc r ibed  in w hich  an im m un e  
re sponse  aga ins t  som e “ se l f "  an tigen  is evoked with p a th o 
logic  consequences .  T h e  nature  o f  these  re sp on ses  is as 
varied  as the im m u n e  re sponse  itself,  with poss ib le  in
vo lvem ent o f  antibody, co m p lem en t ,  im m u ne  com plexes ,  
and ce ll -m ed ia ted  im m unity . M any  an im al m odels  have 
been  developed to s tudy  these  p h en o m en a  but a lm os t  all 
involve ac tive  im m un iza t ion  w ith  a kn ow n  antigen . How
ever, the  inducing  agents  for m ost o f  the  w ell- reco gn ized ,  
na tura lly  o c cu r r in g  h um an  au to im m u n e  d iseases  rem ain  
unknow n. Poss ib le  exp lana tions  for the cause  o f  these  
d iseases  inc lude  failure o f  the  deletion  o f  se lf-reac ting  T 
and  В cells  d u r ing  th e ir  deve lopm en t,  re -o ccu r ren ce  o f  
such c lones  by m uta tion  o f  nonde le ted  c lones  (i .e.,  the 
p resence  o f  fo rb id d en  clones), b reak do w n  o f  con tro l  m e c h 
an ism s  tha t keep  se lf-reac tive  c lones  in c h eck ,  and the 
o ccu rrence  o f  c ross  reaction  betw een  se l f  an t igens  and  the 
an t igens  o f  invading microbes.
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Exam ples  o f  A u to im m u n e  D iseases  

A n tib o d y -M e d ia te d  A u to im m u n e  D iseases

A u t o i m m u n e  H e m o ly t i c  A n e m i a

Patients w ith  th is  d isease  p resent w ith  a n em ia  and ev idence  
o f  hem olys is ,  w hich  m u s t  be show n not to be the  seco nd ary  
effec ts  o f  o th e r  d isease  states. T h e  sy m p to m s  are due  to 
an t ib od y  d irec ted  agains t  R B C  su r face  an t igens  e i ther  
ac tiva ting  the  co m p lem en t  c a scad e  leading to lysis (h e m o 
globin  often  appears  in the u r ine  in this  case)  o r ac ting  as 
opson izers .  It is c u s to m ary  to d iv ide  the an t ibod ies  r e sp o n 
sible into w arm  au toan t ib od ies ,  w hich reac t w ith  the  red  
cells  op t im a l ly  at 37°C , and cold  agglu t in ins .  T h e  fo rm er  
are  p r im ar i ly  IgG  a n t ibo d ies  tha t a r ise  a f te r  overt  or  
subc lin ica l  v irus  infec tions and  reac t  with Rh su rface  
an tigens. B ecause  Rh an tigens  are scarce  and com plem ent 
activa tion  requires  the  close  a lign m en t o f  two IgG  m o le 
cu les ,  lysis is rare  but phago cy to s is  is enhan ced .  The 
C o o m bs’ test is used  to look for these  an t ibod ies  in the sera 
o f  patients su spec ted  o f  having the  d isease. T rea tm ent 
cons is ts  o f  initial adm in is tra t ion  o f  s te ro ids  with  removal 
o f  the  sp leen i f  these  do  not e l im ina te  the  sy m p to m s  a f te r  3 
to 4  m onths .  Cold agg lu t in ins  attach  to the R B C  only at 
tem pera tu res  below  37°C and are  specific  for an tigens 
presen t on g ly co p h o r in ,  a m a jo r  con s t i tu en t  o f  R B C  sur
face. A  sy nd rom e  s im ila r  to au to im m u n e  hem oly tic  anem ia  
m ay be induced  by  d rugs ,  such as pen ic i l l in ,  w here  the 
d ru g  b in ds  to  R B C s and an t ib od ies  agains t  the d ru g  attach 
to it, activate  the  co m p lem en t  cascad e ,  and lyse the  R B C .

M y a s t h e n i a  Gravis

In this d isease ,  au toan t ibo dy  b inds  to ace ty lcho line  r ece p 
tors  at n eu ro m u scu la r  ju n c t io n s  resu lt ing  in severe  m uscle  
w eakness  and eventual death  from  resp ira to ry  failure. 
T h e re  is som e link to the  th y m u s  as  many patien ts  have 
th y m o m a  and rem oval o f  the  th y m u s  so m etim es  leads to 
regression  o f  the  d isease. T h e re  are m olecu les  on the 
su rfaces  o f  thy m o cy te s  tha t c ross  reac t w ith  ace ty lcho line  
recep tors ,  bu t  w h e th e r  these  are  involved in s t im ula t ing  the 
d isease  is not known.

Im m une C o m p lex-M ed ia ted  
A u to im m u n e  D iseases

Sys temic  L upus  E r y t h e m a t o s u s  (SLE)

T h is  d isease  gets  its nam e from the frequent ear ly  sym ptom  
o f  a  reddish  rash  on the  cheeks  tha t resem bles  the w ings o f  a 
bu tte rf ly  ra ther  than  the  face  o f  a wolf. M any o rgan s  o f  the 
body  are a ttacked w ith  fever, jo in t  pa in , and  d am ag e  to the 
centra l n e rvo us  sys tem  (CNS), the h ea r t ,  and  the kidneys. 
T h e  o r ig in  o f  the  d isease  is unknow n. However, som e 
stra ins  o f  en capsu la ted  b ac te r ia  (e .g ., K lebsie lla  p n e u 

m oniae)  induce  the form ation  o f  an t ibo d ies  that c ross  react 
very  strongly  w ith  DNA because  o f  the  s im ila r  phosphory-  
lated b ackbone  o f  D N A  and c a p su la r  po lysaccharides .  A 
typical feature  o f  patien ts  w ith  S L E  is th e i r  p rodu c t io n  o f  
an t ibody  to d o u b le -s tran ded  D N A , and  the  d isease  is 
tho ug h t  to result from  the  action  o f  these  an ti -D N A  an ti
bodies . N orm al  b reak do w n  o f  t issue  ce lls  results  in release 
o f  DNA. T h e  D N A  c an  lodge in a  varie ty  o f  a reas  o f  the 
body  and in f lam m ato ry  events  (espec ia l ly  com plem en t  
activation and  cell lys is)  can  be in i tia ted  w hen an ti-D N A  
an tibody  b in ds  to it. A lternatively , the  an t ib od y  and DNA 
can  fo rm  soluble  c ircu la t ing  com plexes tha t  lodge in a 
varie ty  o f  sites ( th is  may be seen h is to logica l ly  in som e 
patien ts  and is ca lled  “ lum py-bum py” deposi ts )  w here  
they can  activate  the  co m p lem en t c a scade  and cause  in 
flam m ation .  T h e  b a sem en t m e m b rane  o f  the  k idney is a 
p r im e  site for lodging o f  DNA o r  the  com plexes  with 
resu lt ing  d e s t ru c t ion  o f  func t ion  (g lom eru lonephri t is) .

R h e u m a t o i d  A r th r i t i s

Patients with  this  d isease  p rod uce  an ab n o rm al  IgM  a n t i 
body  ca lled  rheum ato id  fac to r  tha t  is specific  for a d e te r m i
nant on  the Fc region o f  the  pa t ien t’s ow n IgG  m olecules .  
C om plexes  o f  the  IgM  and the IgG  an t ib od ies  are  deposi ted  
in the synovia  o f  jo in t  fluid  w h ere  they induce  an in f lam 
m ato ry  react ion  with resu lt ing  jo in t  sw elling  and pain. 
B reakdow n o f  the  a tt rac ted  neu troph ils  re leases  hy d ro ly z 
ing enzy m e s  tha t des troy  the  s l id ing  su r faces  need ed  for 
jo in t  funct ion . A fte r  repeated  b ou ts  o f  in f lam m ation  there  
is rep lacem en t  o f  the ca r t i lage  by  f ib rous  t i ssue  resu lt ing  in 
im m obiliza tion  and subs idence  o f  the in f lam m ato ry  re a c 
tion.

T C ell-M ed ia ted  A u to im m u n e  Disease

H ash im o to ’s thy ro id i t i s  is a d isease  o f  the  th y ro id ,  p r im a r i 
ly found in m id d le -aged  w o m en ,  tha t leads to  the form ation  
o f  a g o i te r  (en la rged  th y ro id )  and des t ru c t io n  o f  the  thy ro id  
g land .  T he  cause  o f  the d isease  is un know n and the  ev i
d ence  for the  involvement o f  T  ce lls  is indirec t .  T h e re  is 
infil tration o f  m on on uc lea r  cells  into the  th y ro id  follicles 
w ith  the ir  p rogress ive  des truc tion .  T h e  g land  a t tem pts  to 
regenerate and becomes enlarged. W hen destruction reaches 
a level w h ere  no rm al  am o u n ts  o f  th y ro id  h o rm o n e  canno t 
be p ro du ced ,  the sy m ptom s o f  hy p o th y ro id ism  appear. 
T hese  include d ry  sk in ,  puffy  face, bri tt le  h a ir  and  nails, 
and a feeling  o f  co ld . B ecause  inf il tra tion  o f  m o nonuclear  
cells  is a  ch arac te r is t ic  o f  T  cell m ed ia ted  hypersensit iv i ty  
reac t ions and  such infil tration o ccurs  here, the  d isease  is 
tho ug h t  to involve T  cells.

It is poss ib le  tha t m ultip le  sc le ro sis  has  au to im m une  
co m po nen ts  involving T  cells  b ecause  the  les ions (dem yeli-  
n ization  o f  C N S ) resem ble  those  o f  delayed-type  hy p ersen 
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si tiv ity  and a s im ilar  sy n d rom e  can  be induced  in an im als  
by im m uniza tion  with myelin.

D eficiency in C om plem en t C om ponents

Som e patients with apparen t au to im m u n e  d iseases  are 
found to be deficient in som e  com plem ent com ponents .

Disorders of the  Immune System

A berra t io ns  o f  the im m u n e  sys tem  arise  as a result o f  
p r im ary  d iso rde rs  o f  the  cells  involved o r  as  the  secondary  
effec ts  o f  o the r  ir regu la r i t ies .  T h e  o u tco m e  can  be im m u 
nodefic iency  or, conversely, specific  overac t iva t ion ,  u su 
ally h y p e rgam m ag lo bu lin em ia  in the la tter  case. C o n d i
t ions tha t  p ro du ce  secon dary  im m uno def ic ienc ies  include 
lym phore t icu la r  m al ignanc ies ,  leprosy, m yotonic  d y s t ro 
phy, sa rco idosis ,  and trea tm en t  w ith  x-rays, s tero ids ,  and 
cy to tox ic  d rugs . S econ dary  g am m o p a th y  and  abnorm al  
p roliferation  o f  im m u no g lob u lin -p ro du c ing  lym pho id  cells 
m ay  be seen in non lym p h ore t icu la r  m al ignanc ies ,  rh e u m a 
toid d isorders ,  and som e chronic  infections.

Prim ary Im m unodefic ienc ies

P rim ary  im m uno def ic ienc ies  can  o ccu r  in the В cells, in 
the  T  cells , o r  in bo th  В and T  cells. All result in a m uch  
increased  suscep tib i l i ty  to infec tions and analys is  has 
c la r if ied  the role o f  the  d if fe ren t  segm en ts  o f  the im m une  
response in host defense against specific pathogenic agents.

В-Cel I D eficiencies

T h e  m o s t  d ram atic  exam ple  o f  В -cell d ef ic iency  is B ru to n ’s 
ag a m m a g lo b u lin em ia , w hich  is an X -linked  b ir th  defect 
charac te r ized  by an absence  o f  c ircu la t ing  В cells. S e ru m  
IgG  an tibody  is very  low and  o th e r  gam m ag lo bu l in  c lasses  
cann o t  be de tec ted .  Patients w ith  th is  d isease  are usually  
p ro tec ted  by m aternal IgG  an tibody  for the  first 6  m onths  
o f  life and then beco m e  suscep tib le  to acute , o verw helm ing  
pyogenic  infec tions o f  the  s in o p u lm o nary  tract inc lud ing  
o ti tis  m ed ia ,  b ronchit is ,  p n eum o n ia ,  and  m eningit is .  Skin 
in fections have also been rep o r ted .  C ausa tive  agents  in
c lu de  p n eu m o co c c i ,  H aem o p h ilu s in fluenzae , s t rep toco c 
ci ,  and g ram -n eg a t ive  rods. R esponse  to an tib io t ic  therapy  
is not p rom pt and rarely complete. A ttem pts  to replace the 
deficient im m u ne  response  involve the adm in is tra t ion  of 
com m erc ia l ly  available g am m ag lob u l in  in antic ipat ion  that 
an t ibod ies  to c o m m o n  p a thogens  will be p resen t.  A lthough  
patien ts  w ith  th is  sy n d ro m e  have surv ived  in to  the  third 
and four th  d ecades  o f  life, the  p ro gn os is  m ust be guarded .  
C hron ic  lung d isease  and severe m ental hand icaps  may 
arise  from  the  b ac te r ia l  infec tions and som e individuals

have developed  ly m p h o m a  and  leukem ia .  D esp ite  appar
ently  adequa te  im m un og lob u lin  therapy, several ind iv idu
als have developed  fatal echov irus  infections.

Som e  infants p resen t sy m p to m s  that m im ic  those  o f  
B ru ton’s agam m a g lo b u l in em ia  in the  firs t year  o r  tw o  of 
life because  o f  a lag in th e i r  В -cell deve lopm ent.  T h is  
sy nd rom e  is ca lled  tra n sien t h yp o g a m m a g lo b u lin em ia  o f  
infancy. Treatment requires administration o f  gam m a g lobu
lin with m on i to r in g  o f  se rum  IgA levels, o r  exam ina tion  for 
lym phocy tes  c a r ry in g  В -cell m arkers ,  to d e te rm in e  w h e th 
e r  В -cell d eve lopm en t is o c c u r r in g .  D efic ien t В -cell fu n c 
tion app ea r ing  at any age, m os t  co m m o n ly  betw een  the 
ag es  o f  15 and 35 ,  is cha rac te r is t ic  o f  a c q u ire d  h yp o g a m 
m a g lo b u lin em ia . T-cell d iso rde rs  usua l ly  a p p ea r  at a  more 
advanced  age, w ith  a  co n sequ en t  increase  in suscep tib i l i ty  
to a range o f  potentia l p a tho gen s  and d eve lopm ent o f  
malignancies .

D efic iencies  in specific  c lasses  and subc lasses  o f  im m u 
n og lobu lins  have been d e sc r ib ed ,  and ind iv idua ls  w ith  low 
levels o f  s e ru m  IgA (sec re to ry  IgA  levels m ay  be n o rm al)  
ap pea r  to  be qu ite  co m m o n ,  at 1 pe r  4 0 0  to 600  p e rso n s  in 
the popula t ion . Patients w ith  this  se lec tive  IgA  defic iency  
show a h ig h e r  than  n o rm a l  rate o f  re cu r ren t  s in o p u lm on ary  
bacterial infections, allergy, gastrointestinal tract diseases, 
au to im m u n e  d iseases ,  and ce r ta in  ty p es  o f  m al ignanc ies .  
G a m m a  g lobulin  therapy  c a n n o t  be u sed  and  b lood  tran s fu 
sions m ay be com plica ted  by the deve lopm ent o f  an ti-IgA  
an t ibod ies ,  necess ita ting  the  use o f  p a ck ed ,  w ashed  red  
b lood cells.

Т-Cell Deficiencies

A n em b ryo n ic  defect  in the  deve lopm ent o f  the  th i rd  and 
fourth  ph aryngea l  p o u ches  o ccu rs  in D i G eorge’s  syndrom e  
and results  in h yp op a ra th y ro id ism ,  h ea r t  defec ts ,  abnor
m al facies,  and  p roduc t ion  o f  a sm all  thym us.  T  cells  are 
m uch  redu ced  in n u m b er  and are apparen t ly  n on fun c t ion a l ,  
a l though  som e a n t ibo dy  p rodu c t io n  m ay be d e tec te d .  In 
cases  in w hich  the o th e r  d efec ts  c an  be con tro l led ,  T-cell 
im m un i ty  has  been  recon s t i tu ted  by t ransp lan ta tion  o f  fetal 
th y m u s  m ater ia l .

A  poorly  un ders to od  defec t  o f  T  cells  o ccurs  in chron ic  
m u co cu ta n eo u s  ca n d id ia s is , w here  ce llu la r  im m u n i ty  to 
C andida  a lb ica n s  is im paired  a lthough  the  re sponse  to 
o th e r  an t igens  ap pea rs  to  be n o rm al .  E n d o c r in o p a th y  
involving the  para thy ro id ,  ad ren a l ,  and  s tom ach  g la n d s  is 
involved in this  sy n d ro m e  and  is the  m a jo r  cause  o f  death .

D eficiencies o f  B oth  В a n d  T Cells

T h e  m o s t  c lear-cut fo rm  o f  d efic iency  o f  b o th  В and T  cells 
o ccu rs  in severe co m b in ed  im m u n o d e fic ien cy  d isease  
(SC ID ),  w here  there  is a  com ple te  absence  o f  bo th  B- and



1. I m m u n o l o g y  27

T-cell funct ions  and consequ en t  su scep tib i l i ty  to infection 
with a w ide  varie ty  o f  b ac te r ia ,  v iru ses ,  fungi ,  and p ro to 
zoa .  An o th e rw ise  rare  p a th og en ,  P n eu m o cys tis  c a r in ii , is 
a  c o m m o n  cause  o f  lethal p n e u m o n ia  in patients w ith  this  
sy n d rom e  and  the  p a tho gen ,  and  has been  im plica ted  as  the 
cause  o f  death  in patien ts  with  A ID S . R econsti tu t ion  o f  the 
im m u n e  sys tem  has  so m etim es  been  successfu l  using  h is
to com patib le  bone m arrow , fetal l iver transp lan ts ,  and fetal 
thy m us  transp lan ts .  Recently, a t tem pts  to  repa ir  the defect 
at the  s tem  cell level by gene the rap y  techn iques  have 
show ed som e success .  Incom ple teness  o f  available  tissue- 
typ ing  m eth od o log ies  has resu lted  in death  f rom  graft- 
versus-ho s t  d isease  in so m e  a ttem pted  transp lan ta tions. 
S ter ile  su p po r t ive  units  have been  u sed  to  m ain ta in  some 
ind iv iduals  aw aiting  transp lan ta tion  m ater ia l .  Variable  d e 
fec ts  in T-cell and В -cell func t ions  are p resen ted  by ind i
viduals with N ezelof's syndrom e, W iskott-A ldrich syndrome, 
sh o r t-lim b ed  dw a rfism , and a ta x ia -te la n g ie c ta s ia . Each 
case  m us t  be evalua ted  ind iv idually  and  therapy  des ign ed  
accordingly. T h y m o m a ,  in w hich  m alig nan t  sp ind le  cells 
replace  the  th ym ic  p a ren chy m a ,  has been d e sc r ib ed  as 
im pair ing  bo th  B- and  T-cell functions.

P hagocy tic  D ysfunc tion  D isease

In add it ion  to ex tr insic  factors tha t may affec t  the function 
o f  phagocy te  ce lls ,  such as  lack  o f  antibody , in trinsic  
defec ts  have been  identif ied  tha t result in im paired  activity. 
In som e  cases ,  the  spec if ic  e n zy m e  defic iency  with in  
m etabolic  pa thw ays n ecessa ry  for the  k il l ing  o f  engulfed  
ba c te r ia  has  been iden tif ied ,  for exam ple , lack  o f  g lucose
6-pho sph a te  dehydrogenase .  S uscep t ib i l i ty  resu lt ing  from 
such in t r in s ic  defec ts  varies  from  m ild ,  recu r ren t  skin 
infec tions to severe , ove rw he lm in g  sys tem ic  infection , 
w ith  bo th  often  involving o rg an ism s  usua l ly  con s ide red  o f  
low virulence.

C o m p le m e n t  Deficiencies

D efic iency  in com plem en t is rare  and  is usual ly  res tr ic ted  
to  specific  c om ponen ts  o f  the cascade. T h e  evolution  and 
m ain ten ance  o f  the  com plica ted  co m p lem en t cascad e  ar
gues  for its im p o rtance  in hos t  defense  but indiv iduals  
lack ing  this  sys tem  are not a lw ays h igh ly  suscep tib le  to 
infection.

H y p e rg a m m a g lo b u l in e m ia s

M alig nan t  cond it ions  involving В cells a re  not rare, p ro ba 
bly  d ue  to th e  in tense  gene tic  ac tiv ity  involved in the 
p roduc t ion  o f  im m u n o g lo b u lin ,  and  usual ly  result in m as 
sive p roduc tion  o f  a  single  im m u no g lo bu lin  as the  resu lt  o f  
the involvement o f  a single clone. All classes o f  im m uno
globulins are represented in the hypergam maglobulinemias,

with IgM individually recognized in macroglobulinemia. In 
som e ca ses  the  com ple te  m olecu le  is not p ro du ced  and 
heavy  cha in s  are found  in the  s e ru m . O th e r  cells  c an  be 
a f fec ted  as a resu lt  o f  the  im m u ne  ac t iv i ty ;  fo r  exam ple , 
o s teoc las ts  are ac tiva ted  by cy to k ines  to d isso lve  bo ne  in 
m ultip le  m yelom a.

A cquired  Im m u n o d ef ic ien cy  S y n d ro m e

T h is  d isease  is d iscu ssed  in the section  on  v iruses ,  but is 
m en t ioned  here  because  des t ruc t ion  o f  the  T  h e lpe r  cells 
and loss o f  im m un e  func t ion  occ u r  as  a result o f  infection.

Clinical E valuation

S om e clin ical fea tures  are a ssoc ia ted  with specific  im m u 
nodefic iency  d isease ,  such as a tax ia - te lang iec tas ia  and 
sh o r t- l im b ed  d w arf i sm ,  w h ereas  o th e r s  are  indica tive  o f  
likely im m u ne  involvem ent.  R ecu rren t ,  chron ic  infec tions 
w ith  incom ple te  re sponse  to  t rea tm en t ,  for exam ple ,  are 
h igh ly  susp ic ious  in te rm s  o f  an im m unodef ic iency . Less  
indicative are sk in  rashes, ch ron ic  d ia r rh ea ,  g row th  fail
ure, and  hepatosplenom egaly . O ften ,  the  infec tious agents  
isolated f rom  d isease  o ffe r  a c lu e  to the specific  defic iency 
involved; for exam ple , s in o p u lm on ary  infections w ith  p y o 
genic  o rg an ism s  su gg es t  lack  o f  a В -cell response.

Evaluat ion  o f  a su spec ted  im m u no def ic iency  depends  
upon the  im m u ne  sys tem  func t ion  th o u g h t  to be  involved. 
В -cell funct ion  can  be d e te rm in ed  by q uan ti ta t ion  o f  se rum  
im m u n og lo bu lin s  o r  specific  an t ibod ies ,  by  re sponse  to 
ac tive  im m u n iza t io n  (us ing  a  nonviable  vaccine),  o r  by 
В -cell quanti ta t ion . C e l l -m ed ia ted  re sponses  can  be m e a 
sured  in sk in  tes ts  and T  cells  quan ti f ied  by  a w hite  b lood 
cell coun t w ith  d ifferen t ia t ion . P h ago cy tic  ac tiv it ies  can  be 
d e te rm in e d  by  ex am in in g  latex part ic le  uptake.

Physio logic a n d  E n v ironm en ta l 
In fluences  o f  t h e  Im m u n e  S ys tem

T h e  im m u n e  sys tem  has ana tom ic  and  physio log ic  re la t ion 
ships w ith  o th e r  parts  o f  the  body  and these  can  in f luence  
it.

P sychoneuro im m unology

Endings o f  primarily  sym pathetic  efferent nerves are found 
in the  th y m u s ,  sp leen, and lym ph  nodes ,  ind icating  a n a 
tom ic  co nn ec t io ns  be tw een  the n e rvo us  sys tem  and  the 
im m u n e  organs. In addit ion  the  co n nec t io n  be tw een  the 
n e rvo us  sys tem  and the  en d o c r in e  sys tem  (hy po tha lam us  
and p i tu i ta ry  g lands )  fo rm s  an ind irec t  link as  the  en d o 
c r ine  sys tem  can  in f luence  the  im m u n e  sys tem . O p po r
tun i t ie s  for in terac t ions are  extensive. L ym p ho cy tes  and
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macrophages have receptors for neurotransmitters (acetyl
choline and norep inephrine) ,  en dorph ins ,  enkephalins ,  and 
som e end o c r in e  h o rm o n es ,  including ad renocor t ico trop ic  
horm one (ACTH), corticosteroids, insulin, prolactin, growth 
ho rm on e ,  es t rad io l ,  and tes tosterone. In tu rn ,  lym phocy tes  
are capab le  o f  p roduc ing  A CT H  and endorph in -like  c o m 
pounds. N eurons in the brain can recogn ize  p ro s tag lan 
dins ,  in terfe rons, in terleukins,  and in f lam m atory  m ed ia 
tors such as  his tamine.

A ging

O ld er  people  are m ore  vu lnerab le  to l i fe-th reaten ing  in fec
tions, cancer,  and au to im m un e  d iseases  than are young  
adults , and there  is som e ev idence  that th is  can  be a sso c i
ated with a dec line  in im m un e  re sponsiveness  with age.

N utrition

G o od  nutr i t ion  is obviously  essentia l for the m ain ten ance  
o f  health  and only a healthy individual can  m oun t a good 
im m une  response. E xcess  food intake has been poss ib ly  
implicated as increasing inc idence  o f  infec tions and some 
cancers .

E nvironm enta l E ffects

Toxic chem ica ls  in the env ironm ent can  increase  the  rates 
o f  infec tious d iseases  and cancers .  W h e th e r  these  are 
caus ing  the ir  e ffec t  by initially  suppress ing  the im m une 
sys tem  is not clear.

M ethods in Immunology________

A n tig e n /A n t ib o d y  Reactions

T h e  actual b ind ing  o f  an an t ibody  to its specific  antigenic  
d e te rm inan t  (ep i tope)  is the  p r im ary  react ion. T h is  is 
difficult to detec t  and m e th o d s  usual ly  d epend  on  the 
secon dary  phen om ena ,  such as p rec ip ita tion ,  a g g lu t in a 
tion , and co m p lem en t fixation. T hese  often  involve cross- 
lin k ing  o f  an tigen  m olecu les  by  specific  an t ibo dy  and 
occur  because  the an t ibody  is d ivalent (b ivalent)  and the 
antigen multivalent. Because the antigen /an tibody  (A g /A b )  
reaction  is so h igh ly  specif ic ,  it has been used to detec t 
e i th e r  Ag o r  A b , and  the m e th o d s  tha t have been  developed 
for this de tec tion  have been g ro up ed  tog e th e r  un der  the 
te rm  “ serology.”

The p r im a ry  reaction  is reversible and the  t igh tness  o f 
the b ind ing  can  be expressed  as  the  associa tion  constan t 
(K). S e rum  an tibod ies  are h e te ro gen eou s  and  w hen they 
reac t the constan t is te rm ed  K 0, the average associa tion  
constan t.  T he  forces involved are w eak  noncovalent bonds, 
inc lud ing  hydrophob ic  bonds ,  h ydrogen  b onds ,  e lec tro 

static forces, and van de r  W aal 's  forces. B ecause  these 
forces involve low levels o f  energy, A g /A b  com plexes  can 
be readily  d issoc ia ted  by low or h igh  pH , high salt c o n ce n 
trations, and chao tro p ic  ions tha t  eff ic iently  in terfe re  with 
the hy drogen  bo nd ing  o f  w ater m olecu les ,  for example, 
cyanates .  In cases  in w hich  the  ep itope  is a  h ap ten ,  the 
reac t ion  has been exam in ed  by  the  h ap ten - inh ib i t ion  test,  
eq u i l ib r iu m  d ia lys is ,  and f lu o rescence  quench ing .

S e c o n d a ry  Reactions

In a g g lu tin a tio n  rea c tio n s  an an t ib od y  reac ts  w ith  a m u l t i 
valent inso lub le  part ic le  to g ive  c ro ss - l in k ing  unti l  visible 
c lu m p s  are fo rm ed . At high concen tra t ion s  o f  antibody, 
ag g lu t ina t ion  can no t  o c c u r  and  the test is said  to d e m o n 
stra te  a  prozone. W ith  e ry th ro cy te s ,  the  repulsive  zeta 
po ten tia l  be tw een  cells  a llows agg lu t ina t ion  with IgM  but 
not w ith  IgG. W ith  the latter, an t i -hu m an  IgG  is used in the 
C oo m b s’ test to agg lu t in a te  R B C  w ith  b ound  IgG.

P rec ip ita t ion  R eac tions

T h ese  reac t ions  take  place betw een  an t ib od ies  and so lub le  
an tigens ,  with  lattice fo rm ation  o c cu r r in g  to  g ive an in so l
uble precipita te . E xcess  an tigen  or excess  a n t ib o d y  results  
in the  fo rm ation  o f  A b /A g  com plexes  bu t  not the  form ation  
o f  lat tices large eno ug h  to b ecom e  insoluble. T h u s ,  m a x i 
m um  precip ita te  fo rm ation  o ccu rs  at a zone  o f  equivalence. 
For  this  reason ,  p rec ip ita tion  reac t ions can  m ore  eas i ly  be 
p e r fo rm ed  in gels . By a llowing the  an t ibo dy  o r  the an t ig en ,  
o r b o th ,  to d if fuse  in to  the  gel,  the  d if fusion  grad ien t 
a llows for the fo rm ation  o f  co nd it ion s  n ece ssa ry  for the 
zone o f  equivalence. G els  can  be used in many ways, such 
as single  d if fusion  in one d im en s io n ,  d oub le  d if fusion  in 
one d im ens ion ,  double  d if fusion  in tw o d im en s ion s  (the 
O uchter lony  m ethod),  o r  c o m b in ed  w ith  e lec trophores is .

R ad io im m u n o a ssa y s

R ad io im m u n o assay s  em ploy iso top ically  labeled  m o le 
cu les  and  can m easure  ex trem ely  sm all  am o u n ts  o f  a n t i 
g en ,  antibody, o r  A g /A b  complexes.

C o m p le m e n t  F ixation T ests

T h ese  tes ts  use the b ind ing  o f  com p lem en t in an t ig en /  
an t ibody  c o m b ina t io ns  as  a m ean s  o f  de tec t in g  such c o m 
binations.

So lid -p h a se  a ssa y s  b ind  m onolayers  o f  p ro te in s  on to  the 
su r face  o f  p las tic ,  react these  w ith  the i r  spec if ic  a n t i 
bodies, and detect binding using specific anti-Ig im m uno
globulins. T h ese  an t i -Ig  im m u n o g lo b u l in s  can  be labeled 
w ith  iso tope  so l id -phase  ra d io im m u no assay  (S P R IA )  or
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with an e nzy m e -l in ked  im m u n o so rb e n t  assay (ELISA). 
H aptens  tha t d o  not bind to  p lastic may be b ound  to paper, 
for exam ple ,  the rad ioa l le rgosorben t  (R A S T ) test for IgE 
detec tion .  In h ib ition  te s ts  can  be variants  o f  p rac t ica l ly  all 
im m un oassay s  in w hich  an unknow n is co m pared  against a 
know n for its ab il ity  to inhibit an im m unolog ic  reaction. 
N eu tra liza tio n  tests  m easu re  the  ab il i ty  o f  an tise ra  to 
prevent the toxic e ffec ts  o f  a chem ica l or the grow th  o f  a 
virus. O pson iza tion  d epends  on the ab il ity  o f  specific  
an t ibody  to aid m acro p h a g e s  in the ir  engu lf ing  o f  bacte ria .  
F luorescence  tests  use an tigen  or an t ibody  coup led  to a 
c o m p o u n d  that f luo resces  u nd er  U V  to d e te rm in e  the 
location o f  im m u n o reac t iv e  com pounds .

C ell-M ed ia ted  Reactions

C ell -m ed ia ted  reac t ions  involve the b las togenic  re sponses  
o f  ly m phocy tes ,  rosette  fo rm a tio n ,  the m ixed  leukocyte  
reac t ion ,  and the de tec tion  o f  lym phokines . Skin tes ts  are 
used to identify  the  im m une  state in te rm s  o f  a llergy or 
response  to prev ious infection.

Vaccines

Im m u n ity  t o  M icrobes

Im m uni ty  is m ed ia ted  by bo th  hu m ora l  and ce l lu la r  re a c 
tions, with  d ifferent types o f  m icrobes  s t im ula t ing  d is t inc t  
lym phocy te  re sponses  and e ffec to r  m echan ism s.

T h e  surv ival o f  m icrobes  is cri t ica lly  in f luenced  by their 
abil i ty  to evade the  im m u n e  re sponse  and the  response 
elic i ted  may itse l f  cause  t issue  in jury  and disease. E x tra 
ce l lu la r  bac te r ia  m ay  p rod uce  d isease  by  s t im ula t ing  in
flam m ation  or p rod uc ing  toxins. T h ese  bac te r ia  are rapidly 
kil led by phagocy tes  u nd er  no rm al c i rcum stan ces ,  but 
increased  n u m bers  can  s t im ula te  the p roduc t ion  o f  a n t i 
bodies ,  involving bo th  В and C D 4 + T-cell s t im ula t ion ,  
w h ich  represent the m ain  defense. Im m unog lobu lin  G 
cau se s  opson iza tion ,  IgG and IgM  neutra lize  toxins,  and 
IgG  and IgM  activa te  the  com p lem en t sys tem . S om e sta
ph y lococca l tox ins are the  m ost po ten t na tura lly  occurr ing  
T-cell m itogens  know n and these  can  induce  vast num bers  
o f  C D 4 +  cells  to respond  and release large am o u n ts  o f  
lym phok ines ,  p roduc ing  an effec t  m im ick ing  endotoxic  
shock .  T h is  is the to x ic  sh o ck  syndrom e. M any bac te r ia  are 
res is tan t  to d iges tion  w hen engulfed  by phagocy tic  cells 
and natural im m u n i ty  is quite  ineffec t ive  in the i r  contro l.  
A cquired  im m u n i ty  involves the s t im ula t ion  o f  C D 4 + T 
cells by the  b reak do w n  produc ts  o f  som e  o f  these  engulfed  
bac te r ia .  T h e  C D 4 + cells  then  p rod uce  cy tok ines  in the 
D T H  reaction  that se rve  to activa te  the m acro p h ag es  and 
enable  them  to kill the bac te r ia .  S o m e t im e s ,  however, even

this is not suffic ient.  Natural im m u n i ty  to viral infections 
consis ts  o f  the  p roduc tion  o f  type 1 in terfe ron  and the 
abil i ty  o f  N K  cells  to kill v irus- in fec ted  cells. Specif ic  
an t ib od ies  are  im portan t  in the ear ly  s tages o f  viral in fec
tion. T hey  can  neu tra lize  the v irus  by b ind ing  to its su rface  
and p reventing  en try  to the host ce ll ,  enh ance  p h ag o cy to 
sis, and activate  the  com plem en t  cascade ,  w hich  calls 
leukocytes  to the  infected area. O nce  the  infection is 
es tab l ish ed ,  the p r im ary  pro tec tive  m ech a n ism  is that o f  
the C D 8 + T  ce lls ,  w hich  can  recogn ize  and lyse virus- 
infected  cells. Little is know n con ce rn in g  the im m u n ity  to 
paras ites .  Many paras ite s  can  alter the ir  su rface  an t igens  to 
evade the specific  im m u ne  re sponse  and this  m akes  the 
des ign  o f  poss ib le  vacc ines  difficult.

It can  be successfu l ly  a rgued  that pro tec tion  against 
d iseases  by im m uniza tion  ( im m u n o p ro p h y lax is )  is the 
greatest  ach ievem ent o f  b iom ed ica l  sc ience  in te rm s  o f  the 
saving o f  h um an  life. I f  suffic ient ind iv iduals  can  be 
im m u n ized ,  the  p op u la t ion  develops “ herd im m u n i ty ” and 
the transm iss ion  is in te rrup ted .  T h e  in fec tious  agent will 
die out unless  it has an o th e r  reservoir . Success fu l im m u 
nization  p rogram s require ,  however, the  in tell igent im ple
menta tion  o f  o th e r  m easures ,  both hygien ic  and sanitary , to 
genera lly  im prove the public health  so tha t ind iv idua ls  can 
m oun t an im m un e  response  to the vaccines.

Im m u n o p ro p h yla x is  may be active , to genera te  an im 
m un e  response  a f te r  exposure  to be an an tigen ,  o r  it may be 
passive. With active immunity , it is im po rtan t  to genera te  
an im m u ne  re sponse  with m em o ry  before possib le  ex p o 
sure to an infectious agent.  T h e  usual ly  reco m m end ed  
schedule  for vaccination  in the U nited  States is:

D iph th e r ia  toxoid , pertuss is ,  te tanus toxoid (DPT), with  
tr iva len t oral polio  vaccine  (TO P) at 2 m on ths ,  4  m onths, 
6 m onths ,  and 18 m onths ,  w ith  a boos te r  before school at 
4  to 6 years  and as indicated thereafter ,  a l though  te tanus 
toxoid with a  reduced  level o f  d ip h th e r ia  toxoid m ay be 
reco m m e n d ed  at 10 years .

M eas les ,  m u m ps ,  and rube l la  vaccines at 15 m onths ,  with 
boos te rs  at 18 to 24  years  and thereafter .  In f luenza  and 
p n e u m o coc cus  vaccines are reco m m en d ed  a f te r  the  age 
o f  65. Selective vaccination  o f  specific  g roups  is re co m 
m ended  agains t  in f luenza ,  hepa ti t is  B , p neu m o co c cu s ,  
H aem oph ilu s in fluenzae . N e isseria  m en in g itid is ,  tuber
cu lo s is  (B C G ),  rabies, an th rax ,  and the travelers* d is 
ea ses  o f  yellow fever, cho le ra ,  typho id  fever, and  plague.

Basic M ech an ism s  o f  P ro tec t io n

V accination  is genera l ly  in tended  to se rve  as  a p r im ary  
s t im ulus  to the  im m u ne  sys tem  so tha t subsequen t ex p o 
sure to the natural infec tious agent will result in a seco n d 
a ry  im m u ne  re sponse  that will be m ore  rap id  and o f  grea te r
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m agnitude . In ad d it io n ,  a  se r ies  o f  vaccinations can  be 
g iven  to m ain ta in  ( “ b o o s t” ) the response. T h e  new b orn  is 
endow ed  with Ig G  o f  m ate rna l  o r ig in ,  w h ich  can  provide 
an ti tox ic ,  an tiv ira l ,  and som e ty pes  o f  an t ibac te r ia l  p ro tec 
tion. T h e  infant at this  s tage  is cap ab le  o f  p roduc ing  IgM  
and can  re spo nd  to toxoids and  inactivated  o r  a ttenuated  
v iruses.  S om e vaccines (e .g.,  p e r tu ss is )  induce  a sta te  of 
to lerance  i f  g iven  to o  early. A fte r  a  few m o n th s ,  the 
m ate rna l IgG has d ec l in ed  and  the  infant is able  to p roduce  
Ig G  and m oun t a ce l lu la r  response. T im in g  o f  im m u n iza 
tions becom es  a q uest ion  o f  ba lanc ing  the  need to im m u 
nize  as  soon as poss ib le  w ith  the  capab i l i ty  o f  the  infant to 
re spond .  Ind iv idua ls  over the ag e  o f  60  s tart  to m o u n t  a 
reduced  p r im ary  response ,  a l though  they can  respond  
effec tively  to the  pn eu m o co c ca l  vaccine , b u t  a p p e a r  to 
re tain  the  ab il ity  to m o u n t  a  seco nd ary  re sponse  to  antigens 
to w hich  they have been prev iously  exposed .

Routine  im m uniza tion  agains t  som e in fec tious  agen ts  is 
sim plified  if  they  are  o f  a  single  an tigen ic  type. O the r  
agen ts ,  however, are o f  several an tigen ic  types ,  such as 
poliov irus and  p n eu m o co c cu s ,  and successfu l im m u n iza 
tion  requires  ex posure  to all o f  the im p ortan t  types . I m 
m unization  at the sam e  tim e with m ultip le  ty p es  seem s to 
have no e ffec t  on the  re sponses  e lic ited . T h e  usual site for 
vaccine  in jection  is the  a rm ,  espec ia lly  into the  deltoid 
muscle, and studies have shown that this often gives a better 
response  than  injection in to  the bu ttocks .  Polio vacc ine  is 
n o rm ally  g iven  ora lly  ra ther  than  by  a rm  injection.

H azards

A ttenuated  o rga n ism s  used in vacc ines  m ay  revert to  the 
v iru len t fo rm  or m ay  cause  d isease  in the ir  a ttenuated  state 
in im m u n o c o m p ro m ised  patients . A s  a  genera l rule, these  
vacc ines  should  n o t  be g iven  to p regnan t  w om en b ecause  of 
poss ib le  d am a g e  to  the fetus.

P er tuss is  vacc ine  occas iona lly  causes  se r ious  problem s, 
such as en cepha lopa thy  in the  infant.  It consis ts  o f  heat- 
k il led  B o rd e te lla  p e r tu ss is  and ,  desp i te  the  controversy  
su r ro u n d in g  its use, has co n tin u ed  to be recom m end ed  
b ecause  the  com plica t ions  o f  w h o o p in g  c o u g h  ou tw eigh  
the  r isks  o f  vaccination . Tetanus and  d ip h th e r ia  toxoids 
may provoke local hypersensi t iv i ty  react ions . T h is  seem s 
to  be espec ia lly  t ru e  o f  d ip h th e r ia  toxoid; thus , a  sm alle r  
d ose  is used  w hen  adolescen ts  and  adults  are given booster. 
P reserva tives  are  u sed  in som e vacc ines  and patien ts  can 
becom e allergic to these ; the  m ed iu m  in w hich  v iruses  are 
g row n  can  cause  s im ila r  effects.

R ecen t A p p ro a c h e s  t o  Vaccine P roduc tion

S yn th e t ic  vacc ines  o ffe r  the hope o f  p ro tec tion  w ith  fewer 
side effec ts .  E xam ples  o f  som e cu rren t  appro aches  are use

o f  syn the tic  pep tides ,  vec to rs  a ltered  by rec o m b in an t  DNA 
technology, and  the use o f  an t i - id io typ e  im m un og lob u lin .

Passive Im m unity

Pass ive  im m un i ty  occurs  na tura lly  w hen  an t ib od ies  pass 
from  the  m o th e r  to the  fe tus and to the  n ew b o rn  in the 
co lo s tru m . A n tib od ies  can  be  t ransfe r red  artificially. T h ey  
are ob ta ined  from  pooled  h u m an  blood and  are  u sed  in 
poss ib le  o u tb reaks  o f  hepa ti t is  v irus ;  they  are som etim es  
p repared  from  d onors  w ho  are  se lec ted  a f te r  a bo o s te r  dose  
o f  specific  vaccine. Ind ica tions for the  use  o f  im m un e  
g lobulins  inc lude  Rh p re g n an cy  p rob lem s,  c a ses  o f  te ta 
nus, ch ickenpox  in leukem ics  at r isk ,  rab ies ,  and  hepati tis  
В infections. A dditional spec ia l  case  ind ica tions  include 
b o tu l ism ,  ty ph us ,  R ocky  M o un ta in  spo t ted  fever, black 
w idow  sp ider  bite, co ra l  snake  bite, and c ro ta lid  snake  
bite.

Questions

1. T h e  ce l lu la r  im m u n e  re sponse  is m ed ia ted  by:
A . В cells
B. T  cells
C . Both  В ce lls  and T  cells
D. E n d o the l ia l  cells
E .  Sk in  cells

2. T h e  hum ora l im m u n e  response:
A. R esu lts  in the  p rod uc t io n  o f  a n t ibo dy  b y  d if fe ren t i

a ted  В cells
B . Involves T  cells  only
C . R equ ires  m ac ro p h a g e s  to  p resent an t igen  to В cells
D. Is  par t  o f  the  natura l  (o r  innate)  im m u n e  sys tem
E. O cc u rs  in th e  bursa  o f  F abr ic ius  in m am m als

3. T-cell ep i topes  are those  reg ions  o f  an im m un og en  
that:
A . B ind  specifica lly  to IgM  and Ig D  on the  su r face  o f  

В cells
B . B ind  to  Fc  recep to rs  on  m acro p h ag es
C . A re  b o u n d  by  M H C  an tigen s ,  p resen ted  to T  cells  

and for w h ich  specific  T-cell recep to rs  are  p resent
D. Bind to  recep to rs  on  po ly m o rp h o n u c le a r  leuko

cy tes  and  aid in the  sub seq u e n t  o pson iza t ion  o f  the 
im m u no gen

E . Do not su rv ive  the  d iges t ion  o f  the  im m un og en  
tha t o ccurs  following phag ocy to s is

4 . H ete rogene t ic  an tigens:
A . A re  found  in som e m e m b ers  o f  a  g iven  species
B . M ay show  id iotypic  variation
C .  Are specific  to m acro ph ages
D. Are foun d  in unre la ted  species
E. O ccu r  on  the  cell  su r face  o f  platelets
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5 . It is true  to say that the lym phatic  system:
A. Is the  r iches t  source  o f  sec re to ry  IgA
B. Is p r im ar i ly  involved in the innate  response  to 

infection
C . D ra ins  into  the  left subc lav ian  vein nea r  the  heart
D. Is v e ry  r ich  in platelets
E. Is a m a jo r  c a r r ie r  o f  adrena l h o rm o n e s  to  the brain

6 . In h u m an s ,  the  p r im ary  lym phatic  o rg ans  include:
A. T h e  thy m us  and the  liver
B. T h e  spleen and the  k idney
C. T h e  bursa-equ iva len t reg ions  and the thy m us
D. T h e  s tom ach  and the  lung
E. T h e  p ara thy ro id  and  the  thym us

7. M olecu les  p resen t on  the  su r face  o f  В cells  but not on 
T  cells  include:
A . A recep to r  for sheep  red  b lood cells  and  a n o th e r  for 

pokew eed  m itogen
B. IgM  and IgD  plus recep to rs  for the  C 3 com p on en t  

o f  com plem ent
C . A recep to r  for concanava lin  and the T C R  recep to r
D. C D 4 +  and  C D 8  +
E . A recep to r  for the  Fc fragm en t  o f  IgA  plus C D 2 8

8. It is true  to  say that  natural k il le r  (N K )  cells:
A . A rise  in the  bon e  m arrow
B. R earran ge  the ir  Ig genes
C .  E xpress  the i r  T C R  genes
D. Require  p resen ta t ion  o f  an tigen  by  m acro p h ag es  in 

the  contex t o f  the  M H C  com plex
E. Have IgG  m olecu les  on their  cell su rface

9. M acrophages:
A . First app ea r  in the  b lood  as  im m atu re  T  cells
B . M atu re  in to  p la sm a  cells  w hen  ac tivated  by contac t 

w ith  T  h e lp e r  cells
C . A re  the  m a jo r  source  o f  specific  im m unog lobu lin
D. Have bo th  IgM and IgG  on th e ir  cell  surface
E. None o f  the  above

10. In an acute  in f la m m ato ry  reaction:
A. K all ik re in  and b rad yk in in  are not fo rm ed
B. P ro s tag lan d in s  and leuko tr ienes  are not re leased
C. C ro ss -reac t iv e  pro te in  appears ,  b inds  to bacte ria l 

cell walls , and b eg ins  the com plem en t  cascade
D. Spec if ic  im m u no g lo bu lin s  are  fo rm ed  within 

hours
E. T h e  H ag em an  fac tor is not involved

11. T h e  spleen contains:
A. H assa l l ’s corpusc les
B. R egions seen m acroscop ica lly  as red  and w hite
C .  B ursa  o f  Fabric ius  cells
D. R egions  derived  em bryo log ica lly  from  the third 

p haryngea l  pouch
E. Is let o f  L an gerh ans  cells

12. A lym ph node con ta ins  the  following anatom ic  re 
gions:
A. A co r tex  and  m edu lla

B. L ow  endo the l ia l  venules for lym phocy te  passage
C. No p r im ary  follicles
D. No ge rm ina l  cen te rs
E. R egions o f  red  and  w hite  pu lp

13. Im m a tu re  В lym phocytes :
A. Have b o th  IgM and IgD  on th e i r  su r face  and can 

reac t with an t igen  to p roduce  im m unog lobu lin
B. P ro du ce  L ch a in s  and p. H chains  to fo rm  su rface  

IgM
C. P roduce  only p. H chains  in trace l lu la r ly  with no 

su r face  Ig
D. Have not yet begun  cu tt ing  and sp lic ing  o f  their 

im m un og lob u lin  genes
E. Are busy  cu t t in g  and splicing DNA involved in the 

s truc tu re  o f  the T-cell recep to r
14. A ctivation  o f  m atu re  В ce lls  by con tac t  w ith  the ir

specific  an tigen  results  in:
A. A ctivation o f  tryps inase
B. D ecrease  in in t race l lu la r  c a lc iu m  ions
C . Activation o f  ty ros ine  k inase  by IgM -a lph a  and Ig- 

beta
D. D ecrease  in t ran sc r ip t ion  initiators
E. Increased  p roduc t ion  o f  deo xyr ibonuc lease

15. T h e  actual an tigen  b ind ing  site  in an im m unog lobu lin
m olecu le  is formed:
A. By the  h inge  region betw een  C H - 1 and C H -2
B. By the  first 23 am in o  ac ids o f  the V-H and V-L 

fo rm ing  a cleft
C . In the  Fc region o f  the  s tru c tu re
D. W h en  three hyperva r iab le  regions in bo th  the  V-H 

and  V-L d o m a in s  co m e  to ge the r  in the three- 
d im ensiona l s tru c tu re

E. By the  carb oh yd ra te  m oie ty  a ttached  to the  H -C3 
region

16. T h e  m atura t ion  o f  a В lym phocy te  involves:
A. C u tt ing  and  splicing o f  genes  involved in the T C R
B. Selec t ion  and p roduc tion  o f  the required  M H C  

an tigen  for con tac ting  the  an tigen
C. R earran gem en t o f  the  im m u no g lo bu lin  genes
D. P roduc t ion  o f  C D 3
E. M uch cell dea th  o f  ly m phocy tes  m igra t ing  th rough  

the  th ym u s
17. Bence Jones p ro te ins  are p rod uced  by:

A. S o m e  patien ts  with m ultip le  m yelom a
B. T h e  m a jo r i ty  o f  patien ts  with Bruton 's  a g a m m a 

g lobu l inem ia
C. Patients w ith  severe  c o m b in ed  im m unodef ic iency  

d isease
D. Patients  w ith  A ID S
E. Patients  with W isko tt -A ld r ich  syndrom e

18. T h e  T-cell recep to r  can  be m ade  up  o f  a d im er  of:
A. A lp ha  and delta  chains
B. Beta  and  delta  chains
C .  G a m m a  and beta  chains
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D. A lp ha  and b e ta  chains
E. N one o f  the above

19. H elper  T  cells:
A . Have C D 8  on the i r  cell  surface
B. Have Ig M  on the i r  ce ll  surface
C . Have C D 4  on the i r  cell  surface
D. Are able to lyse v irus- in fec ted  cells
E. Have IgD  on the ir  cell surface

20. Sec re to ry  co m po nen t  is:
A . S y n th es ized  by В cells
B. A ttached  to  secre to ry  IgM
C. S y n th es ized  by ep ithelia l  cells
D. A ttached  to IgG  fou n d  in saliva
E . N ecessa ry  for the passage  o f  IgG  th ro ug h  the  gut 

m uco sa l  cells
21 .  T h e  m ucosa l im m u n e  sys tem  includes  the:

A . Popli tea l lym ph nodes
B. Spleen
C. G ut-assoc ia ted  lym phoid  tissue
D. T h y m u s
E. A drenal g lands

22 .  T h e  m os t  im p o r tan t  feature  o f  im m unolog ic  to lerance  
is its:
A . D epend ence  on the  stage  o f  life o f  the to lerant 

indiv idual
B. D epend ence  on dosage
C .  Spec if ic i ty
D. Dependence on the genetic m akeup o f  the individual
E. D epend ence  on the  nature  o f  the  to lerated  su b 

stance  ( to lerogen)
23. A n tigen ic  c ross-reac t iv i ty  is show n by tu m ors  in 

du ced  by:
A . Sm oking
B. O n cogen ic  DNA viruses
C. U ltravio let ir radia tion
D. C arc inogens
E . E x p o su re  to rad ioac tive  iso topes

24 .  T h e  abil i ty  o f  the  im m u ne  sys tem  to deal with a tu m o r  
is in f luenced  by  the:
A . L oca tion  o f  the  tum or
B. A b ili ty  o f  the tu m o r  to ch ang e  its su rface  an tigens
C. A bili ty  o f  the tu m o r  to secre te  b lock ing  factors
D. A b ili ty  o f  the tu m o r  to secre te  p ro tag land in s
E. C om bina t ion  o f  all fac tors  listed in А , В , C ,  D

25. A s co m p ared  to a p r im a ry  response ,  a typical a n a m 
nestic response  yields:
A. A bou t  the  sam e  an t ib od y  level but the  level per

s is ts  longer
B. M ore an t ibo dy  but the level is s lower to develop
C . A m uch  h igh e r  an t ibody  level tha t a lso persists  

longer
D. A h ig h e r  an t ibo dy  level tha t ,  however, dec lines  

m uch  m ore  rapid ly
E. A  lower level o f  an t ibody  tha t dec lines  rapid ly

T h e  rem ain ing  q uest ions  are  g roups  o f  5. F o r  each  n u m 
b ered  i tem, choose  the  le ttered  choice  w ith  w hich  it is m o s t  
c lose ly  assoc ia ted .  E ach  cho ice  m ay be u sed  once , m ore  
than  once , o r  not at all.

Q u e s t io ns  2 6 - 3 0 .  Select the  type  o f  im m u n og lo bu lin  that 
is m o s t  closely  a ssoc ia ted  w ith  each  nu m b ered  phrase  or 
s ta tem ent.

A . IgA
B. IgM
C . K ap pa  L chains
D. IgE
E. IgG

26. Inv a llo types
27. Able to pass the  p lacenta
28. T h e  first im m u n o g lo b u l in  c lass  p ro d u c ed  in an im 

m un e  response
29. H as S C  co m po nen t  w hen fou nd  in secre tions
30. Is know n as “ reag in”

Q uestions 31-35. Select the surface m arker  that is most 
closely associated with each num bered phrase o r  statement.

A . C D 4
B . C D 3
C . C D 8
D. C D 2
E . C D 2 8

31 . R eco gn izes  c lass  1 M H C  an tigens
32. R ecog n izes  c lass  2 M H C  an tigens
33. F o rm s the  an tigen  recep to r  com plex  w ith  T C R
34 . B ind s  to B 7 on the  an t igen  p resen t in g  cell to p rov ide  a 

co -s t im u la to ry  signal
35 .  T h e  recep to r  for sheep  red  b lood  cells

Q u est ions  3 6 - 4 0 .  Select f rom  the  list o f  co m p o u n d s  the 
nu m b ere d  phrase  or s ta tem en t  w ith  w hich  it is m os t  closely  
associa ted .

A . C 3 a
B. C 3b
C .  A rach idon ic  acid
D. C lass  1 M H C  an tigens
E. C lass  2 M H C  an tigens

36. R ecog n ized  by  C D 4  on T  h e lpe r  cells
37. Is libera ted  fro m  m em bran e  phospho l ip ids
38. R ecog n ized  by C D 8  on cy totoxic  T  cells
39. Is anaphyla tox ic
40 .  Is b roken  do w n  in to  a varie ty  o f  p ro te in  p ro d u c ts  in the 

b lood

In q uest ions  4 1 -4 5 ,  c lass ify  the  d iseases  listed accord ing  
to the  C e ll  and  C o o m b s’ c lassif ication .

A . C lass  1
B . C lass  2
C . C lass  3
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D. C lass  4
E. C lass  5

4 1 .  A topy
4 2 .  A llerg ic  con tac t  de rm a ti t i s
4 3 .  Se ru m  sickness
4 4 .  H em oly tic  d isease  o f  the  new bo rn
4 5 .  C u tan eo u s  an aphy lax is

In quest ions  4 6 - 5 0 ,  for each  nu m b ered  item choose  the 
le ttered  cho ice  w ith  w hich  it is m os t  c lose ly  associa ted .

A. T h e  A B O  antigens
B . T h e  Rh antigen
C. An a llograf t
D. A syngraft
E. Isohem agg lu t in in s

46 .  IgM  antibodies
4 7 .  M in o r  b lood g ro u p  an tigen(s)
48 .  Involves genetica lly  d if fe ren t  indiv iduals
49 .  M a jo r  b lood  g ro u p  an tigen(s)
50 .  Involves genetica lly  identical ind iv iduals

In quest ions  5 1 -5 5 ,  for each  nu m b ered  item ch oo se  the 
le t te red  cho ice  w ith  w h ich  it is m o s t  c losely  assoc ia ted .

A . A n t ib o dy -m ed ia ted  au to im m u n e  d isease
B . Im m u n e  c o m p le x -m e d ia te d  au to im m u n e  disease
C . T  c e l l -m e d ia te d  au to im m u n e  disease
D. C o m p lem e n t  co m po nen t  defic iency
E. IgE -m ed ia ted  au to im m u n e  disease

51. H ash im o to ’s thy ro id i t is
52. R h e u m a to id  ar th r i t is
53. A u to im m u n e  hem oly tic  anem ia
54. M y a s th en ia  gravis
55 .  S ystem ic  lupus  e ry th e m a to su s

In quest ions  5 6 - 6 0 ,  for each  num b ered  item choose  the 
le t tered  choice  w ith  w h ich  it is m os t  c lose ly  assoc ia ted .

A . D efic iency  in В cells, T  cells  no rm al
B. D efic iency  in T  cells , В cells  no rm al
C . D ef ic iency  in b o th  В and T  cells
D. D efic iency  in p h ago cy tic  cells
E. D efic iency  in co m p lem en t  co m ponen t(s)

56. Di G eo rg e ’s syndrom e
57 . T ransient h y p o g am m ag lo b u l in em ia  o f  infancy
58 .  B ru ton’s agam m a g lo b u l in em ia
59. Severe  co m b in e d  im m uno def ic iency  d isease
60. A tax ia - te lang iec tas ia

In ques t io ns  6 1 -6 5 ,  for each  nu m b ered  item choose  the 
le t tered  cho ice  w ith  w h ich  it is m os t  c lose ly  associa ted .

A. A gg lu t ina t ion
B. Prec ip ita t ion
C .  H ap ten  inhibit ion
D. ELISA
E. O pson iza t ion

61 .  M easu res  the  p r im a ry  reac t ion  be tw een  an tigen  and 
an t ibody

62 .  Involves an insoluble  antigen
63 .  U sually  involves a  b ound  an t ig en ,  reac ted  with its 

antibody , and de tec ted  using  en zym e-labe led  im m u 
nog lobu lin  specific  for the an t ibody

64 .  R equ ires  the  bu ild -u p  o f  a lattice o f  a n t ig en /an t ib o d y  
com bina tions

65 .  M easu res  the  e f fec t  o f  an tibody  b ind ing  on the  abil ity  
o f  cells  to  phagocy tose

In ques t ions  6 6 - 7 0 ,  for each  n um b ered  i tem  ch o ose  the 
le t tered  cho ice  w ith  w hich  it is m o s t  c losely  associa ted .

A . E x trac ts  o f  B o rd e te lla  p e r tu ss is
B. A ttenua ted  poliovirus
C .  P n eu m oco cca l  po lysacch a r ides
D. M eas les ,  m u m p s ,  and  rubel la
E . Typho id  fever

66. R ecom m e n d ed  only in c a ses  o f  p rop osed  fore ign travel
6 1 . A bo o s te r  is reco m m en d ed  at the  age  o f  1 8 -2 4
68 .  R equires  represen ta t ion  o f  th ree  d if feren t s tra ins
69 .  U sed  as a vacc ine  desp i te  se r ious  p rob lem s w ith  side 

effec ts
70 .  R ecom m e n d ed  in ind iv idua ls  over  the  ag e  o f  65

Answers

1. В T  cells  m ed ia te  the ce l lu la r  im m u n e  re sponse  and
he lp  В cells  respond  in the  hum o ra l  response.

2 . A  T h e  h u m o ra l  re sp on se  is the  p rodu c t io n  o f  an t i
bod ies  by  В cells  a f te r  th e i r  activa tion  and  during  
and af ter  the i r  d if feren t ia t ion  in to  p la sm a  cells.

3. С Im m u n o g en  is broken  do w n  in to  pep tides  in the
an tigen  p resen ting  cells  (m acrop hag es  and В cells), 
bo u n d  to  specific  M C H  II p ro te ins ,  tran sp o r ted  to 
the  c e l l ’s su rface ,  and  presen ted  to  C D 4  + T  cells. If  
specific  recep to rs  ex is t  on  T  cells, the  p ep tides  in 
quest ion  are T-cell ep itopes. In the  case  o f  “ for
e ign” p ro te in  syn th es ized  internally , pep t ides  are 
bo u n d  to  specific  M H C  I p ro te ins  and presen ted  to 
C D 8  + T  cells.

4 .  D
5. С T h e  lym phatic  sys tem  co llec ts  tissue  f lu id  and

re tu rn s  it to th e  b lood supp ly  w hen  it d ra ins  into  the 
left subclav ian  vein.

6. С  In h um an s ,  the  th y m u s  is the  p r im ary  lym phatic
organ  w here  T  cells  develop. В cells , w h ich  develop 
in the  bursa  o f  F abr ic ius  in b irds ,  m atu re  in various  
si tes  o f  lym phatic  t issue  th o u g h t  to be equivalen t to 
the  bursa.

7. В S urface  IgM  and  IgD  on В cells  give them  their
specific ity  fo r  the an t igen  response.
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8. A All cells  found in the b lood arise  f rom  s tem  cells  in
the bon e  marrow.

9. E  T he  p rop er t ie s  listed are those  o f  В and T  cells.
M acrop h ages  a p p ea r  in the b lood as m on ocy tes  and 
m ature  in to  m acro p h ag es  in d if feren t tissues .  The 
site  o f  the  d if feren t ia t ion  leads to the different 
nam es for the m acro ph ages ;  for exam ple , K upffe r  
cells  a re  liver m acrophages .

10. С K a llik re in ,  b rady k in in ,  p ros tag land ins ,  and leu 
ko tr ienes  are all re leased  in in f lam m ation ,  and 
com plem en t  is fixed initially  by  the  C -reac t ive  
protein.

И .  В
12. A H igh  endo the l ia l  venules ,  germ ina l cen te rs ,  and

prim ary  follicles are characteristic o f  normal lymph 
nodes.

13. В Im m atu re  В cells have begun  cu tt ing  and  splicing
o f  th e i r  im m u n og lo bu lin  genes  and p ro du ce  sur
face-on ly  IgM  with bo th  kappa  and lam bd a  light 
chains  present.

14. С Tyrosine  k inase  activation is the result o f  c o m b in a 
tion betw een  the  an t igen  and  its antibody.

15. D
16. С C u tt ing  and sp lic ing  o f  the  im m unog lobu lin  genes

are involved in d e te rm in in g  the  spec if ic ity  o f  the Ig 
p ro du ced  by an ind iv idual cell and in the class  
sw itch  following activation.
B ence Jones pro te ins  are  d im ers  o f  light chains 
fo rm ed  fro m  the ove rp ro du ced  im m un og lob u lin  in 
m any  patien ts  w ith  multiple  m yelom a.
T-cell recep to rs  are m ade  up o f  a lp ha  and beta  
chains  w hen  the  T  cells  m ature  in the th y m u s  and 
from g am m a  and delta cha in s  w hen the  T  cells 
m ature  in non thy m ic  regions.
H elper  T  cells  have C D 4  on the ir  surface , w hich  
allows contact with antigen presenting cells through 
the M H C  II antigen.
S ecre to ry  co m p on en t  is sy n th es ized  by ep ithelia l 
cells and is a ttached to IgA m olecu les  before they 
are re leased  into the  lum en o f  the gut.
L ym phoid  tissue  a ssoc ia ted  with the gut fo rm s  the 
m ucosal im m u ne  sys tem .
All the  p ro p e r t ie s  listed are ch arac te r is t ic  o f  toler
ance  but it is the  spec if ic ity  tha t  is the m a jo r  quali ty  
o f  im m un e  tolerance.
O n cogen ic  v iruses  p roduce  specific  su rface  an t i
g ens  that a llow  som e cross-reactiv ity .

17. A

18. D

19. С

20. С

21. С

22. С

23. В

24 .  Е
25 .  С

27. Е  IgG is the only immunoglobulin  able to pass through
the  p lacenta .

28. В IgM  is p roduced  before the c lass  sw itch  and  th e re 
fore o ccu rs  first in an im m u n e  response. IgD  is 
found on the su rface  o f  m atu re  В cells  but is not 
secre ted  at a h igh  level.

29. A IgA has  sec re to ry  co m p on en t  a ttached  w hen  it is
found  in secretions.

30. D IgE has been  te rm ed  reag in  by  allergists .
31. С C D 8  on T  cells  (m ain ly  cy to tox ic  T  ce lls)  r e c o g 

n izes M H C  c lass  I an tigens.
32 .  A C D 4  on  T  cells  (m ain ly  T  h e lpe r  cells) recogn izes

M H C  c la s s  II an tigens.
33 .  В
34 .  E
35. D
36. E
37. С
38. D
39. A

40 . В

41 . A
42 . D

43 . С

44 . В

4 5 .  A
46 .  E

4 7 .  В

48 .  С
49 .  A
50. D
51. С
52. В
53. A

54 .  A

C 3 a  is re leased  in the  com plem en t  cascad e  and is 
anaphyla tox ic .
C 3 b  is re leased  d u r ing  the  co m p lem en t c a scade  and 
is broken  dow n into a varie ty  o f  p roducts .
Atopy involves IgE  and  is c lass  I.
A llerg ic  con tac t  d e rm a t i t i s  involves a tubercu lin -  
type  re sponse  and is c lass  IV.
S eru m  s ickness  involves a n t ig e n /a n t ib o d y  c o m 
plexes and is c lass  III.
T h e  reac t ion  involves an t igens  fo rm ing  part o f  cell 
su r faces  and is c lass  II.
C u tan e o u s  a nap hy lax is  involves IgE  and is c lass  I. 
N aturally  found  iso hem ag g lu t in in s  are  Ig M  im m u 
noglobulins .
A ,B ,  and  О  are  the  m a jo r  b lood groups .  O the r  
an t igens  are cons ide red  minor.

B ecause o f  the pool o f  specific  T  and В m em o ry  
cells, the secondary response can be detected sooner, 
involves p roduc t ion  o f  m ore  antibody , and lasts 
longer  than a p r im ary  response.

26 .  С  K ap pa  light cha in s  have allo typ ic  fo rm s  t e r m e d /ztx'.

55 .  В

56 .  В

57 .  A

58. A

A u to im m u n e  hem oly tic  anem ia  is ca u sed  by anti- 
R B C  an tibodies .
M yasthenia gravis is the result o f  antibodies against 
the  ace ty lcho line  recep to rs  at n e u ro m u scu la r  j u n c 
tions.
S L E  results  f rom  im m u n e  com plexes  fo rm ed  by 
an ti -D N A  antibodies .
Di G e o rg e ’s sy nd rom e  is a  b ir th  defic iency  involv
ing the  fourth  ph a ryn gea l  pouch  and  resu lts  in 
m any sym p to m s inc lud ing  th ym u s  deficiency.
T h is  sy n d rom e  involves a re ta rded  deve lo pm en t  o f 
the hum ora l im m un e  sys tem .
B ru ton’s is the  o r ig in a l ,  c las s ic  В -cell deficiency.
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59. С  As the  nam e im plies ,  bo th  В and T  cells are
defic ient.

60. С  T h is  sy nd rom e  varies with ind iv idual patients but
bo th  T  and В cells  are involved.

61. С  T h e  ab il i ty  o f  a hapten  to prevent the b ind ing  of
b ound  an tigen  with its specific  an t ibody  o ccu rs  at 
the  level o f  the  initial an t ig e n /a n t ib o d y  b in d 
ing.

62. A A gglu t ina t ion  involves the c lum p in g  tog e th e r  of
insoluble  antigen.

63 .  D
64 . В P rec ip ita tion  is the  con tin ued  form ation  o f  a lattice

be tw een  soluble  an t igen  and its an t ibody  until the 
com plex  beco m e s  insoluble.

65 .  E  A n  op so n in  increases  the ab il ity  o f  phagocy te s  to
en g u l f  bacte ria .

66 .  E  T yphoid  fever is not a prob lem  requ ir ing  vacc ina 
tion for those  s taying in the  United  States.

67 .  D  B oo s te r  sho ts  with the  m eas les ,  m u m p s ,  and ru b e l
la vaccine  are  rec o m m en d e d  because  the orig inal 
vaccine  o f  15 to  20  years  ago  did  not result in 
l ife long im m u n i ty  and 18 to 20  years  o f  age is the 
t im e o f  exposu re  to new popu la t ions  (e .g . ,  co llege, 
m ili ta ry  training).

68 .  В T h ree  sero log ica lly  d if feren t s tra ins  o f  po lio  v irus
cause  poliom yelit is  and have to be im m unized  
agains t.

69. A T he  w h oo p ing  cou gh  vaccine results  in som e cases
o f  neuro log ic  involvement with  resu lt ing  d ea th ,  but 
the ch ances  o f  this  are cu rren tly  ou tw e igh ed  by the 
beneficial e ffec ts  o f  vaccination.

70. С  P ne u m o n ia  is caused  by a  variety  o f  o rg an ism s ,  and
many strains o f  Streptococcus pneum oniae  can cause 
the d isease. T h e  cu rren t  vaccine uses s tra ins  that 
cause  the m a jo r i ty  o f  the  infections.
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General Bacteriology

J o e  A. Fralick

Taxonomy and Nomenclature 
of Bacteria

Taxonom y  is the  sc ience  o f  bio logic  c lassif ica t ion . It in 
volves c la ss ifica tio n , nom encla ture, and the id en tifica tio n  
o f  o rgan ism s .  C lass ifica tion  involves the a r rang em en ts  o f 
o rg an ism s  in to  g roups  o r  taxa  based  on s im ila r i t ie s  or 
re la tedness .  N om encla tu re  is c o n ce rn ed  with the  a ss ign 
m en t  o f  n am es  to taxonom ic  groups . Identif ication  is co n 
c e rn ed  with the p rocess  o f  d e te rm in ing  that  a pa rt icu la r  
o rg a n ism  belongs  to a p a r t icu la r  taxon. A  m a jo r  goa l o f 
bacte r ia l  taxonom y is to aid the  bac te r io log is t  in iden tify 
ing u nknow n bac te r ia  and to  provide  the physic ian  with a 
fast and  accura te  de te rm ina t io n  o f  a  pathogen .

Classification

T h e  early  d escr ip t ion  o f  o rg an ism s  as e i th e r  p lants or 
an im als  is too  s im plif ied ,  and m any sys tem atic  biologists  
p lace o rg a n ism s  into five k ing do m s based  on th ree  m ajor  
c r i te r ia :  ( l ) c e l l  type  (p roca ry o tic  o r e u c a ry o t ic , (2) level o f 
o rgan iza tion  (solitary, co lon ia l ,  unicellu lar ,  multicellu lar) ,  
and (3) nu tr i t iona l  type  (abso rp tive ,  ingestive).

Two fund am en ta l ly  d if feren t types  o f  cells exist: p?-o- 
ca ryo tic  and eu ca ryo tic  (F ig. 2-1). P roca ryo tic  (pro, or 
p r im it iv e  nucleus)  cells  have a s im pler  m orpho logy  than 
euca ry o t ic  cells  and lack a nucleus and n uc lea r  m em bran e  
as  well as  in t racy top lasm ic  organe lles  such  as m i toch on 
d r ia .  T h e  eu ca ry o t ic  cell (eu ,  o r  t ru e  nucleus)  has a 
m em b ran e -b o u n d  nuc leus  and is found  in algae , fungi ,  
p ro tozo a ,  plants, and anim als .  All bac te r ia  o r  p rocaryo tic  
o rg an ism s  includ ing  the eu b a c te r ia  ( t rue  bac te r ia )  and 
a rch a eb a c ter ia  (ancien t bac te r ia )  are p laced  in the k in g 
dom  P rocaryo tae  (o r  M onera).

N o m en c la tu re

T h e  basic taxonom ic  g ro u p  in microbial taxonom y is the 
spec ies. Spec ies  o f  h ig he r  o rg an ism s  re fe r  to groups

o f  in te rb reed ing  or po ten t ia l ly  in te rb reed ing  popula t ions  
that are rep roduc tive ly  isolated from  o the r  g roups . How
ever, a  bacte r ia l  species  is a co llec tion  o f  s tra in s  that 
share many stable p roper tie s  in c o m m o n  and d if fer  s ign if i 
can tly  from  o th e r  g ro u p s  o f  stra ins .  A strain  is a p o p u la 
tion o f  o rg an ism s  tha t  descen ds  from a single parent 
o rgan ism .

B ac te r ia  are nam ed  acco rd ing  to the ru les  es tab lished  by 
the In te rna t iona l  C ode  o f  N om encla ture ,  w hich  uses la tin
ized n am es  with suffixes to indicate  d iv is io n s  (-es), c la sses  
(-aceae), orders  (-ales), fa m ilie s  (-aceae),  genera , and 
spec ies. At p resen t the t rend  is to p lace em p has is  on the 
species  and  genus, with  h ig h e r  taxonom ic  levels to be 
indicated  only w here  gene tic  ev idence  is adequate. T he  
first w ord  o f  a  bacte r ia l  n am e  is the  g eneric  nam e (genus) 
and is cap i ta l ized  and i ta lic ized  (e .g .,  E scherich ia ). T h e  
second  word o f  a bacte r ia l  nam e  des ig na tes  the  spec ies, 
and is i ta l ic ized  but not cap i ta l ized  (e.g ., coli). O f ten ,  the 
genus nam e is sh o r tened  by abbrev ia ting  with a  single 
capita l le t te r  (e.g ., E. coli). C om m on  o r  tr iv ia l  n am es ,  such 
as  s trep toco ccu s  or p se u d o m o n ad ,  refer to s tra ins  tha t are 
physio logically  o r  m orpho log ica lly  similar. Such nam e s  
are ne i the r  cap ita l ized  nor  i ta l ic ized a nd  so m etim es  can  be 
co n fu s ing ,  such as  w hen  "b ac i l lu s” is used  to d escr ibe  any 
rod -shaped  b ac te r ia .  However, so m e  triv ia l  nam es ,  such as 
tuberc le  bacil lus  and typho id  bacil lus ,  are u sed  in p lace of 
M yco b a c ter iu m  tu b ercu lo s is  and  Sa lm onella  typ h i, re sp e c 
tively, in the m edica l li terature. A list o f  approved  bacte ria l 
n am es w as published  in 1980 in the  In te rn a tio n a l Journa l o f  
S ystem a tic s  B a c terio lo g y  and new valid n am es  are p u b 
lished pe riod ica l ly  in this  sam e  jo u rn a l .

Several c r i te r ia  are used in a ss ign ing  bac te r ia  to 
a  previously  defined  o r  a new genus and specific  e p i 
thet . T h e se  include p heno typ ic  c lass if ica t ions ,  which 
are based  on m orpho log ic ,  physio log ic ,  m etabo lic ,  eco log 
ical, and gene tic  charac te r is t ics ,  and  phy logene t ic  c la ss i
fications, w hich  are based  on evo lu t ionary  relationships. 
T he  latter are d e te rm in ed  from  co m p ar iso n s  o f  p rote ins ,  
nucleic  ac id -base  co m p os i t ion ,  and nucleic ac id  h o m olo 
gies.
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PROCARYOTIC CELL O u te r  M em b ra n e

M icro -C a p su le

P e n p la s tlc  
S p a c e

P o ly rib o so m e

N ucleoid
(Bactonal
C hrom osom e)

C a p s u le

G ran u le

Cell Wall
R ib o so m e s

M olecu les

F lagellum
RNA C o re

M e s o s o m e  /
C y to p lasm ic  
M em b ra n e P h o to sy n th e tic

M em b ra n e
I L am ellae 
C hrom atophores)

EUCARYOTIC CELL

ly so so m e  

G olgl a p p a ra tu s

n u c le a r  m e m b ra n e  
n u c le u s  
n o c le o lu s
rib o s o m e s  a t ta c h e d  
to  re ticu lum  

e n d o p la sm ic  re ticu lum

p la s m a  m e m b ra n e  

c y to p la sm ic  m atrix 

m ito c h o n d rio n

Fig. 2-1 Procaryo tic  versus e u ca ry o t ic  cell a rc h i te c tu re .

Iden tif ica tion

T h e  difficulty  o f  bacte r ia l  taxonom y arises  from  m aking 
ar t if ic ia l  d iv is ions w here  no apparen t natural species  bar
r iers  ex is t ,  and ,  desp i te  the un ce r ta in t ie s  and problems 
w ith  the c lass if ica t ion  in B erg ey ’s  M anua l o f  S y s tem a tic  
B acterio logy, it is the m o s t  w idely  accepted  and used 
sys tem  for the  identif ica tion  o f  bac te r ia .

Composition, Organization, and 
Architecture of th e  Bacterial Cell

Chem ical C om p o sit io n  o f  t h e  
A verage  Bacterial Cell

B acter ia l cells  can  be harves ted  by cen tr ifuga tion  and their 
b iom ass  ana lyzed  by a varie ty  o f  b iochem ical techniques. 
Typically, one  finds tha t  approxim ate ly  70  percen t o f  the 
packed cell mass is water, somewhat less than the 90 percent 
found for cells o f  higher organisms. Elemental assay o f  the 
dry mass o f  E . coli reveals a fairly typical composit ion of 
protoplasm that mostly consists o f  organic compounds. Table 
2-1 gives the results o f  organic analysis o f  the dry mass o f  E. 
coli cells growing at 37°C in glucose minimal media.

S om e  general o bserva tions  tha t  can  be m ade  from  a n 
a lyzing Table 2-1 are  as follows:

1. M acrom olecu les  cons t i tu te  the  p rep on deran ce  (96% ) o f  
the  d ry  mass o f  bac te r ia l  cells.

2. P ro te ins  cons t i tu te  m ore  than  one h a lf  (55% ) o f  these  
m acrom olecu les  and rep resen t the g rea tes t  d ivers ity  o f  
d if feren t kinds.

3. T he  ribosomal r ibonucleic acid (rRNA) species (23S, 
16S, and 5S) are different from eucaryotic  rR N A  species.

4 .  W h ile  there  are  m any  c o m m o n  m acrom o lecu les ,  two 
are un ique to bacte r ia :  p ep tid o g ly c a n  and lip opo lysac-  
charide.

5. W hile  there  are ov e r  1050 d if feren t p ro te in  species,  
on ly  4 0 0  d ifferent m essen ger  R N A  (m R N A ) species  
ex is t ,  ind ica ting  tha t m any  o f  the  p ro te ins  are  co d ed  in 
p o lyc is tro n ic  m RN A  m olecu les  (m R N A  spec ies  tha t  
code  fo r  m ore  than  one  gene  product) .

V ariety a n d  N u m b e r  o f  M acrom olecu les

Proteins

We can  es t im ate  the  n u m b e r  o f  d if feren t p ro te ins  and  the ir  
abundance from analysis o f  two-dimensional gels that resolve 
total cell protein ( O ’Farrell gels). In this technique proteins 
are separated on the basis o f  their net charge by m eans of 
isoelectric  fo cu s in g  in one dimension and on the basis o f  their 
apparent size by sodium  dodecyl su lfa te (SD S)-po lyacryla - 
m ide  gel e lectrophoresis in the second dimension. F rom  such 
an analysis  there are approximately 1050 different polypep
tides present in significant am ounts  (50 or more molecules/ 
cell) in an E . coli cell growing in minim al glucose m edia  at 
37°C. T his  sam e analytical technique also reveals that the 
different species o f  polpeptides may vary in their content over 
a 105-fold range  im plica ting  pow erfu l m e c h a n ism s  for 
co n tro ll ing  the  express ion  o f  ind iv idual genes.

RNA

T h e  p rep on deran ce  o f  R N A  (81% ) is rR N A , co m pr is in g  
th ree  m olecu la r  sp e c ie s— 235, /65 ,  and 5 5 — presen t in
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T a b le  2-1 T ab u la t io n  o f  M a c ro m o le c u le  C o m p o s i t io n  o f  a n  A v e rag e  Escherichia coli Cell

Average
% o f Dry M olecular No. o f No. o f D iffe ren t

Macromolecules Mass W eigh t M olecules/Cell Kinds

Protein 55.0 4.0 x 104 2,360,000 1050
RNA 20.5 1.0 x  106

23S 1.0 x 106 18,700 1
16S 5.0 x 10' 18,700 1
5S 3.9 x  104 18,700 1
tRNA 2.5 x Ю6 205,000 60
mRNA 1.0 x  106 1,380 400

DNA 3.1 2.5 x  109 2.13 1
Lipid 9.1 705 22,000.000 4
Lipopolysaccharide 3.4 4346 1,200,000 1
Peptidoglycan 2.5 (904)n 1 1
Glycogen 2.5 1.0 x  106 4,360 1
Total macromolecules 96.1
Metabolites, vitamins, precursors.

and inorganic ions 3.9

eq u im o la r  am o u n ts  (approx im a te ly  18,700 cop ies  pe r  cell). 
Transfer R N A  (tR N A )  m akes  up  m os t  o f  the  rem aind er  of 
the  R N A  (15%), o f  w h ich  there  are  ab o u t  2 0 0 ,0 0 0  m o le 
cu les  co m p r ised  o f  ap prox im ate ly  60  d if feren t species. 
M essenger RNA  m ak es  up  on ly  4 percen t o f  the  c e l l ’s total 
R N A  and  rep resen ts  approx im ate ly  40 0  d ifferent species. 
M essen ger  R N A  o f  E . co li  has  an average ha lf-life  o f  1.3 
m inu tes ;  however, no t  all m R N A  spec ies  are equally  labile 
and  their  d if fe ren t half- l ives  m ay  vary from  frac tions  o f  a 
m inu te  to 10 minutes.

DNA

D N A  m akes  up ap prox im ate ly  3 percen t o f  the  d ry  w eight 
o f  the  average E . co li  cell .  T h e  E . co li chrom osom e  is 
know n to cons is t  o f  a c ircular, covalently  c lo sed ,  d o u b le 
s tranded  m olecu le  o f  ap prox im ate ly  four mill ion nuc le 
o t ide  base  pairs  w ith  a  m o lecu la r  w eigh t o f  abou t  2 .5  x  109 
daltons. O u r  re ference  cell has  s l ightly  over tw o com plete  
ch rom o so m es .  However, s ince  each d au g h te r  c h ro m osom e  
is a cop y  o f  the sam e  paren ta l  ch ro m o so m e  the  cell  is 
genetica lly  ha p lo id .

Lipid

T h e  lipid o f  E . co li, exclud ing  lipid  A  o f  lipopolysac- 
charide ,  is exc lu sive ly  phosp h o lip id . Bacter ia  d o  not a ccu 
m ulate  neutral fats as  re se rv e  m ater ia ls  and  the i r  lip ids  are 
a func t iona l com po nen t  o f  th e i r  m em b ranes .  T h u s ,  m e m 
brane  phospho lip ids  c o m p r ise  9 percen t  o f  the d ry  w eight 
o f  the  average  E . co li cell .

Lipopolysaccharide (LPS)

T h e  lipopo lysacchar ide  o f  E . co li is a  com plex  m a c ro 
molecule. It is c o m p o sed  o f  th ree  regions: (1) the  lip id  A , 
(2) the  core  o ligosaccharide , and  (3) the repea t ing  o r  О  
an tig en . L ipo po ly sacch ar ide  is found  exc lu sive ly  in the 
ou ter lea fle t o f  th e  o u ter  m em b ra n e  and is un ique to g ram - 
negative  bacte ria .

P eptidoglycan

P ep tidog lycan  is found in all b ac te r ia  with the exception o f  
a rchaebac te r ia .  In  g ram -po s i t iv e  bac te r ia ,  w here  there  are 
m any  layers o f  p ep t id og ly can ,  it fo rm s  the bu lk  o f  the  cell 
envelope. In gram -neg a t ive  bac te r ia ,  such as  E. co li, w here 
it is on ly  a  single  layer th ick ,  it s til l p lays an im po rtan t  role 
in m ain ta in ing  the  s truc tu ra l  in tegri ty  o f  the  cell .

Bacterial Size a n d  Form 

Cell Shape

B acter ia  co m e  in a varie ty  o f  shapes and s izes  and can  be 
v isua lized  by dark-fie ld  or phase  con tra s t  microscopy. 
T h ese  techn iques  allow the  m orpho logy  o r  shape  o f  the 
ba c te r ia  to be d e te rm in ed .  Bacter ia  tha t  p ossess  inflexible 
cell  walls c an  be c lass if ied  accord ing  to shape  as follows:

1. C occi: spher ica l  bac te r ia
2. S trep to co cc i:  cocci that are  a r ranged  in cha ins
3 . S ta p h y lo co cc i:  cocci a rranged  in c lus ters
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4 .  S a r d  п а е :  cocc i  a r rang ed  in packets
5. B a cilli:  rod -shaped  bacte ria
6. F usiform : rod -shaped  bac te r ia  with  tapered  ends
7. C lava te:  c lub -shap ed  o r  bac te r ia  with  swollen ends
8. C ordyneform :  bac te r ia  tha t exhibit varia tion  in their 

d iam eter
9 . V ibrios: bac il la ry  fo rm s  that are bent into the  shape  of 

a  co m m a
10. S p ir illa :  bac te r ia  that app ea r  snakelike
11. C o cco b a c illi:  bac te r ia  tha t ap pea r  as ovoids or e l l ip 

so ids and  so m etim es  o cc u r  in pairs
12. S p iroche tes: b ac te r ia  tha t possess  flexible cell enve

lopes with a  “ c o rk sc re w ” appearance

Bacteria can also show variation in morphology in a pure 
culture and this is known a s pleom orphism . Several medically 
im portant bacteria are subject to pleomorphism, which un
derlines the importance o f  examining fresh, viable cultures.

Cell S ize

B acte r ia  are sm a ll ,  well below  the  range  o f  w hat the 
u na ided  h u m an  eye can  see. Typical bac te r ia  are  on  the 
o rd e r  o f  1 p,m in diameter. It takes approxim ate ly  1012 
bac te r ia  to w eigh  1 g and it requ ires  a  suspension  o f  1 to 10 
mill ion to be vis ibly cloudy. It has been es t im a ted  that each 
h um an  ca rr ie s  up  to 100 tr il l ion  bac te r ia  in the  large 
in testine, w hich  greatly  su rpasses  the  total nu m b er  o f  the 
in d iv id u a l’s cells.

Being sm all has its advantages. It a llows for very  high 
m etabolic  ra tes  because  the  su r face - to -v o lum e  ratio in
c reases  as the  size  o f  the cells  decreases .  U ltimately,

b iochem ical reac t ions  are  lim ited  by d if fus ion ,  and the 
sm a lle r  the cells , the  less l im iting  it is. C onsequently  
bac te r ia  are capab le  o f  high m etabo lic  rates (o rders  o f 
m agn i tu de  h igh e r  than  those  o f  th e i r  eu ca ryo t ic  cousins).

Bacterial A rch i te c tu re

Procaryotic Versus Eucaryotic

B acter ia  are p rocaryo tes ,  w h ereas  fungi ,  p ro tozo a ,  and 
e lephan ts  are eucaryo tes. P rocaryo tes la ck  true  n u c le i and 
o the r  in ternal m em b ran e -b o u n d  organelles .  T h e y  do not 
c a r ry  out endocy to s is  and  are  incapable  o f  inges ting  p a r t i 
c les  or liquid drople ts .  P ro ca ry o tes  a lso  d if fer  from  e u c a ry 
o tes  in im p ortan t  b iochem ica l ways, such as  the c o m p o s i 
tion o f  the ir  r ib o so m e s  and lipids. P ro ca ry o tes  are  usually  
hap lo id ,  co n ta in ing  a single  (o r  duplica ted)  ch rom o so m e  
and extrachrom osomal plasmids; eucaryotes are usually d i
ploid or have a  diploid phase with multiple chromosomes.

G ram -Positive Versus G ram -N egative

Most b ac te r ia  can  be  su b d iv ided  in to  one o f  tw o groups  
based  on  the ir  react ion  to G ram 's s ta in . T h e  m a jo r  d iffer
ence  betw een  the tw o g ro u p s  re lates  to fun dam en ta l  d iffer
ences  in the  com p os it ion  and  o rgan iza t ion  o f  the  cell 
envelope. T h e  cell envelope inc ludes  the  c e ll w a ll o r  
p ep tid o g lyca n  layer, w h ich  lies ju s t  ou ts id e  the  c y to p la s 
mic m em bran e ,  an d ,  in the  case  o f  g ram -neg a t iv e  bac te r ia ,  
an o u ter  m em b ra n e  (F ig. 2-2). G ram -positive  b ac te r ia  have 
th ick  c e ll w alls  c o m p osed  o f  m ultip le  layers (a p p ro x 
im ately  40) o f  p ep tid og ly can ,  w hich  are h ig h ly  cross-  
lin ked . T h e re  is no  ou te r  m em brane .  G ram -nega tive  b a c te 

Fig. 2-2 G ram -p os i t ive  versus g r a m - n e g a t iv e  cell e n v e lo p e s .  LPS, l ip op o lysac 
c h a r id e ;  LP, l ip o p ro te in .
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ria  have th in  c e ll w alls  o f  pep t idog lycan  (of ten  a  single 
layer th ick )  w ith  less c ro ss-lin k in g  than  g ram -posi t ive  
bac te r ia  and  an o the r  m em b rane  on the cell  su rface  called  
the  o u ter  m em brane . A l though  several exp lana tions  have 
been given  for the  d if fe rence  in G r a m ’s stain results ,  it 
app ea rs  tha t it is due to the physical na ture  o f  the p ep
t idoglycan .  If  this  layer is rem oved  from  g ram -posi t ive  
bac te r ia ,  they s ta in  as g ram -negat ive . T he  p ep tidog lycan  is 
not sta ined  per se bu t  ra th e r  acts  as  a p e rm eab il i ty  barrier. 
Both g ram -p o s i t iv e  and g ram -n ega t iv e  bac te r ia  are in i
tially s ta ined  by the  p r im ary  stain  c rys ta l  violet. T h e  cells 
are next trea ted  with the m o rd an t  e thano lic  iodine to 
p ro m ote  dye retention . W hen the  g ram -po s i t iv e  bac te r ia  
are then  d eco lo r ized  w ith  ace ton e -e th ano l ,  the  e thano l  is 
th ou gh t  to sh r in k  the  pore  size  o f  the th ick ,  highly  cross-  
l inked pep tidog lycan  and re ta in  the  dye-iod ine  com plex . 
Hence the gram-positive bacteria  remain purple. The gram- 
negative bac te r ia ,  on  the o ther  hand ,  have a  th in ,  not as

h igh ly  c ro ss - l in ked ,  pep tidog lycan  layer, and the alcohol 
trea tm en t  can  extrac t the  purple  c rys ta l  v io le t- io d in e  c o m 
plex. Hence, g ram -n ega t ive  bac te r ia  m us t  be s ta ined  w ith  a 
coun te rs ta in  to be  seen.

Subcellular C om ponen ts o f  Bacteria 

S u r f a c e  A p p e n d a g e s

Both g ram -po s i t iv e  and g ram -neg a t iv e  bac te r ia  m ay  have 
p ro te inaceous  su r face  appendages:  p ili  and fla g e lla  (Table 
2 -2 ).

F la g e lla .  M os t motile  bac te r ia  move by m ean s  o f  f lage l
la, w h ich  are long, hollow, w hip like  s t ru c tu re s  m ad e  up of 
p o lypeptide  subunits  o f  fla g e ll in .  E lec tron  m icroscopic  
s tud ies  have show n that the  bac te r ia l  f lage l lum  is c o m 
posed  o f  th ree  parts : (1) the  long w hip like  f i la m e n t  m ad e  up 
o f  flagell in ; (2) a  b a sa l body, w hich  is em bed de d  in the

Table 2-2 S u m m a ry  o f  t h e  S t ruc tur a l /Func t i ona l  Rela t ionships  o f  t h e  Subce l l ula r  
C o m p o n e n t s  o f  t h e  Bacter ia l  Cell

Structure Composition Function

Flagella Protein (flagellin) Locomotion

Pili (fimbriae) Protein (pilin) Adhesion
Capsule Polysaccharides Usually protects from environmental factors

Polypeptide Sometimes contributes to virulence 
May prevent phagocytosis 
May be antigenic 
Food reservoir

Cell wall Peptidoglycan (murein) Protects from osmotic lysis 
Gives cell rigid structure 
Determines cell shape

Gram-positive Thick peptidoglycan layer 
Highly cross-linked 
Contains teichoic acids

Gram-negative Thin peptidoglycan layer
Outer membrane Phospholipid, protein, and LPS Forms hydrophobic barrier 

Unique to gram-negative bacteria
Cytoplasmic membrane Phospholipid, protein and carbohydrates Houses many biosynthetic enzymes 

Houses the energy-producing electron 
transport systems 

Houses many transport systems for sugars, 
amino acids, etc.

Cytoplasm Nucleic acids, proteins, and carbohydrates Primary site for biosynthesis
Bacterial nucleus DNA (single chromosome) 

No nuclear membrane
Genetic storehouse

Ribosomes RNA and proteins Translational machinery
Inclusions

Volutin Polymetaphosphate Reserve materials
Granulose Polymers of glucose
Other Sulfur, lipids, glycogen

Endospores Contain many of the macromolecules of the Very resistant to environmental factors such as
vegetative cell heat, chemicals, and ultraviolet light
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cy top lasm ic  m em b rane  and a c ts  a s  a m otor  in the  tu rn ing  
o f  the f i lam en t  in a  c lockw ise  or coun te rc lock w ise  rotation; 
and (3) the  hook, w hich  a c ts  like a u n iversa l jo in t  and  links 
the f i lam en t  to the  basal  body. In g ram -n ega t ive  bacte r ia  
the basal  body  has four r ings con nec ted  to  a centra l rod. 
T h e  L and P  r in gs  associa te  with the  l ipopo lysaccharide  
(ou ter  m em b rane)  and pep tido g lycan .  respectively. T h e  
two inner  M rings are associa ted  w ith  the  cy top lasm ic  
m em brane.  G ram -p os i t ive  bac te r ia  have tw o r ings ,  one 
associa ted  w ith  the  cy to p lasm ic  m em b rane  and one with 
the p ep tido g lycan  layer.

Bacter ia  w ith  a  single po lar f lage llum  are  m onotrichous- 
ly  flagella ted , w h ereas  those  with flage lla  d is tr ibu ted  over 
the ir  su rface  are peritr ich o u s. L opho trichous  bac te r ia  p os
sess a tu f t  or c lus te r  o f  f lagella  co nfined  to one  end ,  and 
a m ph itr ichous  bac te r ia  have tuf ts  o f  f lagella  at bo th  ends. 
B eing  p ro te inaceous ,  f lagella  are an tigen ic ,  and are called 
H  an tigens. Serologic  identif ication  o f  bacte r ia l  ty p es  via 
H an t igens  is usefu l  in identify ing various se ro types ,  
e specia lly  a m o ng  Sa lm onella  species.

Pili. P ili, o r  f im b r ia e ,  are hairlike, hollow -cored  ap p en d 
ages tha t  exis t on m any species  o f  bac te r ia .  Pil i are c o m 
posed  o f  a p ro te in ,  called  p ilin .  Pili often con fe r  adhesive 
p roper tie s  to the  b acte r ia l  ce lls ,  enab ling  them  to adhere  to 
various  ep ithelia l su rfaces ,  to red b lood ce lls ,  to  su rfaces  o f  
yeast  and fungal cells , and to  tee th ,  as well as to glass. 
T hese  adhesive  p ro p e r t ie s  play an im po rtan t  role in b ac te 
rial coloniza tion  and thus  are so m etim es  re fe rred  to as 
co lon iza tion  fa c to rs . T h is  adhesion  is often very  specific .  
For  exam ple , the E . co li s tra ins  tha t cause  t rave le r’s diar
rhea adhere  th rough  pili to cells  o f  the sm all  intestine 
w here  they secrete  a toxin tha t  causes  the sy m p to m s  o f  the 
disease. Pili are also essen tia l  for gonococc i to infect the 
ep ithe lia l  cells  o f  the ge n i to u r in a ry  trac t .  A  un ique  pilus 
ca lled  the  se x  p ilu s  o r  F  p ilu s  is used  for the  t ransfe r  o f 
deoxyribonuc le ic  acid (DNA) from  a d o n o r  to a recip ient 
cell du ring  the  process  o f  conjugation . P il i ,  like capsu les ,  
can be antiphagocytic  and may be highly changeable, perm it
ting som e  o rgan ism s  to ou tf lank  the im m un e  sys tem .

C ap s u le s  a n d  Sl ime Layers

C ap su les  and s l im e are located ou ts ide  the  pep tidog lycan  
cell wall and are found  in bo th  g ram -p os i t ive  and  g ram - 
negative bac te r ia .  If  the  layer o f  materia l is well o rgan ized  
(no t easily  w ashed off), it is ca lled  a  capsu le . If  the  materia l 
is d if fuse  (eas ily  w ashed off), it is called  a  slim e  layer. In 
som e cases  a sl ime layer is found ou ts ide  a  capsule. 
C ap su les  and s l im e layers are usually  c o m p osed  o f  p o ly 
sa cch a r id es, but may be co ns tru c ted  o f  o th e r  materia ls.  
O ne  im portan t  exception is the  p o lyg lu ta m ic  a c id  capsu le  
o f  B acillu s  a n th rac is . C apsu les  can  be seen with the  light 
microscope when capsule stains are employed. W hen placed

on  appro p r ia te  m ed ia ,  spec ies  that p rod uce  large capsu les  
ap pea r  m u co id  and are re fe rred  to  as  sm o o th  (S )  co lonies,  
w hile  noncap su la r  varian ts  o f  these  sm o o th  bac te r ia l  cells  
are ca lled  rough  (R )  s tra ins .  C ap su les  are a n tip h a g o cy tic , 
p rom ote  adherence  to su rfaces ,  exc lu d e  m any  h yd rophob ic  
an tib io tics, p ro tec t against dehydra tion  a n d  bacteriophages, 
p ro tec t a g a in s t ion a n d  p H  flu c tu a tio n s ,  and ac t  as  v iru 
lence fa c to rs .

Cell Envelope___________________

O u t e r  M e m b r a n e

T h e  o u te r  m em b rane  o f  g ram -neg a t iv e  b ac te r ia  is a highly  
spec ia lized  organe l le  tha t lies o u ts id e  the  cy top lasm ic  
m em bran e  and  the  m u re in /p e p t id o g ly c a n  cell wall and 
fo rm s  the  in terface  be tw een  the  cell  and  its env iro nm en t .  In 
con tra s t  to m o s t  bio logic  m em b ranes ,  the  o u te r  m em b rane  
d oes  not a llow  p assage  o f  h yd rophob ic  and  am p h ipa th ic  
molecu les .  It se rves  p r im ar i ly  as a se lec tive  b a rr ie r  tha t 
excludes a  variety  o f  noxious en v ironm enta l  subs tances ,  
such as  degrada t ive  e n z y m e s ,  an tib io t ics ,  and  bile salts, 
w hile  a llowing p e rm ea tion  o f  water-soluble  nu tr ien ts  and 
ions to the  ac tive  t r an sp o r t  m ach in e ry  o f  the  cy top lasm ic  
m em brane .  T h is  spec ia l ized  func t ion  is re f lec ted  in its 
un ique  com pos it ion  and m o lecu la r  architec ture .  C h a ra c 
ter is t ic  co m p on en ts  inc lude  a  lim ited  set o f  m a jo r outer- 
m e m b ra n e  p ro te in s  and inc lude  in E. co li the  p o rin  family, 
w hich  form  t r im e r ic ,  tran sm em b ra n e ,  nonspec if ic  h y d ro 
philic pores ;  the  m ure in  lipopro te in , w hich  covalently  
anchors  the  o u te r  m em b rane  to the  p ep t ido g lycan  cell wall; 
O m pA , w hich is involved in the  in teg r i ty  o f  the  ou te r  
m em b rane ;  and a  un ique m a jo r  c o m p o n en t ,  lip o p o ly sa c 
charide , w hich  res ides  exclus ively  in the  o u te r  leaf le t o f  the 
o u te r  m em bran e  and is essen tia l  for the  m a in te n a n c e  o f  the 
o u te r -m em b rane  p e rm eab il i ty  barrier. T h e  size o f  the  out- 
e r-m em bran e  pores  d e te rm in e s  the  size  o f  water-soluble  
so lu tes  tha t can  pass  in to  the  ce ll .  In  E . co li, pores 
c o ns t ruc ted  o f  the  p o r in s  O m p C  and O m p F  exclude  m o le 
cu les  la rger  than 70 0  daltons. T h e  o u te r  m e m b ra n e  also 
conta ins  approx im ate ly  50 o th e r  p ro te in  spec ies  p resen t  in 
m u ch  lower copy  num bers .  M any  o f  these  m in o r  outer- 
m em bran e  p ro te ins  have key func t ions ,  inc lud ing  specific  
t r a n spo r t  sy s tem s (for iron , v itam in  B ]2, m altose ,  e tc . )  and 
enzym atic  ac tiv it ies  (phospho lipase ,  proteases) .  In ad d i
t ion , the  ou te r  m em bran e  from  m em b e rs  o f  the  family 
E n te ro ba c te r iaceae  co n ta in s  a un ique po ly sacchar id e ,  e n 
te ro b a c te r ia l com m on a n tig en .

Lipopolysacchar ide

P robably  the  m os t  u nusua l  m acrom o lecu les  o f  the ou ter 
m em b rane  are l ip opo lysaccharides .  T h e se  large  m a c ro 
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m olecu les  cons is t  o f  bo th  lipids and ca rbohydra tes ,  and  are 
co m p o se d ,  chemically ,  o f  th ree  regions: (1) the  lip id  A,
(2) the core o lig o sa cch a rid e , and (3) the  repea t ing  side 
chain  o r  О an tigen .

L ip id  A  is similar in all gram-negative bacteria  and consists 
o f  two g lu co sam in e  d isaccha r id e  d e riva tives  w ith  fatty 
ac id s  e s te r if ied  to  som e  o f  its hydroxy l g roups . T h e  fatty 
ac id s  g ive  this region o f  the  m acrom olecu le  hydrop ho b ic ,  
l ip id- like p ro pe r t ie s  and hence  it is this  region that is 
in terca la ted  into the ou te r  leaf le t o f  the  o u te r  m em b rane  in 
p lace o f  the usual m em brane phospholipids. This portion of 
L PS also is responsible for the toxicity o f  LPS (endotoxin).

T h e  core o lig o sa cch a rid e  can  be su bd iv ided  into inner 
and ou te r  segm ents .  T he  inner co re  re g io n , w hich  is jo in ed  
to the  lip id  A seg m en t ,  cons is ts  o f  h ep to se  and an unusual 
deoxysugar ,  K D O  (3 -d eox y -D -m an no c tu lo son ic  acid). T h e  
o u te r  co re ,  w hich  links with the  О  an t igen ,  is co m p osed  of 
several sugars. T he  co re  o l ig o sacch ar id e  s t ru c tu re  is co n 
stan t w ith in  a genus.

T h e  О  a n tig en  is a sh o r t ,  repea t ing  o l ig osacchar id e  
p o lym er  tha t  ex tends  from the  p o ly sacch ar ide  core. There  
is co n sid era b le  d ive rs ity  am ong  a n d  w ith in  sp ec ie s  with  
resp ec t to  the О  an tigen  co m position . A l though  the  О 
an tigen  is read ily  recog n ized  by host an tibod ies ,  g ram - 
negative  b ac te r ia  m ay  rap id ly  change  the ir  О  antigen 
s t ru c tu re  the reb y  ou tfoxing th e ir  host . A lso  s ince  the  О  
an tigen  ex tends  from  the  su r face  o f  the  cell  it may also 
prevent the  an t ib od y  from reach ing  the cell surface. Li
popo lysacch ar id e  a lso  se rves  the cell by  p rov id ing  its 
su r face  w ith  a net negative  charge , thereby  p ro m oting  the 
b ind ing  o f  ca tions, and resu lt ing  in a heavily  hydra ted  and 
ch a rged  surface. T h is ,  in tu rn ,  prevents  access  o f  hydro- 
phobic subs tances ,  such as an tib io t ics ,  de te rgen ts ,  bile 
salts , and o th e r  su r face -ac t iv e  agents ,  to the  m em b rane  and 
acco un ts  for the  re la tive re s is tance  o f  g ram -n ega t ive  b ac te 
ria  to these  agents .

Cell Wall

T h e  bac te r ia l  cell  wall is a huge  m acrom olecu le  m ade  up  of 
p ep tid o g lyca n , a  po ly m er  un ique  to bac te r ia .  T h is  po ly m er  
cons is ts  o f  d isaccha r ide  repea t ing  un its  o f  /V-acetylglucos- 
am in e  in B -1 ,4  l inkage w ith  /V-acetylm uramic ac id  and 
hence  is so m etim es  re fe rred  to as  the m ure in  cell  wall.  T he  
d isacch a r id e  repea t ing  units are covalently  linked to one 
another through peptide linkage. The /V-acetylmuramic acid 
m o ie ties  each  have a te t rapep t ide  s ide  chain  a ttached by  an 
e th e r  linkage. T h is  te t rapep t ide  o ften  cons is ts  o f  a l te rn a t
ing D- and L -a m in o  ac ids ,  th ree  o f  w h ich ,  D -g lu ta m ic  
a c id , D -a lan ine , a n d  m eso d ia m in o p im e lic  a c id , a re  not 
fo u n d  in p ro te in s. In som e bac te r ia  the m e so d ia m in o p im e 
lic ac id  is rep laced  by L-lysine. T h e se  te t rapep t ide  side

cha in s  are  c ross- l inked  th rough  a pen tap ep tide  in te rb ridge  
often  consis t ing  o f  glycine. T his  po lym eric  fabric  fo rm s  a 
sac the size and shape o f  the organism . Since the peptidogly
can saccu lus  o f  g ra m -neg a t ive  bac te r ia  is only o ne  layer 
th ick ,  the  c ro ss - l ink in g  can  occ u r  on ly  be tw een  g lycan 
cha in s  tha t  are in the sam e plane. A lternatively , the  m u l t i 
layered nature  o f  the  g ram -po s i t iv e  p ep t idog lycan  also 
perm its  the  fo rm ation  o f  c ross- l inks  betw een  g lycan  chains  
above and below  the plane. H ence, g ra m -p o sitive  b a c ter ia  
have  m ore cro ss-lin ka g es than  d o  g ra m -n eg a tive  b a c te r ia .

T h e  r ig id  pep tidog lycan  co rse t  a llows bac te r ia  to sur
vive in m ed ia  o f  lesser o sm o tic  p resure  than  that o f  the ir  
cytoplasm. In the absence o f  a cell wall, the m em brane bursts 
and the cells lyse. T his  can be demonstrated experimentally 
by removing the peptidoglycan with a hydrolytic enzyme, ly- 
sozym e, w hich  is p resen t in m any  h um an  and  an im al tissue 
fluids. T reatm ent with ly sozy m e  causes  b ac te r ia  to lyse in a 
low-osmotic-pressure environment. If  lysozyme-treated bac
teria are kept in an iso o sm o tic  m ed iu m , they d o  not lyse but 
becom e spher ica l .  Such cells  are ca lled  spherop la sts  (for 
gram-negative cells) or protop lasts  (for gram-positive cells). 
T h e  u n iqueness  o f  bacte r ia l  p ep tid og ly can  m akes  it a 
natural ta rget for an tib io t ics  and  som e o f  the m o s t  c l in i
ca lly  effec tive  an tib io t ics ,  the pen ic i l l in s  and ce p h a lo spo 
rins ,  act by inhibit ing  pep tidog lycan  b iosynthesis .

W hile  the  cell  wall o f  g ram -p os i t ive  b ac te r ia  consis ts  o f  
a th ick ,  h igh ly  c ross- l inked  pep tidog lycan  layer, it also 
con ta ins  a large am o un t o f  te icho ic  a c id s , w hich  are un ique  
to  g ra m -p o sitive  b a c te r ia .  Teichoic ac ids  are po lym ers  o f  
g lycero l (te ichoic  ac ids)  o r  r ibitol (r ibitol te ichoic  acids) 
jo in e d  by phospha te  g ro u p s  and c a r ry in g  one  o r  more 
am ino  ac id s  (of ten  D -a lan ine)  or su g a r  (often  g lucose)  
substi tu tes .  Teichoic ac ids ,  up to 30 g lycero l o r  r ib ito l units 
long, m ay  be co nn ec ted  to the  C -6  hydroxy l g ro up  o f  the 
N -ac e ty lm u ram ic  ac id  o f  the p ep t idog lycan  cell wall o r  to 
the p la sm a  m em bran e  lipids (in this  case  ca lled  lipo tei- 
ch o ic  acids). All g ram -p os i t ive  b ac te r ia  con ta in  lipotei- 
choic  ac ids ,  but they may o r  m ay  not have the  peptidogly- 
c a n - l ink ed  fo rm . B ecause  te ichoic  ac ids  are  negatively 
ch a rged  they are a na log ou s  to the LPS o f  g ram -nega t ive  
bac te r ia  in tha t  they  help  g ive  the  g ram -p o s i t iv e  cell 
su r face  a  negative  charge. However, teichoic  ac id s  are not 
endotox ic  and have no toxic activity.

Cell W al l -D ef ic ien t  Bacteria

S om e bac te r ia  con ta in  no cell envelope  o the r  than  the 
cy top lasm ic  m em b rane ,  w h ich  in som e ins tances  may 
con ta in  h ost -der ived  sterols . T h ese  bac te r ia  belong to the 
c lass  M ollicu tes ,  w hich con ta ins  several taxonom ically  
d is t inc t  g ene ra ,  som e o f  w hose  m em b ers  are highly  p leo 
m orph ic  (e .g . ,  M ycop lasm .). T h e  w all-defic ien t bac te r ia  
are d is t inc t  from L fo r m s  o r  L -phase  varian ts , w hich  are
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derived  from both g ram -p o s i t iv e  and g ram -neg a t ive  b a c te 
ria th rough  the clin ical use o f  an tib io t ics  ta rgeted  at p e p 
tidoglycan  b iosynthesis .

The Perip lasm

T h e  p e rip lasm ic  space  (p e r ip la sm ) lies between the inner 
and o u te r  m em b ranes  o f  g ram -n ega t ive  bac te r ia .  Because 
o f  its locat ion , this  space  should  not be though t o f  as a 
single ho m og en eo u s  co m p ar tm en t  but ra ther as  consis t ing  
o f  several d is t inc t  m ic roenv ironm ents  crea ted  by the two 
b o u n dary  m e m bran es  and the p ep t idog lycan  layer. The  
p erip lasm  harbors  hydro lyric  enzym es  involved in b reaking 
down complex molecules into simpler precursors, detoxifying  
enzym es, and binding  proreins, which are involved in the 
trafficking of specific nutr ients to specific transport systems 
o f  the cytoplasmic m em brane and are also involved as chem o- 
receprors in chemotaxis. The  periplasm also contains m em 
brane-derived o ligosaccharides iM D O s), which are syn the
sized in response to the osm olarity  o f  the environment.

Cytop lasmic  M e m b r a n e

Beneath the cell wall lies the cy top lasm ic  m em brane ,  
w hich  is vital to the  cell .  T h e  cy to p lasm ic  m e m bran e  is 
com p osed  o f  a  phosp h o lip id  b ilayer  in w hich in teg ra l o r  
in tr in s ic  m e m bran e  pro te ins  are e m b ed de d .  T hese  pro te ins  
m edia te  m em bran e  funct ions such as so lu te  tra n sp o rt and 
energy  genera tion . P ro te ins  more loosely associa ted  with 
the m em b rane  are called  perip h era l o r  ex tr in s ic  m em brane  
proteins.  T h e  m a jo r  phospho l ip ids  found  in the c y to 
p lasmic m e m b rane  are pho sp ha t id y le than o lam in es .  phos- 
p ha tidy lg lycero l .  and  g lycolip ids .  R ib o so m es  and the b a c 
terial ch ro m o so m e  are a lso often found in associa tion  with 
the cy top lasm ic  m em brane .  In g ram -p os i t ive  bac te r ia  the 
cy top lasm ic  m em b ran e  may invaginate into a s truc tu re  
called  a m esosom e. and a l though  this te rm  is technically  
res tr ic ted  to g ram -p os i t ive  bac te r ia ,  s im i la r  s t ru c tu re s  can 
be seen in g ram -n ega t iv e  bacte r ia  called  in tra cy to p la sm ic  
m em branes. T h e  cy to p lasm ic  m em bran e  m ay fuse with the 
ou te r  m em b rane  in g ram -n ega t ive  bac te r ia  at adhesion 
sites ca lled  B ayer ju n c tio n s . It is though t (a l though  not 
proved) that these  ju n c t io n s  are involved in the attachm ent 
and DNA injection o f  b ac te r iophages ,  in com plem ent-  
m edia ted  lysis, and in the  t rans loca tion  o f  p ro te ins  and LPS 
from the cy tosol to the ou te r  m em brane.

Cytoplasmic Structures__________

The Nucleoid

In E. co li the genom ic  DNA is a large c ircu la r  m ac ro 
molecule  that is com p ac ted  m ore  than  1000-fold into a

m ic roscop ica lly  d is t inc t  s t ru c tu re  ca lled  a  n u c leo id  o r  
nuclear body. T h e  nucleo id  is funct ional ly  an a lo go us  to the 
euca ry o t ic  nucleus , but there  are in t r igu ing  s truc tura l  
d if ferences .  For  exam ple ,  the  n u c leo id  is  no t su rro u n d ed  by  
a m em brane . M oreover, assays that de tec t  superhelica l  
tension in bacte r ia l  DNA fail to do  so in the DNA o f  h igh e r  
cells , and ch ro m atin  s t ru c tu re  ap p ea rs  to  be m ore  labile in 
bacte ria .

R ibosom es  a n d  Po lysom es

R ibo so m es  are large ribonuc leopro te in  p a r tic le s  tha t  are 
responsib le  for transla tion  o f  the gene tic  code. T h e i r  m o 
lecu lar a rch i tec tu re  is com plex .  T he  70S  b a c te r ia l r ib o 
som e  is 38 percent protein  and 62 percen t R N A  and 
d is soc ia tes  in to  3 0 S  a n d  5 0 S  sub u n its . T h e  50S  subunit  
con ta ins  bo th  23S and  5S RNA  and 32  d if feren t proteins.  
T h e  30S subunit  con ta ins  I6S R N A  and 21 d if feren t p ro 
teins. Po lysom es are cha in s  o f  70S r ib o so m e s  a ttached  to 
m essenger  R NA . R ib osom e  n u m bers  vary acco rd ing  to 
g row th  requirem ents .  U nder rapid grow th  there  are more 
r ib o so m e s  pe r  cell than u n der  slow grow th condit ions .

Cytop lasmic  Inclusions

Many bac te r ia  s tore  po ly m ers  o f  g luco se  (g ly cog en )  as 
m em bran e-en c lo sed  o r  no nm e m b ran e -en c lo sed  g lyco g en  
granu les  ( inclusions).  M ost bac te r ia  a ccum u la te  g lycogen 
w ithou t an enc losed  m em brane.  G lyco g en  is the m a jor  
sto rage m a te r ia l o f  en te r ic  b a c ter ia  and is p ro d u c ed  in the 
cell w hen there  is an excess  o f  carbon  and lim ita t ion  of 
n i t ro gen ,  sulfur, or  phosph o ro us  o r  the pH is low. W h en  the 
l im iting  nutr ien t b eco m e s  available the  g lycogen  is broken 
down into g lucose  and sh un ted  in to  the  g lyco ly tic  pathway. 
Inorganic  po lyphospha te  a ccum u la te s  d u r in g  the  ex p o n en 
tial phase o f  g row th  as p o lyp h o sp h a te  g ra n u les  and  d e 
c reases  as phosphate  beco m es  lim iting . T h e  phosphate  
g ranu les  are not su r rou nd ed  by m em b ran e s  and are sy n th e 
sized  in the  cell by the e n zy m e  po lyphospha te  kinase. 
O th e r  n am es for these  phospha te  g ranu les  inc lude  volutin  
and m eta ch ro m a tic  g ranules .  T hey  are found  in the  d ip h 
theria  bacillus. C orynebacterium  diphtheriae;  in the plague 
bacil lus .  Yersinia p e s tis ;  in m y co b a c te r ia ;  and in o thers .  
P oly-b e ta -h yd ro xyb u tyra te  (P H B ) g ra n u les  rep resen t a  lip 
id s to rage  co m p on en t  o f  som e  B acillu s  and  P seudom onas  
species. T h ey  are su r rou nd ed  by a m em b ra n e  and a c c u m u 
late in sp o ru la t ing  cells  o f  C lo str id iu m  b o tu linum  du ring  
the s ta tionary  phase.

E n d o s p o res

S o m e  g ram -p os i t ive  bac te r ia  can  fo rm  d o rm a n t ,  res istant 
s t ru c tu re s  ca lled  endospores. inc lud ing  the m edically  im 
portan t genera .  C lo str id iu m  and B acillu s . W hen  c o m pared
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w ith  the ir  vege ta tive  co u n te rp a r ts ,  endospores are fo u n d  to  
be e x tra o rd in a r ily  re s is ta n t to  hea t, deh yd ra tio n , u ltra v io 
le t light, a n d  o rg a n ic  so lven ts, t rea tm en ts  often used in 
d is in fec t ing  p rocedures .  B ecause  spo re -fo rm in g  p a tho
gens such as C lo str id iu m  b o tu linum , te ta n i, a n d  per-  
fr in g e n s ,  and B. a n th ra c is ,  a re  responsib le  for bo tu l ism , 
te tanus ,  gas gangrene ,  and an th rax ,  respectively , and b e 
cause  the  sp oru la tion  p rocess  p rov ides  a n u m b er  o f  im por
tant an tib io t ics ,  such as bac itrac ins ,  g ram ic id in s ,  and  ty- 
roc id ines ,  the spore  is o f  considerab le  in terest in medicine.

Bacterial Nutrition, Growth, 
and Energy Metabolism

Bacterial  Nutr i t ion  

N utritiona l Classifications

B acteria  can  be classif ied  by the i r  re la tionsh ips to tem p era 
ture  and oxygen , and by the i r  so t /rc  es o f  carbon  and energy. 
B acter ia  can be d iv ided  into two large g roups  with regard  
to the ir  nu tr i t iona l requirem ents .  In one g rou p  are the 
bac te r ia  tha t subsis t on carbon  dioxide and m inera ls ,  called  
litho trophs, tha t use e i th e r  light en e rg y  (pho to litho trophs)  
o r  chem ica l ene rgy  (chem o litho trophs). T he  o th e r  g ro up  
inc ludes  all the o rg an ism s  that need p re fo rm ed  organic  
co m po nen ts  for the ir  carbon  source ,  organo trophs (che- 
m oorgano trophs  and  pho toorgano trophs). All m edically  
im portan t  pa thogen ic  m ic ro o rg an ism s  are ch em oorgano-  
trophs. but w ith in  this  g rou p  they have many g rada t ions  o f  
nu tr i t iona l needs. Som e, like E . co li, are satisf ied  with 
g luco se  as a ca rbon  source  and have addit ional requ ire 
m en ts  for various  inorganic  m ater ia ls  and ions. O the r  
pathogen ic  b ac te r ia  are unable  to m ake  one o r  m ore  e s sen 
tial m etabo li te s  such as v i tam ins ,  am in o  ac ids ,  pu rines ,  
and p yrim id ines .  T h ese  m ust be supplied  as grow th  fa c to rs  
by the  host .  B ac te r ia  that have com plex  nu tr i t iona l requ ire 
m en ts  are ca lled  fa s tid io u s . M any pathogen ic  bacte r ia  are 
fastidious.

Bacter ia  can  a lso  be c lass if ied  accord ing  to the ir  range  of 
re sponses  to oxygen . For  exam ple , bac te r ia  such as the 
P seudom onas  that requ ire  oxygen  are called  o b lig a te  aer
obes  w hile  those , such as Sa lm onella , that are capab le  o f  
g ro w th  in the p resence  o f  oxygen  by resp ira t ion  o r  in the 
absence  o f  oxygen  by fe rm en ta tive  m etab o lism  are called  
fa c u lta tiv e  anaerobes. B ac te r ia ,  such  as  B actero ides, that 
are kil led o r  inhib ited  by  oxygen are the  ob lig a te  a naer
obes. S om e bac te r ia ,  such as S trep tococcus , can  tolerate an 
oxygen  a tm o sp here  but are incapable  o f  u ti l iz ing  oxygen  in 
respiration . T hey  are called  a ero to leran t o r  a ero to leran t 
anaerobes. Additionally , there  are bac te r ia  tha t can  grow  in 
oxygen -con ta in in g  a tm o sp here s ,  but cann o t  tolerate the

no rm al levels o f  oxygen  present in a ir  (21%). T h ese  b a c te 
ria  are ca lled  m icro a ero p h ilic  o r  ca p n o p h ilic .

B acter ia  also have an o p t im u m  tem pera tu re  for g row th 
and can  be c lassif ied  accordingly. P sychroph iles  are b a c te 
ria  with an o p t im u m  gro w th  tem pera tu re  rang ing  between 
10°C  and 20°C . Inc luded  in th is  g rou p  are P seudom onas  

flu o re sc e n s  and many m ar in e  bac te r ia .  T herm ophiles, on 
the  o th e r  han d ,  g row  at an o p t im u m  tem pera tu re  o f  50°C  to  
60°C , and inc lude  ba c te r ia  f rom  hot sp r in gs  such as B a c il
lus stearotherm ophilus. M esophiles have an op tim um  growth 
tem pera tu re  be tw een  20°C  and 40°C  and inc lude  m ost 
pa thogen ic  bac te r ia .  As m igh t  be ex pec ted ,  a  reduc tion  in 
tem pera tu re  slows dow n grow th  and often  extends the 
v iab i l i ty  o f  a culture .  In fac t ,  freez ing  a cu ltu re  su spended  
in 20%  glycero l is an excellent way to p reserve  m ic ro o rg a 
nisms. In con tra s t ,  an elevation o f  g row th  tem pera tu res  
above the o p t im u m  usually  reduces  viability. Tem peratures  
exceed ing  50°C are lethal for m ost pa thogen ic  bacte ria .

U ptake o f  N utrien ts

B acte r ia  take  up main ly  sm all subs tra tes  from  the  m ed ium  
but rarely m acrom olecu les  o r phosphate  esters. G ram - 
negative and g ram -p os i t ive  bac te r ia  secre te  ex tra ce llu la r  
en zy m e s  across  the ir  cy top lasm ic  m em b ranes  tha t  h y d ro 
lyze m acrom olecu les .  T h e  resu lt ing  b re akd ow n  p rod uc ts  
(pep t ides ,  o ligosacchar id es ,  nuc leos ides ,  phosphate ,  e tc .)  
can  then be transpo r ted  across  the  cy to p lasm ic  m em brane . 
T h e  cy to p lasm ic  m em bran e  con ta ins  specific  c a r r ie r  p ro 
teins called  p e rm ea ses  tha t facili ta te  the en try  o f  m ost 
m etabo li tes  in to  the  cell .  T h e  relative a b u n dan ce  o f  car
bohydra tes  and pro te ins  in the env iro nm en t  is ref lec ted  in 
the  aff in it ies  o f  the  specific  t r an spo r t  sy s tem s for these 
nutrients.  For  exam ple , the  M ichaelis  cons tan t  (K m) for the 
t ranspor t  o f  ca rbo hy d ra te s  is ap prox im ate ly  10 ~ 4, but for 
am ino  ac ids it is m uch  m ore  sensitive, vary ing  between 
10 ~ 6 and 10 -  8 . The three m ain  typ es  o f  n u tr ien t transport 
are:

1. F acilita ted  d iffu s io n , in w hich  t r anspo r t  takes place 
w ithou t en erg y  expend itu re . T h is  m ech a n ism  does  not 
concen tra te  c o m p o u n d s  in the  ins ide o f  the cell re lative to 
the  outside. U p take  is d r iven  by  in t race l lu la r  u ti liza tion  o f  
the  c o m p o u n d  and the  p ro cess  involves a  s tereospecific  
ca rr ie r  o r  b in d in g  p ro te in . An exam ple  o f  a co m p o u n d  that 
is tran spo r ted  by facili ta ted  d if fusion  is g lycero l. The 
concentra tion  o f  free  g lycero l ins ide the cell  is lowered by 
its p hosphory la tion  to glycerol 3 -phospha te  during  g ly
co lys is ,  and m ore  glycerol is then  taken up to equ il ib ra te  
w ith  the ou ts ide  g lycero l concentra tion .

2 . G roup tra n slo ca tio n , so m e tim e s  ca tted  p h o sp h o ry la 
tio n -lin ked  t ran sp o r t ,  is involved in the t ran sp o r t  o f  certa in  
sugars. S ub s tances  t ran sp o r ted  by this m ech a n ism  are

G
en

er
al

 B
ac

te
ri

ol
og

y



4 6  2. G e n e r a l  B a c t e r io lo g y

ch em ica lly  a lte re d  in the process .  For  exam ple  g lucose  
b inds  to a ste reospec if ic  c a r r ie r  protein  (enzym e-2) ,  which 
then interacts w ith  a cy top lasm ic  m em bran e  pro te in  called 
Hpr-P. to yield g lucose  6-phosphate .  E n erg y  is req u ired  for 
the substra te  p hosphory la tion  by the  phospho transfe rase  
sys tem.

3. A ctive  tra n sp o rt d iffers  from gro up  trans loca tion  in 
tha t energy  is u tilized  to d r ive  the accum ula tion  o f  a 
substra te ,  w hich  rem ains una l te red ,  a g a in s t a co n cen tra 
tion  g rad ien t. It also uses  s te reospec if ic  b ind ing  proteins. 
Active t ranspor t  is involved in the up take  o f  various  sugars 
and am in o  acids. An exam ple  is the up take  o f  lactose, 
w hich  is concen tra ted  unchanged  inside the cell .  T h e  c e l l ’s 
proton  m otive  fo r c e  (P M F ) is used  to d r ive  th is  process.

U ptake o f  Iron

Iron is not available in its free fo rm  in the b lood and many 
t issues because  it is bo und  to p ro te ins  such as transfe r r in  or 
ce ru lop lasm in ;  neverthe less ,  it is essentia l for the grow th 
o f  bac te r ia .  M any bac te r ia  that inhabit the  h u m an  body 
have developed ingenious m ech an ism s  to obtain  iron. They 
often excre te  chela ting  co m p o u n d s  know n as siderophores  
tha t b in d  iron  w ith  g rea t  avidity. Each o rg an ism  can  take up 
its ow n pa r t icu la r  fo rm  o f  com plexed  iron. However, in the 
com pet i t ion  for iron , many bac te r ia  have evolved multiple  
s iderophores  as  uptake  sys tem s ,  in an effort to gain  an edge  
on o the r  o rgan ism s  tha t  inhabit the  sam e environm ent .  
Som e o f  these  s idero ph o res  can  effic iently  extrac t iron 
from  transfe rr in .

Bacterial C hem otaxis

S om e bac te r ia  recognize  nu tr ien ts  (a t trac tan ts)  and sw im  
toward them  and sw im  away from repellents. T h is  m ove
ment toward a tt rac tan ts  and away from repellents  is called  
chem o tax is  and the  m ovem en t is accom plished  by the 
ac tion  o f  f lagella. F lagel la  spin a round  from  the i r  poin t o f  
a ttachm en t at the cell surface. E ach  fla g e llu m  h a s a  co u n 
te rc lo ckw ise  h e lica l p itch . W h en  the bac te r ia  con ta in  fla
gella  ro ta ting  co un te rc lockw ise ,  bundles  fo rm  and the 
bac te r ia  sw im  in a  s t ra ight line. However, w hen flagella 
rotate c lockw ise  the bac te r ia  tum ble  in a random  fashion. 
The tw o typ es  o f  m otion , sw im m ing  in a re la tive ly  s tra ig h t 
line  a n d  tu m b lin g  random ly, a c co u n t fo r  chem otaxis. In the 
absence  o f  a tt rac tan ts  o r  repellents,  bac te r ia  a lternate  in
differently  be tw een  sw im m ing  and tum bling .  However, 
w hen  an a tt rac tan t is p resen t,  sw im m in g  up a concentra tion  
grad ien t dom ina tes  over tum bling . O n  the  o th e r  hand, 
w hen  a repellent is p resen t,  sw im m in g  dow n a co n ce n t ra 
tion grad ien t is dom inan t  over  tum bling .  T h e  net result is 
m ovem en t toward a tt rac tan ts  and away from repellents. 
L ittle  is know n abou t  the  involvem ent o f  ch em o tax is  in 
pa thogenesis ,  but it w ould not be su rp ris ing  if  it were

involved in gu id ing  the bac te r ia  to  a ce l lu la r  ta rge t  o r  away 
from host defenses.

T h e  co m po nen ts  o f  the  sensory  sy s tem  that recogn ize  
the  chem ica l and detec t  the  ch an g es  in concen tra t io n  are 
ca lled  chem oreceptors. T h ese  recep to rs  are  not o f  a single 
p ro te in  class. S om e are pe r ip la sm ic  p ro te ins  tha t  function  
in the  t r an sp o r t  o f  sugars  w hile  o thers  are  t igh tly  bo u n d  to 
the cy to p lasm ic  m em b rane  and are  found  concen tra ted  at 
the poles  o f  the cells. T hey  are often co m p o n en ts  o f 
t r a n spo r t  sys tem s.  Hence, tra n sp o rt a n d  ch em o ta x is  are  
very c lo se ly  re la ted .

Bacterial G r o w t h

W h en  bac te r ia  f ind them se lv es  in a su i tab le  env ironm ent ,  
they grow  (m ult ip ly) by b in a ry  f i s s io n  and dou b le  their 
popula t ion  size over  a period  o f  tim e ca l led  the  m ean  
genera tion  tim e, o r  d o u b lin g  tim e. F o r  exam ple , E . co li 
grow ing  in a  rich  nutr ien t b ro th  at 37°C w ith  go o d  aeration  
requires  abou t  20  m inu tes  to double  its num ber. G row th  
will con t in ue  unti l  the  p opu la t ion  reaches  a  c e r ta in  densi ty  
de te rm in ed  by available  nu tr ien ts  o r  toxic w aste  products .  
Until th is  cond it ion  o ccurs ,  the ba c te r ia  g ro w  in an u n h in 
dered  m a n n e r  and  are physio log ica lly  alike. T h is  cond it ion  
is ca lled  b a la n ced  g row th , s ince  a ll c e ll  co n stitu en ts  in 
crease  p ro p o r tio n a lly  over the sam e p e r io d  o f  tim e. T h e  cell 
n u m b e r  increases  exponentia lly  w ith  t im e and  the  bacte r ia l  
cu l tu re  in ba lan ced  g ro w th  is sa id  to be in its exp o n en tia l o r  
lo g a r ith m ic  (log ) p h a se  o f  g row th .  T h e  ex p los iveness  o f  
exponentia l  g row th  su gg es ts  tha t a  sm all  n u m b e r  o f  b a c te 
ria  may initiate a  se r ious  infection . For  exam ple ,  bac te r ia  
tha t cause  acute  m en ing it is  in a ch ild ,  such as  the  m e n 
in gococcus ,  g row  so  rap id ly  in the  p a tien t tha t the phy s i
c ian  may need  to in te rvene  im m edia te ly  to avoid a fatal 
outcom e. O n  the o th e r  hand  not all p a th og ens  m ultip ly  
rapidly. Tuberc le  bacilli d iv ide  every  24  hours  so th a t  even 
u nd er  op tim al con d it ion s  the  d isease  they cause  is chron ic  
and takes  considerab le  t im e  fo r  m anifesta tion .

If  ba lanc ed  g ro w th  went u nch eck ed ,  a single  b a c te r iu m  
d iv id ing  tw ice an h o u r  (doub l ing  t im e o f  30  m inu tes )  would  
prod uce  a mass equivalen t to tha t  o f  the  ea r th  in ju s t  2 days! 
O bv iously  that d o esn ’t happen. In s tead ,  w h en  a bacte r ia l  
cu ltu re  reaches  a ce rta in  cell  density , e i th e r  requ ired  n u tr i 
en ts  are exhausted  o r  m etabo li te s  a ccum u la te  to toxic 
levels. A ca rbon  source ,  a requ ired  inorganic  c o m p o u n d ,  or 
essen tia l  am in o  ac id  o r  v itam in  m ay be d ep le ted .  For  
aerobic  b ac te r ia ,  c row d ing  lead s  to the deple tion  o f  oxygen  
since  it is poorly  soluble  in water. Toxic m e tabo li tes ,  such 
as hydrogen  perox ide ,  o r  ac ids  fo rm ed  by fe rm en ta t ion  that 
are incom patib le  w ith  g row th  m ay accum ula te .  Factors  
ac tua lly  responsib le  for the s low dow n o f  g ro w th  d ep en d  on 
the sens it iv ity  o f  the  s tra in  o f  ba c te r ia  and on the  co m p o s i 
tion o f  the  cu ltu re  m ed ium  (environm ent) .  T h e  stage  o f  the
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cultu re  w here  ac tive  g row th  is in te r ru p ted  is know n as the 
s ta tio n a ry  p hase . B ac te r ia  can  cause  dam ag e  to the ir  host 
even w hen they are not m ultip ly ing . For  exam ple , the 
p roduc t ion  o f  toxins often  occurs  o r is accelera ted  w hen  
bacte r ia  e n te r  the s ta tionary  phase. D u r in g  this  phase, 
so m e  s trep tococc i secre te  enz y m e s  that lyse red b lood cells 
and  p ro du ce  p ro teases  that d eg rad e  hem o g lob in  thus  su p 
plying them  w ith  am in o  ac id s  and  iron. C essa t ion  o f  
g row th  in o th e r  bac te r ia  m ay  lead  to sporu la tion  resu lt ing  
in the  p roduc tion  o f  m etabolica lly  inert spores  tha t are 
ex trao rd ina r i ly  res is tan t to chem ica l and physical insults. 
D ur in g  sporu la t ion  the  m o th e r  cell  is ly sed ,  re leasing the 
spore  and often  large am o u n ts  o f  tox ins (e .g . ,  in te tanus, 
gas gangrene  infections).

Eventually ,  the  cells  o f  the  s ta t ionary  cu ltu re  beg in  to die 
and the cu l tu re  en ters  the  d ea th  o r  d ec lin e  ph a se . Th is  
dec line  in viable  cell n u m b er  is exponentia l  and is the 
inverse o f  the  log phase. T h e  rate o f  exponentia l  dec line  
m ay vary  d ram atica l ly  from  spec ies  to  species.

W hen  cells from  a s ta tionary  p h ase  cu l tu re  are t r an s
fe rred  into a  n u tr i t iou s  env iro nm en t ,  the  o rg an ism s  in i
tially m ust adap t and  show a lag  in cell  d iv ision  for a  shor t  
per iod  o f  time. T h is  adap ta tion  per io d  is te rm ed  the  lag  
p h a se  o f  g row th  and its dura t ion  is dep end en t  on the strain  
and the  nutr i t ional sta tus o f  the new environm ent .

M ea su rem en t o f  G row th

In creases  in cell n um bers  can  be m easu red  m ic roscop ica l
ly, elec tronically ,  o r  by cell m ass  de te rm ina tion .

Cell Mass

B acte r ia  can  be w eighed  by w et w eigh t o r  d ry  w eight 
m ethods .  Wet w eigh ts  are  im prec ise  and  seldom employed. 
There  are tw o general techniques  em ployed  for d e te rm in 
ing cell mass by  the  d ry  w eigh t m e tho d .  W ith  the first ,  the 
cells are ha rves ted  by  cen tr i fuga t ion  and w ashed  several 
tim es  w ith  d is t i l led  water. T h e  sam ple  is then dried  in an 
infrared  oven at 100°C o r  in vacuum  at 80 oC. A more 
c o m m o n  technique  is the  tu rh id im e tr ic  m e th o d . Various 
ph o toe lec tr ic  devices,  such as the spectropho tom eter, are 
em ployed  to m easu re  the  op tica l  densi ty  o r  l igh t-sca tter ing  
pro pe r t ie s  o f  a cu ltu re ,  w hich  d u r in g  exponentia l  g row th  
are p rop o r t io na l  to the bacte r ia l  densi ty  and a re  com m on ly  
p lo tted  as a log function. All o f  these  m e th o d s  m easu re  the 
to tal bacte r ia l  m ass  w itho u t  regard  to the  n u m b er  o f  living 
o r  dead  bac te r ia .

Cell N u m b e r

T he  P etro ff-H auser  co u n te r  is a  device s im ila r  to a h em o- 
c y to m e te r  in w hich  a g la s s  slide has  ca lib ra ted  areas  e tched  
in to  it. B ecause  the vo lum e that f ills the e tched  a reas  is

k no w n ,  the  n u m b er  o f  bac te r ia  pe r  unit vo lum e can  be 
d e te rm in ed  m icroscopically .  T h e  C ou lter  coun ter  o r  e lec 
tron ic  p a r tic le  co u n ter  m easu res  the nu m b er  as  well as the 
size  o f  the  part ic les  in a  suspension  pass ing  th rough  an 
o r i f ice  th ro ug h  w hich an elec tric  cu r re n t  f lows. As the 
part ic le  passes  th rough  the o r i f ice  it d isp laces  its volum e of 
e lec tro ly te  and is m easu red  electronically . T h e se  m eth od s  
also d o  no t  d e te rm in e  th e  v iab i l i ty  o f  the  bacte r ia l  cells 
being  enum era ted .

V iab le  C o u n t

To de te rm in e  the n u m b e r  o f  live (viable) cells  in a su sp en 
sion, the  bac te r ia  are  d ilu ted  and sp read  o ve r  the  su r face  o f  
an agar  plate, w hich  is then  incubated . Cells  deposi ted  on 
the ag a r  su rface  g ive  rise to visible colonies  tha t  are 
co u n ted .  T h e  n u m b er  o f  cells  m ultip lied  by the dilu tion  
fac to r  will give the total viable count.

Bacterial  M e ta b o l i s m  

H etero troph ic  M etabolism

In bac te r ia ,  like all living cells , nu tr ien ts  are  converted  into 
sub s tances  tha t are used for the  p ro d u c tio n  o f  energy  
a n d /o r  th e  p ro d u c tio n  o f  new  carbon  ske le to n s  needed  to 
syn thes ize  o th e r  vital cell materia ls .  M edica lly  im portan t 
b ac te r ia  use organ ic  co m p o u n d s  and chem ica l ene rgy  to 
achieve these  goa ls  (chem oorgano trophs). T h ese  processes  
are co llec tive ly  ca lled  m eta b o lism . W h en  m etabo lic  p ro 
cess  involves the  b reakd ow n  o f  a  nu tr ien t ,  w ith  the su bse 
q uen t  p rod uc t ion  o f  energy, it is ca lled  ca ta b o lism . W hen 
the m etabolic  p rocess  involves the b iosyn th es is  o f  cell 
m a te r ia l ,  it is ca lled  a n abo lism . N e ith er  p ro c e s s  e x is ts  
in d ep en d en tly  in the ce ll, b u t both  a re  c lo se ly  lin k e d  and 
regula ted  so tha t  the cell  d oes  not w aste  ene rgy  o r  p roduce  
u nn ece ssa ry  cell com ponents .

Energy Production

E nergy  is p ro du ced  in the cell by ox ida t ion /red uc t ion  
reactions. T h is  ene rg y  is trapped  in the  phosphate  bond o f  
a d en o sin e  tr iphospha te  (ATP), often  ca lled  the en erg y  
currency  o f  the cell .  T h e  phosphate  bond  ene rgy  can  be 
harnessed by heterotrophic cells by two different processes: 
su b s tra te  phosphory la tion  and ox ida tive  phosphory la tion . 
Both p rocesses  involve o x ida tion , with the su bsequen t 
re lease o f  e lec trons  and hydrogen . Substra te  p h o sp h o ry la 
tion  takes p lace m ost often in the cell d u r in g  an anaerobic  
p rocess  ca lled  fe rm en ta tio n , w hich  can  be defined  as an 
ox idation  p rocess  involving the  co m b us tio n  o f  an organic  
subs tra te  in the  absence  o f  oxygen. T h e  re lease  o f  e lec trons 
and h ydrogen  results  in the  reduc tion  o f  an organ ic  m ole
cule. O x ida tive  ph osphory la tion  occurs  d u r ing  a  p rocess  
ca lled  resp ira tion . R espiration  m ay be defined  as  a p rocess
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involving the  com bus tion  o f  a subs tra te  w ith  the  sub se 
q uen t re lease o f  e lec trons and h ydrogen  resu lt ing  in the 
reduct ion  o f  an inorganic  molecu le ,  usua l ly  oxygen.

F erm enta tion  P athw ays

F erm en ta t ion  is an anaerobic  p rocess  tha t  involves the 
ox idation  o f  o rgan ic  substrates .  F o r  the  m a jo r i ty  o f  b a c te 
r ia l species ,  the m os t  eas i ly  ox id ized  subs tra tes  are car
bohydrates .  In bac te r ia ,  as  in o th e r  living cells , the E m b- 
den-M eyerhof-Parnas (E M P ) pathway is the principal route 
for ca rbohydra te  ca tabo lism .  W hen  the carbo hy d ra te  is a 
hexose  and  the  p rod uc t  is pyruvate ,  the  p rocess  is called  
g lyco lysis . In  g lyco lysis  the e lec tron  d o n o r  (g lucose)  is 
o x id ized ,  and the  e lec trons  and  hy drogen  ions tha t  are 
re leased  are  t ran spo r ted  by n ico tin a m id e  a d en in e  d in u 
c leo tid e  (N A D )  to  the  final e lec tron  acceptor,  w h ich  is 
pyruvate. E n erg y  is co nse rv ed  d u r ing  this ox idat ion  or 
d ehydrogena t ion  p rocess  and  t rapp ed  w ith in  ce r ta in  inter
m ed ia tes  in the  E M P  pathway. T h is  ene rgy  is associa ted  
w ith  the p hospha te  g ro u p  o f  tw o in te rm ed ia tes :  on  carbon  1 
o f  1 ,3 -d iphosphog lycer ic  ac id  and  on  ca rbon  2 o f  phospho- 
enolpyruvate .  T h e  h ig h -ene rg y  phosphate  g roups  with in  
these  tw o m olecu les  a re  donated  to  adenosine  d iphospha te  
(A DP), resu lt ing  in the  fo rm ation  o f  ATP. O th e r  m o n o sac 
ch a r id es  are  cap ab le  o f  en te r ing  the  E M P  pathw ay (e .g.,  
m an no se ,  f ruc tose ,  and  galac tose) .  T h e se  sugars  are  co n 
verted  to  g luco se  6-phospha te  o r  re la ted  su g a r  phosphates  
in a ser ies  o f  reactions. Hence, the  ca tabo lism  o f  g luco se  to 
py ruvate  via g lyco lysis  can  be rep resen ted  by  the  following 
equation:

G luco se  +  2 A D P  +  2Pi + 2 N A D +  --------►
2 pyruvate  +  2A TP +  2N A D H  +  2 H +

Since  fe rm en ta tion  is an incom ple te  ox idat ion  process ,  a 
nu m b er  o f  end  p ro du c ts  can  ac cum u la te  in the  cell .  For 
som e bac te r ia  such as the  s trep tococ c i  and  lactobacil l i  the 
fe rm en ta tion  o f  g lucose  results  p r im ar i ly  in the  form ation  
o f  lactic ac id .  T h is  reac t ion  se rves  to regenera te  N AD , 
w hich  can  be u ti lized  d u r ing  glycolysis.  In the  process ,  
lac t ic  ac id  a ccum u la te s  in the cell .  Spec ies  tha t p roduce  
lactic ac id  as the  p r inc ipa l  end  p ro du c t  o f  fe rm en ta t io n  are 
ca lled  hom olactic  or, b ecause  they  p rod uce  a  single  end 
p rod uc t ,  hom oferm en ta tive  b a c ter ia . Sp ec ies  tha t  p roduce  
equivalent am o u n ts  o f  o th e r  end p roducts ,  in add it ion  to 
lactic ac id ,  are ca lled  hetero la c tic  o r  h etero ferm en ta tive  
bacteria . A lthough the end products o f  fermentation are d i
verse, they are the result o f  only a few chemical bond rear
rangements, carboxylations, decarboxylations, and NADH- 
m ed ia ted  reduc t ions  o f  pyruvate. M any o f  these p ro d u c ts  
are  u se fu l in th e  id en tifica tio n  o f  b a c ter ia  in the  clin ical 
laboratory. F o r  exam ple , ace ton in  helps d if feren t ia te  cer
ta in  spec ies  w ith in  the  family E n te robac te r iaceae .  In ad d i

t ion ,  spec ia tion  o f  n u m e ro u s  anaerobic  bac te r ia  is based 
upon gas ch rom atog raph ic  p rof i les  o f  fatty ac ids  such  as 
acet ic ,  b u ty r ic ,  and prop ion ic  ac id  p ro d u ce d  d u r ing  fer
mentation.

G luco se  can  be ca tab o lized  by  pa thw ays  o th e r  than  the 
E M P  pathway. T h e  E n te r-D o u d o ro ff (E D )  pathway, for 
exam ple ,  is used  for g lu cose  d is s im ula t ion  by P seu d o m o 
n a s  and  o th e r  o b ligatory  aerobic  bac te r ia .  In  th is  se r ies  o f 
reac t ions ,  py ruva te  and  D -g lycera ldehyde 3 -phospha te  are 
p ro du ced .  Pyruva te  is fu r th e r  ox id ized  to  e th an o l  w hile  the 
D -g lycera ldehyde 3 -phospha te  is shun ted  in to  the  E M P  
pathway. Since  on ly  one  A TP m olecu le  pe r  m olecu le  o f  
g lu cose  is p ro d u ced  in th is  pathway, it is only h a l f  as 
eff ic ien t as the  E M P  pathw ay  in en e rg y  p roduc t ion .  A n o th 
e r  m a jo r  pathw ay  fo r  g lu co se  u ti l iza tion  is th e  hexose  
m onophospha te  (H M P ) shun t, so m e t im es  ca l led  th e  p e n 
to se  p h o sp h a te  shun t, w here  the  convers ion  o f  6 -p ho sph o -  
g lucona te  to pen to se  phospha te  p e rm its  the  f ive -ca rbon  
sugars  to en te r  the  pathway. It is th o u g h t  tha t m o s t  m ic ro 
o rg an ism s  uti lize  b o th  th e  E D P  and  H M P  s im ul taneously  
b ecause  these  pa thw ays have d if feren t func t ions .  The H M P  
sh u n t gen era tes  its  red u c in g  eq u iva len ts  a s  N A D H  a n d  H  + , 
w hich  is u sed  for b io sy n the t ic  red uc t io ns  such  as  fatty acid 
b io sy n thes is ,  w hereas th e  N A D H  a n d  H + g en era ted  by  the  
E M P  p a th w a y  is u su a lly  coup led  to  en erg y  m eta b o lism .

A m in o  A cid  F erm enta tion

M any anaerobic  b ac te r ia  and  so m e  facu l ta t ive  anae rob es  
can  fe rm en t  am in o  acids. M ost o f  these  spec ies  belong  to 
the  genus C lo str id iu m  o r  are anaerobic  cocc i .  T h e  f e r m e n 
tation o f  am in o  ac id  resu lts  in the  fo rm a tio n  o f  p roduc ts  
tha t  are s im i la r  to those  p ro d u ce d  d u r ing  g lu co se  fe rm e n ta 
t io n ,  such as C 0 2, pyruvate ,  ace ta te ,  bu tyra te ,  and  p ro p io 
nate.

Respiration a n d  E nergy Production

F erm en ta t ion  reac t ions  extrac t ene rg y  from  organ ic  su b 
stra tes  by  subs tra te  phosph o ry la t ion  bu t  subs tan tia l  c h em i
cal ene rgy  rem ains  in the  redu ced  end  p ro d u c ts  o f  f e r m e n 
tation. T h is  ene rgy  can  be re t r ieved  by the  com ple te  
ox idat ion  o f  the  fe rm en ta t io n  p ro d u c ts  to C 0 2 and  H 20 .  
T h is  is the  m iss ion  o f  resp ira tion . In resp ira t ion  the  final 
e lec tron  accep to r  is an ino rgan ic  molecule .  W hen  the 
inorganic  m olecu le  is ox ygen ,  the  p ro cess  is ca l led  a ero b ic  
resp ira tio n . W h en  the  inorganic  m olecu le  is som eth ing  
o th e r  th an  o x y gen ,  the  p rocess  is te rm ed  a n a ero b ic  resp i
ra tion .

A e r o b i c  R es p i r a t i o n

O bliga te  aerobes  o r  faculta tive  an ae ro bes  d e r iv e  m ore  
ene rgy  from  m etabo lism  in the  p resence  o f  oxygen  than  do 
anaerobic  bac te r ia  in th e  ab sen ce  o f  oxygen .  In aerobic
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resp ira t ion  the  E M P  pathw ay can  be u ti lized; however, 
o th e r  pa thw ays play a m ore  im po rtan t  role (e .g .,  hexose 
m onop ho sph a te  shunt). D u r in g  aerobic respiration  the py
ruva te  tha t is p ro d u ced  can  be fu r the r  ox id ized  to C 0 2 and 
water. T h is  oxidation occurs  d u r ing  a p rocess  called  the 
tr ica rb o xy lic  a c id  (TC A ) cyc le  o r  K rebs cycle . Before 
en te r in g  the  T C A  cycle ,  pyruvate  is d ecarboxy la ted  to 
ace ty l  c o en zy m e  A (ace ty l-C oA ).  D u rin g  one com plete  
tu rn  o f  the  cycle ,  the  ace ty l-C oA  is ox id ized  to C 0 2, three 
m olecu les  o f  N A D H  +  H + , and  one m olecule  o f  flavin 
aden ine  d inuc leo tide  (FAD) +  H + .

T h e  reduc ing  equivalen ts  and e lec trons  g enera ted  during  
g lyco lysis  and  the T C A  cyc le  are then presen ted  to the 
elec tron t r an sp o r t  sys tem  (E T S) located in the cy top lasm ic  
m em brane .  T he  E T S  consis ts  o f  a ser ies  o f  stable c o m p o 
nents (flavoproteins, quinones, cytochromes) that are aligned 
in a sequence  o f  p rogressively  h igh e r  ox idat ion-reduction  
po tentia ls .  E lec trons  are passed  from  the m o re  e lec tro 
negative to the less e lec tronega t ive  co m p on en ts  o f  the 
sys tem . T h e  final co m p on en t  o f  the  sys tem  is cy tochrom e 
oxidase , w hich  ca ta ly zes  the reduc tion  o f  m olecu la r  oxy
gen to water. T h e re  are th ree  s i tes  in the  E T S  in w hich  the 
oxidation p rodu ces  suffic ient energy  to e x trud e  a  pair  of  
pro tons  (2H + ) from the cell .  T h is  es tab lishes  a pro ton  
m otive  fo r c e  o r  elec tro ch em ica l g ra d ien t  across  the c y to 
p lasm ic  m e m bran e  as  a result o f  the  unequal d is t r ibu t io n  o f  
charges .  T h e  cy to p lasm ic  m em b rane  is im perm eab le  to 
p rotons. T h e  ex tru ded  pro tons can  re turn  to the  cy tosol via 
a specific  channel in the m em b ra n e  ATPase. T h e  energy  
d rop  d u r in g  th is  p rocess  p rov ides  suffic ient ene rgy  to 
genera te  ATR T h e  m ec han ism s  that accoun t  for this  p ro 
cess  w ere  d e r iv ed  from the  ch em io sm o tic  h yp o th esis  for
m ula ted  in 1961 by the  Brit ish b iochem is t  P eter M itchell. 
T h e  p ro ton  motive  force may d rive  the  t r an sp o r t  o f  m ole
cu les  ac ross  m e m b ran es  and also accoun t  for the ro ta tion  of 
bacte r ia l  f lagella.

A n a e r o b i c  R es p i ra t i o n

R espiration  oc cu rs  in the absence  o f  oxygen  in faculta tive 
anaerobes . In th is  case  the  te rm ina l  e lec tron  accep to rs  may 
be n itra te , fu m a ra te , su lfa te , o r  carbona te . T he  pathw ays 
for t r a n sfe r  o f  e lec trons  in anaerobic  resp ira t ion  are s im ila r  
to those  for aerobic resp ira t ion  except tha t  cy tochrom e 
oxidase  is sup p lan ted  b y  o th e r  en zy m e s  such as nitrate 
reductase . T h is  e n z y m e  is induced  in the absence  o f  oxy
gen or in the p resence  o f  n itra te ,  o r  bo th ,  and is rep ressed  in 
the  p resence  o f  oxygen . A ddition  o f  nitrate o r fum ara te  to 
an anaerobic  cu ltu re  often results  in a g rea te r  g row th  yield. 
However, w hen  these  co m p o u n d s  se rv e  as e lec tron  accep 
tors  the  ene rgy  does  not approx im ate  that ob ta ined  when 
the  cu l tu re  is g row n  w ith  oxygen  as the  final e lec tron  
acceptor. For  exam ple ,  phosph o ry la t ion  coup led  to fu m a 
rate p ro d u ces  approxim ate ly  one m ole  o f  ATP per mole of

fum arate  reduced  w hile  the  reduct ion  o f  one m olecu le  o f 
nitrate y ields tw o  m olecu les  o f  ATP. In aerobic  resp ira t ion ,  
by  co m p a r iso n ,  approxim ate ly  th ree  A TP m olecu les  are 
p roduced  for e ach  e lec tion  pa ir  pass ing  th ro ug h  the  ETS.

B iosyn thesis

T h e  assem bly  o f  p recu rso rs  into m acrom olecu les  requires  
tha t the  subun i t  be energe t ica l ly  ac tiva ted  by b e ing  coup led  
to a  subs t i tuen t  g rou p  con ta in ing  an energy-r ich  bon d .  T h is  
bond  is usual ly  d e r iv ed  from the ene rg y  c u r re n c y  o f  the 
cell ,  ATP, p ro du ced  d u r in g  ca tabo lism . T h u s  ca tabolic  
pathways and anabolic pathways are usually coupled through 
ATP uti liz ing reactions. However, ca tabolic  pathw ays p ro 
vide m ore  than  s im ply  the  ene rgy  to syn th es ize  the  new 
organic  m olecu les  needed  for the g row th .  T h ey  a lso  p ro 
vide the  ca rbon  skele tons for the syn th es is  o f  m any  p recur
sors  o f  the  cell .  For ins tance , am in o  ac id  skele tons are 
d e r ived  from ace ty l-C o A  and from  in te rm ed ia te s  o f  the 
TC A  cycle , g lycolysis ,  and the pen to se  phospha te  pathway. 
A lan ine ,  aspar ta te ,  and g lu tam ate  are sy n th e s ized  by t r an s
am ina tion ,  d irec tly  from  pyruva te ,  oxa loace ta te ,  and  al- 
pha-ketog lu tara te ,  respectively. T he  T C A  cyc le  is a lso an 
im po rtan t  source  o f  p recu rso rs  for p y r im id ine  b iosyn thes is  
and because  o f  the heavy  dem a n d  on its in te rm ed ia te s ,  the 
cell has evolved react ions tha t replenish  them . A pathway 
that se rves  to replace cyc le  in te rm ed ia te s  is called  an 
anap lero tic  pathway. For exam ple ,  using  e i th e r  p y ruva te  or 
p ho spheno lpyruva te  as  an accep to r  m olecu le ,  C 0 2 fixation 
form s the T C A  cycle  in te rm ed ia te  oxaloacetate .  T h e  glyox- 
a la te  shun t, w hich  is ac tua lly  a  m odif ied  t r ica rboxy lic  acid 
(T C A ) cycle ,  rep len ishes T C A  cyc le  in te rm ed ia te s  and 
func tions  as an im portan t  anap le ro tic  pathway. T h is  shunt 
is a lso  d irec tly  involved in the ca ta b o lism  o f  fatty acids.

F rom  th is  d iscuss ion  it b eco m e s  obvious that many 
catabolic  and anabolic  pathw ays share c o m m o n  in te rm ed i
ates , and it w ould be inaccura te  to  re fe r  to the E M P  
pathw ay or T C A  cycle  as  being  w holly  ca tabo lic .  Pathways 
involved in bo th  ca ta bo lism  and b iosyn thes is  a re  called  
am ph ibo lic  pa thw ays, a te rm  that ref lects the ir  dual role.

Questions

1. T h e  basic taxonomic group in microbial taxonom y is the:
A . K ingdom
B. C lass
C . Family
D. G enera
E. Species

2. Phylogenic  c lass if ica t ions  are based on:
A . M orpho log ic  charac te r is t ics
B. Physio log ic  charac te r is t ics
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C. E vo lu t ionary  ch arac te r is t ics
D. B iochem ical ch arac te r is t ics
E .  N one o f  the above

3. C o m p ar iso n  o f  the nu m b er  o f  d ifferent pro te in  species  
versus the n u m b e r  o f  d ifferent m R N A  spec ies  in an E. 
co li cell indicates:
A. T h a t  a single gene produc t can be trans la ted  from 

more than  one m R N A
B. T h a t  som e  o f  the m R N A  m olecules  are p o ly c is 

tronic
C . T h a t  m R N A  is co m po sed  o f  nucleic  acid
D. T h a t  all m R N A  m olecu les  m ust be  polycis tronic
E. N one o f  the  above

4. Fusiform  b ac te r ia  are:
A. Spherica l  in shape
B. C lub-shaped
C .  R od-shaped  with tapered  ends
D. R od-shaped  and  a rranged  in c lus ters
E. None o f  the above

5. T he  n u m b er  o f  d if feren t spec ies  o f  p ro te ins  in a 
bacte r ia l  cell  can  be e s t im a ted  from:
A. A m in o  acid  analys is  o f  total ce l lu la r  protein
B. T h e  n u m b er  o f  d if feren t m R N A  species  in the  cell
C . T w o-d im ens ional gel e lec trop ho res is  analys is
D. O ne-d im en s ion a l  gel e lec trophores is
E. N one o f  the above

6 . Pep tidoglycan :
A . C on ta in s  fatty acids
B. C on ta in s  D- and  L-amino ac ids
C . D efines  the  pe r ip la sm ic  space
D. Is found only in g ram -neg a t iv e  bac te r ia
E. N one o f  the above

7. L ip opo lysaccharide :
A . C on ta ins  am in o  acids
B. C on ta ins  fatty acids
C . Is spec if ic  to g ram -po s i t iv e  bac te r ia
D. Is a  c o m po nen t  o f  the cy to p lasm ic  m em b ran e
E. All o f  the  above

8. B acter ia  tha t  have flagella  d is tr ib u ted  ov e r  the ir  sur
face are called:
A . M onotr ichous
B. Peri tr ichous
C . A m p h it r ich ou s
D. L op ho tr ich ou s
E. None o f  the above

9. H an tigens  are a ssoc ia ted  with w hich  o f  the  following 
s t ruc tu res?
A. C apsu les
B. S lim e layers
C . F lagella
D. Pili
E. F im briae

10. T he  bacte r ia l  ou te r  m em brane :
A. Is found  only in g ram -posi t ive  bac te r ia

B . A cts  as  a d if fusion  b a rr ie r  to h yd rop ho b ic  a n t ib io t
ics

C . C on ta ins  te ichoic  acids
D. Is involved in ac tive  t r anspo r t  o f  sugars
E. N one o f  the  above

11. T h e  pe r ip la sm  contains:
A. R ibo so m es
B. A nucleo id
C . H ydro ly t ic  en zym es
D. Inclusion bodies
E. None o f  the  above

12. Spheroplasts :
A. Have a th ick  p ep tido g lycan  layer
B. Require  an isoo sm o tic  m ed ium  for survival
C . Are m ade  from  g ram -p o s i t iv e  cells
D. Are m issing  the ir  cy to p la sm ic  m em b rane
E. None o f  the above

13. E ndospores :
A. Are res is tan t to various  d is in fec tan t t rea tm en ts
B. Have a un ique  p ep tidog lycan  s tru c tu re
C. Are the  result o f  ce l lu la r  d if feren t ia t ion
D. Are m ed ica lly  relevant
E. All o f  the above

14. A bacte r ia l  p a thogen  that g row s  m ax im al ly  at body 
tem pera tu re  is c lass if ied  as a:
A. T h e rm o p h i le
B. P sychrophile
C. C apn op h ile
D. M esophile
E. L ithophile

15. B ac te r ia  tha t can  subs is t  on  C 0 2 but cann o t  tolerate 
oxygen  are called:
A. C h em o o rg a n o t ro p ic ,  facul ta t ive  anae ro bes
B. C hem o l i th o tro p ic ,  ob ligate  anaerobes
C. O rg an o li th o tro p ic ,  obligate  anaerobes
D. C hem o l i th o tro p ic ,  ae ro to leran t anaerobes
E. N one o f  the above

16. Facil ita ted  d if fusion  involves:
A. U p take  o f  a nutr ien t aga ins t  a concen tra t io n  g ra d i

ent
B. A chem ical m od if ica tion  o f  the n u tr ien t  being 

transpo r ted
C. U til iza t ion  o f  energy
D. A s te reospec if ic  c a r r ie r  protein
E. N one o f  the above

17. B acter ia l ch em o tax is  involves:
A. L ip o p o ly sacch ar id e  sensors
B. S w im m in g  and tum bling
C. Pili
D. G ram -p o s i t iv e  b ac te r ia  only
E. N one o f  the  above

18. S iderophores :
A. M ay be im p ortan t  to a pa thogen ic  bac te r ia
B. Are found  on ly  in g ram -p o s i t iv e  bac te r ia
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1. E

2. С
3. В

4 . С
5. С

6. В

C. A re  requ ired  for ch em otax is  A n S W G f S
D. A re  p o r in  p ro te ins  found  in the  ou te r  m em bran e  1
E . All o f  the above

19. B a lanced  grow th:
A. D ef ines  a s i tua t ion  in w hich  all m acrom olecu le  

sy n th e s is  is increas ing  at the sam e rate
B. O ccu rs  in th e  s ta tionary  phase  o f  g row th
C .  Is l inear  in na ture
D. O cc u rs  in th e  lag phase  o f  g row th
E. N one o f  the above

20 .  B acter ia l cell  m ass  c an  be d e te rm ined  w ith  a:
A. C ou lte r  co un te r
B. Pe tro ff -H ause r  co un te r
C . S p ec trop ho to m ete r
D. Colony  co un te r
E. N one o f  the  above

21 .  S po ru la t ion  is m o s t  likely to o ccu r  d u r in g  t h e ________
phase  o f  g row th .
A . Log
B. Lag
C .  S ta t ionary
D. D eath
E . E xponen tia l

22 .  Ferm enta t ion :
A. O ccu rs  in the  E m b den -M eyerh o f-P a rnas  (E M P )  

pathw ay
B . Is an aerobic  p rocess
C .  Is very  eff ic ien t in p ro du c ing  ene rgy
D. Is a n o th e r  w ord  for aerobic  respiration
E. N one o f  the  above

23 .  F erm en ta t ion  reac t ions  ex trac t  ene rgy  by:
A . O x ida t ive  p h osphory la tion
B . S ubstra te  phosph o ry la t ion
C .  C y to ch ro m e  oxidase
D. Pro ton  m otive  force
E. N one o f  the above

24 .  A n aerob ic  respiration:
A . Involves c y toch ro m e  oxidase
B . Involves an obligate  anaerobe
C .  D o es  not involve a pro ton  m otive  force
D. D oes  no t  involve an e lec tron  t r an sp o r t  sys tem
E. N one  o f  the above

25 .  A m p h ibo l ic  pathways:
A . Replenish  in te rm ed ia te  pools
B. Are involved in bo th  ca ta bo lism  and anabo lism
C . Are ac tive  only u n der  anaerobic  cond it ions
D. Are ac tive  on ly  u n d e r  aerobic  cond it ions  17. В
E. N one o f  the  above 18. A

26 .  C a tabo l ism  and b iosy n thes is  are coup led  through:
A . T h e  T C A  cycle
B . ATP uti l iz ing  reac t ions
C . A naerob ic  respiration
D. G lycolys is
E. N one o f  the  above

7 .  В

8. В
9. С 

10. В

П .  С

T h e  basic  taxonom ic  g ro up  in microb ia l  taxonom y 
is the  spec ies  o r  a collec tion  o f  s tra ins  tha t share 
co m m o n  p ro p er t ie s  and d if fer  s ign if ican tly  from 
o th e r  g roups  o f  strains.

T h e  fac t tha t there  are few er m R N A s than  proteins  
(see  Table 2 -1 )  im plies  tha t som e  o f  the m R N A s 
m us t  co d e  for m ore  than a single  po lypep tide  (p ro 
te in )  and hence  are  ca lled  polycis tron ic .

T h e  n u m b er  o f  d if fe ren t  pro te in  spec ies  and  the ir  
re la tive  ab u n d ance  can  be e s t im a ted  from  the  an a l
ys is  o f  tw o-d im ensiona l gels tha t  resolve  total cell 
pro te in  b ased  on  th e ir  charge  (isoe lec tr ic  focusing) 
and size (SD S-polyacrylam ide gel electrophoresis). 
T h e  b ac te r ia l  ce ll  wall is m ade  u p  o f  a rig id  po ly
m e r  ca lled  p ep tid og ly can ,  w hich  defines  the  c e l l ’s 
shape. T h is  m acro m olecu le  con ta ins  d isacchar ide  
repea t ing  units  o f  ZV-acetylglucosamine and  /V-ace
ty lm u ram ic  ac id ,  w hich  are covalently  l inked by a 
te t rapep t ide  th a t  con ta ins  b o th  d -  and L-amino 
acids.
T h e  lipid  A  port ion  o f  L PS  is an endo tox in  and 
co n ta in s  fatty acids.

T h e  LPS in the  o u te r  leaf le t o f  the  o u te r  m em b rane  
forms a  diffusion barr ier  to hydrophobic antibiotics. 
T h e  pe r ip la sm  con ta ins  hydro ly tic  en zy m e s  in 
volved in b reak ing  dow n com plex  m olecu les  into 
s im p le r  p recurso rs  as well as  m em b ran e-d e r iv ed  
o l ig o sacchar id es  th a t  are syn thes ized  in re sponse  
to  the  environm enta l  osm olarity .

12. В
13. E
14. D B ac te r ia  tha t g row  betw een  20°C and  40°C  are

called  mesophiles .  B ody  tem pera tu re  is 37°C.
15. В B ac te r ia  tha t  use chem ical e ne rg y  ( C 0 2) but can no t

to lera te  oxygen  are ca lled  chem o li tho trop ic  o b l i 
gate anaerobes .

16. D Facil i ta ted  d if fus ion  refers  to up take  o f  nutr ien ts
w ith ou t  the  expend itu re  o f  en e rg y  but involves a 
ste reospec if ic  c a r r ie r  protein .

Iron is no t  available in its free fo rm  in the  b lood  and 
t i ssues  b ecause  it is b o u n d  by p ro te in s  such as 
tran sfe r r in .  B acter ia  need iron for g row th  and they 
excre te  che la ting  c o m p o u n d s  (s iderophores)  that 
bind iron w ith  g rea t  avidity. S om e s iderop ho res  can 
eff ic iently  ex trac t  iron from  tran sfe r r in ,  thus  m a k 
ing them  v iru lence  factors.
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19. A 23
20 .  G T h e  C ou lte r  c o u n te r  and P e tro ff-H auser  co u n te r

coun t cell n u m b ers ,  not cell  mass. T h e  colony 
co un te r  co u n ts  viable  cells , not cell mass.  T h e  24
spectrophotom eter measures light scattering, which 
is dependen t on cell  mass.

21. С
22. A F erm en ta t ion  is an anaerobic  p rocess  tha t  involves

the  ox idat ion  o f  o rgan ic  subs tra tes  and  uses the 
E m bden -M ey erho f-P a rnas  (E M P )  pathw ay  as its 
p r inc ipa l  route. It is not as eff ic ient as aerobic  25
resp ira t ion  in ex trac t in g  ene rgy  from substrates .  26

В F erm en ta t ion  is an ox ida t ive  p ro cess  involving the 
c o m bu s tion  o f  an o rgan ic  subs tra te  in the absence  
o f  oxygen  (i.e..  subs tra te  phosphory la tion) .

E  Anaerobic respiration occurs in the absence o f  oxy
gen in faculta t ive  anaerobes .  It involves e lec tron  
t ran sp o r t  pa thw ays s im ila r  to tho se  used in aerobic  
re sp ira t ion ,  excep t tha t  cy toch ro m e  oxidase  is su p 
p lan ted  by  o th e r  e lec tron  accep tors .  T h e  m e c h a 
nism by w hich  it genera tes  A TP is identica l to  that 
o f  aerobic  resp ira t ion  (v ia  a pro ton  m o t iv e  force).

В
В
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J o e  A. Fralick

DNA

Hail to thee О molecule 
And mighty nucleotide 
Wherein our destinies 
Indelibly reside.

Omnipotent, ubiquitous 
In phylogenetic span 
Each pleiomorphic fantasy 
Evolves within thy plan.

Thy codons are a poetry 
As writ by greatest pen 
In base sequential mysteries 
Which chromatins defend.

Two sugar phosphate helices 
Pyrimidines between 
With purines neatly organized 
Enumerate each gene.

DNA: The Molecular 
Basis of Genetics

Thy messages are manifold 
Their syntax proteinaceous 
Their grammar stereotaxic and 
Their grip on life tenacious.

Unwind, uptake and replicate 
Until mitotic knell 
Transcribe, translate, communi

cate!
So cell may nurture cell.

And so, with simple gratitude 
I wish to close this poem:
Be it ever so humble 
There's no place like genome.

Anonymous

Historical Perspec t ives

T h e  gene tic  in form ation  o f  all kn ow n  living cells res ides 
w ith in  the ir  d eox yr ibonuc le ic  ac id  (DNA). However, the 
im p ortance  o f  this m acrom o lecu le  has not a lw ays been 
reco gn ized .  F rom  cy to log ic ,  gene tic ,  and  chem ica l s tu d 
ies, it w as know n early in this  c e n tu ry  tha t genes  were 
som ehow  associa ted  w ith  c h ro m o so m es  and that  ch ro m o 
som es  con ta ined  DNA and prote in . However, until the 
1950s it was w idely  believed that  DNA w as a repeat ing  
p o ly m e r  o f  a  single type  o f  te tranuc leo tide  unit and  that 
only p ro te ins  were o f  suffic ient com plex ity  and  size to 
a cco m m o d a te  the  vast am o u n t  o f  gene tic  in form ation  r e 
qu ired  o f  the c e l l ’s he red i ta ry  m akeup . T h e  first im po rtan t  
ev idence  tha t  DNA was the gene tic  materia l  o f  cells cam e 
in 1944, w hen  Avery, M ac L eo d ,  and M cC arty  chemically

f rac tiona ted  G r i f f i th ’s t ran sfo rm in g  p r inc ip le  and unequ iv 
oca l ly  es tab lished  that its active ingred ien t was DNA. 
However, th is  view w as slow to catch  on.

In 1950 e x p er im en ts  by E ph russ i-T ay lo r  and by H otch
kiss show ed tha t one ce ll -f ree  extrac t m ay  con ta in  several 
d ifferent t ran sfo rm in g  ac tiv it ies  and  tha t t ransfo rm ation  
can  be expla ined  in te rm s  o f  recom bina t ion  be tw een  the 
genetic  m ater ia l  o f  the  rec ip ien t cell  and the  D N A  o f  the 
t ransfo rm ing  principle. In 1952 H ershey  and C hase  d em o n 
stra ted  that d u r ing  the  infection o f  the b a c te r iu m , E s
cherich ia  co li, by b ac te r iop hag e  T 2  on ly  the  phage  DNA 
en te red  the bacte r ia l  cell and d irec ted  the syn thes is  o f  the 
resu lt ing  progeny phage. T h ese  s tud ies  along w ith  Char- 
g a f f ’s dem ons tra t ion  that DNA could  have variable  c o m p o 
s i tion . an obvious req u irem en t  o f  h e re d i ta ry  m ater ia l ,  did 
away w ith  the  te tranuc leo tide  h ypo thes is ,  and the  idea  tha t  
DNA was the  gene tic  m ateria l  cam e  o f  age.

DNA S truc tu re  

Primary Structure

T he  nucleic  ac ids  DNA and r ibonuc le ic  acid (R N A ) are 
p o lym ers  o f  nucleo t ides .  In bo th  DNA and R N A  there  are 
genera l ly  four types  o f  nuc leo t ides ,  w h ich  are d is t in 
g u ished  by  th e i r  bases: aden ine ,  g uan ine ,  cy tos ine ,  and 
uracil in R N A  and adenine , guanine ,  cy tos ine ,  and th y 
m ine in D NA . Hence, one m a jo r  d is t inc tion  in these  two 
nucleic  ac ids  is tha t R N A  con ta ins  uracil w hereas  DNA 
con ta ins  thym ine . E xceptions  to th is  ru le  are the  p resence  
o f  th y m in e  in t ransfe r  RNA  and uracil in the  D N A s o f  
c e r ta in  p hages  as well as transiently  in m os t  replicating 
DNAs. R ibonucle ic  ac id  a lso  conta ins  a varie ty  o f  o th e r  
bases.

A n o th e r  m a jo r  d is t inc tion  be tw een  R N A  and DNA is 
the i r  sugar-phosphate  backbones: RNA  con ta ins  only ri- 
bose: DNA con ta ins  only 2 -deoxyr ibose .  T hese  nu c leo 
tides  are linked toge the r  as long, u n b ranch ed  po lym ers  
fo rm ed  by 3 \5 ' - p h o s p h o d ie s t e r  b r idges  betw een  the 5 ' -  
phospha te  o f  one nucleo t ide  and the  3 '-hy d ro xy l  o f  the
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sug ar  o f  the  next (i .e.,  P-5 ' sug a r -3 ' -ph ospha te -5 'sugar -3  
phosphate-)  and  are re fe rred  to as  p o lynuc leo tide  chains.

Secondary Structure

T h e  actual m olecu la r  arch i tec ture  o f  dou b le -s tran ded  DNA 
was p ro po sed  by  Watson and C rick  in 1953, af ter  they 
ana lyzed  the  results  o f  x-ray  d if frac t ion  data  ob ta ined  on 
puri f ied  f ibers  o f  DNA by F rank lin  and W ilkins .  T h e ir  
model had the DNA m olecu le  cons is t ing  o f  tw o helically  
in te r tw ined ,  antipara lle l po lynuc leo tide  cha in s  held to 
gether laterally by hydrogen bonds between complementary 
pairs  o f  p u r ine  and p y r im id in e  res id ues  on  o pp os i te  chains. 
The sugar-phosphate backbones form a right-handed helix 
w ith  a per iod ic i ty  o f  approx im ate ly  10.6 base  pairs. T h is  
m odel il lustrates the  c lassic  В -s truc tu re  o f  D NA , which 
has s ince  been show n to be the p redom in an t  fo rm  o f  DNA.

An im po rtan t  co ncep t  tha t  cam e  ou t  o f  this  model was 
that o f  com plem en tarity , w h ich  was de te rm in ed  by the 
s teric re la tions o f  the bases .  T h e  co m p lem en ta ry  base  pairs 
a llowed are ad en ine  (A ) with th y m in e  (T) and g u an ine  (G) 
w ith cy tos ine  (C). M odif ied  bases  can  a lso  en te r  in to  base- 
pair  fo rm ation  prov ided  they can  form  h ydrogen  bonds 
w ith  a n o th e r  base. S ince  A alw ays pairs  w ith  T, and  G  with 
C ,  the overall con ten t  o f  A  in DNA m ust be equal to T, and 
the  con ten t o f  G  m ust equal C . T h u s  the base  ra t io  o f  
do ub le -s tranded  DNA is (A  +  T ) / ( G  +  C). T h e  base  ra tios 
o f  D N A s from  d if feren t o rg an ism s  may vary  widely. How 
ever, m ore  im po rtan t ,  the  ac tua l  sequence  o f  bases  also 
varies eno rm ou s ly  from  one o rg an ism  to another.

T he  W atson-C rick  m odel sugg es ted  that the  only sp e 
c if ic  aspec t o f  DNA that cou ld  d is t ingu ish  one DNA m ole
cule  from  a n o th e r  w as the nucleo t ide  sequence  o f  the  four 
possib le  p u r in e -p y r im id in e  base  pairs  and that  the genetic  
in form ation  m u s t ,  therefore ,  res ide  in the co de  o f  these  
sequences.

T he  double-helix  m odel also su gg es ted  a m eans  by 
w hich  DNA could  replicate itself. F o r  i f  the two co m p le 
m en tary  po lynuc leo tide  cha in s  w ere  to separate  and each 
paren ta l  chain  w ere  to act as  a  tem plate  for the de novo 
syn th es is  o f  a co m plem en ta ry  d a u g h te r  ch a in ,  a  p a ir  o f  
D N A  m olecu les  w ould be gene ra ted ,  each half-new, half- 
o ld, w hose  specific  p u r in e -p y r im id in e  base -p a ir  sequence  
w ould  be identical to tha t o f  the paren t m olecu le  (i.e .,  
s em iconserva tive  replication). T h is  p red ic tion  was later 
co n f i rm e d  by  M eselson and S tah l’s densi ty  t r a n sfe r  ex p e r i 
m ent .

A m in o r  fo rm  o f  duplex DNA that may have physio logic  
s ign if icance  is the so -ca lled  Z-D N A , n am ed  a f te r  its z ig 
zagg in g  sugar-phosphate  backbone .  T h is  DNA is c h a ra c 
te r ized  by a le f t-handed  helix  and a lte rna t ing  sugar-base 
confo rm ation .  C e llu la r  p ro te ins  have been isolated  that

recogn ize  th is  fo rm  o f  D N A , but the ir  physio log ic  fu n c 
tions rem ain  unknow n.

DNA Molecules  a n d  C h r o m o s o m e s

DNA m olecu les  from  d if feren t o rg an ism s  and  v i ru ses  vary 
greatly  in size, s t ruc tu re ,  and  number. Not all naturally  
o c c u r r in g  DNA is found  as a  d o u b le -s tran ded  helix .  T he  
D N A s o f  c e r ta in  sm all b a c te r ia l ,  p lan t ,  and an im a l  v iruses  
oc cu r  na tura lly  as  s ing le -s trande d  DNAs. However, even 
these  D N A s m ust g o  th rough  a trans ien t dou b le -s tran ded  
form  d u r in g  th e i r  replication. In euca ryo t ic  ce lls ,  DNA is 
found in a n u m b e r  o f  m olecu les ,  but only one  m olecu le  is 
p resent p e r  ch rom osom e.

The Bacterial C h r o m o s o m e

T he  DNA o f  the b ac te r ia l  cell  is c on ta in ed  in a cen tra l  
region o f  the  c y to p la sm , ca lled  the  nuc lea r  reg ion  or 
n u c leo id  to  d is t ingu ish  it from the  m em b ran e -b o u n d  nu 
c leus o f  euca ry o t ic  cells. Both gene tic  and  au to rad io g ra p h 
ic s tud ies  have show n the  E sch erich ia  co li c h ro m o so m e  to 
be a  c i rcu la r  s t ru c tu re  con ta in ing  ab o u t  4  mill ion b ase  pairs  
and having a  c i r cu m feren ce  o f  approx im ate ly  1 m m  or 
abou t  1000 t im es  the w idth  o f  the  cell  tha t houses  it. How 
this huge m acro m o lecu le  is p ack aged  in situ  rem ains  to be 
reso lved .  However, m uch  o f  the  co m p ac tion  required  is 
achieved by h igh-o rde r  s t ru c tu re  involving the co il ing  of 
the  ax is  o f  the  double  helix  upon itself.  T h is  is ca lled  
su p erco iled  or su p erh e lica l  D NA . S tud ies  by  Pett i john  and 
Worcel have revealed  som e o f  the com p lex ity  o f  its o rg a n 
ization. A fte r  gen tle  lysis  o f  the  E . c o li ce ll ,  the  DNA 
m olecu le  can  be iso lated  in a  highly  folded and  superco iled  
sta te  (approx im a te ly  7 0 -1 3 0  superco iled  do m ain s)  c o m 
plexed with R N A  and prote in . T h is  s t ru c tu re  is often 
re fe rred  to as  the  fo ld e d  chrom osom e  o r  n uc leo id .  B acter ia l 
ce lls  may conta in  m ore  than one  nuc leo id ,  d ep end in g  on 
the  cells’ g ro w th  rate and size. E ach  nuc leo id  is a s su m ed  to 
be a single  rep licating  o r  res ting  ch rom osom e . Bacter ia  
behave genetica lly  as  hap lo id  o rg an ism s ,  and  therefore  
each  o f  the nuc leo ids  o f  a s ingle  cell  m ust con ta in  the  sam e 
hap lo id  gene tic  sequences . T he  im plica tions o f  nucleo id  
s truc tu re  on  the  express ion  and replication o f  the  bacte r ia l  
ch ro m o so m e  rem ain  to be fully  un ders tood .

C h r o m o s o m e  Replicat ion  in Bacteria

T h e  E . co li ch ro m o so m e  replica tes  as  a  unit in a sequentia l  
and sem iconserva tive  manner .  T h e  duplica tion  o f  this  
replicon is initia ted at a  un ique si te , the  rep l ica t ive  or ig in  
(or /C),  from w hich rep lication  subsequen tly  p roceed s  by 
polynucleotide-chain elongation in two directions simultan
eously (clockwise and counterclockwise) to a fixed terminus 
(terC ). T h is  com plex  p rocess  involves a  varie ty  o f  p rote ins .
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an active RNA-synthesizing system, and a  functional m em 
brane and can be separated into three physiologically distinct 
stages: (1) initiation, (2) polynucleotide-chain elongation, 
and  (3) te rm ina t ion  and segregation  o f  the new ly replicated 
ch ro m o so m e  (Fig. 3-1).

Initiation

T h e  replication  o f  all know n dou b le -s tran ded  D N A  m ole
cu les  is in itia ted  at a  un ique  gene tic  site  often  re fe rred  to as 
the  replica tive  or ig in  (ori). B acter ia l p la sm ids  and v iruses 
u se  a varie ty  o f  m echa n ism s  to in itia te  D N A  synthesis .  
However, one feature  c o m m o n  to the  initia tion  o f  all 
b ac te r ia  and  phage sy s tem s exam in ed  is the need  for an 
R N A  p r im e r  syn th e s ized  by  a D N A -dependen t R N A  poly
merase. O th e r  p ro te ins  (enzy m es)  are also needed .  In E . 
co li, th e  site  o f  initia tion  (o r /C ) m ap s  n ea r  the  ilv  o pe ro n  at 
m in u te  84  on the gene tic  map, and  w ith  the  deve lopm ent o f 
an in v itro  rep lication  sy s tem ,  w hich  specif ica lly  uses an 
o r /C -co n ta in ing  tem pla te  (m in ich rom osom es) ,  m uch  has 
been  learned  abou t initia tion. M any  o f  the  replication 
p ro te ins  o f  E . co li, ch a ra c te r iz e d  by A r th u r  K orn berg  and 
co llegues ,  are requ ired  for in v itro  initia tion  and include: 
D N A  p o lym erase  III h o loenzym e , s ing le -s tranded  DNA- 
b ind ing  p ro te ins ,  DNA gyrase ,  p r im ase ,  R N A  polym erase ,  
the  h is tone-l ike  pro te in  HU, and  the d n a A , dnciB , and 
dnaC  pro teins.  Initia tion o ccurs  th ro ug h  a se r ies  o f  steps 
involving the  form ation  o f  a p r im in g  com plex  and an 
alteration  in the  confo rm at ion  o f  the  oriC  DNA structure .

M ost m odels  tha t a t tem pt to explain  how  bac te r ia l  cells 
regu la te  ch ro m o so m e  replication a ssum e  th a t  contro l is 
exerted  at the  level o f  initia tion  ra ther  than at the level o f 
p o lynuc leo tide-cha in  elongation. T h is  view is suppor ted  
by exp er im en ta l  observa tions  tha t  the  rate o f  DNA poly
m er iza t ion  rem ains  rela tive ly  cons tan t  over  a  w ide  range  of 
doub ling  t im es  w hile  the  f requency  o f  initia tion  increases 
w ith  increas ing  grow th  rates.

Polyn ucleo tide  - Chain E ion да tion

Once initiated, DNA replication proceeds by polynucleotide- 
chain elongation in e i ther  a uni- o r  b id irec t iona l fashion to 
the  rep lication  te rm inus .  T h e  b id irec t ional m o de  appears  
to be com m on and is the m anner  in which the E . coli chrom o
some is replicated. Replication p ro ceeds  by  the  addit ion  o f  
n uc leo t ides  in the  5 '  and 3 '  d irec tion . O n e  s trand  o f  the 
DNA molecule appears to elongate rapidly, copying the tem 
plate o f  opposite polarity in a  continuous manner. The  other 
strand is synthesized discontinuously as small “O kazaki"  
p ieces  (a few th o u san d  n uc leo t ides  long in procaryo tes) ,  
nam ed  after  th e i r  d iscoverer,  Reiji O kazak i .  T h ese  sm all 
pieces o f  DNA are jo in ed  tog e th e r  by  po lynuc leo tide  li- 
gase. T h is  m ode  o f  DNA replication has been  te rm ed  
sem id iscon tinuous. T h e  con tinu ou s ly  sy n thes ized  s trand  is 
re fe rred  to as  the  lea d in g  s tra n d , w hile  the d iscon tinuously  
repl ica ted  s t rand  is ca l led  the  lagg ing  s tra n d . T h e  O kazak i 
pieces are in i tia ted  by  a shor t  RNA  prim er, w h ich  is la ter 
en zym atica l ly  rem oved  and the resu lt ing  gap repaired .

Fig. 3-1 DNA syn thes i s  a t  t h e  repl ica t ive  forks,  ssb prot e ins ,  s i n g l e - s t r a nde d  b i n d 
ing prot e ins .
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E nzym ology

T he  e n z y m o lo gy  o f  DNA replication is com plex  and has 
been extens ively  s tud ied  using in vitro  sys tem s re co n 
s t i tu ted  from  purified  E. co li p ro te ins  and a varie ty  o f  
p hage  and p lasm id  DNA tem plates .  T he  following are 
know n to be involved in the replicative process.

DNA Polym erases

Three  d is t inc t  DNA po lym erase s  (I ,  II ,  and III) have been 
isolated from  E. co li. All three po ly m erase s  syn thesize  
DNA in the 5 '  to 3 '  d irec tion  and require  a  p r im er  po ly
nucleo tide  with a free З ' -hydroxy l end. In all sy s tem s thus 
far  ex am in ed ,  the p r im er  has  been RNA. All th ree  po ly
m erases  a lso have a 3 '  and 5 '  exonuclease  activity , w hich is 
though t to provide an ed i t in g  function  by w hich they can 
rem ove incorrec t ly  incorpora ted  nucleotides.

DNA p o lym era se  I has an added  exonuclease  ac tiv ity ;  it 
is able to rem ove nucleo t ides  in the 5 '  to 3 '  d irec tion , 
w hich  is active on e i th e r  do ub le-s tranded  DNA or a  DNA- 
RNA  hybrid  molecule. It is this  la t ter  ac tiv ity  o f  poly
m erase  I that a llows it to rem ove the  R N A  p r im er  and 
replace  it with D N A  (the p rocess  o f  rem oving nucleot ides 
from the 5 '  end  o f  a  nick w hile  replac ing them  by e longa t
ing the 3 '  end is te rm ed  nick  translation). N ick  transla t ion  
is a lso essen tia l  for DNA repair.

T h e  bio logic  role o f  DNA p o lym era se  II  is not known.

DNA p o lym era se  111 is the m ost com plex  o f  the three 
po lym erases ,  being  associa ted  with o th e r  p ro te ins  to form 
the  pol III holoenzym e. T h is  com plex  en zy m e  has the 
greatest  tu rno ver  n u m b er  (ra te  o f  elongation) and is the 
essentia l DNA-replicating  enzy m e  o f  E. coli.

P o ly n u c l e o t i d e  Ligases

W hen  the com ple te  1000-nucleotide O kazak i segm en t on 
the lagg ing  s trand  is p o ly m erized ,  it is jo in ed  to the 
grow ing  p rogeny  DNA chain  by the en zy m e  DNA ligase. 
T he  E . co li  DNA ligase res to res  a ph osphod ies te r  bond 
betw een  a 3 ' -hydroxyl and a 5 ' -phospha te  n ick  in a d o u b le 
s tranded  DNA molecule. T h is  en zy m e  is essen tia l  to DNA 
repl ica t ion , DNA repair  syn thes is ,  and DNA re co m b in a 
tion in E . coli.

Helicases

T he  DNA po lym erase  I I I  ho loenzym e can no t  unw ind the 
DNA helix in o rd e r  to advance  d u r in g  replication . T his  
ac tiv ity  is accom p lished  by en zy m e s  called  helicases .  The  
bes t -charac te r ized  helicase is the E. co li rep  gene  product.  
T he  rep protein  u ti l izes  the hydro lysis  o f  adenosine  t r i 
phosphate  (ATP) to  separa te  the DNA s t rands  o f  the double 
helix  at the replicative fork.

Helix D e s t a b i l i z in g  P ro t e in s

Helix des tab il iz ing  p ro te ins  b ind  to s ing le -s tranded  DNA 
and prevent locally  dena tu red  DNA from  reannea l ing .  In E. 
co li, the  d es tab il iz ing  pro te in  is ca lled  the  s in g le -s tra n d ed  
b in d in g  p ro te in  (ssb protein),  w hich is essen tia l  for rep l ica 
tion. T h is  pro te in  is a  te t ram er  tha t b ind s  s ing le -s tranded  
DNA ju s t  b eh ind  the rep  pro te in  and ju s t  ahead  o f  the  DNA 
po ly m erase  III h o loenzym e, being  d isp laced  by  the  po ly
m erase  as  the  rep lication  fork advances .  S om e rep l ica 
tion sys tem s em ploy a s ing le  pro te in  that p e r fo rm s  the 
func t ions  o f  both the helicase and the  des tab i l iz in g  p ro 
tein. O n e  such exam ple  is the  gen e -32  pro te in  o f  b a c te r io 
phage  T4.

T o p o i s o m e r a s e s

O ne o f  the  p rob lem s o f  rep l ica t ing  a  c lo sed  c ircu la r  h e te ro 
duplex is a  topolog ic  one. T he  unw ind ing  prob lem  that 
would  arise d u r in g  the  replication o f  a c losed  c i rc u la r  DNA 
m olecule  is formidable .  T h e  cell deals  w ith  th is  problem 
with e n z y m e s  tha t can  p rod uce  topolog ic  chan ges  in DNA, 
called  to po iso m erases  o r  DNA gyrases .  T h e  first such 
en zym e  d iscovered  w as the o m eg a  pro te in  o f  E . co li. T h is  
en zym e  relaxes negatively  superco iled  DNA by b reak ing  
and  re jo in ing  the D N A  backbone ,  and  it has been renam ed  
eco  DNA top o iso m era se  II. Recently  th is  en zy m e  has also 
been  im plicated  in the  in itia tion  o f  ch ro m o so m e  replication 
in E . co li and m ay be involved in the separa tion  o f  newly 
replicated  ch rom osom es .

Termination o f  C hrom osom e Replication

T h e  com ple tion  o f  a roun d  o f  DNA replication  ( te rm in a 
tion) to yield two d a u g h te r  ch ro m o so m es  is an  obvious 
prerequisi te  for ch ro m osom e  segrega tion  and  su bsequen t 
cell division.

In E . co li, te rm ina t ion  o f  rep lication  o ccu rs  at a  g en e t
ically specific  site nam ed  terC . T h is  site is located  ap p ro x 
imately 180 d eg ree s  from the repl ica t ive  o r ig in  in a g e n e t
ically silent region o f  the  ch ro m osom e . T he  ter  sequence  
and its specific  b in d in g  pro te in  have been cha ra c te r iz ed  in
E . co li. Two ter  sequences  o f  approxim ate ly  20  base  pairs 
are o r ien ted  in such a  fashion that w hen  b ound  by a  ter- 
b ind ing  p ro te in ,  te rm ina t ion  u ti liza tion  sub s tance  (Tus), 
one b locks the replicative fork m oving  c lockw ise  w hile  the 
o the r  b locks co u n te rc lock w ise  m ovem ent.

T h e  te rm ina tion  o f  a dou b le -s tran ded  c i rcu la r  DNA 
m olecu le  p oses  a topolog ic  prob lem  that  requ ires  an e n 
zym e for its solution. W hen  a dou b le -s tran ded  DNA m o le 
cule  is replicated in a sem iconserva t ive  fash ion , the re su l t
ing c ircu la r  d au g h te r  m olecu les  (ch ro m o so m es)  are linked 
together,  p reventing  th e ir  su bsequ en t  segregation .  T h e o 
retically, these  DNA rings cou ld  be un linked  by a DNA
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gyrase  ( topo isom erase s) ;  however, w h e th e r  this  e n zy m e  is 
ac tua lly  employed  in this un link in g  p rocess  is not known.

Following the  te rm ina t ion  o f  DNA replica t ion , the r e 
su lting  c h ro m o so m es  m ust even tua lly  be segrega ted  into 
d au gh te r  cells. T h is  p rocess  is obv ious ly  l inked to cell 
d iv is ion ,  but the  m eans  by w hich it is accom p lish ed  is 
obscure. An early  m odel ,  p rop osed  by Jacob , Brenner, and 
C uz in  in 1963, sugges ted  that the rep licating  ch ro m osom es  
were an chored  to an envelope  betw een  these  a ttachm ent 
si tes. A l though  th is  m odel is aes thetica lly  p leas ing , s tudies  
a im ed  at exam in ing  th is  h yp o thes is  have been co n trad ic 
tory.

DNA Replicat ion M ach ine ry

T h e  rep lication  o f  the  bacte r ia l  ch ro m o so m e  is com plex ,  
involving the part ic ipa tion  o f  a large n u m b er  o f  replication 
prote ins .  Both physio log ic  and genetic  s tud ies  have sup 
por ted  m odels  in which  this m acrom olecu le  is replicated  by 
the assem b lage  o f  rep lication  pro te ins  in to  a so-called  
rep lication  appara tus ,  o r  rep l isom e. w hich is som ehow  
activated  at the  be g inn ing  (in it ia t ion) and des troyed  or 
inactiva ted  at the  end ( te rm ina t ion )  o f  each replication 
cycle. T he  exis tence  o f  such a replication complex could  
expla in  how  the cell regu la tes  the  s to ich iom etry  (c h ro m o 
som e copy  num ber)  and t im ing  o f  ch ro m o so m e  duplication  
by co n tro ll ing  its num ber, its rate o f  assembly, and  the 
t im ing  o f  its activation.

Mobile G ene t ic  E lem en ts

T h e  concep t  tha t ch ro m o so m e s  are  static s t ru c tu res  that 
pass un changed  from  genera t ion  to genera t ion  has been 
ab and on ed  in favor o f  a more d y nam ic  view. G enetic  
ana lys is  o f  ch ro m o so m e  organiza tion  has revealed  DNA 
re a r rang em en ts  tha t  have been  b rought abou t  by m obile  
gen e tic  e lem en ts. T h ese  gene tic  e lem ents  are charac te r ized  
by the ir  abil i ty  to inser t  as d isc re te  DNA seg m en ts  at m ore- 
or-less random  locations in the  genom e. T h e se  transpos-  
able e lem en ts  are  found as natural cons t i tu en ts  o f  p ro 
caryo te  ch ro m o so m es ,  p lasm ids  and bac te r io ph age  g e 
nomes. T he  tw o m a jo r  c la s ses  o f  t r ansposab le  e lem ents  are 
in sertion  e lem en ts  and transposons.

Insertion  E lem ents

Insertion  seq u en ces  (IS )  are d isc re te  gene tic  en ti t ies  that 
are able to insert into  new sites on the sam e o r  a d ifferent 
replicon. Insertion  e lem ents  are n o t au tonom ous replicons. 
T h ey  co m p ose  the  s im ples t  c lass  o f  mobile  gene tic  e le 
m en ts  and usually  con ta in  a  single  gene tha t c od es  for an 
en zym e ,  transposase , w hich  is essen tia l  for the tra n sp o s i
tion  o f  the IS e lem ent.  M ost IS sequences  have s im ilar  
s t ruc tu re  and conta in  approx im ate ly  1000 base  pairs o f

duplex  DNA . A varie ty  o f  d ifferent IS e lem ents  are  found 
in bacte r ia l  g en o m es  and p lasm ids ,  so m e  o f  w h ich  may be 
found  as m ultip le  cop ies  in a  s ingle  replicon. O n e  co n se 
quence  o f  IS sequences  is tha t they  provide  portab le  r e 
g ions  o f  hom o log y  that m a y  bring  abou t D NA rea rra n g e
m ents. T h is  occurs through the general homology-dependent 
recom bina t ion  sys tem  (r e c A  sys tem  in E . co li)  and may 
include d e le tio n s , d u p lica tio n s, tra n slo ca tio n s , and f u 
sions  o f  replicons. T h e  t ranspos i t ion  o f  IS e lem ents  may 
a lso  inactivate  genes  (by insert ing  in to  them  or providing 
transcripional/translational termination sequences) o r cause 
the  activa tion  o f  inact ive  g en es  by  providing functional 
prom oters .

T ranspos it ion  involves the  replication o f  only the  IS 
elem ent and its insertion  into the  ta rget D NA . It is indepen
den t o f  the  gen e ra l ,  h om o logy-dependen t  recom bina t ion  
sys tem  and  involves little specific ity  fo r  the DNA se
quences  into w hich they  can  be in tegra ted .  T h e  te rm in i o f  
IS e lem en ts  con ta in  in ver ted  repea ts  o f  ap prox im ate ly  10 to 
4 0  base pairs. T h ese  repeats  are un ique to each  IS elem ent 
and provide  a  si te  o f  recogn it ion  for the transposase . 
Hence, a  g iven  IS elem ent can  only induce  the  t r an sp o s i 
tion o f  IS e lem en ts  tha t have the sam e end  sequence  (i.e ., 
belong to  the sam e  IS family). T h e  t ransposi t ion  o f  IS 
e lem en ts  also results  in the duplica tion  o f  a sm all n u m b er  o f 
base  pairs  o f  the  ta rget sequence ,  apparen tly  as  a result o f  
specific  s tagg e red  cu tt ing  and  ligation, and  the  replication 
process .  T ranspos it ion  o f  IS sequences  usua l ly  involves the 
m ovem ent o f  the IS e lem en t ou t  o f  the d o n o r  DNA and its 
insert ion  into the  target D NA , w hich  may o r  may not be the 
sam e  replicon.

Transposons

A second  c lass  o f  mobile  gene tic  e lem en ts  closely  related 
to IS e lem en ts  and very  im p ortan t  to m ed ic ine  are tr a n s 
posons. Transposons may carry  a  wide variety o f  genes; how
ever, most important to medicine are those involved in antibi
otic resistance. E ssen tia l ly  every  an tib io t ic  used today may 
be rendered  ineffective by one o r  m ore  an tib io t ic - res is tan t 
genes, w hich  in tu rn  m ay be ca r r ied  by a t ransposon .  Som e 
tran spo so ns  c a r ry  m ultip le  an t ib io t ic - res is tan t  genes.

T h ere  are bas ica lly  tw o types  o f  transposons .  T h e  s im 
plest involve the  aux il ia ry  gene (s )  f lanked  by tw o co p ies  o f  
an IS e lem ent.  T ranspos it ion  o ccurs  th rough  the  reversal o f  
the  IS e lem en ts  at the ends  o f  th is  t ran spo so n .  A n  exam ple  
is the  C m r tran sp o so n .  Tn9, w hich  ca r r ie s  only the s t ru c 
tural gene for C M 1" be tw een  two IS1 e lem ents .  A second ,  
m ore  com plica ted  type  o f  tran sp oson  d oes  not uti lize  IS 
e lem ents  at its ends  pe r  se and is exem plif ied  by the beta- 
lac tam ase  Tn3 t ransposon .  T h is  tran sp oson  does  not have 
f lank ing  IS elem ents .  Rather,  it con ta ins  tw o  genes  with 
prod uc ts  involved in 'ransp os i t ion :  t r an spo sase  and re-
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solvase. T h e  t ransposi t ion  o f  this  tran spo so n  (and  its re la 
tives) is com plica ted  and involves its duplica tion , leaving a 
copy  at its o r ig ina l insertion  site  and  a  new copy  at a  new 
insert ion  site.

A recently  d iscovered  c lass  o f  t r an spo so ns  in S trep 
to co cc u s  confers  an tib io t ic  res is tance  and p rov ides  its host 
w ith  the abil i ty  to t ransfe r  these  t r an spo so ns  via c o n ju g a 
tion. T h e se  t r an spo so ns  induce  conjugation  betw een  two 
cells , allowing for the transposi t ion  o f  the tran sp oson  from 
the d o n o r  DNA to tha t  o f  the rec ip ien t .  T h e  transfe r  of 
o th e r  d o n o r  ch ro m osom al genes has  not been  dem ons tra ted  
and the  precise  m echan ism  o f  this t r an sfe r  is not under
s tood. It is be lieved, however, tha t these  con juga tive  tra n s
p o so n s  play a  m a jo r  role in an tib io t ic  res is tance  in S trep 
tococcus.

Bacterial  P lasmids

In addit ion  to its ch ro m osom e , the bacte r ia l  cell  may also 
h a rb o r  one  or m ore  ex trach ro m osom al genetic  e lem ents  
capable  o f  au to no m ou s  repl ica t ion , called  p lasm ids. W hile  
these  genetic  co m p on en ts  may con fe r  im portan t  charac te r
istics on the ir  bacte r ia l  host ,  they  are no t,  under  most 
condit ions , essen tia l  to cell viabili ty. However, p lasm ids 
play an im portan t  role in bo th  the  an tib io t ic  res is tance  and 
the v iru lence  o f  m any  pathogens .

M olecular N ature

M ost p lasm ids  are  do ub le -s trand ed  c i rcu la r  DNA m o le 
cu les  tha t range in size  from 5 to 140 m egada ltons ,  c o r r e 
sponding  to approxim ate ly  7 to 200  g enes ,  respectively.

P lasm id s  are rep licons  in the sense  tha t they  can  replicate 
au tonom ously  from  the b ac te r ia l  c h ro m osom e ,  a l though  
they are heavily  dependen t on  th e i r  host 's  replicative m a 
chinery. S om e p lasm ids  may also in tegrate  in to  the b a c te 
rial ch ro m o so m e  and  thus be replicated  passively.

A uton om o us ly  rep licating  p lasm ids  are usual ly  seg re 
gated  w ith  the bacte r ia l  ch ro m o so m es  d u r ing  cell division. 
However, w hen  two d ifferent p la sm ids  are p resent in the 
sam e cell ,  unequal segregation  at cell  d iv ision  may occur, 
resu lt ing  in two d if feren t cell popula t ions , each harbor ing  
only one type  o f  p lasm id .  I f  th is  o ccurs ,  the p la sm id s  are 
said to be incom patib le . If  bo th  p lasm id  spec ies  are  m a in 
ta ined ,  they  are said  to be com patib le . C om pat ib i l i ty  is a 
frequently  used c r i te r io n  to c lass ify  p la sm id s  and there  are 
approxim ate ly  25 d ifferent com patib i l i ty  g ro u p s  in p las
mids found in Enterobac te r iaceae .

T he  n u m b er  o f  p lasm id  co p ies  p e r  cell  is regu la ted  by  the 
plasm id  i tse lf  and is re fe rred  to as copy num ber. P lasm ids  
are c lassif ied  accord ing  to the i r  co py  num ber ;  low-copy- 
nu m b er  (1 -2 /c e l l )  p lasm ids are called  str in g en t  p lasm ids ,

and h igh -c o p y -n u m b e r  (10 -1 0 0 /ce l l )  p la sm id s  are called  
re la xed  p lasm ids.

Functions

P lasm id s  co de  for a variety  o f  so-ca lled  no nessen tia l  fu n c 
tions yet con fe r  im p o r ta n t  c h a rac te r is t ic s  on the  ho s t  b a c te 
r iu m . T hey  are therefore  o f ten  c lass if ied  acco rd in g  to the 
p rop e r t ie s  they con fe r  on  th e i r  hosts. T h e se  inc lude d ru g  
res is tance  (R  fa c to rs ) , the ab il ity  to t r an sfe r  the ir  o w n  and 
o th e r  D N A  by conjugat ion  (con juga tive  p la sm id s  such as 
the F  p lasm id),  the ab il i ty  to p ro du ce  an t ibac te r ia l  p ro te ins  
(ba c te rio c in  or co lic in  p la sm id s), the ab il i ty  to  p roduce  
toxins (tox igen ic  p la sm id s), and the ab il i ty  to u ti l ize  o r 
d eg rad e  specific  m etabo li te s  (e .g ., F -lac  plasmid).  P las 
m ids are a lso  ca lled  v iru len ce  p la sm id s  if  they c a r ry  genes 
tha t p rovide  pathogen ic  p rop e r t ie s  to  the i r  host ,  for e x a m 
ple, the  p roduc t ion  o f  tox ins and en te ro to x in s  o r  p ro te ins  
tha t enab le  the ba c te r ia  to co lon ize  t issue  o r  adherence  
proteins.  P lasm ids  tha t  d o  not have iden tif iab le  p ro pe r t ie s  
are ca lled  c ryp tic  p lasm ids.

C onjugative Plasm ids o f  
G ram -N egative Bacteria

C onjuga t ive  p lasm ids  are  am on g  the  largest  p lasm ids  and 
co de  for the  genes  w h ose  produc ts  are  requ ired  for the ir  
con juga tive  t r an sfe r  (see  sec t ion  en ti t led  M uta tion  and 
Variation in B ac te r ia  for a  d iscussion  o f  con jugation) .  T he  
genes ,  w hich c od e  for the  DNA transfe r  m ach inery ,  reside 
in an o peron  t e rm ed  tra  for t ransfe r  (the tra  o p e ron  o f  the  F 
p lasm id  con ta ins  m ore  than  13 genes). T h is  operon  is under  
the  co n tro l  o f  fe r t i l i ty  inh ib itio n  (fin )  g enes ,  w hose  gene 
produc t acts  as a  repressor.  (F o r  a d iscuss ion  o f  genetic  
rep ress ion ,  see sec t ion  en ti t led  T h e  O rgan iza t ion  and  E x 
p ress ion  o f  G ene tic  M ateria l:  T ran sc r ip t ion ,  Transla tion , 
and R egula t ion .)  N orm al ly  the tra  operon  is rep ressed ,  
and th erefo re  on ly  a few o f  the  ce lls  c a r ry in g  a c o n ju g a 
tive p lasm id  can  transfe r  it. An exception  to th is  ru le  is 
the  F  p la sm id ,  w ho se  tra  o pe ro n  is d e rep re ssed ,  and near
ly 100 percen t o f  the ce lls  c a r ry in g  the  F  p la sm id  can  tr a n s 
fer it.

C onjugat ive  p lasm ids  are not n o rm ally  t ran sfe r red  to 
o th e r  cells  c a r ry in g  the  sam e p lasm id .  T h is  is d ue  to a 
regu la to ry  p henom enon  ca lled  e n try  exc lu sion  in w hich  
pa ir  fo rm ation  (associa t ion  o f  d o n o r  and rec ip ien t bac te r ia  
by conjugative pili) and DNA transfer (process o f  conjugative 
t ransfe r  o f  s ing le -s tranded  D N A ) are b locked .  C onjugative  
p lasm ids  can  a lso  b r in g  abou t the  co n juga t ive  t r a nsfe r  of 
ch ro m osom al genes. T h is  p rocess  is te rm ed  chrom osom a l 
m o b iliza tio n  and  in the  case  o f  the  F  p lasm id  requ ires  its 
in tegration  into the  host ch ro m o so m e  (see sec t ion  enti tled 
M utation  and Variation in Bacteria).
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C onjugative Plasm ids o f  
G ram -Positive Bacteria

Unlike gram -negative bacteria, relatively few gram-positive 
b ac te r ia  are  k no w n  to c a r ry  conjuga tive  p lasm ids. How
ever, co n juga t ive  p la sm ids  have been found in B acillu s , 
Streptom yces, Streptococcus, and C lostrid ium  strains. C o n 
jugation  in g ram -po s i t iv e  bac te r ia  is qu ite  d if feren t from 
that  o f  g ram -n ega t ive  bac te r ia  (see sec t ion  on conjugation  
in M uta tion  and Variation in Bacteria).

Bacteriocinogenic Plasmids

Bacteriocinogenic plasmids produce bactericidal substances 
know n as b a c ter io c in s  o r  co lic in s . B ac te r ioc ins  d if fe r  from 
an tib io t ics  in tha t they  are p ro te ins  that ac t  exclusively  on 
the sam e o r  c lose ly  related spec ies  o f  bac te r ia .  Bacter ia  
tha t  p rod uce  them  are  res is tan t  o r  im m un e  to the ir  action. 
T h is  im m u n i ty  has been  show n in som e cases  to be the 
result o f  im m u n e  pro te ins  tha t b ind  to the  b ac te r ioc in  and 
inactivate  it. T h e re  are  a varie ty  o f  d if feren t b ac te r ioc ins ,  
and each  is highly  spec if ic  with regard  to  the  m ean s  by 
w hich it kil ls  the  cell .  L ike b a c te r io ph ages ,  the  b ac te 
r ioc ins  b ind  to  specific  recep to rs  located  on the  ou te r  
su rface  o f  the b ac te r ia l  envelope. T h e  s i tes  o f  ac tion  of 
these  bac te r ic id a l  p ro te ins  inc lude  the  cy to p lasm ic  m e m 
b rane  (i .e.,  inh ib it ion  o f  ox idative  p hosphory la tion ) ,  the 
r ib o so m e  (i.e.,  inhib it ion  o f  pro te in  syn thes is ) ,  and  the 
en z y m e s  involved in R N A  and DNA syn thes is ,  as well as 
the  DNA i tse lf  (i .e . ,  DNA degradation) .

D rug-R esistance Plasm ids 

In G r a m - N e g a t i v e  Bac te r i a

Resistance to antibiotics and o ther chemotherapeutic  agents 
has been found  to  exis t in a  variety  o f  m icroorgan ism s.  In 
fac t ,  ind iv idual s t ra ins  now  often  show res is tance  to sever
al an tib io t ics  s im ultaneously . Such m ul t ip le -d rug  re s is 
tance  is specif ied  by  e x trach ro m osom al e lem en ts  called  
d ru g -re s is ta n ce  fa c to r s ,  o r  R fa c to rs .  R fac to rs  are usually  
se l f- t ransm iss ib le  (i .e.,  con juga tive  plasmids).

R fac tors  were d iscovered  in the 1950s d u r in g  an o u t 
break  o f  bac il la ry  d ysen te ry  in Japan . T hey  w ere  first 
found in a s tra in  o f  Sh ig e lla  f le x n e r i  tha t  w as res is tan t to 
c h lo ram ph en ico l ,  s t rep to m y c in ,  te t racyc l ine ,  and the su l
fonam ides. M ultip le  res is tance  to these  an t ib io t ics  was 
transfe rab le  to  sens it ive  s tra ins  o f  Sh ig e lla , as well as to 
s tra ins  o f  E sch erich ia , K leb sie lla , P ro teus, Sa lm onella , 
and o ther enteric bacilli.  Epidemiologic studies have shown a 
w orldw ide  increase  in the n u m b er  o f  res is tan t o rgan ism s 
s ince  the adven t o f  antib io t ic  therapy  and the use of 
an t ib io t ics  in an im al feeds.

A l th ou gh  res is tance  to a w ide  varie ty  o f  an tib io t ics  has 
been found ,  a single  R fac tor spec ify ing  s im ul taneous

res is tance  to  all an tib io t ics  has  not been repor ted .  Multip le  
res is tance  to co m b in a t io ns  o f  th ree ,  four, o r  five antib io t ics  
is co m m o n ,  and am ong  the  m ost f requently  encoun te red  
d ru g - re s is tan ce  pa tte rn s  are  res is tance  m ark e rs  to  am - 
p ic i l l in ,  s t rep tom y c in ,  te t racyc l ine ,  and the  su lfonam ides .

G ene tic  s tud ies  have revealed  tha t R fac tors  can  be 
d iv ided  in to  tw o  d is tinc t  func t iona l g roups :  the  resistance  
tra n sfe r  fa c to r  (R T F )  and the re s is tance  de te rm in an t  (r  
d e term inan t). T h e  R TF is th ou gh t  to  be s im ila r  to an F 
fac to r  in fun c t io n ,  s ince  it is responsib le  fo r  the replication 
and  d is tr ibu t ion  o f  the  p lasm id  during  cell d iv ision  and  for 
p lasm id  t r an sfe r  by  conjugation . T h e  r d e te rm in a n t ,  on  the 
o th e r  han d ,  co n ta in s  the genes  that spec ify  antib io t ic  
res is tance. It has  recen tly  been show n that m os t  o f  the 
d ru g - res is tan t  gen es  are  ca r r ie d  by h igh ly  m obile  t r a n s 
posons ,  gene tic  e lem en ts  tha t are capab le  o f  t r ansposing  
them se lv es  (hopp ing) from  one D N A  m olecu le  to  ano ther  
o r  f rom  one location to a n o th e r  on  the  sam e DNA molecule. 
T hus, m u ltip le  d ru g -res is ta n t d e te rm in a n ts  a re  a c tu a lly  a 
co llec tion  o f  tra n sp o so n s , each ca rry in g  a p a r tic u la r  a n ti
b io tic  res is tance  gene. T h e  R T F  and r d e te rm in a n ts  may 
exis t independently  o r  be a ssoc ia ted  as  a  co m p os i te  RTF-r 
de te rm in an t  p lasm id .  T h e  s tabil ity  o f  such a  com plex 
varies  for each R fac to r  and  may be stably  a ssoc ia ted  with 
an RTF in E . co li but may d is soc ia te  w hen  t ransfe r red  to 
salmonellae. Antibiotic-sensitive strains containing an RTF 
have been found  in na ture ,  as  have r d e te rm in a n t -c a r ry in g  
cells  tha t  con ta in  no  RTF. T h e  DNA bo u n d a r ie s  betw een  
the r d e te rm in an t  and  R TF e lem en ts  in c o m po s i te  m ole
cu les  have been show n to con ta in  insertion  seq uen ces  (IS 
e lem ents )  tha t  acco u n t  for th e i r  ab il i ty  to a ssoc ia te  and 
d issoc ia te  (i .e.,  IS e lem ents  p rom ote  crossover).

T h e  m edical s ign if icance  o f  R p la sm ids  is obvious . T h e  
se lec tion  for R p lasm ids  by  an tib io t ic  therapy  and the 
t r a nsfe r  o f  these  p la sm id s  in an infectious fashion betw een  
a  varie ty  o f  d if feren t bacte r ia l  spec ies  p rovide  a constan t 
and  con tinu ing  th rea t  to the  e f fec t iven ess  o f  trea tm en t  o f  
bacte r ia l  d isease  w ith  an tib io tics .  T h e  d is tr ibu t ion  o f  R 
fac to rs  is w orldw ide,  and the d eg ree  and  n u m b er  o f  differ
en t d ru g - res is tan t  fac tors  are on  the increase. F u r th e rm o re ,  
R fac to rs  are not on ly  found in E n te rob ac te r iaceae  but are 
also in such pa thogens  as  the  anaerob ic  B actero ides  and 
N eisseria  species.  For exam ple , a s tra in  o f  N eisseria  gonor- 
rh o ea e  has been found tha t harbors  an R fac to r  that confers  
res is tance  to  p en ic i l l in ,  the an tib io t ic  m ost o ften  used to 
co m ba t  th is  pa tho gen .  F rom  hybrid iza t ion  stud ies ,  it has 
been conc lud ed  that this  R fac to r  c a m e  from  the  en te ro b a c 
te r ia l  R -fac tor  pool.  A s im ila r  p lasm id  has  been found in 
H aem oph ilu s in fluenzae , o ne  o f  the  causa t ive  agents  o f  
m eningitis .  T hese  ob serva tions  se rve  to il lustrate  an im 
p o r tan t  danger, the ab il ity  o f  R fac tors  to  cross  the  genus 
b a r r ie r  and  be transfe r red  from  c o m m o n  in hab itan ts  o f  
hum ans (i.e., E . coli) to transient pathogenic strains. Trans
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ferable d rug  res is tance  is probably  not a new phen om eno n ,  
and its no ticeab le  em erg ence  in recen t years  is likely the 
result o f  ind isc r im inan t  and w idesp read  use o f  antib io t ics  
bo th  in m edic ine  and agriculture .

In G ra m -P o s i t i v e  Bac te r i a

Small d ru g - res is tan t  p lasm ids  are  a lso found in g ram - 
posi t ive  bac te r ia .  T h e se  p lasm ids  are not usua l ly  called  R 
factors. T h e  bes t  k no w n  are the  p lasm ids  associa ted  with 
pen ic i l l inase  p roduc t ion ,  w hich are ca lled  penic ill inase  
p lasm ids. Pen ic i l l inase  p lasm ids  may also contro l  res is 
tance to e ry th ro m y c in  o r  to c e r ta in  m eta l  ions, such as 
m ercury , c a d m iu m ,  lead , and b ism u th .  P la sm id -m ed ia ted  
res is tance  o f  the s taphy lococc i to te tracyc l ine ,  ch lo ram 
phenicol,  and kanam y c in  has a lso  been repor ted .  Unlike 
m ost R factors ,  pen ic i l l inase  p lasm ids  are not transfe rred  
by  conjugation . However, the ir  transd uc t ion  has  been re 
ported .

P lasm id-spec if ic  antib io t ic  res is tance  has also been o b 
served  in o th e r  types  o f  g ram -po s i t iv e  b ac te r ia .  F o r  e x a m 
ple, various s trep tococc i s t ra ins  have been found to contain  
p lasm ids  con fe r r ing  re s is tance  to e ry th ro m y c in ,  c l in d a 
m ycin ,  ch lo ram p hen ico l ,  s t rep tom y c in ,  k an am y c in ,  su l 
fonam ides ,  and te tracycl ine . T h u s  fa r  no  s trep tococc i p la s 
m ids have been found that  p ro du ce  b e ta  lac tam ases  (beta  
lac tam s are the an tib io t ics  o f  cho ice  in the  t rea tm en t  o f  
s trep tococca l d iseases) ;  however, as  with R fac tors  in 
g ram -nega t ive  bac te r ia ,  it may be on ly  a m a t te r  o f  time 
before they emerge. Unlike the pen ic i l l inase  p lasm ids,  
som e o f  the s trep tococc i p lasm ids  are transferab le  by 
conjugation .

Virulence Plasmids

In the pas t  15 years ,  there  has been  com pe l l in g  evidence 
that m em b e rs  o f  the  gen u s  E . co li found in the gut o f 
h um an s  and d o m es t ic  an im als  are responsib le  for a s ig n if i
cant p ropor tion  o f  d ia r rhea l  d iseases.  T h ese  inc lude in fan 
tile d ia r rh ea ,  cho lera- l ike  d isease  in adu lts ,  t r av e le r’s d iar
rhea ,  and co libacil los is  in young  dom es tic  anim als .  T hese  
d ia rrhea l  d iseases  are  e lic i ted  by tw o  d is tinc t  m echan ism s: 
the  invasion o f  the in testina l m u cosa  by the bac te r ia ,  
caus ing  an acute  in f lam m ato ry  response ,  and  the  p ro d u c 
tion  o f  en te ro tox ins ,  w hich s t im ula te s  the  secre tion  of 
w ater and  e lec tro ly tes .  P la sm id s  have been im plicated  in 
bo th  m echan ism s.  F o r  ins tance, som e pathogen ic  E . co li 
p roduce  an en te ro tox in ; possess  a  c o m m o n  su rface  a n t i 
g en ,  K 88, an adhesive  su r face  pro te in  tha t a llows the 
bac te r iu m  to adhere  to ep ithelia l cells; and p ro du ce  an 
a lpha  hem olysin . K 88 an t igen ,  en te ro tox in ,  and alpha- 
hem olysin  production  are all governed  by transm iss ib le  
p lasm ids ,  des ign a ted  as K 88 , E n t, and H ly, respectively. 
F u r th e rm o re ,  it has been dem on s tra ted  that the t ransfe r  o f

K 88 and Ent p la sm ids  to no rm al  res iden t  E. co li s t ra ins  
converts  them  to pa thogen ic  s tra ins  capab le  o f  e lic it ing  
d ia rrhea l d isease  in pigs. O bviously, this is bu t  one e x a m 
ple o f  the involvement o f  p lasm ids  in p a th og enes is ,  the 
extent o f  w h ich  rem ains  to be com ple te ly  un ders tood .

B ac te r io p h a g e s

B acteriophages  (v i ru se s /p h ag e )  are infec tious agents  that 
replicate as  obligate  in t race l lu la r  paras ite s  in b ac te r ia .  
T h e ir  life cycle  inc ludes  an ex trace lla r  phase  in w hich  they 
are m etabolica lly  iner t  and  an in fec tious  phase  in w hich  
they u ti l ize  the i r  host to  multiply. T h e se  v iruses ,  o r  vir
ions, a re  very  sm all  and can  only be  v isua lized  by e lec tron 
microscopy.

Phage M orpho logy

B acte r iophages  conta in  pro te in  and D N A  o r  RNA  as m a jo r  
com ponen ts .  A few p hages  conta in  lipid and  are sensit ive  
to o rgan ic  so lvents ,  such as c h lo ro fo rm . T h e  g en o m e  o f  the 
phage is usual ly  co m p r ised  o f  a single m olecu le  o f  single- 
o r  d o u b le -s tran d ed ,  l inear o r  c ircular ,  D N A  o r  s ing le 
s tranded  l inear R N A . T h e  pro te in  form s the p h a g e  c o a t  or 
ca p sid , w hich  p ro tec ts  the  phage  genom e. P h ag es  d if fe r  in 
the ir  physical s t ru c tu re  from  spec ies  to  spec ies  but gener
ally fall into one o f  th ree  basic shapes: (1) ico sa h ed ra l 
ta illess , (2) ico sa h ed ra l h eads w ith  ta il, and  (3) f i la m e n 
tous  (F ig. 3-2).

Phage Production

T h e  events  tha t  lead to the p roduc t ion  o f  new bacte r ia l  
phages are the  following:

A d s o r p t i o n

Infection  o f  b ac te r ia  is in i tia ted  by  the  ad so rp tio n  o f  phage 
to specific  recep tors  on the su r face  o f  the  b a c te r iu m . T hese  
recep to rs  may be  p ro te in ,  such as  the p o r in  p ro te ins  o f  the 
ou te r  m e m bran e  o f  g ram -neg a t iv e  bac te r ia ,  o r  lipid in 
nature ,  such as  l ipo po ly sacchar ides  (E P S ) o f  the ou te r  
m em b rane  o f  g ram -neg a t iv e  b ac te r ia ,  o r  a c o m b ina t io n  o f  
bo th .  L ip o p o ly sacch ar id es ,  te ichoic  ac ids ,  f lage lla ,  and 
pili can  se rve  as receptors .  D ifferen t spec ies  o f  phage  often 
use d if feren t su r face  recep to rs  and the  sam e  phage  spec ies  
can  m utate  to use m ore  than o ne  recep to r  (ho s t-ra n g e  
m utan t).

P e n e t r a t i o n

A dsorp tion  is followed by  the  passage  o f  the phage D N A  or 
RNA  into  the cell .  S om e phages ,  such as the  ta iled  phage, 
use an in jection  m ech a n ism  to accom plish  th is. For  e x a m 
ple in the ta iled  T-even phage  the  tail tube  is inser ted
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H e ad

C ollar Icosah ed ra l
tailless

Icosahedra l
tailed

Fig. 3-2 St r uc tu r e s  o f  ph ages .

F ilam entous

th rough  the  bacte r ia l  cell  wall and the phage  D NA . co n 
tained  in the  phage  he ad ,  is ex tru ded  th rou gh  this tube, 
d irec tly  in to  the  host cell .  W ith  som e  tailless phages  the 
nucleic  ac id  is tem po ra l ly  sens it ive  to nuc lease  attack , 
su gg es t ing  tha t it is re leased  and ex posed  before  en te r ing  
the  cell .

P h a g e  Rep l i ca t ion

O n c e  inside the b ac te r ia l  cell  the phage  may replicate i tself  
m any  tim es  over and eventua lly  lyse its host .  T h e  m ean s  by 
w hich this  is acco m plished  varies for d if feren t phages. 
However, following m os t  infec tions the bacte r ia l  host  loses 
its ab il i ty  to rep licate  a n d /o r  t ran sc r ib e  its D NA . T h e  
phage  RNA  o r  DNA is then replicated  to p rod uce  many 
cop ies  o f  its gen om e  and  phage-spec if ic  p ro te ins  are sy n 
thes ized  w ith in  the  b ac te r iu m . T h e  phage nucleic  acid is 
sy n th es ized  by e i th e r  p hage-spec if ic  D N A  and RNA  poly
m erases  o r by  the  addit ion  o f  spec if ic ity  e lem en ts  to 
m odify  bacte r ia l  po lym erases .  In e i th e r  case , m any  o f  the 
hos t’s replication p ro te ins  are involved. T h e  in i t ia l-phage 
m esseng er  RNA  (m R N A ) is usually  sy n thes ized  by the 
bacte r ia l  D N A -dependen t RNA  polym erase . T h is  phage 
m R N A  usual ly  co des  for a  phage  RNA  po lym erase  or 
p ro te ins  tha t  m o d ify  the  host RNA  p o lym erase  to rec o g 
nize p h a g e  p ro m o ter  sequences. A n o th e r  s t ra teg y  involves

the p hage  head  pro te ins  tha t  are injected along with phage 
D NA . T h e se  m odify  the  b ac te r ia l  RNA  p o lym erase  to 
recogn ize  viral p rom o te rs  so that v irus  g enes ,  instead  o f  
b acte r ia l  g enes ,  are tran sc r ibed .

P hage  m R N A  syn th es is  is regu la ted  and its pro te in  
p ro du c ts  usual ly  sy n thes ized  sequen tia l ly  as needed  (i.e .,  
ea rly  m RN A  enco des  for the p hage-spec if ic  en zy m e s  early 
in the infection and la te  m RN A  enco d es  for the  capsid  
p ro te ins  later). T h e  ear ly  m R N A  d irec ts  the syn thes is  o f  
p ro te in  fac tors  and en zy m e s  tha t  allow the  phage  to take 
over  the m etab o lism  o f  its host .  F o r  exam ple , som e early 
v irus-spec if ic  en zy m e s  d eg rad e  host  DNA halt ing  host 
gene  express ion  and providing p recurso rs  for phage DNA 
replication.

R ibonucle ic  ac id  phages  m ust enco de  the i r  ow n  rep l ica
tion en zy m e s  because  the  bacte r ia l  hos ts  do  not con ta in  
en zy m e s  tha t can  replicate R N A . T h e  s ing le -s tranded  R N A  
a lso  se rves  as m R N A . O n e  o f  the first gene  produc ts  
syn th es ized  from R N A  phage is R NA replicase, w hich  is an 
R N A -dependent RNA  polym erase . T h is  enzy m e  copies  the 
o rig ina l  R N A  (p lus-s trand)  and p rodu ces  a d o u b le 
s tranded  in te rm ed ia te  ca lled  the rep lica tive  fo r m  (RF). The 
R F  is then used to syn th es ize  th o usand s  o f  cop ies  o f  plus- 
strands o f  phage R NA. som e o f  which are used to make more
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double-stranded replicative forms and some o f  which are 
used as mRNA to make phage proteins. Eventually, the plus- 
strands o f  phage RNA  are packaged into a maturing  virion.

S ing le -s t randed  D N A  p h ages  replicate th e i r  gen om es  
using a  s im ila r  strategy. T hey  use host DNA po ly m erase  to 
p rod uce  dou b le -s trand ed  (RF) fo rm s  before  e i th e r  t r an 
sc r ip tion  o r  replication occurs .  T h e  R F  form  then  d irec ts  
the  syn thes is  o f  add it ional R F  and s ing le -s tranded  copies  
o f  the  phage  DNA.

Phage A ssem b ly

T h e  assem bly  o f  phages  usual ly  requ ires  three ty p es  o f  
pro te ins:  (1) s tru c tu ra l p ro te in s , w hich  are found  in the 
m atu re  phage  part ic le ;  (2) a ssem b ly  p ro te in s , w hich  often 
have ca ta ly tic  activ it ies  and w hich  he lp  assem ble  the  phage  
(e.g.,  pack ag ing  o f  the  nucle ic  ac id s  in the  p hage  heads  or 
a ssem bly  by  m odif ica tion  o f  tail pro te in  com ponen ts) ,  and 
(3) re lease  p ro te in s , involved in the  em an c ip a t io n  o f  m a 
tu re  phage  from  the  cell  (e .g . ,  lysozym e). T he  suspension  
o f  the  new ly re leased  phage  is called  a lysa te .

Virulent an d  Tem perate Phages

B acteria l v i ru ses  can  be  c lass if ied  in to  tw o m a jo r  g roups ,  
v iru len t o r  tem pera te , d epend ing  on the i r  rep roduc tive  
cycle. V iru len t phages  have on ly  a single a lte rna t ive ,  to

lyse the host cell  ( ly tic  cycle). T em perate  ph ages ,  on the 
o th e r  h and ,  c an  e i th e r  lyse the  hos t  ce ll ,  resu lt ing  in the 
p roduc tion  o f  m any  p rogeny  phages ,  o r  replicate  the ir  
ge n o m e  along w ith  the  host ce ll ,  resu lt ing  in a c lone  o f  
in fec ted  cells  tha t  may con tin ue  d iv id ing  fo r  m any  g e n e ra 
tions  ( ly so g en ic  cycle). T he  rep l ica t ing  ph ag e  genom e, 
ca lled  a prophage, may pers is t  e i th e r  in teg ra ted  in to  the 
bac te r ia l  ch ro m o so m e  (usually  at a un ique  gene tic  locus), 
such as  the  p ro ph age  o f  lam b da ,  o r as an au tonom ously  
rep l ica t ing  p la sm id ,  such as the  g en e ra l ized  tra n sd u c in g  PI 
p hage  o f  E . co li. Each o f  th e se  in fec ted  b ac te r ia l  cells  
c a r ry in g  a p rophage  can ,  u nd er  the  ap p ro p r ia te  cond it ions ,  
p rod uce  infec tive  v iruses.  T h is  re la tionsh ip  be tw een  the 
tem p era te  phage  and  its bac te r ia l  hos t  is ca l led  lysogeny, 
and the  ba c te r ia  tha t  c a r ry  these  p ro p h ag es  are called  
lysogens. T h e  induc tion  o f  a  lysogen  is the  p rocess  by 
w hich  the  p rop hag e  p rop aga tes  infec tive  v iruses  and  e ven 
tual ly  lyses its ho s t  (i .e.,  en te rs  the  lytic cycle ) (F ig . 3-3).

T h e  p rocess  by  w hich  a  tem pera te  phage , c a r ry in g  
no nessen tia l  g en es  that are ex p re s sed ,  ch an g es  the  h o s t ’s 
ph eno type  is ca lled  lyso g en ic  conversion . S o m e  o f  these  
changes  are o f  m edica l im p o rtance  and resu lt  in a lterations 
in the  pathogen ic  p ro p e r t ie s  o f  the  lysogen . F o r  exam ple  
the  gene  cod ing  for the  d ip h th e r ia  toxin  in C ornybac ter ium  
d ip h th er ia e  res ides  in the  tem p era te  p hage  B . T h e  p ro d u c 
tion o f  the e ry th ro g en ic  toxin  in S trep to co ccu s  pyog enes

Fig. 3-3 L y so gen iza t io n  a n d  p r o p h a g e  in du c t io n .
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and the  O -an tigen  spec if ic ity  (LPS s t ru c tu re )  in S a lm o n el
la  are also contro lled  by tem pera te -ph age  genes  during  ly
sogeny.

The Organization and 
Expression of Genetic 
Material: Transcription, 
Translation, and Regulation______

In the 1940s, B eadle  and T a tum  em ployed the fungus  
N eurospora  c ra ssa  to  inves tigate  gene activity. T hey  found 
that specific  m uta tions d irec tly  affec ted  specific  enzym atic  
activity. To accoun t  for these  resu lts ,  they p roposed  the 
one-gene ,  one -en zym e  theory. S ince  that t im e ,  we have 
found  that m any  en zy m e s  are co m po sed  o f  m ore  than  one 
p o lypep tide  and tha t m uta tions  in m ore  than  one  gene  can 
a ffec t  the ac tiv ity  o f  such enzym es.  T herefo re ,  the one- 
gene, on e -en zy m e  theo ry  has been m odif ied  to a one-gene ,

on e-po lypep tide  relationship . Recently  it has been found 
that  in som e gen o m es  the  sam e nucleo tide  reg ion  may code 
for m ore  than one polypeptide. Hence, the concep t  o f  gene 
has co m e  to refer to a very  specific  DNA nucleotide  
sequence ,  fa ithfully  tra n sc r ib ed  into the r ibonuc leo t ide  
seq uence  o f  an m R N A  molecu le ,  w hich  in tu rn  m ay be  (for 
s t ruc tu ra l  genes)  tra n s la ted  in to  the  am in o  ac id  sequence  
o f  a po lypeptide  c ha in ,  w hich  then folds spontaneously , 
un der  the co r rec t  physio log ic  condit ions ,  to achieve the 
th ree -d im en s io na l  co nfo rm ation  ch arac te r is t ic  o f  the  n a 
tive pro te in  (Fig. 3-4). T h e  o th e r  t r an sc r ip s  ( t ransfe r  RNA  
and ribosomal RNA) are not translated but rather are incor
porated d irectly  into the  c e l l ’s b iochem ical machinery.

Transcript ion

T h e  first s tep  in gene  expression  involves tran sc r ib ing  the 
genetic  in form ation  in to  a usab le  code. C hem ically ,  t r a n 
scription is the enzymatic  polymerization o f  RNA using one 
o f  the two DNA strands (the sense strand) as a template.

Fig. 3-4 The  t r a n s f e r  of  g e n e t i c  i n f o rm a t io n  f r o m  DNA t o  p ro t e in .
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T he  c learest  view o f  the  events  involved in this  p rocess  
co m es  from s tud ies  with the  b a c te r ium  E scherich ia  coli, 
and  w e will use this  sys tem  often  as  o u r  m odel (Fig. 3-5).

The Transcriptional Unit
T h e  t r an sc r ip t ion a l  unit is a  stre tch  o f  DNA nucleo t ides  
bo rdered  on one end by a  s tart  sequence , o r prom oter, and at

the o th e r  end  by  a s top  sequence ,  o r  term inator. T h e  RNA  
p o lym erase  in itia tes R N A  syn thes is  at the  p rom oter,  using 
the sen se  s tra n d  o f  DNA to syn th es ize  its co m p lem en t ,  and 
then terminates RNA-chain elongation and disengages from 
the D N A  at the term inator.  Each transc r ip t io na l  unit c o n 
tains at least one gene  and ,  in p roca ryo tes ,  o ften  tw o or 
more.

Fig. 3-5 Transcr ipt ion in E. coli.
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The Prom oter S ite

T h e  p rom o te r  si te  con ta ins  genetic  sequences  tha t  are 
o rg an ized  spat ia l ly  along the DNA and are responsib le  for 
R NA p o lym era se  recogn ition  and  eventua lly  the  initiation 
o f  RNA  synthesis .  D ifferen t p rom o te rs  are  used more or 
less frequently  as  s tart  s igna ls  for t r an sc r ip t io n ,  and  the 
d eg ree  to w hich  they  are used d ep end s  largely on the  ab il ity  
o f  the  R N A  po lym erase  h o loenzym e to recog n ize  them  
(i.e.,  upon s ig m a  recognition).

The Terminator Site

T h e  te rm in a to r  site is loca ted  at the  end  o f  the t r an sc r ip 
tional unit and is a  D N A  sequence  th a t  ca u ses  the  RNA  
p o lym era se  core en zym e  to  s to p  R N A -cha in  e longa tion  and 
to  d isengage  from  the  D N A  template . T h e  c o m ple ted  RNA  
transcr ip t  is re leased  d u r in g  this  p rocess .  T h e re  are two 
types  o f  te rm ina t ion  sites: those  tha t  requ ire  a te rm ina tion  
pro te in  ca lled  rho  and  those  tha t do  not. T h e  m o de  o f  
action  o f  rho  is not yet com plete ly  unders tood .

R N A -Syn thesiz ing  M achinery

R N A -syn thes iz ing  m ach in e ry  o f  E . co li is the  D N A -depen
den t RNA  polym erase . T h is  e n zy m e  is m ade  up o f  five 
noncovalen tly  jo in ed  po lypeptides :  one be ta  sub un i t ,  one 
b e ta '  sub un i t ,  two identica l a lpha  su bu n i ts ,  and  a  s igm a 
subun it .  T he  be ta ,  b e ta ' ,  and  two a lpha  subunits  fo rm  the 
core en zym e  tha t is responsib le  for R N A  syn thes is  pe r  se 
(i .e.,  R N A -chain  elongation). T h e  s ig m a  fa c to r  is loosely 
a ssoc ia ted  with the  co re  e n zy m e  to fo rm  the  ho loenzym e  
and  is involved in recogn iz in g  the  p ro m ote r  sequence.

R ibonuc le ic  ac id  sy n th es is ,  like D N A  syn thes is ,  can  be 
d iv ided  into th ree  physio log ically  d is t inc t  s tages: (1) in itia
t ion , (2) p o ly nuc leo tide-cha in  e longation ,  and (3) te rm in a 
tion.

Transcription Initiation

Transcr ip t ion  initia tion  is a  com plex ,  m ultis tep  process  
involving (1) locat ing  the p ro m ote r  site, (2) open ing  the 
DNA double  helix  and m elting  in o f  the  RNA  po lym erase  
ho loenzym e, (3) b ind in g  o f  ATP o r  gu ano s in e  tr iphospha te  
(G T P ) in the  p o lym erase  initia tion  si te , and  (4) ca ta lys is  o f 
the first and sub seq uen t  ph osphod ies te r  bonds. A fte r  the 
in itia t ion  o f  R N A  syn th es is  has  b eg u n ,  there  is no  fu r th e r  
requ irem en t for the R N A  po lym erase  to recogn ize  in i t ia 
tion  si tes, and  the  s igm a fac to r  d is soc ia tes  from  the  h o lo 
enzy m e  and recyc les  with free co re  enz y m e s  to  initiate the 
syn thes is  o f  a n o th e r  R N A  molecule.

RNA-Chain Elongation

R N A -chain  e longation involves only the co re  R N A  poly
merase. D uring  the process ,  the  tw o DNA s t rands  separate

in the  region w h ere  t ranscr ip t ion  is o c c u r r in g ,  and the next 
n uc leo t ide  to be added  to th e  g row ing  chain  is identif ied  by 
its ab il ity  to fo rm  a base  pa ir  w ith  the  next n uc leo t ide  in 
the DNA template. W hen  the  co r rec t  r ib o n u c leo s id e -5 '-  
tr ipho sp ha te  is iden t if ied ,  it is en zym atica l ly  jo in e d  to the 
nascen t R N A  chain  by  R N A  polym erase . T he  RNA  chain  
grow s in the  5 '  to 3 '  d irection . A fte r  a pa r t icu la r  region o f  
DNA has been t r a n sc r ibed ,  the  m elted  DNA strands re a n 
neal w ith  each other ,  and the R N A  strand  no  longer  rem ains  
hy drogen  bonded  to that region o f  D NA . RNA syn th es is  can  
be liken ed  to  a bu b b le  traveling  dow n the d o u b le -s tra n d ed  
DNA m olecule .

Transcription Products

Transcr ip t ion  produc ts  inc lude  th ree  d if feren t types  o f  
RNA  m olecu les ,  all o f  w hich  play a role in the t rans la t ion  o f  
genetic information from DNA to protein. T hese  are m RNA, 
tra n sfe r  RNA (tR N A ), and ribosom a l RNA (rRN A).

M essenger  R N A s conta in  the nucleo t ide  sequence  that 
d irec tly  specifies  the  am ino  acid sequence  o f  polypeptides .  
T h ey  vary greatly  in size, f rom  several h u nd red  to several 
th o u sand  nuc leo t ides  long, and  conta in  only the  usual four 
RNA  bases: a d en in e  (A), gu a n in e  (G), cy to s in e  (C), and 
ura c il (U). DNA segm ents  c o r re spo nd in g  to one p o ly p ep 
tide chain  plus the  s tart and s top  gene tic  s ignals  are  ca lled  a 
c is tro n , and the  co r re sp on d ing  m R N A  is referred  to as 
c is tro n ic  m R N A . I f  the  m R N A  en co d es  for a single po ly
pep tide ,  it is called  m o n o cistro n ic  m R N A . If  the m R N A  
enco des  for m ore  than a  single  po lypeptide ,  it is called  
p o lyc is tro n ic  m RN A .

In add it ion  to  start and  s top  s igna ls  for trans la t ion ,  there  
are  o th e r  nuc leo t ide  sequences  in m R N A  that ac t  as im por
tan t  s igna ls  to the  c e l l ’s transla t ional m achinery . F o r  in 
s tance , the  s tart s ignal for t rans la t ion  often  lies well 
do w n s trea m  from  the 5 '  end o f  the RNA  tran sc r ip t .  T h is  
n on transla ted  sequence  is re fe rred  to as  the lea d er  and  it 
may conta in  regu la to ry  signals ,  such as a ttenuators ,  that 
may lead to p rem ature  te rm ina t ion  o f  t ranscrip tion .  U n
trans la ted  n uc leo t ide  sequ ences  are  a lso found  at the  3 '  end 
o f  the m R N A  and som etim es  be tw een  c is tron ic  seq uences  
in po lycis tron ic  R NA . T h e se  seq uences  are ca lled  spacers, 
and the ir  func t ion  rem ain s  to  be d e te rm in ed ,  a l though  they 
are believed to  be  regula tory  in nature.

A n o th e r  im p o r ta n t  regu la to ry  a sp ec t  o f  m R N A  is its 
shor t  lifetime. P roca ryo tic  m R N A  is usual ly  d eg rad ed  af te r  
a re latively  shor t  per iod  o f  t ime, the ha lf-life  o f  a typ ica l  
pro ca ryo tic  m R N A  b e in g  a fe w  m inutes . T h is  feature  has  an 
im po rtan t  reg u la to ry  conseq uen ce :  If  a p a r t icu la r  pro te in  
is no  longer  n eed ed ,  a cell need  on ly  tu rn  o f f  transcrip tion  
o f  the  co r re sp o n d in g  gene  to tu rn  o f f  the syn thes is  o f  its 
p roduc t .  T h is  m R N A  degrada tion  p roceed s  from the  5 '  end 
by an RNA exonuclease.
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Transfer R N A s are the sm allest  o f  the  RNA  m olecules  
t ranscr ibed  and range  from 70 to approxim ate ly  100 n uc le 
o tides  long. T h e  s tru c tu re  o f  tR N A  is con se rv ed  in nature. 
Each tR N A  m olecule  can  be a r ranged  in a charac te r is t ic  
c lov e r lea f  s tru c tu re  th rough  h y drogen  bonding  between 
bo th  no rm al  and  m odif ied  bases. T h e se  R N A  m olecules  
are long-lived and conta in  unusual nuc leo t ides  inc lud ing  
r ib o thy m id in e .  d ihy d ro u r id in e ,  inos ine, and p s e u d o u r i 
dine.

T h e  tR N A  m olecu les  are  involved in d eco d ing  the gen e t
ic m essage  found  in the m R N A  by d irec t ing  the  appropr ia te  
am ino  ac id  to its co r re sp on d ing  codon  in the m R N A . T here  
is one or m ore  (usually  th ree  o r  m ore)  specific  tRNA 
species  for each o f  the 20 am ino  ac ids found in proteins.  
Each tR N A  m olecule  has a region called  the  a n tico d o n , 
w hich  res ides  in one o f  the precise  base p a ir ings  between 
tR N A  and m R N A . T he  an ticodon  consis ts  o f  three bases 
com p lem en ta ry  to the  tr ip le t code  expressed  in the  m R N A  
(codons). Each tR N A  also con ta ins  a 3 '- te rm ina l  sequence  
to w hich  one  o f  the  20 am ino  ac ids is covalently  attached 
(by a specific  a m ino acy l- tR N A  synthetase) .  T he  a ssoc ia 
tion betw een  am in o  ac id  and tR N A  is specific .  O n ly  the 
am ino  ac id  specif ied  for by its an ticodon  can be a ttached to 
a given tR N A  species .  T ransfer  R N A  m olecu les  with cova
lently a ttached am ino  ac ids  are referred  to as c h a rg ed  
tRNAs.

R ibosom al R N A s are com ponen ts  o f  r ib osom es ,  the 
c e l l ’s p ro te in -syn thes iz ing  machine. T h is  RNA  is also 
long-lived and co m p o ses  the m ost abundan t  c lass  o f  c e l lu 
lar R N A , represen ting  from  60 to 80  percen t o f  the  c e l l ’s 
total R N A . However, regard less  o f  its abu nd ance ,  its fu nc 
tion is not com plete ly  un ders tood .  It is usual ly  though t to 
play som e s t ruc tu ra l  role in r ibo so m e  assem bly  and fu nc 
tion.

All r ibo so m es  o f  a g iven  species  o f  o rg an ism  have an 
identical set o f  rR N As. R ib osom es  o f  p rocaryo tes  contain  
one copy  o f  th ree  d ifferent rR N A  species ,  d es ign a ted  at 
23S, 16S, and 5 S  a f te r  the i r  sed im enta tion  coeffic ients. 
R ibosom es  from  eu caryo tes ,  on the o th e r  hand ,  con ta in  
four d if feren t species: 28S, 18S, 5 .8S ,  and  5S RNAs.

Processing o f  RNA

P rocess ing  o f  R N A  refers to the d iges tion  and chemical 
m odifica tion  o f  the  p r im a ry  transcr ip t ion  p ro du c ts  (RNA). 
T ranscr ip t ion  produc ts  are a lm ost a lw ays la rger  than  the 
final funct ional fo rm  o f  the R N A . Hence, these  t r a n sc r ip 
tion p rod uc ts  m ust be d iges ted  to som e extent by nucleases. 
F u r th e rm o re ,  s ince  on ly  the four r ib o n u c le o s id e -5 '- t r i 
phospha tes  can  be incorpora ted  in to  R N A  d u r in g  t r a n sc r ip 
tion , the  p r im ary  produc t o f  t ranscr ip t ion  m ust also be 
m odif ied  to p rod uce  the m ethy la ted  and  o th e r  chem ically  
altered  nuc leo t ides  found  in R N A . F o r  exam ple , the  28S,

18S, and 5 .8 S  rR N A s found in eu ca ry o t ic  r ib o so m es  are 
derived  from  the sam e t r an sc r ip t  (i .e.,  a re  p ro cessed  by 
endonucleases) .  A f te r  they are c leaved to the approp r ia te  
size, the 28S and  18S rR N A  are then m e th y la ted  at the 
approp r ia te  sites a long  the  R N A  chains.

S im ila r  p rocess ing  o ccu rs  in the  m a tu ra t ion  o f  tRNA 
species. In the case  o f  E . co li ty ros ine  tR N A , the  p r im ary  
transcr ip t  is 41 nuc leo t ides  longer  at the 5 '  end  and 2 
nuc leo t ides  longer at the 3 '  end  than  its final fo rm . A fte r  
endonuc leo ly tic  c leavage o f  the p r im a ry  t r an sc r ip t ,  th is 
tR N A  is chem ica lly  m odif ied  and folded to yield  the  m ature  
ty ros ine  tR N A.

P rocess in g  o f  m R N A  is less well und ers to od  and  does  
not app ea r  to o c c u r  in p rocaryo tes .  P rocess ing  o f  e u c a ry o t 
ic m R N A  is com plex .  A l though  the  tnR N A s o f  eu ca ryo tes  
are m onocistron ic , the po r t ion  that is u sed  as  the  tem plate  
for pro te in  syn thes is  is usual ly  abou t one ten th  the  size  o f  
the p r im ary  tran sc r ip t .  O bv iously  it m ust be p rocessed .  
D uring  th is  p ro cess ing ,  in te rven ing  seq uen ces  ca l led  exons  
are cu t ou t  and re jo in ed  into the  final m essage. It is also 
know n that m any  eu ca ryo t ic  m R N A  m olecu les  are re la 
tively long-lived (in c o m p a r iso n  to p roca ry o tic  mRN A), 
and  this  m ay  be d ue  to m odif ica tions  at the ends  o f  these 
m olecu les ,  espec ia lly  at the 5 '  en d .  w here  a  cap  consis t ing  
o f  a  7 -m e th y lg u an o s in e  g ro up  is found. T h e  3 '  end o f  m o s t  
euca ry o t ic  m R N A  is m od if ied  by a s t r ing  (up  to 200) o f  
aden ine  m o ie ties  (poly  A) before  the  sp lic ing  o f  the exons 
occurs .  T h e  s ign if icance  o f  th is  m od if ica t ion  is not u n der
s tood ,  a lthough  it has been  im plica ted  in the  s tab il i ty  o f  
m R N A .

Trans la t ion

O nce  the gene tic  in form ation  has  been co d ed  into the 
m esseng er  RNA  m olecu le ,  the  s tage  is set for the  final step 
in gene  expression : the t rans la t ion  o f  tha t co de  into prote in . 
T h is  p ro te in  requires  a  chan ge  in the  chem ica l  na tu re  o f  the 
gene tic  co d e  and  som e very  soph is t ica ted  transla tional 
machinery.

The G enetic Code

T h e  gene tic  co d e  is a  collec tion  o f  base  sequences  called  
cod on s  tha t  co rre sp o n d  to each o f  the 20  am in o  ac id s  found 
in p ro te ins  and to the  s ta r t  and  s top  s ignals  o f  transla t ion . 
E ach  codon  consis ts  o f  th ree  ad jacen t  r ibonuc leo t ides .  
S ince  there  are four d if feren t bases  fro m  w hich  these  
tr ip le ts  c an  be m ade, 4 4, o r  6 4 ,  d if feren t p e rm u ta t io ns  or 
code  w o rd s  are  possible. T h is  sug ges ts  an excess  cod ing  
capac i ty  an d .  in fact , it tu rn s  ou t  tha t the  code  is highly  
red u nd an t  o r degenera te , w ith  som e  am in o  ac id s  having as 
m any  as 6  d if feren t codons. T h is  d eg en e rac y  is th o u g h t  to 
m in im ize  the  de le te r iou s  e ffec ts  o f  m uta tion . S ix ty-one  o f
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the  6 4  poss ib le  co d o n s  code  for specific  am in o  ac ids and 
are  thus  ca lled  sen se  codons. T h e  rem ain in g  3 co do ns  do 
not co d e  for an am in o  ac id  and  are re fe rred  to as  non-sense  
codons. T hese  non-sense  c o d o n s  s ignal for the  te rm ina t ion  
o f  t rans la t ion  and  have been g iven  specific  nam es: a m ber  
codon  (UAG), ocher codon  (U AA ), and o p a l codon  (U GA ). 
T h e  s ta r t  o r  initia tion  co d o n s  are a lso  sen se  codons. The 
m o s t  c o m m o n ly  used is A UG , w hich c od es  for m eth ion ine ,  
a l tho ug h  in a  few ins tances  G U G  (w hich  co des  for valine) 
is used .  T hese  c od on s ,  there fo re ,  have dual roles,  s ince 
dep end ing  on the  ad jacen t  nuc leo t ide  sequence ,  they  spec i
fy e i th e r  for the  inser tion  o f  the ind ica ted  a m in o  ac id  or for 
the  in i tia tion  o f  a  po lypep tide  chain  w ith  a  m od if ied  am ino  
ac id ,  N -fo rm y lm e th io n in e  (fMet). In eu ca ry o te s ,  u n m o d i
fied  m eth io n in e  is u sed  at the  b eg in n in g  o f  po lypep tide-  
cha in  form ation .  T h e  initia tion  cod on  also d e te rm in es  the 
read ing  fram e o f  the  m R N A . T h e  m R N A  is read  as n o n 
overlapp ing  co n t ig u o u s  c o d o n s  in a  co l inear  fashion (i.e.,  
the  l inear o rde r  o f  co do ns  c o r re sp o n d s  to  the  l inear o rde r  o f  
am in o  acids).

Until  recently, the gene tic  co d e  was con s id e red  to be 
u n iversa l ,  and  w ith  but one know n exception it is. In 1979, 
the  gene tic  co d e  o f  m ito cho nd r ia  w as found to be d ifferent .  
T h e  m os t  s t r ik in g  codon  d if fe rences  lie in tho se  involved in 
the  initia tion  and  te rm ina t ion  o f  t ran sc r ip t io n  (in m i to 
ch o nd r ia ,  U G A  co des  for t ry p to p h a n ,  no t  te rm ina t io n ,  and 
AUA for m e th ion in e  and in i t ia t ion , not isoleucine).

A n o th e r  recen t su rp r ise  has been the  find ing  o f  o verla p 
p in g  genes. It has been  show n that in the  s ing le -s tranded  
D N A  phage  o f  E . co li, 0X 174 ,  trans la t ion  o ccu rs  in several 
read ing  fram es  from  three  m R N A  m olecu les .  In  fac t ,  five 
d if feren t 0X 174 p ro te ins  ob ta in  som e o r  all o f  th e i r  p r im a ry  
s t ru c tu re  from  shared  base  sequences .  S im ila r  find ings 
have been  found  in the  an im a l  v irus  S V 4 0 .

R ibosom es

R ib osom es  are  the  c e l l ’s p ro te in -syn th es iz in g  m achinery . 
It is on  these  in t race l lu la r  par t ic les  tha t the  gene tic  c od e  is 
d eco d ed .  T hey  a re  c o m p o sed  o f  th ree  d if feren t R N A  m ole
cu les  and som e  55 d if feren t pro te ins .  T h is  m acro m o lecu la r  
com plex  con ta ins  the  e n z y m e s  requ ired  for fo rm ing  a 
pep tide  bond  and the  recogn ition  s i tes  for m R N A  and 
ch a rged  tRNAs.

T h e  com ple te  p roca ryo tic  r ib o so m e  has  a  sed im enta tion  
coeff ic ien t o f  70S  and can  be fu r th e r  d iv ided  in to  two 
m a jo r  co m p on en ts ,  a sm all  30S  and a large 50S  subun it .  
T he  large  subun i t  has  34  d if feren t r ib o so m al p ro te ins  and 
tw o d ifferent rR N A s (a 23S  rR N A  and a 5S rR N A ) present 
in one cop y  pe r  r ibosom e. T h e  sm all subun i t  con ta ins  21 
d if feren t r ib osom al p ro te ins  and on ly  one rR N A  m olecule  
(16S rRNA).

T h e  30S r ib o so m al subun i t  co n ta in s  the b ind ing  site  for 
the  m R N A  m olecule ,  and it is here ,  there fo re ,  tha t the 
co do n -an t icod on  recogn ition  m us t  take place.

T h e  50S r ib osom al subun i t  con ta ins  po r t io ns  o f  the 
b ind ing  sites for the tR N A  m olecu les  and  various  enzy m e s  
involved in po lypep tide-cha in  elongation.

The Translation M echanism

T h e  trans la t ion  m echan ism  is com p lex ,  involving the m u l
ticomponent ribosome, the genetic message (m RNA). some 
4 0  to 60  tR N A s and  the i r  co rresp o n d in g  am ino acy l- tR N A  
sy n the tases ,  and a variety  o f  cy top lasm ic  p ro te in  factors 
involved in the  d if feren t s tages o f  translation .

T h e  d irec tion  o f  p o lypep t ide-cha in  elongat ion  is the 
sam e  as R N A -chain  elongation: T h e  r ib o so m e  b in ds  to the 
5 '  end  o f  m R N A , w hich encod es  the  p ro te in ’s N -term in a l, 
and p roceed s  in a p rocess ive  fashion th rough  the  sequential 
addit ion  o f  am in o  ac id  m oie ties  tow ard  the 3 '  end  o f  the 
m R N A , w hich  encod es  the p ro te in ’s carbo xy - te rm in a l  (C- 
te rm in a l)  end .  T h is  a sy m m etr ic  p rocess  is co m ple ted  with 
the  t rans la t ion  o f  the  С -te rm ina l res idue  and  release o f  the 
po lyp ep t ide  fro m  the polysome. A s with o th e r  p o ly m e r iz a 
tion  processes  (D NA  and  R N A  synthesis) ,  t rans la t ion  can 
be  d e sc r ibed  in te rm s  o f  th ree  m ain  s tages: (1) po lypeptide-  
chain  in i t ia t ion , (2) p o lypep t ide-cha in  e longation , and
(3) po lypep t ide-cha in  term ination .

Initiation

In i tia tion  o f  pro te in  syn th es is  beg ins  with the  inco rpo ra 
tion  o f  m eth ion ine  in to  the N - te rm ina l  o f  the  po lypeptide  
chain . T h is  m eth io n in e  res idue  is d e r iv ed  from  a special 
spec ies  o f  m e th io ny l- tR N A , ca lled  fM et- tR N A  (fMet), 
w hich  is exclusively  used in the in itia t ion  o f  pro te in  sy n 
thesis . In p rocaryo tic  o rg an ism s  (bu t not eucaryo tic ) ,  the 
in itia t ing  m eth ion ine  m oie ty  co n ta in s  an N -fo rm yl group  
tha t  is dona ted  to  the m eth ion ine  from  N -fo rm ylte trahy-  
drofolic ac id  a f te r  it has been incorpora ted  in to  the  fMet- 
tR N A .

T h e  s teps  in initia tion  take  p lace on the  30S r ibo so m al 
subun i t  ca lled  the  3 0 S  in itia tion  com plex, w hich  inc ludes 
the  m R N A , fM et- tR N A , and  30S r ibo so m al subun it .  T h e  
assoc ia tion  be tw een  the  m R N A  and  the  r ib o so m e  involves 
a specific  associa tion  betw een  the  3 '  end o f  the  16S rR N A  
o f  the  30S r ib osom al subun i t  and the  initia tion  region o f  
the m R N A  called  the S h in e -D a lg a rn o  sequence , a f te r  its 
discoverers .  T h is  specific  associa tion  en su res  the reco gn i
tion o f  the initia tion  codon.

In addit ion  to  fM et- tR N A , m R N A , and the 30S rlboso-  
mal subunit,  the initiation o f  polypeptide synthesis requires 
specific  cy toso l p ro te ins  ca lled  the in itia tion  fa c to r s :  IF-I, 
IF-2, a n d  IF-3. T he  IF-3  is involved in the  b ind ing  o f  the
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m R N A  to the 30S r ibosom al subun it .  T h e  I F - 1 and IF -2  are 
involved in the a ttachm ent o f  N -fo rm y lm eth ion y l- tR N A  to 
the m R N A -30S  r ib osom e  com plex .  G u an os in e  t r ip h o s 
phate  is hydro lyzed  d u r ing  this p rocess .  T h e  initiation 
factors are recycled  (as are the r ibo so m al subunits) . Only 
a f te r  the  a ttachm en t o f  fM et-tRN A  to the  m R N A -30S  
ribosom al subunit  d oes  the  50S subun i t  jo in  this  complex 
to fo rm  the 70S initia tion  com plex .

Chain Elongation

T h e  70S  r ib o so m e  has tw o sites tha t  bind tR N A . O ne is 
des ignated  the  A  site  (pep t idy l- tR N A  site). T he  A  site 
accep ts  the  am in oacy l- tR N A . w hile  at the sam e t im e ,  the P 
s ite  is occup ied  by a  m olecu le  o f  tR N A  to w hich is a ttached 
a part ia l ly  co m ple ted  pep tide  chain  or the fM et- tR N A . At 
e i th e r  site, the an ticodon  o f  the  tR N A  is posi t ioned  to pair  
with its co r re spo nd in g  codon  o f  the m R N A  molecule. 
T h erefo re ,  charged  tR N A s en te r  the r ib o so m al complex 
th rough  the  A  site w hile  the  grow ing  chain  is c a r r ied  in the 
P  site.

T he charged tRNAs complementary to the exposed mRNA 
codon enter the A  site with the help o f  two accessory proteins 
des igna ted  as elonga tion  fa c to r s :  EF-Tu and EF-Ts. They 
en te r  as a charged  tR N A -E F -T u -G T P  com plex .  T h e  b in d 
ing o f  the  EF-Tu to the  charged  tR N A  requires  a free 
N-terminal. T h e  release o f  the EF-Tu-GTP from the charged 
tRNA requires  the hydro lys is  o f  the G T P  molecu le , result
ing in an E F -T u-G D P  com plex . E F -T u -G T P  is regenera ted  
by an EF-Tu-EF-Ts in term ediate .

In the 70S in itia t ion  com plex ,  the fM et- tR N A  is bound  
in the P site, and the  am inoacy l- tR N A -E F -T u  c o r r e sp o n d 
ing to the  second  codon  in the m R N A  is b rough t  into the A 
site. T h e  E F -T u-G D P  is then re leased ,  and  a peptide bond 
is fo rm ed betw een  fM et and  the second  am in o  ac id . The 
in i t ia to r tR N A  then  beco m e s  d isassoc ia ted  from  the r i b o 
so m e  and is recycled  for fu ture  initia tion  events. The 
d ipep tide , now  associa ted  to a tR N A  in the  A  site, is then 
trans loca ted  from  the A site to the P  site, and the r ib osom e  
is moved  one codon  dow n the  m R N A  in the  3 '  d irec t io n ,  in 
p repara tion  for the  second  cycle  o f  chain  elongation . T his  
t rans loca tion  p rocess  requ ires  the  part ic ipa tion  o f  a third  
accesso ry  p ro te in ,  E U -G , and the  hydro lysis  o f  a second  
G T P  molecule. F u r th e r  e longation  o f  the pep tide  chain  
occurs  by  repet i t ion  o f  the cyc le  (i .e.,  b ind ing  o f  aa- tRN A  
to the A  site, pep tid e -bo nd  form ation  and translocation).  
Each peptide bond fo rm ed  requires  the  expen d itu re  (hy
drolysis )  o f  two G T P  molecules .

P o lypeptide-chain  e longation is very rap id ,  p o ly m er iz 
ing at a rate o f  15 to 20 am in o  ac ids pe r  second  per 
r ibosom e. M ore  than  one r ib osom e  can  trans la te  the sam e 
m R N A  at any g iven  t im e ,  thereby  increas ing  the  eff ic iency 
o f  translation . E ach  r ib osom e  m u s t  b in d  and beg in  tr an s la 

tion at the in i t ia to r codon  on the  m R N A . T h e  resu lt ing  
p o lyr ib o so m e  or p o lyso m e  is an m R N A , c o n ta in in g  a row  of 
r ib o so m e s  engaged  in p ro te in  syn th es is  in va ry ing  stages 
o f  completion. The translation of large polycistronic m R N A s 
(in p rocaryo tes )  can  p ro du ce  po ly so m es  con ta in ing  up to 
20 o r  m o re  r ib o so m es  ac tive  in po lypep tide  syn thesis .

Termination

Term ina tion  occurs  w hen a  te rm ina t ion  cod on  is e n c o u n 
tered  in the A site  o f  the  70S r ibosom e. T erm in a to r  cod on s  
are not read  by tR N A  m olecu les  (w ith  th e  exception o f  
m uta ted  su pp re sso r  tR N A s), but ra ther  by  one  o f  two 
pro te in  re lease  fa c to r s :  RF-1 a n d  RF-2. RF-1 and R F -2  are 
codon  specif ic ,  s ince  the  fo rm er  recog n izes  the  codons  
UAA and UAG and the la tter  U A A  and  U G A . E ach  release 
fac to r  fo rm s an ac tivated  com plex  w ith  GTP, and  it is this 
complex that b in ds  to the  te rm in a t ion  cod on  and brings 
abou t the  hydro lys is  o f  the  bond link ing  the  po lypep tide  to 
tR N A  in the  P site and thus  re leases  the  po lyp ep t ide  from  
the  r ibosom e. T h e  70S r ib o so m e  then d issoc ia tes  in to  its 
30S and 50S su bu n i ts ,  w h ich  are recycled  for fu r th e r  use in 
translation .

P osttransla tional Processing

Pro te in  syn th e s is  is not the  final s tage  o f  gene  expression . 
Po lypep tide  folding and  subun i t  assoc ia tion  are obviously  
im portan t  for pro te in  function . F u r th e rm o re ,  po lypep tides  
are o ften  p ro cessed  o r  m odif ied  to p rod uce  the m atu re  
funct ional p ro te in .  Such m odif ica tions  include

1. R em oval o f th e fo r m y l  group  o f  fM e t  a t  the N H 2 -te rm in a l  
a m in o  a c id  o f  p ro ca ryo tic  p ep tid es . T h is  m ay  be a c 
com plished  w ith  the  e n zy m e  d e fo rm ylase , w hich  re 
m oves the  fo rm yl g roup ,  leaving m eth io n in e  as the 
N H -2  te rm ina l  am in o  acid .

2 . R em oval o f  one or m ore o f  th e  N H 2 -te rm in a l am ino  
a c id s . T h is  is ca ta lyzed  by the hydro ly tic  e n z y m e  called  
a m in o p ep tid a se .

3. C leavage o f  p o lyp ep tid e s  a t  sp e c ific  in te rn a l sires. For 
exam ple, m a n y  p ro teo ly tic  en zym es are syn th e s ized  as  
in a c tive  p recu rso rs  ca lle d  zym ogens, w hich  m ust be 
c leaved  to p ro du ce  th e ir  ac tive  form  (e .g . ,  pepsin  is 
fo rm ed  by c leavage o f  pepsinogen).

4 .  C h em ica l m o d ifica tio n  o f  com ponen t a m in o  acids. For 
exam ple ,  the carb oh yd ra te  g ro u p s  in g ly cop ro te in s  are 
added  on to  aspa rag ine ,  se r ine ,  o r  th reo n ine  res idues 
following the syn thes is  o f  the  p o lypep tide  backbone. In 
co l lagen ,  a large frac tion  o f  the p ro l ines  and lys ines  are 
hydroxyla ted .

5 . O xida tion  o f  the su lfh y d ry l g roups in tw o cy s te in es  to  
fo rm  a d isu lfid e  bond . T h is  is a c o m m o n  occ u r ren ce  and 
o ften  plays an im portan t  role in p ro du c in g  the final 
confo rm at ion  o f  the  func t iona l fo rm  o f  the  prote in .
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The G en e tic  O rg a n iz a t io n  o f  th e  
Bacteria l C h ro m o so m e

A s prev iously  po in ted  o u t ,  the  bacte r ia l  ch ro m o so m e  is a 
c lo sed  r in g  o f  dou b le -s tran ded  DNA w ith  a  m olecu la r  
w eigh t o f  abou t 2 billion daltons. W ith in  the  cell  th is 
m acrom olecu le  ex is ts  in a folded, superco i le d  s tate, com - 
plexed with R N A , p ro te in ,  and the  ce l lu la r  m em brane.  It is 
the  n uc leo t ide  sequence  o f  this DNA m acrom olecu le  that 
se rves  as  a  repos i to ry  for all the essen t ia l  gene tic  in fo rm a
tion o f  the  bac te r ia l  ce ll .  In this  respec t ,  the  bacte r ia l  
g en o m e  is identical to tha t o f  all o th e r  ce l lu la r  o rgan ism s .  
However, there  are m any  d if fe rences  in the  arch i tec ture  
and  gene  a rran gem en ts  be tw een  p roca ry o tic  and e u c a ry o t
ic ch rom osom es .

G ene A rra n g em en t

B acteria l genes  tha t  are funct ional ly  related are often 
linked to g e th e r  in transc r ip t io na l  units  ca lled  operons. For 
exam ple ,  in E . co li, o f  the 1 0 0 0 +  know n g enes ,  260 are 
located  in a  to tal o f  75 d ifferent operons . T h is  is not the 
case  for eu ca ry o tes ,  w h ere  such transc r ip t io na l  units  re 
m ain  to be d em ons tra ted .

Gene S tructure

G ene  s tru c tu re  a lso  d if fers  in p roca ryo tic  and eucaryo tic  
cells. In euca ry o t ic ,  many o f  the  gen es  conta in  in trons, 
w hich are n o nco d ing ,  in te rven ing  sequences  tha t  m us t  be 
excised  before transla t ion . No such co ro l la ry  has  been 
found  in bac te r ia .

R egula tion

In the  h um an  body, every  living cell con ta ins  the sam e  set 
o f  g enes ,  yet in d ifferent cell  types  d if fe ren t  genes  are 
exp ressed .  H ow ? U n d e rs tan d ing  the m e cha n ism s  by  w hich 
gene  express ion  is regu la ted  is the  key to u nders tand ing  
such im po rtan t  p h eno m ena  as  d if fe ren t ia t ion  and  deve lop
m ent .  In h ig h e r  o rgan ism s ,  devia t ion  from  the  norm al 
con tro l  o f  gene  express ion  occurs  on ly  in ra re  in s tances  and 
has  been  im plica ted  in such patho log ic  cond it ions  as  c a rc i
n ogenesis ,  te ra togenes is ,  and ce r ta in  im m uno def ic iency  
syndrom es.

B ac te r ia ,  E . co li in part icu lar,  have se rved  as model 
sy s tem s  for the  s tud y  o f  con tro l  o r regu la to ry  sy s tem s  at the 
ce l lu la r  and m olecu la r  level. T h e  g row th  o f  ba c te r ia  is 
se ldom  com p lica ted  by  the  su p race l lu la r  con tro ls  tha t  b u f 
fer the cells  o f  many euca ry o t ic  o rg an ism s  from  the env i
ronm ent .  In  fac t ,  the  m ech a n ism s  by w hich  a b a c te r ium 's  
grow th  rate, com p o s i t io n ,  and  m etabo lism  relate to the 
env iron m en t are relatively  vis ible, and  it is therefore  not 
su rp r is in g  tha t  the ex is tence  o f  a varie ty  o f  bacte ria l

ce l lu la r  regu la to ry  m ec h a n ism s  has  been know n and  s tu d 
ied for som e  time. S om e o f  these  m ech an ism s  provide 
contro l  over  in te rm ed ia ry  m etabo lism  o r  the syn thes is  o f  
the m any p recurso rs  o f  the  m acro m o lecu la r  co m p o n en ts  o f 
the  ce ll ,  w hile  o th e r  con tro l  m ech a n ism s  regula te  the 
fo rm ation  o f  these  m acrom olecu les  pe r  se.

T he  co n cep t  tha t  in te rm e d ia ry  m e tabo lism  is regu la ted  
co m es  f rom  many observations . F o r  ins tance, regard less  o f 
the  g row th  rate, the  re la tive  ra tes  o f  the  fo rm ation  of 
p recu rso r  m olecu les  (e .g . ,  am in o  ac ids ,  nuc leo t ides )  m atch  
the i r  ra tes  o f  p o lym eriza t ion  in to  m acrom olecu les .  Fur
th e rm ore ,  w hen  certa in  p recu rso rs  (end  p ro du c ts  o f  sp e 
c if ic  b iosyn the t ic  pathw ays)  such as am in o  ac ids becom e 
available in the grow th  m ed iu m , the i r  end o g en o u s  b io 
syn thes is  s tops im m ediately , as does  the syn thes is  o f  the 
en z y m e s  involved in th e ir  p ro d u c t io n ,  w hile  the  enzy m e s  
in ce r ta in  ca tabolic  pa thw ays  are sy n thes ized  only if  the 
subs tra te  o f  tha t pathw ay is p resen t.  T h e  m ech a n ism s  by 
w hich these  and  m any  o th e r  m etabo lic  con tro ls  are effec ted  
can  be  d iv ided  in to  tw o b road  ca tegories :  O ne perta in s  to 
the  regula tion  o f  the  ca ta ly tic  ac tiv ity  o f  key en zy m e s  in 
m etabo lism  and the  o th e r  to the  regula tion  o f  the  syn thes is  
o f  the e n z y m e s  them selves.

Both o f  these m echanism s are mediated by low-molecular- 
w eigh t co m p o u n d s  ca lled  e ffec to rs , w hich  are  fo rm ed  by 
the cell  as in te rm ed ia ry  m e ta b o lites  or  en te r  from the 
env ironm ent .  Both m ech an ism s  a lso  involve the operation  
o f  a special c lass  o f  a llo s te r ic  p ro te in s  that u n d erg o  a 
con fo rm at io na l  chan ge  w hen  b o u n d  by  effectors .  In o th e r  
w ords, a l los ter ic  p ro te ins  are the  m ed ia to rs  o f  m etabolic  
chan ge  tha t  is m on i to red  by the  concen tra t ion s  o f  the  c e l l ’s 
m etabo li tes  o r  effectors .

Control o f  E nzym e A c tiv ity

T h e  contro l  over  en zy m a tic  ac tiv ity  seem s to be re sp o n 
sible for the  m o m en t- to -m o m en t con tro l  ov e r  in te rm ed ia ry  
m e tab o lism . D u rin g  th is  regu la to ry  event a m etaboli te  
b inds  to an a llos ter ic  en zy m e  causing  it to gain  (activation) 
o r  lose ( inh ib i t ion)  in ca ta ly tic  ac tiv ity  (i .e.,  chang es  its K m 
o r  V max). A ctiva tors  and  in h ib ito rs  are therefore  in te rm ed i
ates o f  m etabo lism  and  ac t  as effectors .  T he  p rocess  o f  
inhib it ion  by an e ffec to r  is so m e t im e s  re fe rred  to  as f e e d 
b a ck  inh ib ition . F eed b ack  inh ib it ion  se rves  to m ain ta in  
re latively  co n s tan t  in ternal  concen tra t io ns  o f  m etabo li tes  
in the  face  o f  chang ing  d em an d s  for them  and  th e i r  avail
ab il ity  in the  m ed ium .

Two g enera l iza t ions  can  be m ade  abou t  feedback  inh ib i
tion o f  b iosyn the t ic  pathways: (1) U sually  only the first 
e n z y m e  o f  a  b iosyn the t ic  pathw ay is regu la ted .  T he  te leo l
ogy  is obv ious ;  inh ib it ion  o f  a  la ter  e n z y m e  in the pathw ay 
w ould  cause  w astefu l accum ula t ion s  o f  in te rm ed ia tes  o f  
tha t pathway. (2 )  T h e  end  p ro du c ts  o f  the pathw ay  being
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regula ted  act as effec tors  o r  feedback  inhibitors.  T h is  way 
a cell can  m on i to r  and m odu la te  the flow th rough  the 
various  pathw ays, dep end ing  on the  concentra tion  o f  the 
end  produc ts  o f  those  pathways.

T h e  flow th rough  ca tabo lic  o r  en e rgy -p rod uc ing  pa th 
ways is also regula ted  at the  e n zy m e  level. However, the 
genera l iza t ion  tha t  the end  produc t inhib its  the  f irs t e n 
zym e in the  pa thw ay  is not applicable. Key regula tory  
enzy m e s  usually  are pos i t ioned  in ternal to the  pathways. In 
addition to various by-products o f  metabolism, the end prod
ucts o f  catabolism, ATP and reduced pyrimidine nucleotides 
(N A D H 2 and  N A D P H 2), as well as the i r  p recu rso rs ,  n ico 
t inam ide  ad en ine  d inuc leo tide  (N AD ), n ico t inam ide  ade 
nine d inucleo tide  phosphate  (N AD P), adenos ine  m o n o 
phosphate  (A M P ),  and adenosine  d iphospha te  (A DP), also 
play an im portan t role in the  regu la tion  o f  these  pathways.

Control o f  E nzym e S yn thesis

W hile  the regula tion  o f  enzym atic  ac tiv ity  seem s re sp o n 
sible for the  im m edia te  m o m en t- to -m om en t re sponse  to 
m etabolic  changes ,  the  m ech an ism s  con tro ll ing  the sy n 
thes is  o f  en zym es ,  induc tion  and  repression , a p p ea r  less 
responsive  and co m e  into play as the  cell a t tem pts  to adjust 
to chang es  in its env ironm ent.  For  exam ple , the  syn thes is  
o f  the en zy m e s  involved in the  u ti liza tion  o f  m any  d iverse  
ca rbon  sou rces  is induced  by the  p resence  o f  these  carbon  
sources ,  w hile  the  en zy m e s  involved in b iosyn the t ic  p a th 
ways are usually  rep ressed  by the  p resence  o f  th e i r  end 
products.

S pec ify ing  for the  am in o  ac id  sequences  o f  p ro te ins  
(s truc tu ra l  genes)  is not the only funct ion  o f  D NA . As 
previously m en t ioned ,  there  are  also regions o f  DNA that 
se rve  as s ignals  for the  initia tion  o f  RNA  syn thes is  (p ro m o 
ters) and for the te rm ina t io n  o f  RNA  syn thes is  ( te rm in a 
tors) and there  are g en es  that get t r an sc r ib ed  but not 
transla ted  (rR N A  and tRNA). T h e re  are also genes  w hose  
end p rod uc ts  are involved in regu la ting  the  f requency  with 
w hich ne ig hb o r in g  s t ruc tu ra l  genes  are t r a n sc r ib ed  into 
m R N A . T h e se  regu la to ry  genes  provide the cell  with  a 
m eans  o f  con tro ll ing  the in t race l lu la r  concen tra t io ns  of 
specific  s t ruc tu ra l  gene  products .  Not all s t ruc tu ra l  genes 
a re  regu la ted  by regu la to ry  gene  p roducts .  In fact , the 
m a jo r i ty  are no t.  T h o se  s t ruc tu ra l  genes  tha t  are not 
r egu la ted  are te rm ed  constitu tive , and  the  p ro te ins  they 
code  for are p resent w ith in  the  cell in re la tively  constan t 
am o u n ts  regard less  o f  chan ges  in m e tabo lism . However, 
the  relative am o u n ts  o f  d if feren t co ns t i tu t ive  gene  produc ts  
are d ifferen t .  T h is  is th o u g h t  to be due to d if fe rences  in the 
s t reng ths  o f  the i r  respec t ive  p rom oters  (i .e.,  the s treng th  of 
the  in terac t ions be tw een  the  p rom o te r  site  and the RNA  
polym erase),  l i fe t im es o f  m R N A s, and  e ff ic iency  o f  t r a n s 
lation (i .e.,  r ibosom al binding).

T h e  ce ll 's  s t ra teg ies  for regu la ting  gene  express ion  in 
c lu de  regu la ting  the eff ic iency  by w hich  R N A  po ly m erase  
initiates t ranscr ip t ion  o f  specific  g en es  and  the  eff ic iency 
with w hich R N A  p o lym erase  te rm ina tes  t ran sc r ip t ion  o f  
specific  genes.

T ra n sc r ip t i o n a l  R e g u l a t i o n

T h o se  s truc tu ra l  g en es  w ho se  t ran sc r ip t ion  f req uen cy  can 
be regula ted  have often  been found to be  c lu s te re d  into 
funct ional t ranscrip tiona l units  ca lled  operons . O p e ro n s  
are  m ultigen ic  c lus te rs  o f  ad jac en t  s t ru c tu ra l  genes  that 
con tro l  re lated func t ions  and that are  t r an sc r ib ed  as  a unit.  
O p e ro n s  are regu la ted  at the level o f  t ranscrip tion .

R e g u l a t o r y  E l e m e n t s

E lem ents  tha t par t ic ipate  in the  contro l  o f  operon  ex p re s 
sion are those  tha t  e i th e r  genera te  o r  re co g n ize  the  r eg u la 
to ry  signal and inc lude the prom oter, the  o p era to r  and 
in itia to r  si tes,  and reg u la to ry  p ro te in s  and th e i r  e ffectors .

The Promoter. A s previously  po in ted  o u t ,  it is at the 
p ro m ote r  si te  that RNA  po ly m erase  b in ds  to  the  DNA 
m olecu le  and  in itia tes tran sc r ip t io n .  T h e  po lycis tron ic  
nature  o f  operon  m R N A  is a  ref lec t ion  o f  the  fac t tha t each 
operon  has  but one p r im ary  prom oter.  It is at this  si te  that 
the  m a jo r i ty  o f  t ranscrip tiona l regu la tion  occurs .

The O perator a n d  In itia tor Sites T h e  f requency  with 
w hich an operon  is t r an sc r ib ed  d epen ds  not only on the 
aff in ity  o f  its p ro m ote r  for R N A  po ly m erase  but a lso  on the 
degree  to w hich  the regu la to ry  regions re s tr ic t  o r  p rom ote  
th is  associa tion .  T h e  regu la to ry  reg ions  are o f  two types. 
O ne  o f  these ,  the o p era to r  site , is re cog n ized  by a r eg u la 
to ry  gene  p rod uc t  called  a repressor  w ho se  func t ion  is to 
inhibit the initia tion  o f  t ranscrip tion .  T h e  o th e r  regu la to ry  
si te  is ca lled  an in itia to r  site , and it is m od u la ted  by a 
d if feren t type  o f  regu la to ry  protein  ca lled  an a c tiva to r  
w hose  func t ion  is to en han ce  t ranscr ip t ion  o f  its operon. 
T here fo re ,  the ac tua l m e ch a n ism  by w hich  contro l  is ex e r t
ed at these  regu la to ry  s i tes  is by in f luenc ing  the  e ff ic iency  
o f  m R N A  initia tion  at the prom oter.  T h e se  reg u la to ry  sites 
usual ly  overlap  the  p ro m o te r  region.

The R egu la tory  Proteins a n d  Their E ffectors. T h e  
regu la to ry  p ro te ins  tha t  recogn ize  the  opera to rs  are know n 
as  repressors .  S pec if ic  repressors ,  in the i r  ac t ive  state, b ind  
to the i r  respec t ive  o pera to r  site and  prevent ( rep ress)  the 
t ranscr ip t ion  o f  the  co r re sp o n d in g  o peron .  O n  the o th e r  
hand ,  in the i r  ac t ive  s tate, the ac tiva to rs  b ind  to specific  
in i t ia to r sites and  increase  (ac t iva te)  t ran sc r ip t ion  o f  the ir  
respec tive  operon .  In bo th  cases ,  these  p ro te in s  are a l
losteric  in na ture ,  so tha t  the configura t ion  tha t  a l low s for 
in terac t ion  with the  o p e ra to r  o r  in i t ia to r is in f luenced  by
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ligands (effectors) .  In o th e r  w ords,  the  e ffec to rs  d e te rm ine  
the  func t iona l state o f  the operon .

I n d u c t i o n  a n d  R ep re ss ion

Induc tion  and repression  refer to the func t iona l state o f  the 
operon .  W h en  an operon  goes  from  an  inac t ive  state to an 
ac tive  s tate, it is said to  be induced  and is ca lled  an 
inducible  operon .  O n  the o th e r  h and ,  w hen  an o p e ron  goes 
from an ac tive  state to an inactive state, it is said to be 
rep ressed  and is ca lled  a repressib le  operon .  In genera l ,  
o pe ro ns  w h ose  gene p ro d uc ts  are  involved in ca tabolic  
pathw ays are induc ib le  and  provide  the  b ac te r iu m  w ith  the 
ab il i ty  to  adap t to  ch an g es  in the  availabil ity  o f  m etabolic  
subs tra tes  in its e nv ironm ent .  T he  e ffec to rs  for such re g u 
la tory  sy s tem s  are usual ly  the  subs tra tes  for such pathways. 
In c o n tra s t ,  repressib le  sy s tem s are  genera l ly  b iosynthe t ic  
and provide  the  b a c te r iu m  w ith  the  cap ac i ty  to  use prefer
en tia l ly  m etabolic  p rod uc ts  tha t b ecom e  available in its 
env ironm ent.

Posi t ive  a n d  N e g a t i v e  C o n t ro l  M e c h a n i s m s

Induction  and repress ion  refer to the  final o u tco m e  of 
regula tion . However, the  m olecu la r  m ech an ism s  by which 
th is  o u tcom e  is b ro ug h t  ab o u t  m ay  be due to e i th e r  positive 
o r  n ega tive  co n tro l  m echan ism s.  Positive co n tro l  refers to 
the  action  o f  the  regu la to ry  pro te in  in its ac tive  s ta te — to 
tu rn  o f f  t ranscrip tion .  However, it should  be recogn ized  
tha t ,  theoretically , o p e ron s  c an  be induced  o r  rep ressed  by 
e i th e r  pos i t ive  o r  negative  regu la to ry  p ro te ins  s im ply  by 
a lte r ing  the i r  ac tive  state. In o th e r  w ords, an inducible  
o pe ro n  cou ld  be induced  e i th e r  by  inact ivat ing  an active 
rep resso r  pro te in  or ac tiva ting  an inact ive  ac tiva to r  protein  
by  an  e ffec to r  l igand ( inducer) .  U sing  the sam e  logic ,  a 
repressib le  operon  cou ld  be rep ressed  by  e i th e r  activa ting  
an inac t ive  rep re sso r  o r  inact iva t ing  an ac tive  ac tiva tor 
p ro te in  by  an  e ffec to r  ligand. In the case  o f  negative 
co n tro l ,  the e f fec to r  is so m etim es  ca lled  a corepressor.  In 
p rac t ice ,  pos i t ive  and negative  contro l  sy s tem s can  be 
d is t ing u ish ed  by  the re sponse  o f  the  o peron  w hen  no 
reg u la to r  pro te in  is p resen t (i .e . ,  in regu la to ry  mutants). 
For  g enes  u nd er  posi t ive  con tro l ,  express ion  is possib le  
on ly  w hen  an active ac tiva to r  gene  is p resen t,  w h ereas  
g enes  u nd er  negative  contro l  func t ion  unless  they are 
sw itched  o f f  by  in terac t ion  w ith  an ac tive  rep resso r  p ro 
tein.

R e g u l o n s

Not all b ac te r ia l  gpnes tha t  are  con tro lled  as  a unit are 
c lu s te re d  in an operon .  In som e cases ,  they  are  sca t tered  
a ro un d  the  bacte r ia l  c h ro m o so m e  and are collec tive ly  
ca lled  a regulon. A regu lon ,  therefore ,  c an  be d e sc r ibed  as 
a g rou p  o f  genes  con tro ll ing  physio log ica lly  rela ted fun c 

tions tha t are regu la ted  to ge th e r  by the sam e regula tory  
pro te in  but tha t  are not g rou ped  to g e th e r  in an o peron  (i.e .,  
have m ore  than  one p rom o te r  site). T h is  im plies  a co m m o n  
regu la to ry  si te  tha t is repeated  on all o f  the genes  or 
operons  tha t  co m po se  the regulon.

A u t o r e g u l a t i o n

T h e  c lassic  Jacob -M o no d  m odel o f  regu la tion  o f  gene 
express ion  had an im plicit  requ irem en t for a regu la tory  
gene  w hose  p ro du c t  had no o th e r  func t ion  except to  contro l 
the express ion  o f  s t ruc tu ra l  genes. However, today  we have 
recogn ized  that excep tions to tha t  rule  exis t.  P roduc ts  o f  
s t ruc tu ra l  genes  have been recogn ized  to part ic ipa te  in the 
regula tion  o f  the expression  o f  the  operon  in w hich  they 
reside. T h is  regu la to ry  sys tem  is often  re fe rred  to as 
au toregu la tion , o r  au togenous  regula tion . In som e cases ,  
this  pro te in  is the  m u l t im er ic  a llos ter ic  en zy m e  tha t c a ta 
lyzes the f irst s tep  o f  a m etabolic  pathway, b r ing ing  to g e th 
e r  two im po rtan t  m ech an ism s  for con tro ll ing  the b io sy n 
thes is  o f  m etabo li tes  in bacte r ia l  ce lls ,  repress ion  and 
feedback  inhibition.

O ther R egu la tory  M echanism s

T ran sc r ip t io n  T e r m i n a t i o n

G en e  express ion  may be regula ted  not on ly  by a lte ra t ions  in 
the f requency  w ith  w hich  R N A  p o lym erase  successfu l ly  
in itia tes t ranscr ip t ion  at specific  gene tic  (p ro m ote r )  sites, 
but also by  altera t ions in the  e ff ic iency  w ith  w hich the 
po ly m erase  te rm in a te s  t ranscr ip t ion  at specific  genetic  
( te rm ina to r )  sites.  It has been show n that  transcrip tion  
punc tu a t ion  s igna ls  exis t not only at the  ends  o f  operons  but 
a lso  w ith in  them . T h e  p resence  with in  o pe ro ns  o f  s ignals  
tha t  te rm ina te  t ranscr ip t ion  and the m ean s  o f  regu la ting  
the  ac tiv ity  o f  these  te rm in a to rs  (i .e.,  rho  and  an ti-rho 
fac tors)  reveal a  new d im ension  o f  gene  contro l.

Pola r i ty

Polarity , o r  t ranscr ip t ion  te rm ina t ion  with in  o perons ,  can 
be theoretically explained through the use o f  rho-dependent 
te rm ina to rs  w ith in  the  in terc is tron ic  reg ions  o f  operons  
and by contro ll ing  the  frequency  o f  activa tion  o f  such 
term inators .

A t t e n u a t i o n

A ttenuation  is a  m echa n ism  for regu la ting  o p e ron s  based  
on  p rem atu re  te rm ina t ion  o f  t ranscr ip t ion  o f  m R N A . M es
senger  R N A s have a  leader sequence  o f  variable  length 
betw een  the  t ranscrip tiona l o r ig in  a nd  the  be g inn ing  o f  the 
cod in g  region fo r  the first s t ruc tu ra l  gene. In a ttenuation , 
th is  leader sequence  co n ta in s  several co m plem en ta ry  se 
quences  tha t c an  take on d if fe ren t  seco nd ary  s t ruc tu res ,
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one o f  w hich  can  act as a signal for the abor t ion  o f  
t ranscr ip t ion  at the a t tenuator  site  located  dow nstream  
with in  the  leade r  sequence. T he  o th e r  s tru c tu re  is not 
recogn ized  as a  te rm in a to r  signal.  T h e  cell regula tes  which 
s truc tu re  the  leader sequence  will a ssum e  th rough  the 
transla tion  o f  a shor t  segm en t o f  the  leader sequence. 
A ttenuators  have been found  in several operons  involved in 
am ino  ac id  b iosy n thes is  (e .g . ,  the try p to p h an ,  h is t id ine , 
threonine , and iso leucine-valine  o perons  in E . coli).

T ra n s la t io n a l  C on t ro l

T heoret ica lly ,  gene expression  could  be regula ted  at t r a n s 
lation. Regulation is in f luen ced ,  for exam ple , by the s tab il
ity o f  the m R N A  m olecu le ,  the  frequency  at which specific  
po rt ions  o f  the po lycis tron ic  m essages  are  t rans la ted ,  or 
the  availabil ity  o f  the various  co m p on en ts  o f  the  tr an s la 
t ional m achinery , such as  specific  tR N A s o r  the ir  sy n th e 
tases  o r  initia tion  factors. E xam ples  for such regula tory  
sy s tem s have been docu m en ted  in E . co li and  so m e  o f  its 
phages.

Several w ell-d ocu m en ted  exam ples  o f  tra n sla tio n a l reg 
u la tion  involve the regu la tion  o f  the r ib o so m e-b in d in g  site. 
preventing  translation . O ne such exam ple  involves the 
transla t ion  o f  po lycis tron ic  m R N A  cod ing  for r ibosom al 
proteins.  R ibosom al pro te ins  b ind  to r ibo so m al RNA  dur
ing the assem bly  and  m atura t ion  o f  the  r ibosom al subunits .  
T he  g en es  for these  pro te ins  res ide in r ibosom al protein  
o perons  and  thus the ir  transla t ion  results  in polycis tronic  
m R N As. O ne o f  the p ro te ins  en cod ed  by each  o f  the 
r ibosom al protein  o perons  a lso  can  recogn ize  the r ib osom e  
binding site o f  its co rresp on d ing  po lycis tron ic  m R N A  and 
inhibits  its translation . T h is  oc cu rs  because  its rRNA- 
b ind ing  site is s im i la r  to that o f  the  r ib o som e-b in d in g  site 
for the polycis tronic  m R N A . T h is  rR N A -b ind ing  protein  
will b ind rRNA in pre fe rence  to the r ibo so m e -b in d in g  site 
o f  its m R N A . H ence  w hen the rR N A  for th is  pro te in  is 
available its po lycis tron ic  m R N A  will be t rans la ted .  How
ever, w hen the  rR N A  becom es  lim iting , the  rRN A -binding  
protein  will b ind  the r ib o so m e-b ind in g  site  o f  the  poly
cis tron ic  m R N A  and the t rans la t ion  o f  all r ibo so m al p ro 
te ins  o f  that operon  will be inhibited .

A second  m ech an ism  o f  regu la ting  the b ind ing  o f  r ib o 
som es  to m R N A  involves regula tion  by a n tisen se  R N A . An 
exam ple  can  be found  in the  regula tion  o f  the p o r in  protein  
O m p F  o f  E. co li. T h e  two m a jo r  po rins ,  om pF  and om pC , 
are coord ina te ly  regula ted  so tha t  the  total am o u n t  o f  
pro te in  in the o u te r  m em bran e  rem ains  relatively constan t 
(i .e.,  w hen om pF  is up reg u la ted ,  om pC  is dow nregu la ted  
and vice versa).  T h is  inverse regula tion  is p ar t ia l ly  a c c o m 
plished by an an tisense  R N A , te rm ed  micF. w h ich  is 
com p lem en ta ry  to the  5 '  end o f  the om pF  m R N A , in c lu d 
ing its initiation o r  r ib o som e-b in d in g  site. T he  t r a n sc r ip 

tion o f  m icF  R N A  corre la tes  with the t ransc r ip t io n  o f  om pC  
( they may share a co m m on  regu la to ry  DNA region), and 
hence  w hen om pC  t r anscr ip t ion  is induced ,  m icF  is also 
induced ,  w h ich  effec tive ly  rep resses  the  trans la t ion  o f  
om pF  A n tisense  R N A  regula tion  has been found  in o the r  
regu la to ry  sy s tem s  includ ing  g en es  in t r a n spo so ns  and 
p lasm ids. Theore t ica lly ,  the  p ro du c t  o f  any p roca ry o tic  o r 
euca ry o t ic  gene  cou ld  be con tro lled  by an tisense  R N A , and 
the po ten t ia l  o f  th is  regu la to ry  m e ch a n ism  for providing 
antiv iral and gene  therapy  is eno rm ou s .

E p i g e n e t i c  C o n t ro l  M e c h a n i s m s

E pigene tic  con tro l  m ec han ism s  a lte r  the s t ru c tu re  o f  the 
s truc tu ra l  gene  p roduc t .  T h e  folding o f  the  new ly sy n th e 
sized  protein  and its assoc ia tion  with o th e r  sub un i ts ,  lead
ing to a  specific  th ree -d im ens io na l  c o n fo rm a t io n ,  is u su 
ally requ ired  for the rea l iza t ion  o f  this spec if ic  ca ta ly tic  o r 
o th e r  funct ion . O bviously, this folding p rocess  and the 
p rocesses  o f  subun i t  aggregat ion  and d isaggrega t ion  may 
be sub jec t  to con tro l  m echan ism s .  E x am p les  o f  such ep i
genetic  regu la tion  are know n in bo th  p roca ry o te s  and 
eucaryotes .

Coordinate R egulation

T h u s  far we have d iscu ssed  regu la to ry  m ec h a n ism s  involv
ing the contro l  o f  ind iv idual operons  or regu lons. However, 
there  are a  n u m b e r  o f  sys tem s in b ac te r ia  for regu la t ing  the 
express ion  o f  several d if feren t o pe ro ns  at the sam e time. 
T h ese  are  ca lled  g lo b a l regulons. W hile  the  con tro l  o f  
indiv idual o pe ro ns  prov ides  the  b a c te r iu m  with a  high 
d eg ree  o f  spec if ic i ty  in its re spo nse  to the  en v iron m en t ,  the 
contro l  o f  global regu la to ry  ne tw orks  a llow s the  cell  to 
coord in a te  these  ind iv idua l responses.  S om e  w ell-s tud ied  
exam ples  o f  such coord ina te  regu la to ry  sy s tem s are ca ta - 
bo lite  repression , s tringency , the S O S  response ,  and the 
h ea t sh o ck  response.

C a t a b o l i t e  R ep re ss ion

C atabolite  repression  refers to a  reg u la to ry  sys tem  by 
w hich the bacte r ia l  cell  c an  select its diet o f  energy-r ich  
co m p o u n d s  from  a menu that may be qu ite  extensive. T his  
m ech a n ism  involves the posi t ive  regula tion  o f  a varie ty  o f  
ca tabolic  o pe ro ns  by the  ca ta b o lite  repressor p ro te in  
(C R P ) and c y c lic  A M P  (an effec tor) .  W hen  b ound  to C R R  
cyclic  A M P  causes  a con fo rm at io na l  change  in the m o le 
cule  tha t  a l low s it to b ind  to the  p ro m o te r  region o f  the 
various  ca tabolic  op erons ,  a l lowing for t ranscr ip t ion  o f  the 
catabolite  genes  in the  p resence  o f  th e i r  inducers .  E i ther  
C R P  or cyclic  A M P  alone is not suffic ien t to induce  these  
operons .  In the absence  o f  cyc lic  AMP, the  C R P  is inactive, 
and gene t ranscr ip t ion  o f  the  va r ious  ca tabolic  o p e ron s  is 
rep ressed ,  even in the p resence  o f  the i r  inducers.
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W hen  E. co li g row s in the p resence  o f  g lucose ,  it u ti lizes 
th is  su ga r  p referen tia l ly  as its source  o f  energy, and the 
en zy m e s  en cod ed  in the various  ca tabolic  operons  are 
repressed .  T h e  reason  for this repression is that as long as 
E. co li u ti l izes  g lucose , its in t race l lu la r  concen tra tion  of 
cyclic  A M P  is low, thus preventing  the activation  o f  the 
CRP. If, however, g luco se  is dep le ted  from  the  env iron
m en t ,  cyclic  A M P  levels increase  and the cyc lic  A M P - 
C R P  com plex  can  ready  the various  ca tabolic  o p e ron s  for 
induction . T h u s ,  ca tabo lite  repression  prov ides the  cell 
w ith  the ab il i ty  to u ti l ize  g lucose  p referen tia l ly  w hen it is 
present in the env ironm ent ,  yet to be  able to uti lize  o the r  
available  ene rgy  sources  w hen  g luco se  is deple ted .

C ataboli te  repress ion  also prov ides  the  cell  with  a m e c h 
an ism  by w hich it can  select w hich  o f  the available  energy  
sources  it will use  and in w hich  order. T h e  p r io r i ty  o rde r  is 
set by  the d ifferen t ia l  b ind ing  coeff ic ien ts  o f  the  ca tabolic  
o pe ro ns  to the  C R P - c y c l i c  A M P  com plex .  T h e  ca tabolic  
operons  with the  h ighes t  b ind ing  a ff in ity  for the C R P -  
cyclic  A M P  com plex  will be induced  p referen tia lly  i f  its 
inducer  is p resen t.  T h e  ca tabolic  operon  w ith  the  least 
b ind ing  aff in ity  for the  C R P - c y c l i c  A M P  com p lex ,  on the 
o ther  hand ,  can  be induced  on ly  in the  absence  o f  the 
inducers  o f  the o th e r  ca tabo lic  operons.

S t r i n g e n c y

Str in gen cy  d e sc r ib es  th e  re sponse  o f  a bac te r ia l  cell  w hen 
it is faced with am in o  ac id  s tarvation . Its rate o f  g ro w th  is 
reduced  or ceases ;  it s tops  m anu fac tu r in g  R N A , p ro te in ,  
ch ro m o so m es ,  and m em b rane  co m p on en ts ;  and alterations 
in a variety  o f  o th e r  bio logic  ac tiv it ies  occur. T h is  response  
is clearly  eco n om ica l ,  s ince  in the  absence  o f  protein  
p recu rso rs  the cell  can no t  g row  and therefore  does  not need 
to syn thes ize  its v ar ious  co m po nen ts ,  especia lly  c h ro m o 
som es,  r ibo so m es ,  and m em branes .  Ins tead , it needs  to 
con se rve  its energy  and wait until the m iss ing  am in o  ac id  is 
presen t again  in its env ironm ent .

T h e  m o lecu la r  m echan ism  o f  s t r ingency  is not co m p le te 
ly un ders tood .  It is k n ow n ,  however, tha t the  ra te  o f  sy n th e 
sis o f  the  trans la t iona l m ach ine ry  ( rR N A , tR N A , r ib o so 
mal p ro te ins ,  e tc . )  is d ow nregu la ted  w hile  the  regula tion  of 
am in o  acid b iosyn thes is  and pro teases  is up regu la ted .  T his  
increases the p rodu c t io n  o f  am in o  ac id s  by  d egrada t ion  of 
p ro te ins  and de novo syn thes is  and prevents  the ac c u m u la 
tion o f  transla t ional m achinery , w hich  is u nneeded .  It is 
also know n that  this  regulation  is m ed ia ted  by two nu c le 
o tides ,  gu an o s in e  te traph osph a te  (p p G p p )  and guanosine  
pen taphospha te  (pppG pp),  prev iously  ca lled  m agic  spots 
by  the d isco vere rs  C ashel and G allent .  T h ese  regu la to ry  
signals  are p ro du ced  by a r ib osom e-asso c ia ted  str ingent 
fac to r  (a p ro te in)  w hen  trans la t ion  is re ta rded  by the 
o c cu p a n c y  o f  an uncharged  tR N A  in the A  site  o f  a

r ibo so m e  actively engaged  in the  p rocess  o f  translation . 
T h e  m ech a n ism  by w hich this  in t race l lu la r  signal effects 
t ranscr ip t ion  is unknow n.

H e a t  S hock  R e s p o n s e

W h en  E. co li is ex posed  to elevated tem p era tu res ,  a  set of 
heat shock  p ro te ins  are  in du ced ,  w hich  act on a variety  o f  
d ifferent physio log ic  pathways. T h e  m ech an ism  by which 
these  genes  are tu rned  on involves a senso ry  p ro te in ,  
d n a K ,  w h ich  som ehow  senses the  insult ,  and the  p ro du c t  of 
h tp R , w hich  rep laces the  s igm a factor, thus  a llowing the 
recogn ition  o f  a  d if feren t set o f  p ro m ote r  sequences  by 
R N A  p o lym erase  (the heat shock  genes). It is im po rtan t  to 
note tha t the d n a K  nuc leo t ide  sequence  and the  heat shock 
re sponse  i tself  a re  highly  co nse rv ed  th ro ug ho u t  bo th  the  
an im al and p lan t k ingdom s.

SOS R e s p o n s e

T h is  coord ina te  regu la to ry  sys tem  is induced  in E . co li in 
re sponse  to ex tens ive  DNA dam age .  It involves the  d e re 
press ion  o f  approxim ate ly  20 d if feren t SO S genes, som e of 
w hose  produc ts  are involved in DNA repair, in b locking 
cell d ivision. In the u n d am aged  w ild - type  cell ,  the SOS 
regulon g en es  are repressed  by the L e x  A  p ro te in . T h e  
produc ts  o f  these  genes  a re  sy n th es ized  at low const i tu tive  
levels. An S O S-ind uc in g  s ignal is som ehow  genera ted  by 
DNA dam age . T h is  s ig na l ,  probably  po r t io ns  o f  s in g le 
s tranded  DNA or DNA degrada tion  p roduc ts ,  interacts 
w ith  the  R ecA  pro te in ,  convert ing  it in to  a p ro tease  tha t ,  in 
tu rn ,  c leaves the L e x  A  rep resso r  and  derep resses  the SOS 
regulon. W h en  the DNA d am a g e  is repa ired .  R ecA  no 
longer acts  as a p ro tease  and L e x A  rep resses  the  SOS 
g enes ,  w h ich  include le x A  and  recA .

M utation and Variation 
in Bacteria

Historical P erspec tives

Until the m id  1950s, bac te r ia  were regarded  as a fo rm  of 
life quite  d ifferent f rom  that o f  o th e r  o rgan ism s .  Many 
believe that bacte ria l varia t ions resulted  from  adapta tion  
and that the env iron m en t provoked an inher itab le  alteration 
in the b ac te r ia  exposed  to it (e .g . ,  phage  res is tance  resulted 
from  being  exposed  to the phage). T h u s ,  bac te r io logy  was 
the  last s t ronghold  o f  L am arck ism  (the do c tr in e  o f  the 
inher itance  o f  acqu ired  character is t ics) .  Not until such 
experiments as L uria  and D elbruck 's  fluctuation test (1943), 
N ew com be’s re sp read ing  ex p er im en t  (1949), the  Leder- 
be rg s  ind irec t  m u tan t  selection by replica  p lating  (1952), 
and C ava ll i-S forza  and L ed erb e rgs’ s ib-se lec tion  s tudies
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(1955) was it w idely  accep ted  tha t spon taneous ,  p readap ted  
m uta tions exis t in bac te r ia .  Today we recogn ize  tha t  m ic ro 
o rgan ism s ,  as o th e r  o rg an ism s ,  are sub jec t  to geno typ ic  
varia tions and that  it is th rough  such gene tic  chang es  that 
they have evolved to th e ir  p resen t state. T h ere  a re  tw o basic 
m eans  by w hich such genetic  varia tions and the  invigora- 
tion o f  the  species  can  co m e  about: m u ta tion  and reco m 
b in a tio n . In  the  following sect ion ,  w e shall exam in e  the 
general ways in w hich chan ges  in the  g eno ty pe  affec t  the 
pheno type  and how  such chang es  arise  and are dealt with.

M u ta t io n

A m utation  refers to any stably inher ited  change  in g e 
n o type  o th e r  than  the  acquis it ion  o f  genetic  in form ation  
f rom  an o the r  ind ividual.  Its basis  may be change  in the 
DNA const i tu ting  a ch ro m osom al gene (i .e.,  a  gene m u ta 
tion) o r o th e r  chang es  such as the deletion  or re a r ra n g e 
m en t  o f  a  length o f  DNA com po s in g  m o re  than  o ne  gene.

M uta tion  fr e q u e n c y  is the p ropo r t io n  o f  m u tan ts  in a 
g iven popula t ion  o f  cells. For exam ple , 100 m u tan ts  in a 
p opula t ion  o f  1 0 0 ,0 00 ,0 00  w ould  have a m uta tion  frequ en 
cy o f  1 /1 ,0 00 ,0 00 ,  o r  1 in 1 million.

M uta tion  ra te  is genera l ly  defined  as  the  p robab ili ty  o f  a 
mutation  o c cu r r in g  du ring  som e given t im e in terval .  It is 
often  ca lcu la ted  as  a  function  o f  genera t ion  or cell  doubling  
time and hence expressed as mutation per cell per cell dou
bling. The spontaneous m utation ra te  for any gene is relative
ly low and usually falls between 10 ~ 5 and 10 ~ 7 per cell dou
bling. However, this rate can be greatly increased by the use 
o f  various chemical o r  physical agents called m utagens.

Expression  o f  M u ta t io n s

Procaryo tic  cells may con ta in  one or several cop ies  o f  their 
ch rom osom es .  However, each  copy  is d e r ived  from  the 
sam e parent and hence  is iden t ica l .  T h u s ,  b a cter ia  are  
h a p lo id  o rg an ism s ,  and  therefore  any m uta tion  tha t alters 
the  function  o f  a gene produc t will even tua lly  be  ex pressed .  
T h is  express ion ,  however, may o r  m ay  not occ u r  im m e
diately. A fte r  the m u tan t  g en o m e  is p ro du ced ,  at least one 
genera t ion  (cell d oub ling )  may be requ ired  before the 
m utan t pheno type  can  be de tec ted .  T h is  lag in the  t im e 
between onset and expression  o f  a  m uta tion  m ay be  due to 
the  t im e  required  for the segregation  o f  the  m utan t genom e, 
called  seg reg a tio n a l lag . o r  for the physio log ic  expression  
o f  the  m utan t pheno type  (e .g .,  d ilu tion  o f  w ild - type  e n 
zym e), called  p h en o typ ic  lag . o r  both .

Classification o f  M u ta t io n s

M utations  can  be c lass if ied  accord ing  to  the ir  e f fec t  on 
e i th e r  geno type  o r  phenotype.

P heno typ ic  C lassifications

O n the basis  o f  p heno typ ic  changes ,  w ild  ty p e  re fers  to the 
no rm al  gene tic  sta te  o f  an o rgan ism  th a t  has  all o f  its 
genetic  func t ions  in tac t ,  w hile  m u tan ts  tha t  have addit ional 
nu tr i t iona l requ irem en ts  are  ca lled  auxo trophs. A  m utation 
that o ccu rs  in the  wild type , cau s in g  a ch ang e  in the 
pheno type ,  is ca lled  a fo r w a r d  m uta tion .  A  second  m u ta 
tion tha t  res to res  the  w ild - type  p heno type  is re fe rred  to  as a 
ba ck  m uta tion . T h e  paren ts  o f  auxo trophs ,  as  well as 
rever tan ts  tha t  are able to regain  the  nu tr i t iona l req u ire 
m en ts  o f  the  wild type , are  ca lled  p ro to trophs .

O th e r  p heno typ ic  chang es  inc lude chang es  in colony 
m orpho logy  (e .g . ,  rough  and sm ooth ) ,  an t ib io t ic  re s is 
tance , phage  res is tance , co lic in  res is tance ,  and cha n g es  in 
fe rm en ta t ion  capabili t ies .  A n o the r  in te res t ing  c la s s  o f  phe
notypic mutation is the so-called conditional mutant, whose 
p heno typ ic  ch ang e  is exp ressed  only un der  a ce r ta in  set o f  
condit ions . T h e  cond it io ns  tha t  a l te r  th e i r  p h e no ty pe  in 
c lu de  tem pera tu re  (i .e.,  tem pera tu re -sen s i t ive  mutants) ,  
o sm o la r i ty  (osm otic  rem ed ia l  m utan ts) ,  and pH  (pH  m u 
tants).  T h e  tem pera tu re -sens i t iv e  m u tan ts  p ro d u ce  gene  
p rod uc ts  tha t are inact ive  at e i th e r  h igh  tem p era tu re  (heat- 
sens it ive  m utan ts )  o r  low tem p era tu re  (co ld -sens it ive  m u 
tants).  T he  o sm o tic  rem ed ia l  m u tan ts  and  pH  m utan ts  
p ro du ce  gene  p rodu c ts  w ho se  express ion  is in f luenced  by 
the  osm o tic  s t reng th  and  pH o f  the  en v iro nm en t ,  r e s p e c 
tively. Som e co n d itio n a l m u ta n ts  express a  le th a l p h e 
n o typ e  a t the n onperm issive  cond ition . T h e se  m u tan ts  are 
re fe rred  to as c o n d itio n a l le th a l m u ta n ts  and  have played an 
im portan t  role in d ec ip he r ing  com plex  processes  essentia l 
to the  cell  such as DNA rep lication  and  cell d ivision.

G enotyp ic  C lassifications

Several types  o f  ch an g e s  can  o c c u r  at the  m o lecu la r  level o f  
D N A , resu lt ing  in chang es  in the nuc leo t ide  se qu ence  o f  
the c e l l ’s genome. T hese  m u ta t io ns  fall in to  several d if fe r
en t gene tic  ca tego r ie s ,  d epen d ing  on  th e i r  e f fec t  on  DNA 
struc tu re  (neoc lo t ide  sequen ce )  and  on p ro te in  syn th es is  
( t ranscr ip t ion  and trans la t ion  o f  the  gene tic  code).

Class i f i ca t ion A c c o r d i n g  t o  
DNA S t r u c t u r a l  C h a n g e s

A ny p e rm a n en t  alteration  in the  seq uence  o f  base  pairs 
const i tu tes  a m uta tion .  T h e  poss ib le  a lte ra t ions  fall into 
th ree  ca tegories :  (1) b a se -p a ir  su b s titu tio n . (2 )  in sertions  
a n d  d e le tio n s , and (3) rea rra n g em en ts , inc lud ing  t r ans
posi t ions  and inversions.

B a se-p a ir  sub s titu tio n  (po in t)  m u ta t io ns  resu lt  from  the 
change  o f  a  single  base  pa ir  o f  a  n uc leo t ide  sequence  o f  a 
gene. For  exam ple ,  i f  the  b ase  aden ine  (A )  in a s t rand  o f  
D N A , ac t ing  as a tem pla te  d u r ing  rep l ica t ion ,  is altered
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such tha t  it is re co gn ized  as cy tos ine  (C), it w ould pa ir  with 
g uan in e  (G ) instead  o f  th ym ine  (T), resu lt ing  eventua lly  in 
a G - C  base -p a ir  subs ti tu tion  for the o rig ina l  A - T  base 
pair. Base-pair substitutions can be d ivided into two classes: 
T h o se  in w hich  a pu r ine  is rep laced  by a different p u r ine  or 
a p y r im id ine  by a d if fe ren t  p y r im id ine  are ca lled  tra n s i
tions, and tho se  in w hich  a pu r ine  is rep laced  by a py
r im id in e  and vice versa  are  ca lled  transversions.

Insertions an d  deletions  often result in frameshift m uta
tions that shift the reading frame o f  a gene so that all codons 
o f  the gene dow nstream  (distal) to the mutation site are 
changed. The result is a  grossly altered protein, usually with 
complete  loss o f  function. An exception would be an insert ion 
or deletion of, for example, three or six bases, which would 
not shift the reading frame per se and would result in a protein 
with one, two, etc., amino acids inserted or omitted from the 
wild-type protein, which may or may not remain functional.

R earrangem en ts  in b ac te r ia l  c h ro m o so m es  have been 
o b se rv ed ,  and  th e ir  m u tagen ic  effec t  depends  on the  sp e 
cif ic  ch ro m osom al alteration  encou n te red .  For  example, 
duplications may change gene dosage, while inversions may 
ch an ge  the regu la tion  o f  a  pa r t icu la r  gene o r  operon  if  the 
inversion occurs between the s tructural gene and its p romoter 
or regulatory sequence, o r the production of a functional gene 
p ro du c t  if the inversion o ccurs  be tw een  genes.

Class i f i ca t ion A c c o r d i n g  t o  C h a n g e s  
in P ro t e in  S yn th es i s

T h e  m os t  im p o r tan t  e f fec t  o f  a m uta tion  in a gene is on its 
transla t ion . So m e  o f  the poss ib le  effec ts  o f  a  s ingle  base- 
change  m uta tion  on trans la t ion  are  as follows:

1. T h e  a lte red  codon  m ay stil l spec ify  the  sam e am ino  acid 
( th is  is because  the  gene tic  code  is d egenera te  and thus 
m ore  than  o ne  cod on  spec if ie s  the  sam e am in o  acid), 
resu lt ing  in no e ffec t  on the  phenotype.

2. T h e  a lte red  codon  spec if ie s  an altered am in o  acid , 
ca lled  a m issen se  m u ta tio n  (i.e., a  m u tan t  codon  that is 
trans la ted  into a d if fe ren t ,  inco r rec t  am in o  ac id  is said 
to co n tr ibu te  to th e  m issense  o f  the  message).

3 .  T h e  co do n  m ay be a lte red  to read  as a te rm ina t ion  signal 
(am ber,  ocher, o r  opal) , resu lt ing  in a p rem atu re  po ly
pep tide-cha in  te rm ina t ion  d u r ing  transla t ion . T h is  type 
o f  m uta tion  is re fe rred  to as  a  no n -sen se  m uta tion  and 
usual ly  results  in the  com ple te  loss o f  pro te in  function.

C o n se q u e n c e s  o f  M u ta t io n s

C h ang es  in the  n uc leo t ide  sequences  o f  DNA may bring  
abou t chan ges  in the resu lt ing  transc r ip t io na l  and tr an s la 
tional p rod uc ts  o f  the  co r re sp o n d in g  gene. T h e  effec ts  of 
such chang es  on the  resu lt ing  pro te in  include:

1. An alteration  in a ca ta ly tic  site  o f  an en zym e ,  resulting  
in the  com ple te  ( t igh t)  or p ar t ia l  ( leaky)  inact iva t ion  of 
the  enzym e. Such m uta tions  g ive  rise to auxo trophs  or 
lethal mutants .

2 .  An alteration  in pro te in  s tru c tu re  such that  it becom es 
sens it ive  to a nu m b er  o f  agen ts  such as tem pera tu re ,  
o sm o tic  p ressure , pH , o r va r ious  effectors .  T h ese  m u 
tants  inc lude  condit iona l lethal m utants .

3 .  An alteration  in the po lypep tide  subunit  o f  a  p o lym eric  
pro te in  tha t m ig h t  cause  it to u n derg o  abnorm al  a sso 
c ia t ion  with its o th e r  subunits .  Loss o f  ac tiv ity  o r 
alteration  o f  its a l lo s te r ism  w ould re n d e r  the protein  
sens it ive  or insensit ive to various  effectors .  Such m u 
tants inc lude  reg u la to ry  m utants .

4 .  An alteration  in a n oncri t ica l  po rt ion  o f  the po lypeptide  
ch a in ,  resu lt ing  in no  de tec tab le  s truc tu ra l  o r  functional 
change. Such a  m uta tion  is ca lled  a s ile n t  mutation.

5 . An alteration  in a pro te in  involved in the  func t ion  of 
several o th e r  d if feren t p ro te ins  (e .g .,  p rocess ing  protein  
o r  one involved in the  secre tion  o f  pro te ins) ,  resu lt ing  in 
two o r  m ore  pheno typ ic  changes. Such a m utan t is said 
to be p le io tto p ic .

Repair o f  M u ta t io n s

D am ag e  to DNA cau sed  by ultraviolet rad ia tion ,  ionizing 
rad ia tion ,  and rad iom im et ic  chem ica ls  (chem ica ls  w hose  
effec ts  m im ic  those  o f  rad ia tion) can  be repa ired .  In 
b ac te r ia ,  there  are  th ree  m ain  c lass if ica t ions  o f  repair 
sys tem s: (1) d ire c t repair, (2) d a rk  repair, and (3) p o s t
rep lica tion  repair.

Direct Repair

D irec t repair  involves the  reversal o f  p rem uta t iona l lesions. 
T h is  p rocess  is ca lled  p h o toreac tiva tion  and  is a c c o m 
plished by  specific  p ho to reac tiva ting  enz y m e s  capab le  o f 
reco gn iz in g  p y r im id in e  d im ers ,  b ind ing  to th em , ab so rb 
ing light energy, and cleaving the bonds that jo in  the adjacent 
p y r im id in es ,  the reby  co n ver t in g  them  to m onom ers .

Dark Repair

D ark  repa ir  o f  py r im id ine  d im ers  in DNA does  not require 
light. In this case , the  d im ers  are excised  ra the r  than split .  
T h is  m ech an ism  requ ires  the  part ic ipa tion  o f  at least five 
pro te ins:  DNA ligase, DNA p o lym era se  I, and the  gene 
produc ts  o f  wvrA, u v rB . and uvrC  genes. T he  u v rA  and 
uvrB  gene  produc ts  b ind  to the d am ag e d  region o f  DNA, 
and  in the p resence  o f  the  uvrC  p rod uc t ,  they  p ro du ce  a 
s ing le -s tranded  break  (n ick) in the  a ffec ted  s t rand  at the 5 '  
end o f  the d am ag e d  region. T h e  d im er  is then  rem oved  by a 
specific  exonuclease  and  the  resu lt ing  g ap  repaired  by 
DNA po lym erase  I and D N A  ligase.
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Postreplication Repair

Postreplica tion  repa ir  occurs  i f  the  rep lication  fork passes 
over the  d am ag e d  region before  it has  been co rrec ted  by 
photoreac tiva tion  o r  dark  repair. I f  the repl ica t ive  fork 
reaches a d am ag e d  region o f  the ch ro m o so m e  before  it is 
repa ired ,  it sk ips  over  the  d am ag e  and re in it ia tes  DNA 
syn thes is  beyond  the  les ion , leaving the d am ag e d  region as 
s ing le -s tranded  DNA (i .e . ,  a s ing le -s tranded  gap). The 
resu lt ing  lesion, therefore ,  cann o t  be repaired  by excision 
because it lacks a complementary  strand for DNA polymerase 
I to use as a  template. However, this dam aged  DNA can be 
repaired by a recombinational event called postreplication  
repair. In this process, the complementary  strand to the 
dam aged  region (from the recently replicated sister duplex) is 
inserted across from the dam aged  D NA , resulting in two 
repairable lesions: one containing a gap (i.e., w here the piece 
o f  exchanged DNA once was), which can be repaired by DNA 
polymerase I and DNA ligase, and one containing the d a m 
aged DNA per se with its complementary  strand (which it 
received from its sister through a recombinational event), 
w hich  can  be repaired  by  the  d a rk - rep a ir  sys tem .

S u p p ress io n  o f  M u ta t io n s

R epair  m e cha n ism s  reverse  gene tic  d a m ag e  and res to re  the 
o r ig ina l p heno typ ic  expression  by  res toring  the orig inal 
gene. However, o th e r  m e cha n ism s  are available tha t d o  not 
correc t  the o rig ina l  m uta tion  pe r  se, but are  capab le  o f 
res to r ing  the o r ig ina l phenotype . W h en  the  e ffec ts  o f  a 
p r im ary  m uta tion  are  e l im ina ted  by  alte r ing  the t r a n s la 
tional p rocess ,  the  phenom enon  is called  suppression . 
T h e re  are tw o  types  o f  suppression : g en o typ ic  suppression  
and  p h en o typ ic  suppression .

G enotyp ic  Suppression

G eno ty p ic  suppression  is a  gene tic  te rm  used to descr ibe  
the  effec t  o f  a general c lass  o f  seco nd ary  m uta tions that 
res tore  a wild o r  p seudow ild  pheno type  to a  m utan t o rg a n 
ism in w hich the p r im a ry  m uta tion  is still m a in ta ined  (one 
o f  the  few cases  in w hich  two w rongs m ake  a right). The  
m eans by which these compensating mutations suppress the 
original mutation are manyfold, and these correction m echa
nisms may operate e ither during the transcription and transla
tion step o f  gene expression or at the level of the final gene 
products. Suppressor mutations can be classified according 
to their genetic location, as e ither in tragenic  (within the 
affected gene) o r extragenic  (outside o f  the affected gene).

I n t r a g e n i c  S u p p r e s s o r  M u t a t i o n s

In tragenic  sup p re sso r  m uta tions  in troduce  an addit ional 
a lteration  to the  affec ted  gene o r  gene  p ro du c t  tha t  c o m 
pletely or part ia l ly  negates  the  effec t  o f  the p r im a ry  m u ta 

tion. For exam ple ,  an in tragenic  su p p re sso r  m uta tion  may 
cause  an am in o  ac id  subs t i tu t ion  tha t co m p en sa te s  for the 
p r im a ry  m issense  m uta tion  and allows the  resu l t ing  po ly
p ep tide  to take on  a func t iona l confo rm at ion .  It m ay  also 
cause  an insertion  or de le t ion  tha t co m p en sa te s  for a 
p r im a ry  fram esh if t  m u ta t ion ,  o r  it m ight even c ause  a n o n 
sense m uta tion  to co d e  for a sense  co d o n ,  a l lowing for a 
funct ional pro te in  to be made.

E x t r a g e n i c  S u p p r e s s o r  M u t a t i o n s

E xtragen ic  sup p re sso r  m uta tions  can  com p en sa te  for the 
o r ig ina l  m uta tion  by p rov id ing  an a lte rna t ive  m etabolic  
pa thw ay (o r  e nzy m e )  for the  p roduc tion  o f  the  affec ted  
m etabolic  p rod uc t ,  o r  they  can  act by  a lter ing  the p roper
ties o f  o ne  o f  the  fac to rs  involved in pro te in  syn thes is  (i.e .,  
t ran sc r ip t io n  and  transla tion) .  T h e  ac tua l m e ch a n ism  o f  
suppress ion  can  be  c lass if ied  as e i th e r  d irec t  o r  ind irec t  
dep end ing  on w h e th e r  the  co nseq u e n c e  o f  the  orig inal 
m uta tion  is c ircu m v en ted  (ind irec t)  o r  co r rec t  (direct). 
E x tragen ic  sup p re sso r  m uta tions  can  a lso  be c lass if ied  
accord ing  to the type  o f  m uta tion  they co r re c t  and  include 
(1) non -sense  su p p resso rs , (2 )  m issen se  su p p resso rs , and 
(3) fr a m e s h if t  suppressors .

A s a lready  d e sc r ib ed ,  a m uta tion  tha t c a uses  the  conver
sion o f  an am in o  ac id - sp e c i fy in g  c o d o n  into one o f  the 
th ree  te rm in a to r  co d on s ,  U AG , U A A , and U G A , in an 
m R N A  leads to p rem atu re  te rm in a t ion  o f  t rans la t ion  and is 
called  a non-sense  m uta tion .  T h e  e ffec t  o f  such  a mutation  
can  be reversed  by seco n d a ry  ex tragen ic  su p p re sso r  m u ta 
tions, called  non -sense  suppressors . T hese  m u ta t ion s  co r
rec t non-sense  m uta tions  by  inse r t in g  a sub s t i tu te  am ino  
ac id  into a p o lypep tide  ch a in  in re sponse  to  the  non-sense  
codon . If  the sub s t i tu ted  am in o  ac ids  allow  the  resu lt ing  
pro te in  to func t io n ,  they  res tore  the  w ild - ty pe  phenotype . 
T h e se  m uta tions  can  be  fu r th e r  c lass if ied  acco rd ing  to the 
non-sense  codon  on w hich  they  ac t  (i .e.,  a m b e r  sup p resso rs  
read  U G A , o ch e r  su pp resso rs  read  bo th  U A A  and UAG, 
and  opal su pp resso rs  read  U G A ). As m ig h t  be exp ec ted ,  
m ost non-sense  su p p re sso r  m uta tions  have resu lted  from  
an altera t ion  in the  an t icod on  o f  a tR N A  gene. S up p resso r  
tR N A  species  are  o ften  found  to  be m in o r  m e m b e rs  o f  
isoaccep to r  tR N A  fam il ies  and  hence  are p resen t in small 
n um b ers  w ith in  the  cell .

A m issense  m uta tion  is a b ase  ch an g e  in D N A  that alters 
an m R N A  c od on ,  resu lt ing  in the  su bs t i tu t ion  o f  a single 
am ino  ac id  in the  en co d e d  po ly pep t id e  cha in .  T h is  o ften  
alters the  func t ion  o f  the gene  p rod uc t .  Such a  m uta tion  can  
be co r re c ted  by  a seco n d a ry  ex tragen ic  su p p re sso r  m u ta 
tion that leads to the  insert ion  o f  an accep tab le  am in o  acid 
in re sponse  to  the  m utan t m R N A  codon . T h e se  su ppresso rs  
are called  m issen se  suppressors  an d ,  as is the  case  with 
non-sense  su ppresso rs ,  o ften  m ap  in tR N A  genes.
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Extragenic suppressors called fra m esh ift suppressor  m uta
tions can correct frameshift mutations by restoring the proper 
reading frame o f  translation. Many frameshift suppressor 
mutations also m ap in tRNA genes. However, it should be not
ed that the suppression o f  missense, non-sense, and frame
shift m uta tions  can  a lso  be achieved by a lterations in 
the  co m p o n en ts  o f  r ib o so m es ,  since  chan g es  in r ibo so m e  
s t ru c tu re  cou ld  br ing  abou t a range o f  cod on  m isread ings ,  
w hich in tu rn  cou ld  lead to in form ationa l suppression .

P heno typ ic  Suppression

M utations  can  also be  co r re c ted  by nonm uta t io na l  alter
a tions o f  the  p ro te in -syn th es iz ing  m ach in e ry  ( t ra n sc r ip 
tion and translation) .  For  exam ple , sub le thal co n c en t ra 
t ions o f  s t rep tom yc in  and o th e r  re la ted an t ib io t ics  will 
cause misreading o f  the genetic code  and hence may allow 
missense or non-sense codons to be read  and translated as 
sense codons. T his  type o f  transient, nongenetic suppression 
is referred to as phenotyp ic  suppression. An additional exam 
ple o f  phenotypic suppression is the incorporation o f  base 
analogues into m R N A , causing its translation to be altered.

G e n e  Transfer  a n d  R ecom bina t ion  
in Bacteria

New com b in a t io ns  o f  genes  can  arise  by  m ech an ism s  o ther  
than m uta tion . In euca ry o t ic  cells , for exam ple , a well- 
deve loped  sexual sys tem  fo r  gene tic  exchange exists. The  
essen tia l  features  involve the fus ion o f  two hap lo id  g am etes  
to fo rm  a d ip lo id  zygote .  D ur ing  the  p rocess  o f  gam ete  
form ation  (m eiosis) ,  the  d ip lo id  n u m b er  is reduced  to a 
haploid  num ber, and genetic  exchanges  betw een  h o m olo 
g ou s  c h ro m o so m es  (der ived  from both  paren ts)  occur. T his  
sexual p rocess  co n tr ib u te s  no t  only to the  invigoration  o f  
the  spec ies  by  a llowing rea s so r tm e n t  o f  benefic ia l  tra its  by 
gene tic  recom bina t ion  but a lso  to specia tion  by  evo lu t ion 
ary  progression .

In bac te r ia ,  however, zygo tes  are fo rm ed  by a more 
pr im it iv e  m ean s  o f  genetic  exchange, involving th ree  g e n 
era l m echan ism s:  (1) tra n sfo rm a tio n , in w h ich  naked  DNA 
is d e r iv ed  f rom  o ne  cell ( the  rec ip ien t) ;  (2) tra n sd u c tio n , in 
which  a  p iece o f  bacte r ia l  DNA from  the d o n o r  is p ackaged  
and t r ansfe r red ,  th ro ug h  a v irus  c a p s id ,  to the  recip ient 
cell ,  w here  it may then beco m e  in corpora ted  into its 
g en om e; and (3) con juga tion , w here  the DNA from the 
d o n o r  cell is t ran sfe r red  to the rec ip ien t cell th rough  cell- 
to-cell con tac t ,  a f te r  w h ich  recom bina t ion  m ay occur. A ll 
three p ro cesses  involve a u n id irec tio n a l tra n sfe r  o f  gene tic  
m a ter ia l fr o m  donor to  rec ip ien t. In the m a jo r i ty  o f  cases , 
this  t ransfe r  o f  ch rom o so m al m ater ia l  is on ly  p a r t ia l ,  a nd  it 
often results  in the  t rans ien t form ation  o f  p a r tia l d ip lo id s  
o r  w hat is o ften  ca lled  a  m erid ip lo id  o r  m erozygo te . Such

part ia l  d ip lo ids con ta in  the en tire  g en o m e  (en dogeno te)  o f  
the  rec ip ien t cell and the  incom ple te  gen om e  (exogeno te)  
o f  the d o n o r  (Fig. 3-6).

Transform ation

T h e  d iscovery  o f  t ransfo rm at ion  by G r if f i th  in 1928 serves 
as  a lan dm ark  in the h is to ry  o f  bac te r ia l  genetics .  His 
ex p er im en ts  were the  first to  dem ons tra te  tha t  genetic  
d e te rm in a n ts  cou ld  be  t ransfe r red  betw een  two bac te r ia  
and laid the  g ro u n d w o rk  for the su bsequen t recognit ion  
tha t the c e l l ’s hered ita ry  materia l  res ides  in the  nucleotide  
sequence  o f  DNA.

G rif f i th 's  o r ig ina l ex p e r im en ts  em ployed D ip lococcus  
(S trep to co ccu s) p neum on iae , w h ich  causes  bac te r ia l  p n eu 
m onia  in hu m an s  and  p ro d u ces  a  fatal d isease  in mice. The 
v iru lence  o f  the p n eu m o co c c u s  is re la ted  to its p roduct ion  
o f  a p o ly sa cch a rid e  capsu le  that is also responsib le  fo r  a 
sm o o th -co lo n y  type  w hen  the  o rgan ism  is g row n  on solid 
m ed ia .  T hese  capsu les  can  be d iv ided  in to  types  based  on 
d if fe rences  in antigenicity ,  w hich  are d ue  to  s l ight va r ia 
tions in po lysacch a r id e  com pos i t ion  (there  are  m o re  than 
80 d ifferent se ro typ es  o f  p n eu m o co c cu s  capsules).  Non- 
v iru len t ,  rough  m u ta n ts  can  be iso lated  from  the  viru lent 
sm oo th  s tra in s . Such m utan ts  are devoid  o f  c a p su la r  m a te 
ria l.  G r if f i th  found  that som e noncap su la ted  p n e u m o c o c 
cus  s tra ins  w ere  stable and nonviru len t .  However, w hen  he 
in jected  m ice  with a m ix tu re  o f  heat-k il led  type  I capsu- 
la ted  cells  and live, non capsu la ted  cells d e r ived  f rom  a type 
II s t ra in ,  the  mice d ied . The causa tive  agen t w as show n to  
be a v iru len t, typ e  I  c a p su la ted  s tra in . In o th e r  ex p e r i 
m ents ,  the  results  were rep rod uced  in a test tube. W hen 
capsu la ted  (sm o o th )  cells  were g ro un d  up  and  ad ded  to 
n oncapsu la ted  ( rough) ce lls  in a test tube , one could  isolate 
from  th is  m ix ture  v iable ,  capsu la ted  cells. It w as the 
charac te r iza t ion  o f  this  in v itro  sys tem  that led Avery, 
M acL eo d ,  and M cC arth y  to iden tify  D N A  as the active 
ingredient o f  the  t ran sfo rm in g  principle. S ince  the o r ig ina l 
d iscovery  o f  t ransfo rm at ion  in s trep toco cc i ,  th is p rocess  
h as  been dem on s tra ted  in species  o f  bo th  g ram -posi t ive  
and g ram -neg a t ive  bac te r ia ,  inc lud ing  such genera  as B a
c illu s , H aem o p h ilu s , N e isseria , M oraxella , P sychrobac-  
ter, A zo tobacter, P seudom onas, and E scherich ia .

T ran sfo rm at ion ,  then ,  is the t ransfe r  by  naked  DNA o f  a 
l im ited  am o u n t  o f  genetic  in form ation  from  one bac te r iu m  
(the donor)  to an o th e r  (the recipient). Recipient bac te r ia  
express ing  gene tic  cha rac te r is t ic s  o f  the d o n o r  b a c te r iu m  
are said to be tra n s fo rm e d .  T h is  ph eno m en on  has been 
extensively  s tud ied  in Strep, p n eu m o n ia e  and B acillu s  
su b tilis , and a genera l  m odel c an  be d esc r ib ed .  However, 
c a re  m ust be taken in ex trapola t ion  to o th e r  bacte r ia .  
O perationally ,  t ransfo rm ation  can  be d iv ided  into three 
steps (Fig. 3-7):
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Fig. 3-6 G e n e  t r a n s f e r  in bac t er ia .

1. A bsorp tion  o r  b ind ing  o f  t ransfo rm ing  D N A  to the 
recip ient cell surface: In the  successfu l t ransfo rm ation  
o f  the  rec ip ien t cell ,  d oub le -s tranded  DNA fragm ents  
are bound  to its surface. T h is  a t tachm ent is m edia ted  by 
specific  recep to rs  located on the  ex ternal  su rface  o f  the 
cy top lasm ic  m em brane . In the case  o f  Strep, p n e u 
m oniae, there  are approxim ate ly  80  such b ind ing  sites. 
DNA bind ing  is often  accom p an ied  by s ing le-s tranded  
sc iss ions o r  nicks p rod uced  by a m em brane-assoc ia ted  
endonuclease .

2 . E n try  o f  the t ran sfo rm in g  DNA into the  rec ip ien t cell: 
T h is  step is often  p reced ed  by  a second  endonuc lease  
cu t o pposi te  the  first n ick ,  crea t ing  doub le-s tranded  
D N A  fragm ents .  A  m in im um  size requ irem en t for the 
d o n o r  DNA exis ts  in m os t  t ransfo rm at ion  sy s tem s and 
is som ew h a t  species  specific .  In  the  B . su b tilis  and 
pneum ococcus transforming systems, one of the strands 
o f  the t ran sfo rm in g  DNA is trans loca ted  across  the 
cytoplasmic membrane, while its complementary  strand 
is d iges ted  by a m em bran e-asso c ia ted  exonuclease.

T h is  p rocess  o f  DNA up take  requ ires  m etabo lic  ene rgy  
and leads to a p hen om enon  called  ec lip se , w here  the  
d o n o r  DNA has  no  tran s fo rm in g  ac tiv ity  a f te r  uptake  
unti l  the  d o n o r  f rag m en t has been in corpora ted  into the 
rec ip ien t’s genom e. T h is  apparen t  lack  o f  t ran sfo rm ing  
ac tiv ity  is due  to the  low tran s fo rm in g  ac tiv ity  o f  
s ing le -s trande d  D NA . In g ram -n ega t iv e  t ransfo rm ing  
sys tem s,  the D N A  ap p ea rs  to be  taken  up as  a duplex 
s t ru c tu re  with s ing le -s tranded  reg ions ,  and  hence  the 
p hen om eno n  o f  ec l ipse  is not observed .

3 .  Incorpora tion  o f  the tran s fo rm in g  DNA into the  rec ip 
ient c e l l ’s genom e: T he  D N A  taken  up in g ram -p os i t ive  
ba c te r ia  is s ing le -s trand ed .  I f  th is  D N A  is hom o lo go us  
w ith  the  rec ip ien t’s D N A , th e re  is a  good  ch an ce  tha t  it 
w ill  b ec o m e  inser ted  in to  the  rec ip ien t’s geno m e ,  c rea t 
ing reg ions  in w hich  one  s t rand  o f  the  DNA duplex  is 
d o n o r  DNA and its co m p lem e n ta ry  s trand  is rec ip ien t 
D NA . W h en  the  tw o s t rands  o f  such a heteroduplex  
s truc tu re  d if fe r  (e .g . ,  as  a  result o f  the  p resence  o f  a 
m uta tion  in e i th e r  the  d o n o r  o r  rec ip ien t DNA), the



3. M ic ro b ia l  G e n e t i c s  7 9

j>

Г

r
- 4 b

4 _____________________ У
R ecipient

I
R ecom bination

i
/ -------------------------- 4

T ransform ant

Fig. 3-7 Trans fo rma t ion .

s t ru c tu re  is d e sc r ibed  as heterozygous. In  bo th  B. 
su b tilis  and p n e u m o co c cu s  t r ansfo rm at io n ,  e i th e r  c o m 
p lem en tary  s t rand  from the  d o n o r  m ay  be integrated 
into the rec ip ien t’s geno m e  and ,  at least in the p n e u 
m o co cc u s ,  may be  seg rega ted  by sem iconserva t ive  rep 
lication (segrega tiona l lag). E ven  in g ram -neg a t iv e  b ac 
te r ia ,  w here  the  t ran sfo rm in g  DNA is doub le -s tran ded ,  
only one strand  is incorpora ted  in to  the rec ip ien t’s 
genom e; the  o th e r  s t rand  and the  d isp laced  s t rand  o f  the 
rec ip ien t DNA are enzym a tica l ly  degraded .

Cells  o f  a tran sfo rm ab le  s tra in  are not a lw ays t r an s fo rm 
able. W hen they are, however, they are said to be co m p e
ten t. T h is  physio log ic  state f luc tua tes  g reatly  d u r ing  the 
g ro w th  o f  a  b ac te r ia l  cu ltu re ,  and for Strep, pneum on iae , 
the m a x im u m  co m pe ten ce  is usual ly  achieved d u r in g  the 
late logar i thm ic  phase o f  g row th . In Strep, pneum oniae , 
co m p e ten ce  can  be induced  by a sm all  pro te in  called  a 
co m p eten ce  fa c to r, w h ich  causes  the cells  in the  popula t ion  
to syn thes ize  8 to 10 new proteins.  T hese ,  in tu rn ,  increase 
the ab il ity  o f  these  cells  to beco m e  tran s fo rm ed .  C o m p e 
tence fac tors  are  u n kn ow n  in g ram -n ega t ive  b ac te r ia .  How
ever. a  cu ltu re  o f  H aem oph ilu s  can  b eco m e  a lm os t  100 
percent competent following transfer to nutrient-poor growth 
m ed ia  tha t perm it  pro te in  syn thes is ,  and E scherich ia  co li

Lysis & 
degradation  

of ch ro m o so m es

can  be ar t if ic ia l ly  induced  by suspen d ing  the o rg an ism s  in 
h igh  concen tra tions  o f  d ivalent ions, such as c a lc iu m  or 
m ag nes ium . It is tho ug h t  tha t  such trea tm en ts  ac t  by 
a lte r ing  the ou te r -m em b rane  s truc tu re  and  unm ask in g  cy
top lasm ic ,  m em b ran e-assoc ia ted ,  D N A -binding  proteins.

Transfection

Transfection  is the te rm  used to d e sc r ib e  the t r an s fo rm a 
tion o f  n aked  viral gen o m es  and has played an im po rtan t  
role in reco m binan t  DNA technology.

Transduction a n d  Phage Conversion

Before d iscu ss ing  transduc tion  o r  phage  convers ion ,  let us 
briefly  review the  life cycle  o f  bacte r ia l  v iruses .  W hen 
bac te r iop hag es  en te r  the ir  ho s t ,  there  are  tw o  possib le  
o u tcom es: T h ey  can  en ter  the  ly tic  cycle , replicate, gener
ate  p rogeny v iruses ,  w hich  leads to the lysis  o f  the bacte ria l 
cell and the release o f  m atu re  phages,  o r they can  en te r  the 
ly so g en ic  cycle , b eco m e  in tegra ted  in to  the bac te r ia l  c h ro 
m osom e, and be replicated  with the  bacte r ia l  DNA. B ac te 
rial v iruses ,  w hich  exclus ively  use the lytic cycle ,  are 
ca lled  v iru len t phages. B acter ia l p h ages  in the in tegra ted  
sta te  are re fe rred  to as  prophages , and the v iruses tha t are 
capab le  o f  th is  type  o f  life cycle  are called  tem p era te  o r  
ly so g en ic  phages. T h is  la t ter  h ost-v irus  re la tionsh ip  is 
ca lled  lysogeny, and the  hos t  is sa id  to be ly so g en ized . In 
the lysogenic  state , the  viral genes  responsib le  for phage 
p roduc tion  are repressed .  If  th is  rep ressed  state b reaks 
dow n and the  v iru s  is induced ,  the v irus  m ay  en te r  in to  the 
lytic cycle.

Transduction  is the tra n sfer  o f  b a c ter ia l DNA fro m  one 
ce ll to  an o th er by  m ea n s  o f  a v iru s  vehicle. It w as d iscov
ered  by Z in d e r  and L ederb e rg  in 1952. It involves the 
t ransfe r  o f  a  lim ited  am o un t o f  gene tic  in form ation  from a 
lysed d o n o r  cell  to an intact recip ient ce ll ,  or. m ore  p rec ise 
ly, that am o u n t  o f  DNA that can  be packaged  into the 
bac te r iop hag e  protein  coat.  It is the  result o f  an  e r ro r  that 
so m etim es  oc cu rs  in the m atu ra t ion  or pack ag in g  o f  the 
DNA o f  ce r ta in  types  o f  b ac te r iophages .  If, d u r ing  phage 
d eve lopm ent ,  host (bac te r ia l)  DNA o r  a m ix ture  o f  host  and 
phage  DNA is p ack aged  into the  phage  cap s id  ( instead  of 
phage  DNA alone), then the phage  becom es  a tra n sd u c in g  
p a r tic le  and is capab le  o f  in jec ting  bacte ria l DNA o f  its 
o r ig ina l  host  into an o the r  b a c te r iu m  (the  recipient). Two 
d if feren t types  o f  e rro rs  in phage m atura tion  lead to  the 
form ation  o f  t ran sdu c in g  part ic les  tha t  are quite  d ifferent 
and that are involved in two d if feren t types  o f  transduction : 
g en era lized  and sp ec ia lized .

G e n e r a l i z e d  T ra n s d u c t io n

S om e tran sd uc ing  part ic les  p ick  up bacte r ia l  host genes  in 
a som ew h a t  r andom  m a n n e r  so tha t ,  theoretically ,  any gene
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can  be t ransduced .  T h is  p rocess  is re fe rred  to as  gener
alized  t ransduc tion  (Fig. 3-8). G enera l ized  t ransduc ing  
part ic les  are p roduced  d u r in g  vegeta tive  grow th  and m u l t i 
p lication o f  the phage. A n u m b er  o f  b ac te r ia l  v iruses  are 
know n to m ed ia te  genera l ized  t ransduc tion .  T h e  aberran t 
m ech an ism  by w hich  bacte r ia l  DNA is p ack ag ed  into the 
phage capsid  (to p roduce  a gene ra l ized  t ransdu c in g  p a r t i 
cle) is th o ug h t  to be c o m m o n  to all gene ra l ized  t ransduc ing  
phages.

Fig. 3-8 G en e ra l i z ed  t r an sdu c t i on .

D onor bacterium

Lysis

P h ag e  
with p h ag e  

DNA

Inlectlon

M ore phage

Transducing  
p h ag e  with 
ho st DNA

R ecip ien t bacterium

R ecom bination

S p ec ia l i z e d  T ra n s d u c t i o n

S om e b ac te r ia l  phages  pre fe ren tia lly  t r a n sdu ce  specific  
reg ions  (genes)  o f  the b ac te r ia l  ch rom o so m e . T h e se  phages 
are referred  to as  spec ia l ized  tran sd u c in g  p hages  and  the 
process as specialized transduction. O nly tem pera te  phages  
a re  ca p a b le  o f  m ed ia tin g  sp e c ia lize d  tra n sd u c tio n . In fact, 
for spec ia l ized  transdu c tio n  to occur, the sp ec ia l ized  t r a n s 
ducing  phage m u s t  be in tegra ted  into the hos t  ch rom osom e. 
W h en  this p ro ph age  is in du ced  into the  lytic cycle ,  it m ust 
excise  i t se l f  from its host c h ro m o so m e  before it can  beg in  
DNA replication and p hage  p roduc tion .  O n  a rare  occas ion ,  
an e r ro r  is made in the  excis ion process ,  and som e o f  the 
ad jacen t bacte r ia l  D N A  is excised  with the  p rop hag e  (often 
with a co nco m itan t  loss o f  som e o f  the  phage  DNA). T h e  
resu lt ing  phages are th ere fo re  a m ix tu re  o f  phage  DNA and 
specific  b ac te r ia l  D N A  ( those  genes  ad jacen t  to the  p ro 
phage  in tegration  site). B ecause  on ly  a spec if ic  size  o f 
DNA can  be packaged  into a  p hage  coa t,  the  b ac te r iop hag e  
gen om e  in a spec ia l ized  transdu c in g  part ic le  is usually  
incom ple te ,  m issing  that  po rt ion  rep laced  by the bacte r ia l  
genes. B ecause  essen tia l  genes  for no rm al bac te r io ph age  
func t ions  are usual ly  m iss ing ,  the  b ac te r iop hag e  is often 
defec t ive  and c a n n o t  m ultip ly  by  itself. S ince  this  excision 
error is rare, and since most specialized transducing phages 
are  defec t ive  and there fo re  c an n o t  multiply, a  lysate o b 
ta ined  by induction  n o rm ally  con ta ins  on ly  a few s p e 
cia l ized  tran sd uc ing  part ic les  and  is said  to be a low  
fr e q u e n c y  o f  tra n sd u c tio n  (L F T ) lysa te . A  h igh  fr e q u e n c y  o f  
tra n sd u c tio n  (H F T )  lysate  can  be ob ta ined  from  a double  
lysogen con ta in ing  the defec t ive  spec ia l ized  t ran sd uc ing  
phage  and a he lper  phage  o f  the  sam e  type. T h e  he lper  
phage  prov ides the  m issing  func t ions  o f  the  defec t ive  
phage  by  com plem enta t ion  and allows com ple te  m atura t ion  
o f  bo th  phages. In such lysates ,  approx im ate ly  50  percen t 
o f  the  p rogeny  p hages  are  sp ec ia l ized  tran sd u c in g  phages.

Phage Conversion

T he  alteration  o f  bac te r ia l  p heno type  resu lt ing  from the 
p resence  o f  a bac te r ia l  v irus  o r p hage  is ca lled  p hage  
conversion . I f  it can  be d e m on s tra ted  tha t th is  alteration  in 
pheno type  is due to the p resence  o f  a s table  p rophage ,  the 
te rm  ly so g en ic  conversion  can  be applied . S o m e  m edica lly  
im po rtan t  exam ples  o f  p hage  convers ion  include (1) d ip h 
th e r ia  toxin p roduc tion  by C o rynebac terium  d ip h th eria e  
w hen  infected by phage  B , (2) bo tu l in u m  toxin production  
by C lo str id iu m  b o tu linum  type  С following infection by  a 
phage, (3) the an tigen ic  altera t ions o f  som atic  О  an tigen  of 
salmonellae in the presence o f  a prophage, (4) the e ry th ro 
genic toxin p rod uc t io n  (o f  scarle t fever) by  lysogenic  S trep 
to co ccu s pyogenes, and (5) the  S h iga- like  toxin product ion  
by E . co li following lysogeniza t ion  by e i th e r  o f  two differ
en t bac te r iop hag es  ( iso lated  from  a pa thogen  causing  h e m 
o rrhag ic  colitis).
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C onjugation a n d  Transfer Plasmids 

C o n j u g a t i o n  in G r a m - N e g a t i v e  B ac t e r i a

T h e  d isco v ery  o f  auxo troph ic  m uta tions  in the  1940s p ro 
v ided  a pow erfu l gene tic  tool for search ing  for sexual 
p rocesses  in bac te r ia .  Joshua  L ed e rb e rg  m ade  the  d ram atic  
d iscovery  o f  bacte r ia l  con jugation  in 1946.

C on juga t ion  is the  p ro cess  by w hich genetic  materia l  is 
passed ,  unidirec t ional ly ,  f rom  one b ac te r iu m  to another. 
T h is  p rocess  is m ed ia ted  by p la sm id s  te rm ed  collectively  
as  co n ju g a tiv ep la sm id s  (e .g .,  fe r t i l i ty  fac tors)  in the  don o r  
cell .  Conjugation  occ u rs  in m any  genera  o f  g ram -n ega t iv e  
ba c te r ia ,  inc lud ing  E sch erich ia , P ro teus, P seudom onas, 
Sa lm onella , Serra tia , Sh ig e lla , V ibrio, and Yersinia. T he  
p la sm ids  are  t ran sfe r red  at high frequency, occasionally  
mobilizing chrom osom al genes as well. The most completely 
s tudied  o f  the  conjuga t ive  p la sm id s  is the F fa c to r  ( ferti li ty  
factor), w h ich  can  replicate in E . co li and re la ted  enter ic  
bac te r ia ,  inc lud ing  Sa lm onella  typ h im u r iu m  (F ig. 3-9).

T h e  N a t u r e  o f  t h e  F Fac to r

T h e  F  fac to r  is an au ton om o us ly  rep l ica t ing  c ircu la r  h e t
eroduplex o f  double-stranded DNA with a molecular weight 
o f  abou t 50 X Ю6 daltons. T h is  p lasm id  co des  for 40  to 60 
gene  p roduc ts ,  som e  o f  w hich  are involved in its repl ica
t ion , m ain tenan ce ,  and conjugal transfer. T h e  gene tic  in 
fo rm ation  n ecessa ry  for its t ransfe r  res ides  in 13 transfer  
( tra ) genes, w hich  m ake  up  an operon .  T h e  tra  genes 
contro l  F -p i lus  fo rm ation  and  conjugal DNA m etabo lism . 
T h e  F  p ilu s  m ed ia tes  the ad herence  o f  dono r  and recip ient 
cells  d u r in g  the  p rocess  o f  con jugat ion  and may also play a 
role  in D N A  transfer. An ou te r -m em b rane  p ro te in ,  O m p A , 
o f  the  rec ip ien t ce ll ,  apparen t ly  acts as a recep to r  site  in 
this  p rocess  o f  ce ll- to -ce ll  adherence.

F + cells  a re  d o n o r  cells  tha t ha rb o r  the  F  p lasm id  in its 
au ton om o us  state. W h en  F + cells  are m ixed  w ith  F -  cells 
( lack ing  an F  p lasm id),  all the  F -  cells  are rap id ly  co nv er t
ed  to F  + . However, in such m a t in gs  the t r an sfe r  o f  c h ro m o 
som al genes  is very  ra re  ( < 1 0 - 7 ).

Hfr Cells

S om e c lones  o f  F + cells  are  capab le  o f  t r an sfe r r ing  c h ro 
m osom al genes  w ith  increased  efficiency, resu lt ing  in a 
h igh  f r equency  o f  recom bina t ion  (Hfr). The H fr  c e lls  are  
the resu lt o f  the in tegra tion  o f  the F  p la sm id  in to  the  
b a c te r ia l chrom osom e  (F ig. 3-9). T he  F  fac tor con ta ins  
four in ser tion  sequences  (IS) tha t are h o m o log ou s  with IS 
found on the  bac te r ia l  ch rom osom e. R ecom bina t ion  b e 
tween an  IS on the bac te r ia l  ch ro m o so m e  and one on the F 
fac to r  leads to the  in tegra t ion  o f  F  into the bacte r ia l  
gen om e  and  thus  the  form ation  o f  an H fr  stra in . H fr ce lls  
d iffe r  fr o m  F + ce lls  in th a t the en tire  F  fa c to r  o f  the H fr  is

In teg ra t ion

F  f a c to r  v

Excis ion

F  fac to r Hfr cellF +cell (Donor)

Conjugation
F cell (recipient)

Hfr

Recombination

Recombinant

Fig. 3-9 C o n j u g a t i o n .

ra re ly  transferred  d u rin g  con juga tion . T h is  is because  the 
IS on F  (w here  F  in tegrates  into the  ch ro m o so m e)  lie 
be tw een  the  o r ig in  o f  t ransfe r  (s ite  w h ere  the  t r ansfe r  o f 
F -fac to r  DNA is in i t ia ted) and  the  tra  genes. T h erefo re ,  the 
tra  g enes  are t ransfe r red  on ly  following the  t r an sfe r  o f  the 
in te rven ing  bacte r ia l  ch ro m o so m e  (the bac te r ia l  c h ro m o 
som e is c ircular) ,  w hich  is a very  rare  event.  Consequently , 
H fr  X  F -  m at ings  d if fe r  f rom  those  o f  an F + X  F ~  in that 
ch rom o so m al m arkers  near  the inser tion  site  o f  F  (n ea r  the 
o r ig in  o f  transfe r)  are t ransfe r red  w ith  a h igh  frequency, 
yet the F ~  cell (in the H fr  m ating)  rare ly  b eco m e s  a male 
(harbors  the  intact F  plasmid).

T h e  location  o f  the  in tegration  o f  the F  fac to r  in the 
bacterial chrom osom e determines which chrom osomal genes 
are t ran sfe r red  with h igh  frequency. T h e  d irec tion  o f  c h ro 
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m osom al t ransfe r  in H fr  cells  (c lockw ise  versus coun te r
c lockw ise)  depends  on the orien ta t ion  o f  F -  p lasm id  
integration (i .e.,  on ly  one strand o f  the F fac to r  c a r r ie s  the 
orig in  o f  transfer, and .  therefore ,  d epend ing  on its o r ie n ta 
tion in the ch ro m osom e ,  e i th e r  the  Watson o r  the C r ick  
strand o f  the heteroduplex  m olecule  will be transferred).

F-Pr ime Cells

In som e H fr  cells, the in tegra ted  F p lasm id  may be excised  
from the ch ro m o so m a l D N A , taking with it o ne  or more 
ad jacen t bacte ria l genes  (ana logous  to sp ec ia l ized  t r an s
duction). The F fa c to r  a n d  its  a sso c ia te d  b a c ter ia l DNA are  
co llec tive ly  referred  to  a s  an  F -prim e ( Ғ ' ). F '  formation 
genera tes  a ch ro m osom al deletion; the  genes  ca r r ied  on the 
F '  are not duplica ted  in the  ch rom o so m e ,  and hence the cell 
rem ains  haploid  for all genes. Such a cell is te rm ed  a 
p r im a ry  Ғ ' . However, the  p roduc t o f  an F '  X  F ~  m ating ,  
w hich  usual ly  results  in the  com ple te  t ransfe r  o f  the F' 
because  o f  its relatively sm all size, is a  part ia l ly  d ip lo id  cell 
(a  stable m erozy go te )  ca lled  a seco n d a ry  Ғ ' .

Phy s io logy  of  C o n j u g a t i o n

W hen cells  that con ta in  an F  p lasm id  are mixed with F -  
cells, con jugal pairs  rapid ly  form  by attachm ent o f  the  end 
o f  the F  p ilus  to the  su r face  o f  the F ~  cells. T h is  a ttach
ment then t r iggers  a se r ies  o f  events  resu lt ing  in the 
t ransfe r  o f  the F  fac to r  and any associa ted  ch rom osom al 
D NA . T h is  DNA transfe r  p rocess  is in itia ted  from an 
endonuclease  nick  in one o f  the two c o m p lem en ta ry  s trands 
o f  F  (i .e.,  at the o r ig in  o f  transfer)  and se rves  both as  the 
site at w hich  DNA transfe r  b eg ins  and as  the s ta r t ing  point 
for the replication o f  the unnicked  strand  ( th rou gh  a roll-  
ing-circle m ode  o f  replication). T he  5 '  end  o f  the  nicked 
strand o f  F -D N A  is the f irst to en te r  the  recip ient ce ll ,  with 
concom itan t  DNA replication o f  the  c o m plem en ta ry  s trand  
in the 3 '  to 5 '  d irec tion  in the  d o n o r  cell .  The DNA 
transferred during  conjugation, therefore, is single-stranded, 
a n d  its  o rig in  co n ta in s a 5 ' end . T h is  t ransfe r  p rocess  
con tinues  until the mating  pairs  break  a pa r t  o r  the entire  
F-associated DNA is transferred to the recipient. The  overall 
p rocess  o f  conjugat ion has  been d e sc r ib ed  as  o cc u rr in g  in 
five d is t inc t  s tages,  accord ing  to a model put fo rw ard  by 
Roy C u r t i s s  111. T hese  s tages are d e sc r ibed  as  follows:

1. S p ec ific  p a ir  fo rm a tio n :  the initial in teraction  between 
the  d o n o r ’s F  p ilus  and the rec ip ien t cell  su rface  ( recep 
to r  si tes) to fo rm  a stable m at ing  pair.

2 .  E ffec tive  p a ir  fo rm a tio n :  the form ation  o f  a b r idge  
betw een  the tw o m ating  cells  that will allow the  t ransfer  
o f  DNA. T h is  stage  involves the  resorp tion  o f  the F  pili 
by  the  d o n o r  and the  jo in in g  o f  the do n o r 's  and rec ip 
ient's ce llu la r  envelopes and is an energy-dependen t 
process.

3 .  C hrom osom a l m o b iliza tio n :  involves the recognit ion  
and nick ing  o f  the  s ing le -s trande d  F-D N A  sequence  
c o r re sp o n d in g  to the  o r ig in  o f  transfer.

4 .  C hrom osom a l tra n sfer:  involves the  t r an sfe r  and s im u l
taneous  a sy m m e tr ic  rep lication  o f  the  F  and associa ted  
ch ro m o so m a l DNA. T h is  rep lication  p ro cess  is env i
sioned  as  p rov id ing  the  d r iv ing  force  for p rope l l ing  the 
free 5 '  end  o f  the  n icked DNA into  the rec ip ien t c e l l . A s  
replication is co n tinu ed  in the donor,  m ore  o f  the 5 '  end 
o f  the F -D N A  and  assoc ia ted  ch ro m o so m a l DNA is 
t ransfe r red  to the rec ip ien t cell .

5 .  R ecom b ina tion : o ccurs  w hen the h o m olog ou s  segm ents  
o f  t ransfe r red  (donor) and rec ip ien t DNA pair.

C o n j u g a t i o n  in G ra m - P o s i t i v e  B ac te r i a

C onjugation  also o ccu rs  in g ram -po s i t iv e  b ac te r ia ,  a l
tho ug h  it is a re latively  new discovery. In S trep tococcus  
fa e c a lis ,  for exam ple ,  a  n u m b er  o f  con juga t ive  p lasm ids 
a re  capab le  o f  se l f- t ransfe r  and o f  the  m obiliza tion  o f  o ther  
nonconjuga t ive  p lasm ids  and  c h rom o so m al genes. Recent 
s tud ies  o f  this  sys tem  sugges t  that it m ig h t  be qu ite  d iffer
ent from  its g ram -neg a t ive  cou n te rp a r t .  F o r  in s tance ,  pili 
play no role in the  p rocess ,  and m at ing  s igna ls  between 
cells  are m edia ted  by soluble  m olecu les  c a l l e d pherom ones. 
T h ese  signal m olecu les  are re leased  from  cells  tha t  d o  not 
c a r ry  conjuga t ive  p lasm ids  and  s t im ula te  those  tha t d o  to 
p roduce  an aggrega tion  su b s ta n ce  on th e i r  o u te r  surface. 
C ells  tha t fo rm  th is  sub s tance  fo rm  c lu m p s  with those  that 
lack it, and p la sm ids  are then  t ransfe r red  be tw een  cells 
w ith in  these  c lum ps.  P lasm id- l inked  ch a ra c te r is t ic s  t r a n s 
mitted  in th is  m an n e r  include hem olysin  p roduc tion  and 
res is tance  to  l in com y c in ,  k a n am y c in ,  n eo m y c in ,  s t rep to 
m y c in ,  te t racyc l ine ,  and  e ry th ro m y c in .  T h e re  are a lso  
conjuga t ive  t r an sp oson s  involved in t r an sfe r r in g  a n tib io t ic  
res is tance  w ith in  the genu s  S trep to co ccu s  (see  sec t ion  on 
transposons).

The Fate o f  T ran sfe rred  DNA

O nce  D N A  from  a d o n o r  b ac te r iu m  (exogeno te)  is p resent 
in the  rec ip ien t cell ,  regard less  o f  the  m eans  by  w hich it 
a r r iv e d ,  it is dealt w ith  in o ne  o f  the  following ways:

1. It m ay  be reco gn ized  as  fo re ign and  be d iges ted  by  the 
host 's  restric tion  en zym es  (endonucleases).

2. It may be incorpora ted  in to  the rec ip ien t ce ll 's  gen om e  
(e nd og eno te )  by  m ean s  o f  recom b ina tion .

3. If  the  DNA is capab le  o f  se lf-replication  (i .e . ,  it is a 
replicon), it may exis t au to no m ou sly  with in  the  re c ip 
ient ce ll ,  as  a p lasm id  o r  a  defec t ive  phage, replicating 
and seg rega t ing  w ith  its host 's  DNA.

4 . I f  the  DNA is incapable  o f  replication but is not d e 
g raded  by the  h o s t ’s res tr ic tion  sy s tem ,  it will  rem ain  in
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only  one o f  the resu lt ing  p rogeny  cells  o f  the  culture. 
T h is  o ccu rs  f requently  with spec ia lized  t r ansduc ing  
p h ages  tha t do  not replicate and in this  case  is called  
ab o rtive  tra nsduc tion .

Restriction a n d  M odifica tion

T h e  pers is tence  o f  the  exogeno te  in the rec ip ien t cell 
following D N A  tran sfe r  depends ,  to  a large extent,  on the 
DNA res tr ic t ion -m odif ica t ion  sy s tem s o f  bo th  the  dono r  
and rec ip ien t cells. B acter ia  have evolved a su rve il lance  or 
res tr ic tion  sys tem  by  w hich  they  can  reco gn ize  and destroy  
fore ign D NA . T h ey  d o  th is  th ro ug h  the  action  o f  res tric tion  
en d o n u c lea ses, o f  w hich  over 200  are  presen tly  known. 
T h e se  e n z y m e s  reco g n ize  sp e c ific  n u c leo tid e  seq u en ces  in  
DNA a n d  p ro d u ce  d o u b le -s tra n d ed  sc iss io n s, w h ich  su b se 
quently  lead to the i r  com ple te  degrada t ion .  To p ro tec t  the ir  
ow n D N A , each  b ac te r ia l  stra in  tha t possesses  a  restric tion  
sy s tem  also  p o ssesses  a m o d ifica tion  sys tem  to d isg u ise  the  
res tr ic tion  s ite s  r ecogn ized  by the i r  endonuclease(s) .  T his  
is accom p lished  b y  m e th y la tin g  the a d en in e  or cy to s in e  
res id u es  con ta in ed  with in  these  reco gn i t ion  sequences . 
T he  DNA seq uen ces  recog n ized  by re s tr ic t ing  and m o d ify 
ing en z y m e s  vary  greatly, and com plex  pa tte rns  o f  co m p a t
ibilities exist between bacterial genera, species, and strains. 
I f  the  t ran sfe r red  DNA co m es  fro m  a don o r  cell  with  a 
re s tr ic tion -m odif ica tion  sys tem  d is s im ila r  to tha t o f  the 
rec ip ien t ce ll ,  then  it will m o s t  likely be d eg raded .  O n  the 
o th e r  h and ,  i f  the  exogeno te  c o m e s  f rom  a d o n o r  w ith  a 
s im ila r  res tr ic t ion -m odif ica t ion  sys tem , it s tands  a good 
ch an ce  o f  pers is t ing .  T h e  gene tic  in form ation  for res tr ic 
tion -m odif ica tion  sys tem s may be located  on e i th e r  c h ro 
m o so m e s  o r  p lasm ids.

Recom bination

R ecom bina tion  in b ac te r ia  involves the  incorpora t ion  of 
the  exogeno te ,  o r  part o f  it , in to  the  endogenote .  S o m e 
tim es  it involves a  rec iprocal exchange betw een  these  two 
DNAs. T h re e  basic  types  o f  recom bina t ion  are  found  to 
oc cu r  in bac te r ia  and  the i r  a ssoc ia ted  phages:  (1) gener
a liz e d  recom b in a t io n ,  (2) s ite -sp e c ific  recom b in a t io n ,  and 
(3) il leg itim a te  recom bina t ion .  T h ese  processes  a re  d is t in 
gu ished  by the i r  requ irem en ts  for nuc leo t ide  sequence  
hom olo gy  o r  lack  o f  it.

G e n e r a l i z e d  R e c o m b i n a t i o n

W hen  the ex ten t o f  hom olog y  be tw een  tw o paren ta l  DNA 
m olecu les  is extensive , the  p robab ili ty  o f  recom bina t ion  in 
m ost bac te r ia  is goo d ,  o c cu r r in g  random ly  along the  re 
gion w h ere  the  tw o hom olog ies  are in register. In  E . coli, 
th is  m ec h a n ism  invo lves a  va rie ty  o f  recom b ina tion  gene  
p ro d u c ts  ( r e c A , recB , and  recC  g enes)  as well as various 
co m p o nen ts  o f  the  ce ll 's  DNA repa ir  sys tem  (i .e.,  an

exonuclease , an end onuc lease ,  DNA po lym erase  I, and 
DNA ligase). Examples o f  this type o f  recombination involve 
the incorporation o f  hom ologous DNA. transferred to donor 
cells by transduction, transformation, and conjugation.

Site-Speci f ic  R e c o m b i n a t i o n

In con tra s t  to gene ra l  reco m bina t io n ,  recom bina t ion  events 
can  a lso  o ccu r  be tw een  D N A  m olecu les  tha t  share little, if 
any, homology. W h en  the location o f  the recom bina t ion  
events  is a  highly  pre fe rred  posi t ion  on one or bo th  o f  the 
paren ta l  DNA m olecu les ,  th is  is ca lled  si te -specif ic  r e c o m 
bination . T h is  p rocess  in E. co li is ind ep en d en t o f  the  rec 
gene sy s tem . E x am ples  o f  th is  type  o f  recom bina t ion  are 
the  in tegration  o f  lam b da-p hag e  DNA into  the  E . co li 
ch ro m o so m e  at m inu te  17 on its gene tic  m ap  ( lam b d a -я/г 
si te) and  the  in tegra t ion  o f  the  F  p lasm id  into the  E . co li 
ch ro m o so m e  at IS.

I l l e g i t i m a te  R e c o m b i n a t i o n

Like  s i te-specif ic  reco m b in a t ion ,  i l leg i t im ate  r e co m b in a 
tion  is in d ep en d en t o f  the  rec  sy s tem  a n d  requ ires very  
little , i f  any, hom o logy betw een  the p a ren ta l DNA m o le
cu les . T h e  d is t ingu ish ing  feature  o f  il leg i t im ate  r e c o m 
binat ion  is tha t it can  o ccu r  a t a p p a ren tly  random  site s  on 
the endogeno te . E x am ples  o f  th is  type  o f  recom b in a t ion  are 
the insert ions  o f  IS and transposons .

Questions

1. T h e  gene tic  in form ation  o f  cells:
A . Was o rig ina l ly  tho ug h t  to res ide  in te tranucleo-  

tides
B. Was o rig ina l ly  th ou gh t  to res ide  in p ro te ins
C. Was o rig ina l ly  th ou gh t  to  reside in DNA
D. Was o rig ina l ly  th o u g h t  to reside in RNA
E. N one o f  the  above

2 . T h e  initia tion  o f  DNA (ch rom o so m e)  replication in E. 
co li:
A. Involves D N A -dependent R N A  p o lym erase
B. B eg ins  at a genetic  locus te rm ed  terC
C . R equires  the  tu f  gene  p roduc t
D. R equires  the  dnaD  p roduc t
E. N one o f  the  above

3. DNA gyrase:
A . M ay be involved in the  separa tion  o f  new ly rep l i

ca ted  d a ug h te r  ch ro m osom es
B. Is a topo isom erase
C. A lters  the topo log ic  sta te  o f  rep licating  DNA
D. Is involved in the  replication o f  the  bacte r ia l  c h ro 

m oso m e
E. All o f  the above
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4. T h e  lead ing  strand  in DNA replication:
A. R efers  to the  con tinuously  replicated  s trand  o f  

D N A  at the replicative fork
B. P ro ceed s  by the  addit ion  o f  n uc leo t ides  in the 3 '  to 

5 '  d irec tion
C. Refers to the  d iscon tinuously  replicated  s trand  of 

DNA
D. Is m ade  up o f  sm all O kazak i p ieces  o f  DNA jo in ed  

tog e th e r  by  DNA ligase
E. All o f  the above

5 . T he  DNA found in the  E. co li  ch rom osom e:
A. Is p red om inan t ly  in the form  o f  “ Z-DNA"
B. Is in the form  o f  a large s ing le -s tranded  circle
C. Is h igh ly  folded and superco iled  upon i tself
D. Is in the  form  o f  a large, l inear doub le -s tranded  

m acrom olecu le
E. N one o f  the  above

6. P lasm ids:
A. A re  bacte r ia l  v iruses
B. Are essen tia l  fo r  survival
C . May be involved in the  v iru lence  o f  the host
D. Are nonrep l ica t ing  pieces o f  DNA
E. None o f  the above

7. R factors:
A. A re  found on ly  in g ram -neg a t iv e  bac te r ia
B. A re  found only in g ram -posi t ive  bac te r ia
C . O ften  consis t  o f  two dis tinc t  gene tic  com ponents:  

the  R TF and  r de te rm inan ts
D. Are linear,  dou b le -s tran ded  DNA m olecules
E. N one o f  the above

8. T ransposons:
A . May conta in  an t ib io t ic - res is tan t genes
B. May conta in  insertion  sequence  (IS) e lem ents
C. A re  often  found in r d e te rm inan ts
D. M ay m ove  from  one p lasm id  to a n o th e r
E. All o f  the  above

9. A mutation:
A . Is a stably  inher ited  chan ge  in the  genotype
B. Is a stably  inher ited  chan ge  in the pheno type
C. A lw ays involves a  change  in the  am in o  ac id  se 

quence  o f  the a ffec ted  gene  product
D. Is a s tably  inher ited  chan ge  in bo th  the genotype  

and pheno type
E. N one o f  the  above

10. T h e  fate o f  the  exogenote  tha t gains en trance  into a 
bacte r ia l  cell  may be:
A. R estr ic t ion  by exonucleases
B. Incorpora tion  into the end og eno te  by re co m b in a 

tion
C. Pers is tence  in a  nonreplicative form
D. Pers is tence  in a repl ica t ive  form
E. All o f  the above

11. A m erizygo te :
A. Is a part ia l  d ip lo id  cell

B. Is rep resen ted  by a bacte r ia l  cell  c a r ry in g  an R 
fac tor

C. C o n ta in s  the  en tire  g en o m e  o f  bo th  the rec ip ien t 
and  d o n o r  bac te r ia

D. Is a d ip lo id  cell
E. N one o f  the above

12. A m uta tion  that ca u se s  an a ltered  am in o  ac id  to be
in corpora ted  into m uta ted  gene  p rod uc t  is ca l led  a:
A. N on-sense  m utation
B. F ram esh if t  mutation
C. A m b e r  m uta tion
D. C ry p t ic  m utation
E. None o f  the above

13. F + cells:
A . C on ta in  the  F  fac to r  in tegra ted  into the bacte r ia l  

ch ro m o so m e
B. C on ta in  F  pili on the ir  su r faces
C. T ransfe r  ch ro m o so m a l g enes  at a high frequency
D. Are also res is tan t to va r ious  an tib io t ics
E. N one o f  the above

14. In gene ra l ized  transduction :
A. O n ly  bac te r ia l  g enes  ad jac en t  to the p rophage  

attachm ent site a re  t r an sd u ced  by m ean s  o f  special 
tran sd uc ing  phage

B. O nly  bacte r ia l  DNA is p ack aged  into the  viral 
capsid

C. T h e  d o n o r  b ac te r ia  is ca lled  a  lysogen
D. In tegra tion  o f  the  p hage  g en o m e  into the bacte r ia l  

g en o m e  is requ ired
E. None o f  the above

15. An in tragene t ic  su pp re sso r  mutation:
A. C an  co m p ensa te  for the o r ig in a l  m uta tion  b y  p ro 

v id ing  an a l te rnat ive  m e tabo lic  pa thw ay (o r  e n 
zym e)  for the p roduc t ion  o f  the  affec ted  m etabolic  
p roduc t

B. C an  co m p ensa te  for the o r ig ina l m uta tion  by  p ro 
v id ing  an a lte red  tR N A  ca lled  a m issense  su p 
p resso r  tRNA

C. May involve co do n  m isread ing  by  r ib o so m es
D. Involves a  second mutation within the mutated gene
E. None o f  the above

16. Transfection:
A . Involves the transdu c tio n  o f  a  v irus  geno m e
B. Involves the  conjugation  o f  a v irus  genom e
C. Involves the  t ran sfo rm at io n  o f  a v irus  gen om e
D. Involves the  t ranspos i t ion  o f  a v irus  gen om e
E. N one o f  the above

17. R estr ic t ion  endonucleases :
A. Are involved in the  c e l l ’s su rve i l lan ce  sys tem  for 

re c o g n iz ing  foreign DNA
B. R ecogn ize  un ique nucleo t ide  sequences
C . M ay b r in g  abou t DNA degrada t ion
D. A re  found  in m any  d if feren t k inds  o f  bac te r ia
E. All o f  the  above
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18. If  an average  gene  c od es  for a  po lypep tide  w ho se  chain  
length is 350  am in o  ac ids long and  if 2000  such genes 
exis t in a b ac te r ia l  ch ro m o so m e ,  w h a t  w ould be the 
p robab ili ty  tha t a  fo rw ard  m uta tion  w ould  o c c u r  in any 
g iven  gene?
A . 1 /350
B. 1 /3500
C .  1 /7 0 0 ,0 0 0
D. 1 /2000
E. None o f  the above

19. T h e  p robab ili ty  for a true  reversion  m uta tion  (back  
m uta tion  o f  the o r ig ina l m uta tion)  o c c u r r in g  in the 
gene  in quest ion  18 w ould be:
A . A bou t  one in 2000
B . A b o u t  one in 2 0 0 ,0 0 0
C . A bou t  one in 2 ,0 0 0 .0 0 0
D. A b o u t  the  sam e as the  o rig ina l  m utation
E. G rea te r  than the o rig ina l  mutation

20 .  W hich  o f  the  following involves the  reversal o f  pre- 
m uta tiona l les ions?
A. Reversion
B. Suppression
C. P ho toreactivation
D. Pseudorevers ion
E. None o f  the above

21. N on-sense  mutations:
A . C au se  the w rong  am in o  ac id  to be incorpora ted  

into the m utan t protein
B. A re  the sam e as “ m issense”  m utations
C . M ay be  su p p ressed  by  an a m b e r  su pp resso r  m u ta 

tion
D. M ay be su ppressed  by an in t ragene t ic  su pp resso r  

m uta tion
E. N one o f  the  above

22. D N A  transfe r red  betw een  cells by  w hich o f  the follow
ing processes  may be d eg raded  by ex trace l lu la r  nucle
ases?
A. Conjugat ion
B. T ransform ation
C. T ransduction
D. T ransposition
E. T ranslocation

Answers

1. в
2. D
3. E
4 . A O n ce  in i t ia ted .  DNA replication p ro ceed s  by poly-

n uc leo tide-cha in  elongation by the addit ion  o f  n u 
c leo t ides  in the 5 '  to 3 '  d irec tion . O ne strand  o f  the 
new ly m ade  DNA m olecu le  ap pea rs  to elongate

rapidly, copy in g  the tem plate  o f  op po s i te  po lar ity  
in a co n tin uo us  manner .  T h is  is ca lled  the “ leading 
s t r a n d .” T h e  o th e r  s t rand  o f  new ly m ade  DNA is 
discontinuously synthesized by the jo in ing  of “ O k a 
zak i"  pieces and is called the “ lagging strand."

5. С
6. С W hile  p lasm ids  may con fe r  im po rtan t  ch a ra c te r i s 

tics to the ir  bacte r ia l  host (a t tachm en t p il i ,  toxins, 
an tib io t ic  res is tance ,  e tc . )  they are no t,  u nd er  most 
condit ions ,  essen tia l  to cell viability.

7. С R factors are p lasm ids  that are found  in both g ram -
negative and g ram -po s i t iv e  bac te r ia .

8. E
9. A  A  m uta tion  refers to any stably  inher ited  chang e  in

the  nuc leo t ide  sequence  o f  an o rg an ism  o th e r  than 
the  acquis it ion  o f  gene tic  in form ation  from  an o the r  
ind iv idual .  It resu lts  in a change  in g en o typ e  but 
may o r  m ay  not result in a  ch ang e  in phenotype .

10. E
11. A M er izygo te  o r  part ia l  d ip lo ids  are the resu lt  o f  the

un id irec t ional t r an sfe r  o f  gene tic  m ateria l  from  a 
d o n o r  b acte r ia l  cell to a recip ient bacte r ia l  cell via 
t r an sfo rm at io n ,  tran sdu c tio n ,  or conjugation . They 
con ta in  the en tire  gen o m e  (endogeno te)  o f  the 
rec ip ien t cell  and the incom plete  g en o m e  (exog- 
eno te )  o f  the  d o n o r  cell .

12. E  T h e  q uest ion  de f in es  a m issense  m uta tion ,  w hich  is
not included  as a  choice.

13. В F  + cells  are  d o n o r  cells that h a rb o r  the  F  p lasm id  in
its au to no m ou s  state and may t ransfe r  th is  con juga-  
t ive  p la sm id  eff ic iently  to F ~  rec ip ients .  F + cells, 
however, t ransfe r  ch rom o so m al genes  only rarely. 
S ince  the  F  p lasm id  c a r r ie s  the  F-pili gene , F  + 
cells  have F  pili.

14. В Generalized transducing phages are p roduced when
the  host b acte r ia l  DNA is m is taken ly  packaged  into 
the  phage  capsid .

15. D In tragen ic  su pp resso r  m uta tions  in t roduce  an ad d i
tional alteration  (second  m uta tion)  to the affected  
gene  o r  gene  p rod uc t  tha t com plete ly  o r  part ia l ly  
negates the effec t  o f  the p r im ary  mutation.

16. С
17. E
18. D S ince  m uta tions  are random  events , and since we

are dealing  with a hypo th e t ica l  “ average  gene 
size ,"  then each  gene  has the sam e p robab ili ty  o f  
being  m uta ted .  H ence, since  there  are  2000  genes, 
the p robab ili ty  o f  a  p a r t icu la r  gene  be ing  m uta ted  is 
1/ 2 0 0 0 .

19. В T h e  reversion o f  the o r ig ina l m uta tion  to  wild type
w ould target a specific  (s ingle) base p a ir  o f  the 
gen o m e  cod ing  for 2000  genes. T h e  average  gene 
w ould  have 3 x  350  o r  1050 base  pairs. S ince  there  
are 2000  genes  in the  genom e, the  target w ould be
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1 /2000  x  1050 o r  1 / 2 , 100 .000  base  pairs. Hence, 
the frequency  o f  a t ru e  reversion for a p a r t icu la r  
gene  would  be far less than  the  frequency  for a 
fo rw ard  m uta tion  in the sam e gene.

20. С
21. С N on-sense  m uta tions are the result o f  an altered

cod on  (m uta t ion )  tha t is read  as a term ination  
s ignal d u r in g  trans la t ion  (am ber,  ocher,  o r  opal) , 
resu lt ing  in a  t ru nca ted  prote in . Such m uta tions  can 
be suppressed  by ex tragen ic  sup p resso r  m uta tions 
ca lled  non-sense  suppresso rs ,  w hich are also often 
c lassif ied  accord ing  to the non-sense  codon  they 
supp ress  (am ber,  ocher, or opal).

22. В T ransfo rm ation  refers to the t r an sfe r  by  naked  DNA
from  one b a c te r ium  (the donor)  to a n o th e r  (the 
recipient). Such “ naked  DNA" is vu lnerab le  to 
ex trace llu la r  nuc leases  until it is taken  up by c o m 
petent rec ip ien t cells.
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_______________________________       4
Pathogenic Bacteriolo

Mechanisms
of Bacterial Pathogenicity_______

D avid  С  S tra u s

P athogenic ity  ind ica tes  the  abil i ty  o f  an o rgan ism  to  pro 
duce  patho log ic  changes  o r  d isease  in the  host .  V iru lence  is 
the  degree  o f  p a thogen ic ity  o f  the o rg an ism .  T h e  n um ber  
o f  m ic roo rgan ism s  n ecessa ry  to cause  a d isease  is d irectly  
related to v irulence. If  10 bac te r ia  o f  o rgan ism  A . in tro
duced  into the  peri tonea l cavity, are suffic ien t to cause  a 
b ac te rem ia  in an exp er im en ta l  an im a l ,  tha t is a  h ighly  v i ru 
lent o rgan ism . If  107 bac te r ia  o f  o rg an ism  В are in jected 
into the p eri tonea l cavity  o f  a s im ila r  experim en ta l  an im al,  
and no d isease  results ,  o rg an ism  В is relatively avirulent. 
V iru lence  can  be m easu red  by several factors,  such as the 
fatali ty  rate associa ted  with a ce r ta in  bacte r ia l  infec tion  or 
the  abil i ty  o f  the b ac te r iu m  to invade host tissue.

V ariation in V irulence

T h e  v iru lence  o f  a pathogen ic  b ac te r ium  can  be increased 
or decreased in a  variety o f  ways. Virulence can be increased 
by passage  o f  the o rgan ism  th rough  a host sys tem  that 
a llows for the rap id  prol ifera tion  o f  the  o rg an ism ,  such as 
p ass ing  S trep to co ccu s p n eu m o n ia e  in mice. V iru lence  can 
also be increased  by the acquis it ion  by the o rgan ism  of 
special fac tors; for exam ple , acquis it ion  o f  the be ta  phage  
by C o rynebac terium  d ip h th er ia e  induces  p roduc t ion  o f  the 
d ip h the r ia  toxin by th is  o rgan ism .

V iru lence  can  be decreased  by p assage  o f  the  o rgan ism  
th rough  a host sys tem  that d oes  not no rm ally  favor the 
rapid  proliferation  o f  the o rgan ism . F o r  exam ple ,  g row th  of 
the o rgan ism  at a  tem pera tu re  tha t  is less than op tim al 
(e .g .,  g row th  at 42°C  w hen  the o rg a n ism  favors 37°C  is the 
way in w hich  L ou is  Pas teu r  a ttenuated  the an th rax  b ac i l
lus). Finally, loss o f  c e r ta in  v iru lence  factors,  such as 
cessa tion  o f  toxin p roduc t ion  by v ir tue  o f  the loss o f  the 
beta  phage  o f  C . d iph theriae , results  in a dec rease  in the 
v iru lence  o f  th is  bac te r ium .

M ajor C o m p o n e n ts  o f  V irulence

T h e  m ost im p o r ta n t  co m p o n en ts  o f  v iru lence  inc lude  in 
vasiveness ,  adherence ,  and toxigenicity . T h e  abil i ty  o f  
d if feren t b ac te r ia  to invade host  t issue  ru n s  a gam ut o f  
vary ing  degrees .  T h e se  include (1) an inabili ty  to  colonize 
host t issue  (nonpa thogens) ,  (2) local co lon iza tion  w ith  no 
overt  pa tho logy  associa ted  w ith  host tissue  (n orm al flora),  
(3) local coloniza tion  w ith  local pa tho logy  (o rgan ism  c a n 
not surv ive  in host tissue ,  no  sys tem ic  invasion, little 
d if fusion  o f  toxin; e.g.,  cholera), (4) local coloniza tion  with 
local pa tho logy  (no invasion o f  t issue, d if fusion  o f  toxin 
causes  sys tem ic  involvement; e .g . ,  d iph theria ) ,  (5) local 
co lon iza tion  followed by sys tem ic  involvement (develop
m en t  o f  foci o f  d isease  in tissue d is tan t  from the poin t o f  
o r ig ina l  in troduction ; e .g . ,  m en ingococca l  meningit is ) ,  (6) 
penetra tion  o f  no rm al defense  b a r r ie rs  w ithou t local co l
on iza t ion  (es tab lishm ent o f  p a thogens  in host organ sy s
tem s, rare  in bacte r ia l  infections; e .g . ,  leptospiral in 
fections), and (7) local o r  sys tem ic  infection following 
p red ispos ing  fac tors  (e .g .,  a cold  o f  the  u pp er  resp ira tory  
tract p red isposes  the  host  to p n eu m o n ia  p rod uced  by Strep, 
pneum on iae).

G enetics  o f  P a th o g e n e s is

T h e  ab il ity  o f  bac te r ia  to cause  a ce r ta in  d isease  in a 
specif ied  host involves the  p roduc tion  o f  one o r  several 
v iru lence  factors. T he  loss o f  one v iru lence  fac to r  usually 
d oes  not result in an aviru len t state but it is poss ib le  (e.g.,  
loss o f  abil i ty  to p ro du ce  tox in  results  in an aviru len t C. 
d ip h th eria e  s train). D ur ing  the  course  o f  an infec tion  by a 
pa th og en ,  each o f  the  va r ious  v iru lence  fac tors  play an 
im portan t  role in the  d isease  process .  T h e se  fac tors  are, of  
course ,  cod ed  for by genes. T he  gen es  that code  for 
v iru lence  factors res ide  on p lasm ids ,  bacte r ia l  c h ro m o 
som es,  o r bac te r iop hag es ;  however, m ost v iru lence  genes 
are located on bacte r ia l  ch rom osom es .  A n o th e r  in terest ing  
genetic  ph enom enon  is re lated to the  hum an  host .  It a p 
pears  tha t acqu ired  im m unity ,  natural im m unity , and su s
cep tib il i ty  to ce r ta in  d iseases  are d irec tly  in f luenced  by the
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Table 4-1 Charact er i s t ic s  of  Endo toxins  a n d  Exotoxins

Endotoxins

P r o d u c e d  o n l y  b y  g r a m - n e g a t i v e  b a c t e r i a

A c t i v e l y  e x c r e t e d  b y  l i v i n g  b a c t e r i a  a n d  u p o n  t h e i r  ly s is

L i p o p o l y s a c c h a r i d e  in c o m p o s i t i o n

T o x i c i ty  r e s i d e s  in  l ip id  A  c o m p o n e n t

I m m u n o g e n i c  in  m a m m a l i a n  s y s t e m s

H e a t  s t a b l e  ( c a n  w i t h s t a n d  a u t o c l a v i n g  a n d  s t i l l  b e  t o x ic )

T o x i c  in  m g  q u a n t i t i e s  in h u m a n s  ( n o t  h i g h l y  t o x i c )

C a n n o t  b e  m a d e  to  f o r m  a  to x o id  

A n t i b o d i e s  n e u t r a l i z e  t h e i r  t o x i c i t y  

P r o d u c e  f e v e r  in  e x p e r i m e n t a l  a n i m a l s  

A l w a y s  c o n t a i n  k e t o d e o x y o c t o n a t e  ( K D O )

Exotoxins

P r o d u c e d  b y  b o t h  g r a m - n e g a t i v e  a n d  g r a m - p o s i t i v e  b a c t e r i a  

A c t i v e l y  e x c r e t e d  b y  l i v in g  b a c t e r i a  a n d  u p o n  t h e i r  ( r a r e l y )  l y s i s  

P r o t e i n  in  c o m p o s i t i o n

T o x i c i ty  d u e  to  t h e  b i o l o g i c  a c t i o n  o f  t h e  p r o t e i n

I m m u n o g e n i c  in m a m m a l i a n  s y s t e m s

M o s t  a r e  h e a t  l a b i l e  ( d e n a t u r e d  b y  e x p o s u r e  t o  1 0 0 °C )

T o x i c  in p.g q u a n t i t i e s  in h u m a n s  ( h i g h l y  to x i c )

C a n  b e  m a d e  to  f o r m  a  to x o id  

A n t i b o d i e s  n e u t r a l i z e  t h e i r  t o x i c i t y  

R a r e l y  p r o d u c e  f e v e r  in  e x p e r i m e n t a l  a n i m a l s  

N e v e r  c o n t a i n  K D O

genetic  m ak eup  o f  an ind ividual.  S uscep t ib i l i ty  to ce rta in  
d iseases  co rre la tes  with the  p resence  o f  the m a jo r  h is to 
com pa t ib i l i ty  com plex .  Two excellent exam ples  o f  th is  are 
the  assoc ia tion  o f  late onse t ,  juv en i le  a r th r i t i s  and ank y lo s 
ing spondylit is  with  the  H L A -B 27  com plex .  T h e  reason  for 
th is  associa tion  is not clear.

A ggressins

A ggress ins  are factors tha t  co n tr ibu te  to the  invasiveness 
o f  pa thogen ic  bac te r ia .  T hey  can  usually  be d iv ided  into 
one o f  th ree  ca tegories :  ad h erence  factors,  an tiphagocy tic  
m ech an ism s ,  and spread ing  factors. E xam ples  o f  adher
ence  fac tors  are  the  pili o f  P seudom onas aeru g in o sa  and 
E scherich ia  co li and the l ipoteichoic  ac id s  o f  S trep to co c 
cus pyogenes. T h e re  are several im portan t an t iphagocy tic  
m echan ism s.  C apsu les  rep resen t one o f  these  and are 
usually  ca rbohydra te  in nature ,  such as the po lysaccharide  
capsu les  o f  Strep, pn eu m o n ia e  and K lebsie lla  pn eu m o n ia e . 
An im po rtan t  exception to th is  is the  D -glutamic acid 
capsu le  o f  B acillu s  a n th ra c is . S om e b ac te r ia  (e .g .,  S ta p h y
lo co ccu s aureus)  possess  an tiphagocy tic  s t ru c tu res  c o m 
posed  o f  protein  and carbohydrate .  O th e r  im portan t  a n 
tiphagocy tic  s tru c tu res  tha t  pa thogen ic  bac te r ia  possess  
are cell-wall p ro te ins  that render the  o rg an ism  difficult to 
ingest. T he  M protein  o f  Strep, pyogenes  and pro te in  A of 
S taph , aureus  represen t two such s t ruc tu res .  A n o th e r  m a 
jo r  an t iphagocy tic  m echan ism  is leukoc id in .  w hich  is a 
su bs tance  tha t  is toxic for w hite  b lood  cells. Two excellent 
exam ples  o f  leukoc id ins  are the  Panton-Valentine leuko
cidin o f  S taph , a u reu s  and the  s treptolysin  О  p ro du ced  by 
Strep, pyogenes.

S pread ing  factors rep resen t an o th e r  c lass  o f  bacte ria l 
agg ress ins ,  and these  c o m p o u n d s  are usual ly  re fe rred  to as 
exoenzym es,  that is, en zy m e s  tha t  are excreted  by the

o rgan ism . T he se  en zym es ,  w hich  allow the  ba c te r ia  to 
spread  th ro ug ho u t  the  host tissue, are  rep resen ted  by 
exam ples  such as  h ya lu ron idase  o f  Strep, p yo g en es ,  leci- 
th inase  (a lpha  toxin) o f  C lo str id iu m  p er fr in g en s , and  fi- 
b r ino lys in  o f  Strep, p yo g en es. Finally, we m us t  co n s id e r  as 
a v iru lence  fac to r  the  tru ly  rem arkab le  abil i ty  o f  som e 
pathogen ic  bac te r ia  to su rv ive  inside o f  p hagocy tic  cells. 
O rg an ism s  that have acqu ired  this  abil i ty  inc lude  M y 
co b a c te r iu m  tu b ercu lo s is , Sa lm onella  ty p h i,  and B rucella  
abortu s.

Toxigenicity

M ost pa thogen ic  b ac te r ia  p rod uce  tox ins that are capab le  
o f  d am ag in g  host t issues by a  variety  o f  d if fe ren t  m ech a 
nism s. B acter ia l tox ins can  usual ly  be d iv ided  into two 
dis tinc t  g roups: exo tox ins  and en do tox ins  (Table 4-1) E xo
toxins are p rod uced  by  bo th  g ra m -p o s i t iv e  and gram - 
negative  o rgan ism s .  E xotox ins  d if fer  from en do tox ins  in 
that they  are usual ly  heat labile, a re  usual ly  re leased  into 
the su r ro un d ing  m ed ium  w ithou t cell lysis, and  are  highly 
po tent in co m par iso n  to the m arked ly  lower po tency  o f  
endotox in . T h e  following is a list o f  som e o f  the m ost 
im portan t  bacte r ia l  exo tox ins,  the o rg an ism s  that produce  
them , and som e o f  the ir  properties .

Exotoxins
1. B otulism  toxin (C lo s tr id iu m  b o tu linum )

a. A ttaches  to p resynap tic  te rm in a ls  o f  cho linerg ic  
n erves ,  w h ere  it b locks re lease  o f  ace ty lcho line

b. T h is  results  in a f lacc id  para lys is  o f  the  v ic t im s
c .  Victim  dies o f  resp ira tory  failure

2. Tetanus toxin (C lo s tr id iu m  te ta n i)
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a. A ttaches  to the  an te r io r  ho rn  cells  o f  the  spinal 
cord  and bra in  s tem , w here  it b locks  re lease of 
inh ib i to ry  t ran sm i t te r  from  inh ib i to ry  te rm ina ls

b. T h is  results  in h yperf lex ia  and  spasm  o f  skeletal 
m uscle

c. V ic tim  d ies  o f  re sp ira to ry  failure
3. A lph a  toxin (C . p erfr in g en s)

a. Breaks down lecithin in host cell mem branes, which 
results  in cell dea th  and spread  o f  the o rgan ism  
th rou gh ou t  host  tissue

b. T h is  toxin is le thal ,  n ec ro t iz in g ,  and hem oly tic
4. D ip h th e r ia  toxin (C . d ip h theriae)

a. C au ses  cessa tion  o f  m am m alian  protein  syn thesis  
by inact iva t ing  e longation  fac to r  2 (E F -2 )  o f  euca- 
ryotic  cells

b. P roduc t ion  c o ded  for by a bac te r iop hag e  ( lysogen)
c .  N ico tin am id e  aden in e  d inuc leo t id e  (N A D  + ) is r e 

qu ired  for its ac tiv ity
5. A n th rax  toxin (B . a n th ra c is)

a. C o m p o sed  o f  e d em a  fac to r  (an adenyla te  cyclase  
tha t increases cyclic  adenos ine  m onophospha te  
[cyclic  A M P ]  concen tra t ion s  in euca ry o t ic  cells), 
p ro tec tive  an t igen ,  and lethal fac tor

b. A ctive  aga ins t  the  cen tra l  n e rvo us  sys tem  (C N S) 
and  leukocytes

6. E ry th ro gen ic  toxin  (Strep, pyogenes)
a. R esponsible  for the rash o f  scarle t fever
b. P ro d u c t io n  c o d e d  for by a  b a c te r io p h a g e  ( ly s o 

gen)
7. A lp ha  toxin (S taph , aureus)

a. Acts on cell m em bran es ,  causing  cell lysis
b. M ay ac t  in a m an n e r  s im ila r  to com plem ent

8. E xfolia tin  (S taph , aureus)
a. C au ses  exfoliation in infants and neonates
b. D isease  is ca lled  s taphy lococca l sca lded  skin syn 

d rom e  (S S S S)  in infants o r R it te r 's  d isease  in 
neonates

9. E n te ro tox in s  (S taph , aureus)
a. P rote in  toxins
b. A ffect  the em es is  con tro l  cen te rs  o f  the  CNS

10. H eat-labile  toxin (E . co li)
a. A ctivates  adenyla te  cyc lase ,  resu lt ing  in an accu 

m ula tion  o f  cyclic  A M P  in the  ep ithe lia l  cells  of  
the  m ucosa l lining

b. T h is  causes  a m arked  ion and w ater t ran sp o r t  into 
the  in testina l lum en  and resultant d ia r rhea

11. Heat-s table  toxin (E . co li)
a. A ctivates  guany la te  cyc lase ,  resu lt ing  in an in 

crease  in cyclic  guan os ine  m o nophospha te  in the 
ep ithe lia l  cells  o f  the  m ucosa l lining

b. T h e  resultant ion and w ate r  tran spo r t  into the small 
in test ine  p rod uces  d ia r rhea  in the  patient

12. N euro tox in  (Sh igella  d ysen teria e )
a. A ttacks the C N S  by an unknow n m echan ism

b. A lso  acts  as an en te r tox in  (causes  secre tion  of 
flu ids  into  the  in testinal lum en)

c .  Inact ivates  60S r ibo so m al subun i ts  in vitro  and in 
vivo, resu lt ing  in cessa tion  o f  m am m alian  protein  
syn thes is

13. C ho le ra  toxin (V ib r io  cho lerae):  sam e  m od e  o f  action 
as  E. co li hea t- labile  toxin

14. E xotoxin  A (P. aerug inosa ):  s am e  m ode  o f  action as C. 
d ip h th eria e  toxin

15. C y to tox in  (L eg ione lla  pneu m o p h ila )
a. K ills  several types  o f  tissue  cu l tu re  cells  by an 

un know n m echa n ism
b. Selectively  inhibits  the activa tion  o f  p o ly m o rp h o 

nuclea r  leukocyte  ox ida t ive  m e tabo lism , allowing 
the o rgan ism  to surv ive  in tracellu larly

Superan tigen  Toxins

C erta in  b ac te r ia l  tox ins have been show n to  se rve  as 
im m u n o m o d u la to rs  o f  the  host defense  sys tem . E xam ples  
o f  these  toxins are the s taphy lococca l  en te ro tox ins ,  the 
s trep tococca l pyrogen ic  tox ins (e ry th rog en ic  toxins),  the 
s taphy lococca l pyrogen ic  toxins,  and the s taphy lococca l 
toxic sho ck  syndrom e toxin. T h e se  tox ins are re fe rred  to as 
sup e ran tigen s  because  o f  the ir  abil i ty  to  s t im ula te  T-cell 
pro liferation  in minute  concentra tions.

E ndotoxins

E ndotox in  is a lso  co m m o n ly  re fe rred  to  as l ipo po ly sac 
char ide  (EPS). L ipop o ly sacch ar id e  is an in tegral part  of 
the cell wall o f  g ram -n ega t ive  bac te r ia .  Its chem ica l s t ru c 
ture  is as  follows:

Lipid A — ketodeoxyoc tona te  (K D O ) —
R core  (po ly sacchar ide )  — О  po lysaccharide

from  the in n e rm ost  sec t ion  o f  the b ac te r ia l  cell  wall on the 
left to  the  ou te r  port ion . It is very  heat stable (can  w ith 
stand au toclav ing)  as  co m p ared  to the  m ore  heat- labile  
exotoxins.  T h e  toxicity  o f  LPS is relatively low as c o m 
pared  to m ost exotoxins. It is toxic in m il l ig ram  quanti t ies ,  
while  m ost exotoxins are toxic in m ic ro g ra m  quantities .  
T he  toxicity  o f  the  LPS m olecu le  has been show n to reside 
in the  lipid  A portion .

Koch's P o s tu la te s

W ith the  large nu m b er  o f  pa thogen ic  bac te r ia  and  their  
m y r iad  v iru lence  factors,  how can  we be sure tha t  a given 
bac te r ia l  s t ra in  p ro du ces  d is ease?  T h is  quest ion  was re 
so lved  by R obert  K och , a G e rm a n  phy s ic ian ,  in the late 
1800s. K och devised four cond it ions  (pos tu la tes)  that m ust 
be met before  a p a r t icu la r  m icroo rgan ism  is said to cause  a 
disease. T hey  are: (1) T h e  o rg an ism  m ust be isolated from
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m o s t  patien ts  w ho  have the d isease ;  (2) the  o rg an ism  m ust 
be grow n in pure cu ltu re ,  p re fe rab ly  in vitro; (3) w hen  a 
pure  cu ltu re  o f  the o rg an ism  is in t roduced  into a norm al 
suscep tib le  an im a l ,  d isease  m us t  result;  and  (4) the  o rg a n 
ism m us t  be  isolated fro m  the  d iseased  exp er im en ta l  an i
mal.  T h ese  po s tu la te s  se rved  well for nearly  100 years , but 
we recen tly  have h ad  to m odify  th em , p a rt icu la r ly  in the 
cases  o f  v iruses  tha t  grow in h u m an s  but n o t  in o the r  
an im al species.

Indigenous Flora________________
D avid  J. H e n tg e s

A lm os t  all su rfaces  o f  the  h um an  body  are co lon ized  by a 
d iverse  g ro u p  o f  bac te r ia  tha t a re  ca lled  no rm al  o r  in d ige 
nous  flora . T h ese  b ac te r ia  do  no  h a rm  by th e ir  p resence ; on 
the  contrary , there  is ev idence  that they  are benefic ia l  to the 
host by  s t im ula t ing  deve lopm ent o f  the  im m u n e  sys tem  and 
in te rfe r ing  w ith  the  e s tab l ish m en t o f  p opu la t ions  o f  p a th o 
genic  b ac te r ia .  In cases  in w hich  host defenses  are im 
paired  or b reaches  oc cu r  in th e  skin or m uco us  m em b ranes ,  
however, f lo ra  co m p o nen ts  are  capable  o f  p ro du c ing  in fec
tions and m ay even cause  death .

In the  u te ru s ,  the  fe tus  is bac te r io log ica l ly  sterile ,  but 
d u r in g  the  p rocess  o f  b i r t h , m icro o rg an ism s  im pinge  on  i t , 
and the p rocess  o f  coloniza tion  begins. M o s t  o f  the  m ic ro 
o rg a n ism s  w ith  w hich  the infant co m es  into co n tac t  are 
u nsuccessfu l co lon izers ,  and on ly  those  tha t  are able to 
p ropagate  and pers is t  u n d e r  the  env ironm enta l  cond it ions  
presen t on  the  su r faces  b eco m e  es tab lished .  M any  flora 
co m po nen ts  are capab le  o f  a d he r in g  to  specific  ep ithelia l 
cell  recep to r  sites. A dherence  is o f ten  t issue  specif ic .  Its 
selective nature  p lays an im po rtan t  role in de te rm in in g  the 
com p os it io n  o f  the  f lo ra  o f  a  p a r t ic u la r  reg ion  o f  the body.

In con s id e r in g  the  f lo ra  o f  body  su rfaces ,  w e are c o n 
ce rn ed  only w ith  those  reg ions  in w hich  m icroo rga n ism s  
ap pea r  in apprec iab le  n u m b ers  and  are ac tively  m ultip ly
ing. T h ey  include the  sk in  and  m u co u s  su r faces  c o n tig uo us  
w ith  it, and the nose ,  th roa t ,  m o u th ,  in testine, vag ina ,  and 
o u te r  po rt ion  o f  the ure thra .  T h e  ru le  in the  o th e r  reg ions, 
such as  the  t rachea ,  b ronch i ,  e so ph agu s ,  s tom ach ,  and 
u pp er  u r in a ry  trac t ,  is e i th e r  s te r i l i ty  o r  the  p resence  o f  a 
lim ited  n u m b er  o f  t rans ien t o rganism s.

Skin

T he  skin  p resen ts  a region o f  varied  hab ita ts  fo r  the  suppor t  
o f  m icroorgan ism s.  T h e  m os t  su perf ic ia l  layer consis ts  o f  
fla t, scalelike p laques , the  s t ra tum  c o m e u m ,  w hich  are 
con tinuously  sh ed ,  c a r ry in g  away the  bac te r ia  associa ted  
w ith  them . T h e  uneven su rface  o f  the  sk in  is in te r ru p ted  at

in tervals  by two o rif ices ,  the  d u c ts  o f  the sw eat g lan d s  and 
the  ha ir  follicles. S eb aceou s  g la n d s  em p ty  in to  the  hair  
follicles. T h e ir  w axy secretion mixes with sweat and spreads 
over the sk in  su rface  to p rovide  nu tr ien ts  for res iden t 
m icroorgan ism s.

T h e  d o m inan t  m e m b ers  o f  the  c u tan eou s  c o m m u n ity  are 
g ram -po s i t iv e  cocc i and rods ,  o f  w h ich  S ta p h y lo co ccu s  
e p id e rm id is  and  d iph the ro id s  are  m o s t  co m m o n .  S ta p h 
y lo c o c c u s  aureus  inhab its  the  sk in  o f  so m e  individuals.  
D iph th e ro id s  cons is t  o f  aerobic  rods o f  the  genu s  C oryne
b a c te r iu m , w h ich  are  p resen t on  the  sk in  su rface ,  and 
anaerobes o f  the genus P ropionibacterium , which are found 
p r im ar i ly  in the  ha ir  follicles. G ram -n ega t ive  ba c te r ia  are 
p resen t on the skin  in sm a lle r  num bers ,  inhab i t ing  p r im a r i 
ly moist  a reas  such as the  ax il la  and  toe webs.

M ic roo rgan ism s  o th e r  than  bac te r ia  tha t co n s t i tu te  a 
po rt ion  o f  the sk in  f lo ra  inc lude  yeasts  o f  the  genera  
P ityro sp o ru m  and  C a n d id a  and  the  m o s t  u nusua l  in h a b i
tan t ,  a tiny  mite, D e m o d e x fo ll ic u lo r u m , w hich  lives in the 
h a ir  follic les and  seb aceou s  g lands  o f  the  face  o f  m ost 
adults.

N ose

L ike th e  sk in , the p redo m in an t  ae rob ic  f lora  o f  the  nose  
consis ts  o f  g ram -p os i t iv e  d ip h the ro id s  and co cc i ,  p a r t ic 
u larly  S taph , ep iderm id is . P rop ion ibac ter ium  spec ies  are 
the  p redo m in an t  anaerobes . It is well k n o w n ,  however, that 
nasal “ ca r r ie rs” o f  pa thogen ic  bac te r ia  are c o m m o n ,  har
b o r in g  o rg an ism s  such as  S taph , a u reu s , b e ta -hem oly tic  
s t rep to coc c i ,  and  C o rynebac terium  d ip h th eria e .

M o u th

T h e  flo ra  o f  the m outh  is com plex .  T h is  is no t  su rp ris ing  
con s id e r in g  the  varie ty  o f  s t ru c tu res  it con ta ins  tha t are 
capab le  o f  su p p o r t in g  microb ia l  popula t ions . T hese  in 
c lu de  the g ing ival crev ices  a ro un d  the  te e th ,  w h ere  the 
oxygen  concentra tion  is low; the  rou gh  su r faces  o f  the 
tongue; and  the  rela tive ly  sm o o th  su r face s  o f  the  tee th ,  
cheek s ,  palate , and gum s . In ad d it io n ,  sa l iva  conta ins  
m icroorgan ism s.  T h e  flora  d iffers  so m ew h a t  in these  re 
gions. N o rm al ly  p resen t in the  m o u th  are  several spec ies  o f  
s t rep to coc c i ,  A ctin o m yces , lac tobac il l i ,  H a em o p h ilu s , a 
g rea t  variety  o f  b o th  g ram -p o s i t iv e  and  g ram -n eg a t ive  
anaerobic  bac te r ia ,  and  sp iroche tes .  T h e  an ae rob es  are 
found  in the  g ing ival c rev ices  and  the c ry p ts  o f  the  tongue.

D enta l p laque develops as  a  co nseq u en ce  o f  the  co lon i
zation o f  tooth  su r faces  with bac te r ia .  T h e  p laque  con ta ins  
s trep tococc i tha t are cap ab le  o f  sy n thes iz in g  w ater- inso lu
ble ca rb oh yd ra te  po lym ers  (g lucan)  to w hich  bo th  aerobic 
and  anaerobic  bac te r ia  a ttach . P laq ue  bac te r ia  p rod uce
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organic  ac ids  as  m etabolic  end p ro d uc ts  o f  ca rbohydra te  
m e tab o lism . T h e  ac id s  d isso lve  tooth  enam el and cause  
caries.

P harynx

T h e  flora  o f  the p harynx  is s im i la r  to tha t  o f  the  m outh  
except that s taphy lo cocc i ,  N eisseria , and d iph the ro id s  are 
a lso presen t.  A naerob es  reside in tons i l la r  cryp ts .  Som e 
ind iv idua ls  harbor, in th e i r  th roa ts ,  p a thogens  such as 
p n eu m o c o c c i ,  H aem o p h ilu s in fluenzae , N eisseria  m e n 
in g itid is , and  C o rynebac terium  d ip h th er ia e  w itho u t  appar
en t sy m p to m s  o f  disease.

G a s tro in te s t in a l  Tract

T h e  esophagus and em pty  stomach are essentially free of 
microorganisms. After a meal, however, microorganisms 
reach the stomach in the food, saliva, and nasopharyngeal 
secretions, and counts o f  105 per mill iliter o f  gastric ju ice are 
obtained. As a result o f  the high acidity, digestive enzymes, 
and rapid em ptying, the organism s soon disappear, and 
within 60 minutes the stomach is once again sterile.

T h e  u p per  sm all  in test ine  con ta ins  no  ap paren t  res ident 
f lo ra ,  a l though  af ter  a  m eal ,  ba c te r ia  can  be de tec ted  in its 
contents.  In the te rm ina l  ileum , bac te r ia l  popu la t ions  o f  
106 to Ю8 o rg an ism s  pe r  m ill il i te r  are o bse rv ed ,  rep resen t
ing the flo ra  o f  the region. It consis ts  o f  en te robac te r ia ,  
s t rep toco cc i ,  lac tobac il l i ,  and anaerobic  bac te r ia ,  such as 
B a c tero id es  and  b if idobac te r ia .

T h e  co lon  con ta ins  the  largest concen tra tion  o f  bac te r ia  
o f  any region o f  the  body. In healthy  individuals ,  total 
bacte r ia l  p opu la t ions  exceed  1011 o rg an ism s  pe r  g ram  co lo 
nic con ten t ,  consis t ing  o f  m ore  than 4 0 0  species .  B ecause  
o f  the  h igh ly  reduc ing  cond it ions  o f  the reg ion ,  90  to 99 
percen t o f  the  bac te r ia  are anaerob ic .  T h e  flo ra  is m ade  up 
o f  bo th  g ram -p o s i t iv e  and g ram -neg a t ive  cocc i and rods, 
so m e  o f  w hich inhabit  the m ucosa l layer. T h e  p redo m in an t  
o rg an ism s  are E scherich ia  co li, en te rococc i and o ther  
s t rep toco cc i ,  B a c illu s  sp ec ie s , B a c te ro id e s fra g ilis ,  eubac-  
te r ia ,  b if ido bac te r ia ,  c lo s t r id ia ,  and anaerobic  cocci .

U rinary  Tract

T he  flo ra  o f  the  u r in a ry  t ract is m u ch  less com plex than  the 
colonic  f lora .  T he  o u te rm o s t  po r t ion s  o f  bo th  the  m ale  and 
female urethra are colonized with bacteria  com m only  found 
in the  skin (S taph , ep id erm id is  and d iph the ro id s )  an d ,  in 
add it ion ,  lac tobac il l i ,  nonpa tho gen ic  s trep to cocc i ,  and o c 
casionally  aerobic  and  anaerobic  in testinal bac te r ia .  T he  
u pp er  part  o f  the ure thra  near  the  b ladd er  is free o f  
m icroorgan ism s.  Its s teril ity  is m a in ta ined  p r im ar i ly  by 
the flow  o f  u r ine  d u r in g  the  evacuation o f  the  bladder.

Vagina

T h e  ty p e  o f  flora p resen t in the vag ina  varies with the 
ind iv idua l 's  age. A t b ir th ,  the  vag ina  is sterile ,  but w ithin 
2 4  hours  it is co lon ized  w ith  bac te r ia .  E s t r in ,  pass ive ly  
t ransfe r red  from  m o th e r  to  in fan t,  induces  the  deposi t ion  
o f  g lycogen  in the  vaginal lin ing , resu lt ing  in a  tem po ra ry  
f lo ra  tha t resem ble s  tha t  o f  an adult .  It cons is ts  o f  L a c 
to b a c illu s  ac id o p h ilu s , d iph th e ro id s ,  s taph y loco cc i ,  s t rep 
toco cc i ,  and the  anae rob es  B actero ides, b if idobac te r ia ,  
V eillonella , fu so bac te r ia ,  P ep tococcus, and Peptostrep- 
to coccus. T h e  pH  o f  the  area  is ab o u t  4 .5 .  G lycogen  
secre tion  ceases  at abou t 1 m onth  o f  age  and S taph , ep ider
m id is , d iph the ro ids ,  E . co li, and s trep tococc i p redom inate  
at the  h ig he r  pH o f  approx im ate ly  7 .0 .  At puberty , g ly 
cogen  secre tion  re su m es ,  the  pH d rops ,  and the  adu lt  flora 
b eco m e s  estab lished  and  rem ains  unti l  m enopause . A fte r  
m eno pau se ,  less g lycogen  is sec re ted ,  the pH rises  aga in ,  
and  the flora  resem ble s  that o f  p repub escen t  girls.

P ro tec t ive  Activity  o f  t h e  In d ig e n o u s  Flora

P erhaps  the  single  m ost im portan t  func t ion  o f  the  in 
d ig en o u s  flora is to p rovide  pro tec tion  ag a ins t  infectious 
d iseases  o r ig ina t in g  on m u cou s  m em branes .  T h is  is ac 
com p lished  by s t im u la t in g ,  nonspecifically ,  im m u n e  re 
spo ns iveness  and by in te rfe r ing  with the  e s tab l ishm en t o f  
populations o f  pathogenic microorganisms. Exogenous colo
nization by p a th og ens  is b locked  by  a variety  o f  m ec h a 
n ism s  tha t  are ca lled ,  collectively, bacte r ia l  interference. 
In te r fe rence  has been a tt r ibu ted  to p ro du c t io n  o f  bacte- 
r io c in s ,  m a in tenan ce  o f  an inhosp itab le  env ironm ent ,  and 
genera t ion  o f  toxic m etabolic  p ro du c ts  by the flora. C o m 
peti t ions  be tw een  p a th og ens  and flora com ponen ts  for 
l im iting  nu tr ien ts  o r  a t tachm ent s i tes  have also been p ro 
posed  as in te rfe rence  m echanism s.

Antimicrobial Agents___________
Rial D. R o lfe

T h e  feas ib il i ty  o f  using  chem ical co m p o u n d s  as c h e m o 
therap eu tic  agen ts  is dependen t on the p r inc ip le  o f  se le c 
tive  tox ic ity:  A  subs tance  m u s t  be h a rm fu l  to paras ite s  but 
re latively  inn ocu ou s  to host cells. Selec t ive  toxicity  is 
based  on specific  d if fe rences  be tw een  the  m e tabo lism  or 
s t ruc tu re  o f  the host cell and  that o f  the  parasite. A n t i 
microb ia l  agen ts  c an  in terfe re  at a n u m b e r  o f  vu lnerab le  
sites in the  b ac te r ia l  cell  (Table 4-2). T hey  can  interfere  
with (1) ce ll -w all  syn thes is ,  (2) m em bran e  fu nc t ion ,  (3) 
pro te in  syn thes is ,  (4) nucleic  ac id  fun c t ion ,  and (5) inter
m ed ia ry  m e tabo lism .
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Table 4-2 Majo r  Ant imicrobi al  
A g e n t s  an d  The i r  Mechan i sms  of  Act ion

Inhibition o f  cell-wall synthesis
P e n ic i l l i n s

C e p h a l o s p o r i n s

M o n o b a c t a m s

P e n e m s  a n d  c a r b a p e n e m s

V a n c o m y c i n

B a c i t r a c in

N o v o b io c in

C y c l o s e r i n e

Inhibition o f  protein synthesis
A m i n o g l y c o s i d e s

T e t r a c y c l i n e s

C h l o r a m p h e n i c o l

E r y t h r o m y c i n

C l i n d a m y c i n

N i t r o f u r a n s

Inhibition o f  nucleic acid function
M e t r o n i d a z o l e

R i f a m p i n

Q u i n o l o n e s

Inhibition o f  fo lic  acid synthesis
S u l f o n a m i d e s

S u l f o n e s

/ j - A m i n o s a l i c y l i c  a c i d  

T r i m e t h o p r i m  

Damage to cell membrane 
P o l y m y x i n s

Unknown mechanism o f action
I s o n i a z i d

E t h a m b u t o l

A ntim icrob ia l A g e n ts  t h a t  
Inh ib it Cell-Wall S yn thes is

In con tra s t  to euca ry o t ic  cells, ba c te r ia  p ossess  a rig id  cell 
wall tha t  consis ts  p r inc ipa l ly  o f  a com plex pep tidoglycan .  
A gen ts  tha t d am ag e  the  cell  wall o r inhib it  its syn thes is  can 
lead to lysis and death  o f  the m ic ro o rg an ism . Inh ib ito rs  o f  
cell-w all syn thes is  include b e ta - lac tam  an tib io t ics  (p en 
icill ins, cep ha lo sp o r in s ,  m on ob ac tam s ,  penem s, c a rb a 
penems), vancom yc in ,  bac i t rac in ,  novobiocin ,  and cy c lo 
serine.

Penicillins 

P h a r m a c o l o g y

All penic i l l ins  have in co m m o n  a 6 -am inopen ic i l lan ic  acid 
nucleus and a condensed  side chain . T h e  nuc leus  consis ts  
o f  a f ive-m em bered  th ia zo lid in e  r ing  and a b eta -la c ta m  
ring  tha t ca rr ie s  a free am in o  g ro up  at the carbon  6 position 
(Fig. 4-1). P enicillin  G  and  p en ic illin  V  a re  naturally  
o c cu r r in g  penic i l l ins  d e r iv ed  from  stra ins  o f  the  mold

s
/  \

N H  • C H  —  C H  C (C H 3)2
C O  —  S ------------ C H  • C O O H

V V
B e ta - la c ta m  T h ia z o lid in e
rin g  ring

Fig. 4-1 St ru c tu r e  of  benzylpenic i l l i n  (penici l l in G).

P en ic illium . D ifferen t side chains  can  be added  chem ica lly  
to  the  free am ino  g ro up  to p rod uce  a  variety  o is e m is y n th e 
tic  p e n ic ill in s  (e .g.,  am p ic i l l in ,  ca rben ic i l l in ,  methicill in). 
T h e  side chain  d e te rm in e s  the an t ib ac te r ia l  sp e c t ru m  and 
ph arm aco log ica l  p ro p e r t ie s  o f  a p a r t icu la r  pen icill in .  M ost 
pen ic i l l ins  are m uch  more ac tive  ag a ins t  g ram -po s i t iv e  
than g ra m -neg a t ive  bac te r ia .  However, am pic il l in  and  car
benic i l l in  have s im ila r  ac tiv ity  aga ins t  bo th  g ro u p s  of 
bac te r ia .

M e c h a n i s m  o f  Ac t ion

All penic i l l ins  in te rfe re  with  the  b io syn th es is  o f  bac te r ia l  
cell  walls. P en ic i l l in -b ind ing  p ro te ins  located  on  the  cell 
m em b rane  t ightly  b ind  to penicill ins .  T h e se  p ro te ins  are 
tra n sp ep tid a ses  and ca rb o xyp ep tid a ses  tha t  are involved in 
the te rm ina l  c ro ss - l in k ing  o f  l inear g lyco pep t ides  into  the 
p ep t idog lycan  com plex .  W h e n  pen ic i l l ins  b ind  to these  
p ro te ins  they inhibit th e i r  enzy m a tic  activity. In  add it ion ,  
a u to ly tic  en zym es  a re  ac tiva ted  in pen ic i l l in - trea ted  cells. 
T hese  en zy m e s  then hydro lyze  po r t ion s  o f  the p ep tido g ly 
can  layer resu lt ing  in lysis o f  the  b ac te r ia l  ce ll .  Lysis only 
o ccurs  w hen  the bac te r ia l  cells  a re  ac tive ly  m ultip ly ing .

M e c h a n i s m s  o f  R es i s t an ce

T h e  m os t  im po rtan t  m ech a n ism  o f  bacte r ia l  res is tance  to 
pen ic i l l ins  is en z y m a tic  h ydro lys is  o f  the am ide  bond 
p resent in the  be ta - lac tam  ring  by b e ta  la c ta m a ses  (p en 
icillinases). T h is  h ydro lys is  results  in the fo rm ation  o f  
penicillo ic  ac id  and loss o f  an tim icrob ia l  ac t iv i ty  (Fig. 
4-2). S yn thes is  o f  be ta  lac tam ases  can  be e i th e r  ch ro m o 
som al or p lasm id  m ed ia ted  and e i th e r  co n s t i tu t ive  o r  in 
ducible. B eta -la c ta m a se  in h ib ito rs  (e .g .,  c lavu lan ic  acid 
and su lbac tam ) irreversib ly  b ind  to and inactivate  b e ta  lac 
tam ases .  T h ese  inh ib ito rs ,  w hich  have little in tr ins ic  an t i
b ac te r ia l  activity , can  be ad m in is te red  s im ul taneously  with 
penicill ins  (o r  c e p h a lo spo r in s )  to  inhibit hyd ro ly s is  o f  the 
be ta - lac tam  ring.

Beta lac tam ases  are  on ly  one  m e c h a n ism  o f  re s is tance  to 
b e ta - lac tam  co m p ou nd s .  S o m e  bac te r ia l  m uta tions  can

S id e  c h a in
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C H 2 C O  • N H  • CH — C H  C (C H 3)2

I I I
C O —  N  C H  C O O H

Benzylpenicillin (penicil lin G)

Beta lactamase

v

S
/  \

C H 2 • C O  • N H  • C H — C H  C (C H 3)2
I I I

C O O H  N H — C H  C O O H  
Benzyipenicilloic acid

Fig. 4-2 Site o f  b e t a - l a c t a m a s e  activity.

result in alterations o f  the m ucopeptide structure ,  resulting in 
the inabili ty  o f  penicill ins to reach the binding proteins on the 
cell membrane. Mutational alterations in penicill in-binding 
proteins may lead to the inabili ty  o f  penicillin to bind to these 
target sites. Tolerance is another m echanism  o f  penicillin 
resistance. Tolerant strains o f  bacteria are resistant to the 
bactericidal activity o f  beta-lactam antibiotics but are not 
resistant to the bacteriostatic activity o f  these agents . Pen
icillin fails to activate the autolytic enzym es in tolerant 
bacteria. Tolerance appears to be plasmid mediated.

Toxicity

B eta - lac tam  an tim icrob ia l  agen ts  possess  less d irec t  tox
icity to h u m an s  than  does  any o th e r  g ro up  o f  antim icrob ia l  
agents . T he  m a jo r  adverse  effec ts  o f  the  penic i l l ins  are 
h y p e rse n s itiv ity  rea c tio n s , w hich  oc cu r  in I to 10 percen t o f 
patients and range  in sever ity  from  a m ild  rash  to im m ed i
ate an aphy lac tic  shock. D egrada tion  produc ts  o f  penicill in  
(e .g . .  penic illo ic  acid) can  act as hap tens  to com b in e  with 
p ro te ins  con tam in a t ing  the an tim ic rob ia l  so lu tion  o r  with  
hum an  p ro te ins  to result in an im m edia te  hypersens it iv i ty  
react ion  m ed ia ted  by  im m unog lobu lin  E (IgE ) antibody. 
All the  penic i l l ins  are  c ro ss-sens it iz ing  and  c ross-reac t ing .  
S kin  tes ting  can  be p e r fo rm ed  to de tec t  hypersensit ive  
ind iv iduals ,  and  it is poss ib le  to d esens it ize  individuals. 
However, it is usual ly  preferab le  to select an antim icrob ia l  
agen t in a n o th e r  c lass for therapy.

G as tro in te s t ina l  d is tu rban ces ,  p r im ar i ly  in the  fo rm  o f  
d ia r rh ea ,  can  o ccu r  d u r in g  use o f  any o f  the  pen icill ins ,  but 
are  m ost p ro n o u n ce d  with am picil l in .  Very h igh  d oses  o f 
penic i l l in  can  also p ro du ce  C N S  toxicity  in the form  o f  
m yoclonic  seizures.

C H 2 C O  N H  C H — C H '  ^

cL k x > c h o c o c h ’

S i d e  c h a i n  B e t a - l a c t a m  D i h y d r o t h i a z i n e  S i d e  c h a i n  
r i n g  r i n g

Fig. 4 -3  S t r uc tu r e  of  c eph a l o th in .

C ephalosporins

P h a r m a c o l o g y

C ep h a lo sp o r in s  resem ble  the penic i l l ins  in that they p o s 
sess a  b e ta -la c ta m  ring . T he  f ive -m em bered  th iazo lid ine  
ring  charac te r is t ic  o f  the pen ic i l l ins  is replaced by a six- 
m em bered  dihydro th iazine ring  in the cephalosporins (Fig. 
4-3). T h e  nuc leus  o f  cep ha lo sp o r in s ,  7 -am ino ceph a lo spo -  
ranic  ac id ,  can  be m odif ied  with d ifferent s ide-chain  rad i
cals  to crea te  a  w hole fam ily o f  sem isyn th e tic  cep h a lo sp o 
rin  an t ib io t ics  w ith  h igh  th erapeu tic  ac tiv ity  and low 
toxicity  (e .g .,  cep ha lo th in .  cepha lex in ,  ce fazo l in ,  cefa- 
m andole ,  cefoxitin).

M e c h a n i s m  o f  Ac t ion

T he  ceph a lo sp o r in s  are ac tive  against bo th  g ram -posi t ive  
and g ram -neg a t iv e  bac te r ia  and have a  b a c te r ic id a l  m ode  
o f  action like tha t  o f  the  penicillins .

M e c h a n i s m s  o f  Res i s t ance

R esis tance  to the cep ha lo sp o r in s  is m ed ia ted  by the  sam e 
m ec han ism s  as  desc r ibed  for the penicill ins .  C epha lospo- 
r in a se s  are a subg ro up  o f  be ta  lac tam ases  that can  d is ru p t  
the  cepha lo sp o r in  b e ta - lac tam  ring  and ren der  the a n t i 
microb ia l  agent inactive.

Toxicity

The cephalosporins are relatively safe antimicrobial agents. 
They  can  induce  h y p e rse n s itiv ity  rea c tio n s  identical to 
those  p rod uced  by th e  pen icill ins ,  and there  is som e cross  
a n tig en ic ity  be tw een  the pen ic i l l in s  and  the  cep h a lo sp o 
rins. A pprox im ate ly  10 percen t o f  ind iv iduals  allergic to 
penic i l l ins  will also be allergic to cepha losporins .  A d d i
tional side e ffec ts  inc lude  th ro m bo ph leb it is  following in 
travenous  adm in is tra t ion  and rare  ins tances  o f  bone m ar
row depress ion  and  nephrotoxicity .

M onobactam s

T h e  m o no b ac tam s  (e.g.,  a z tr eo n am ) cons t i tu te  a unique 
fam ily  o f  an tim icrob ia l  agen ts  tha t are ch a rac te r ized  by a 
b e ta -la c ta m  ring  w ith ou t  an ad jacen t fused  ring  s tructure .  
T h ese  agents  have very  good  activ ity  aga ins t  g ram -nega-
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live b ac te r ia  but are genera l ly  inact ive  ag a ins t  g ram - 
positive and  anaerobic  bacte ria .

P enem s a n d  C arbapenem s

Penem s and ca rb a p e n e m s  are b e ta - lac tam  d rugs  tha t  are 
s te reochem ica lly  d if feren t from penic i l l ins  and  cep ha lo 
spor ins .  Im ipenem  (N -fo rm im id oy l th ien am y c in ) ,  a  cur
rently  used ca rb ap en em , has  a b road  sp e c t ru m  o f  a n t i 
microb ia l  ac tiv ity  and is res is tan t to m ost be ta  lac tam ases.

Vancomycin

V ancom ycin  is a  com plex  g ly cop ep t ide  tha t  is unre la ted  to 
any o th e r  an tim icrob ia l  agent.  V ancom ycin  is a  b a c te r ic i
d a l  an tib io t ic  p r im ar i ly  active agains t  g ram -p os i t ive  b a c 
ter ia .  T h is  agen t inhib its  the  ear ly  stages o f  pep tidog lycan  
synthesis .  V ancom ycin  is usefu l in trea ting  se r ious  in fec 
tions caused  by s tra ins  o f  g ram -p os i t ive  b ac te r ia  res is tan t  
to be ta - lac tam  an tim icrob ia l  agen ts  (e .g ., m e th ic i l l in -res i-  
s tant S ta p h y lo co ccu s  aureus). It is a lso  used in the t rea t
ment o f  an t ib io t ic -assoc ia ted  coli tis  caused  by C lostr id ium  
d iffic ile . O rg an ism s  res is tan t  to v ancom yc in  are e i ther  
deficient in auto lysins  o r  im p erm eab le  to the agent.

T he  m o s t  f requen t  adverse  react ion  to  van com yc in  is 
neuro to x ic ity  m an ifes ted  by aud ito ry  n erve  d am ag e  and 
hearing  loss. A dditional undesirab le  s ide  effec ts  include 
th rom boph leb i t is ,  skin rashes, fever, chil ls ,  and  kidney 
damage.

Bacitracin

Bacitracin  is a  po lypep tide  that in te rfe res  w ith  p ep t ido g ly 
can  synthesis .  T h is  an tib io t ic  is b a c te r ic id a l  agains t  many 
s tra ins  o f  g ram -p os i t ive  bac te r ia .  Bacitrac in  is not used in 
sys tem ic  therapy  because  o f  its nephrotoxicity . However, in 
com bina tion  with po lym yxin  В or n eo m yc in ,  bac i t rac in  is 
useful for to p ica l a p p lica tion  to sk in  and m u co us  m e m 
branes . Bacitrac in  is also adm in is te red  ora lly  for the  t rea t
ment o f  C lo str id iu m  d iffic ile -a sso c ia te d  in testinal d isease.

N ovobiocin

Novobiocin is a  b a c te r io s ta tic  an tib io t ic  tha t  inh ib its  the 
syn thes is  o f  te ich o ic  a c id  at the  cell m em brane.  B ecause  o f  
f requent undesirab le  s ide  e ffec ts  (e.g.,  fever, skin rashes,  
g ranu locy to pen ia ,  jaund ice ,  and im paired  renal function),  
there  is no  clear-cut indication for the  use o f  this  agent.

Cycloserine

C y clo se r in e  in terfe res  with  pep t idog lycan  syn thes is  by 
inh ib it ing  reac t ions involving incorpora t ion  o f  D-alanine in 
the pen tapeptide . C yc lo se r in e  has  found clin ica l  use only 
in the trea tm en t  o f  tubercu lo sis . However, because  o f  its 
C N S toxicity , its use is lim ited  to re - trea tm en t  in d rug -

res is tan t cases ,  w here  it is ad m in is te red  as one o f  a  three- 
or-m ore  d ru g  com bina tion .

A ntim icrob ia l A g e n ts  t h a t  
Inh ib it  P ro te in  S y n th es is

A varie ty  o f  an tim icrob ia l  agen ts  inh ib it  bac te r ia l  pro te in  
syn thesis .  T h e  m o s t  usefu l o f  these  agen ts  inc lude  the  
aminoglycosides, the tetracyclines, chloramphenicol, e ry th 
rom ycin , c l in d am y c in ,  and n it ro furans. T h e se  a n t im ic ro 
bial agen ts  do  not have a m a jo r  e f fec t  on  m am m al ian  
pro te in  syn th es is  b ecause  o f  d if fe rences  in the  s t ru c tu re  
and func tion  o f  bac te r ia l  and  m am m al ian  p ro te in  r ib o 
som es. T h e  b a c te r ia l 70S  ribosom e  cons is ts  o f  a  30S 
subunit  and a  50S  subun it .  T h e  3 0 S  r ib o so m a l su b u n it  is 
the site o f  b ind ing  o f  the  ch a rged  a m in o a c y l - t r a n s fe r  
r ibonucle ic  ac id  (tRN A ) to  m essen g e r  R N A  (m R N A ). T he  
5 0 S  r ib o so m a l su b u n it  is the  site o f  link ing  to g e th e r  in c o m 
ing am in o  ac id s  with the  g row ing  pep tide  cha in .  M ost 
an tim ic ro b ia l  agen ts  that inh ib it  p ro te in  syn thes is  a re  d i 
rec ted  aga ins t  e i th e r  the 30S  o r  50S r ib o so m a l  subunit .

A m inog lycosides  (Am inocyclitols) 

P h a r m a c o l o g y

T h e  am in o g ly co s id es  (am inocyc l i to ls)  are a large g ro u p  o f  
c lin ica l ly  im p ortan t  an tim icrob ia l  agen ts  tha t share  many 
chem ica l ,  an t im ic ro b ia l ,  ph a rm a co lo g ic ,  and  toxic  ch a ra c 
ter is t ics .  Seven am in o g ly co s id es  are  cu rren t ly  available  for 
clin ical use: strep to m yc in , n eo m ycin , ka n a m yc in , gen- 
ta m ic in , to b ra m yc in , a m ika c in , and sp ec tin o m yc in . All 
am in o g ly co s id es  excep t spe c t in o m y c in  are  rap id ly  b a c te 
r ic id a l  and have a  relatively  broad  an t ibac te r ia l  sp ec t ru m , 
w ith  ac tiv ity  d irec ted  aga ins t  m any  g ram -p o s i t iv e  as well 
as  m o s t  g ram -n ega t iv e  m icroorgan ism s.  S p ec t in om y c in  
exerts  only bac te r ios ta tic  an tim icrob ia l  activity.

M e c h a n i s m  o f  Ac t ion

A m in o g ly co s id e s  b ind  irreversib ly  to the  3 0 S  su b u n it  o f  
bac te r ia l  r ibosom es .  T h is  resu lts  in faulty  t rans la t ion  o f  the 
m R N A . Im p ro p e r  am in o  ac ids  are  in se r ted  in the  pep tide  
cha in ,  and  the  resu lt ing  non-sense  seq uen ce  o f  am in o  ac ids 
c rea te s  a  n on fun c t ion a l ,  s t ruc tu ra l ly  ab no rm al p rote in . 
E v idence  su gg es ts  tha t a m ik ac in ,  n e o m y c in ,  and  gen- 
tam icin  also attach to the  50S  r ib o so m al subun it .

M e c h a n i s m s  o f  R es i s t an ce

B acter ia l re s is tance  to am in o g ly co s id e s  is achieved by 
several m echan ism s.  T h e  m o s t  c o m m o n  ty p e  o f  res is tance  
is the  p rod uc t ion  o f  p e r ip la sm ic  en zy m e s ,  w hich  m odify  
the am in o g ly co s id es  by p ho sp h o ry la tio n , a ce ty la tio n , o r  
adenylation . T h e  enzymatically  modified aminoglycosides
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are  not tran sp o r ted  in to  the  cell .  T h e  p roduc tion  o f  these  
enz y m e s  is p lasm id  m edia ted  and b ac te r ia  tha t develop  this 
type  o f  res is tance  to one am ino g lyco s ide  usual ly  continue  
to be suscep tib le  to inhib it ion  by the o th e r  a m in o g ly co 
sides. A m in og lyco s ide -res is tan t  bacte r ia l  s t ra ins  c an  also 
oc cu r  by mutation. A m u ta tion  can  result in the  loss o r 
a lteration  o f  a specific  pro te in  on the  30S  r ibosom al su b 
unit ,  w hich  in tu rn  prevents  am ino g lyco s ide  a ttachm en t to 
the r ibosom e. Specif ic  m uta tions  can  also prevent the 
active  tra n sp o rt o f  am in og ly cos ides  in to  bac te r ia .  A m 
inog lyco s id e -res is tan t  bacte r ia l  m u tan ts  are usua l ly  re 
f rac to ry  to all o f  the am inog lycos ides .

O xy g en  is requ ired  for the  ac tive  t ran sp o r t  o f  a m 
inog lycosides  into bacte r ia l  cells. T herefo re ,  these  agents  
are inactive ag a ins t  anaerob ic  bac te r ia  and are frequently  
less e ffec tive  agains t  faculta tive  m icro o rg an ism s  m ultip ly
ing u n der  anaerobic  condit ions .

Toxicity

T h e  m o s t  se r ious  adverse  reac t ions a ssoc ia ted  w ith  a m 
inog lycoside  use are  n eu ro m u scu la r p a ra ly s is , n ephro tox
icity, and o to tox ic ity . N ephro tox ic ity  can  result from  p ro 
longed therapy  o r  from  excess ively  high s e ru m  levels and  is 
usual ly  reversib le  w ith in  4  to 5 m on ths  a f te r  the  d is c o n 
tinuation o f  d rugs . T h e  toxic e ffec ts  o f  am in o g ly co s id es  on 
the e ig h th  c ra n ia l nerve  can  result in loss o f  hearing  and 
loss o f  balance. E arly  d am age  is usual ly  reversib le  over  a 
per iod  o f  time. However, once  s ign if ican t d am ag e  occurs ,  
pe rm an en t  res idua  frequently  rem ain .  H ypersens i t iv i ty  to 
s trep tom y c in  can  result in fever, skin rashes,  and other 
a llergic  m anifesta tions.

Tetracyclines

P h a r m a c o l o g y

N aturally  o c cu r r in g  te tracyc l ine  is p rod uced  by a species 
o f  Strep tom yces. S ide  cha in s  can  be added  syn the tica lly  to 
th is  te tracy c l in e  to  p ro du ce  m any d if feren t sem isyn th e tic  
te tracyclines  (oxytetracycline, chlortetracycline, demethyl- 
chlortetracycline, dox y cyc l in e ,  m inocyc line) .  All the te t ra 
cyc l ines  are p r im ar i ly  b a c te r io s ta tic  and have a b road  
sp ec tru m  o f  inh ib ito ry  activity , w hich  inc ludes  bo th  g ram - 
posi t ive  and g ram -n ega t ive  bac te r ia .  T hey  pene tra te  m a m 
m alian  cell m em bran es  and are  e ffec tive  in the  t rea tm en t  o f 
infections cau sed  by som e obligate  in trace l lu lar  parasites.

M e c h a n i s m  o f  Ac t ion

T etracyclines en ter  bacte r ia l  cells  by  an energy-dependen t 
p rocess  and  bind  reversibly to the  3 0 S  r ib o so m a l su bun it. 
T h is  in tu rn  inhibits  pro te in  syn th es is  by  b locking the 
b ind ing  o f  the  ch a rged  am ino acy l- tR N A  to the accep to r  
si te  on the m R N A -ribo so m e  com plex .

M e c h a n i s m s  o f  R es i s t an ce

Bacterial resistance to tetracyclines can be either plasmid 
mediated or under chromosomal co n tro l . Bacteria develop re
sistance to the tetracyclines predominantly by becoming less 
perm eab le  to the antibiotic. Bacterial resistance to one te tra
cycline usually implies resistance to all the tetracyclines.

Toxicity

T etracyclines rarely g ive  rise to se r ious  toxicity. However, 
they avidly b ind  to develop ing  bone s tru c tu res  and  may be 
a ssoc ia ted  with h ypo p las ia  o f  the  enam el and d epress ion  o f  
skeletal g row th  in p rem atu re  infants. T etracyclines also 
cause  a gray-brow n to yellow disco lora t ion  o f  tee th  in 
child ren  w ho  take these  agents .  T h erefo re ,  te tracyc l ines  
should  not be adm in is te red  to ch ildren  under  the age  o f  8 
years. In add it ion ,  the  te tracyc l ines  c ross  the  p lacen ta  and 
should  not be  ad m in is te red  d u r ing  pregnancy. H yp ersen 
s itiv ity  reac t ions oc cu r  with  the te tracyc l ines  but are u n 
com m o n .  An ind iv idual w ho  is a llergic to one te tracyc l ine  
should  be cons id e red  a lle rg ic  to all the  te tracycl ines.  
P h o to sen s itiv ity  reac t ions  cons is t ing  o f  a red  skin rash  on 
a reas  ex posed  to sun l igh t may o ccu r  in ind iv iduals  w ho 
rece ive  these  agents . T h e  te tracyc l ines  p rod uce  varying 
deg rees  o f  gas t ro in tes t ina l  upse t  following oral a d m in is t ra 
tion. Colon ization  o f  the host by te t racyc l ine-res is tan t 
o rg an ism s  (especia l ly  C a n d id a )  is a  f requent o ccurrence  
d u r in g  te tracyc l ine  therapy.

Chloram phenicol

P h a r m a c o l o g y  a n d  M e c h a n i s m  of  Ac t ion

C hlo ram ph en ico l  is a  b a c te r io s ta tic  an tim ic ro b ia l  agent 
w ith  e ssen tia l ly  the sam e b road  an t ib ac te r ia l  sp e c t ru m  as 
the te tracyc l ines .  T h is  an tim icrob ia l  agen t b inds  to  the  5 0 5  
r ibosom a l su b u n it at a  locus tha t prevents  the a ttachm ent o f 
the  am ino  a c id -c o n ta in in g  end o f  the  am in o ac y l- tR N A  to 
the  r ibosom e. T h is  in te rfe res  with the b ind ing  o f  the  am ino  
ac ids to the nascen t pep tide  cha in ,  and pro te in  syn thes is  is 
prevented .

M e c h a n i s m s  o f  Res i s t ance

Bacterial res is tance  to ch loram phenico l is often associa ted  
w ith  the p rodu c t ion  o f  an en zym e ,  ch lo ram phen ico l a ce ty l-  
transferase , w hich  ace ty la tes  the  an tib io t ic  to an inactive 
d iace ty l  derivative. T h e  p rod uc t ion  o f  this  e n zy m e  is u n der  
the contro l  o f  a p lasm id .  B acter ia  a lso  develop res is tance  to 
ch loram phenico l by b ecom ing  im perm eab le  to the agent,  
a l though  this only rarely o ccurs  in c lin ical medicine.

Toxicity

T h e  m ost im portan t toxic effec ts  o f  ch loram phenico l are 
rela ted to the  bone m arrow  and can  be d iv ided  into two
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types. T h e  first is a reversible depress ion  o f  bone m arrow . 
T h is  type  o f  toxicity  is c o m m o n  in patien ts  rece iv ing 
p rolonged therapy  and results  in a b n o rm ali t ie s  in early  
fo rm s  o f  red cells , elevated se ru m  iron, and anem ia .  T he se  
chang es  are  dose  rela ted and are reversib le  upon d is c o n 
tinuation o f  the agent.  T h e  second  type  o f  toxicity  is a rare 
but genera l ly  fatal depress ion  o f  bone m arrow  function. 
T h is  type  o f  toxicity  is m ost frequently  m an ifes ted  as 
ap lastic  a nem ia  and  is not necessar i ly  dose  rela ted . C h lo 
ram phen ico l- induced  aplas tic  anem ia  can  o c c u r  weeks to 
m onths  following com ple tion  o f  therapy. It is es t im a ted  to 
o ccu r  in abou t  1 :3 0 ,0 0 0  to 1 :6 0 ,0 0 0  patients.

N eonates  rece iv ing  ch lo ram phen ico l may experience  ab
dom inal d is ten t ion ,  vom iting , cyanosis ,  c ircu la to ry  co l
lapse, and dea th .  T h is  side e f fec t ,  referred  to as the  g ray  
syndrom e, results  from  h igh  se rum  levels o f  ch lo ram p h en i
co l due to d im in ished  ab il ity  o f  neonates  to con juga te  and 
excre te  ch lo ram phen ico l.  P ro longed  c h loram phenico l ther
apy m ay cause  op tic  neu r i t i s  resu lt ing  in dec reased  visual 
acuity, but these  sy m ptom s are  g enera l ly  reversible follow
ing d iscon tinua tion  o f  therapy. P r im ar i ly  b ecause  o f  the 
toxicity  o f  ch loram phenico l to bone marrow , th is  a n t i 
microb ia l  agen t should  not be adm in is te red  w hen an alter
native form  o f  therapy  is available.

Erythrom ycin  

P h a r m a c o l o g y

E ry th ro m y c in  consis ts  o f  a m acrocyc lic  lac tone  r ing  at
tached  to two sug ar  moieties.  T h is  an tim icrob ia l  agen t is 
p r im ar i ly  ac tive  agains t  g ram -p o s i t iv e  bac te r ia ,  a l though  
som e activ ity  is exh ib i ted  agains t  g ram -neg a t ive  bacte ria .  
E ry th rom y c in  is a  useful a lternate  agen t in cases  o f  p e n 
icillin allergy. D epend ing  on the d ru g  co ncen tra t ion ,  b a c te 
rial species,  phase o f  g ro w th ,  and densi ty  o f  the  inocu lum , 
e ry th rom y c in  may be b a c te r io s ta tic  o r  b a cter ic id a l.

M e c h a n i s m  o f  Ac t ion

E ry th r o m y c in  in h ib i ts  b a c te r ia l  p ro te in  sy n th e s is  by 
reve rs ib ly  b in d in g  to  th e  5 0 S  r ib o so m a l su b u n i t  re su l t in g  
in b lo c k a g e  o f  th e  t r a n s p e p t id a t io n  or t r a n s lo c a t io n  r e a c 
tions.

M e c h a n i s m s  o f  Res i s t ance

R esis tance  to e ry th ro m y c in  may be the  result o f  decreased  
p e rm e a b ility  o f  the cell wall to the  d ru g  (ch rom osom al 
m uta tion) o r  o f  an a ltera tion  in a single  50S ribosom al 
pro te in  at the e ry th ro m y c in  recep to r  site, leading to  re 
d uced  e ry th ro m y c in  b ind ing  (ch rom osom al m uta tion  or 
p lasm id  mediated) .  C ross  res is tance  occurs  betw een  e ry th 
rom ycin  and c lindam ycin .

Toxicity

E ry th ro m y c in  is o ne  o f  the safest  an t ib io t ics  in c lin ica l  use 
and untow ard  react ions are  not life th rea ten ing .  U ndesir
able side e ffec ts  include fever, mild gas t ro in tes t ina l  upsets,  
cho les ta t ic  hepati t is ,  a llerg ic  reac t ions  (sk in  rashes  and 
eosinophil ia ) ,  and transient hearing  loss.

Clindamycin  

P h a r m a c o l o g y

C lin d am y c in  resem ble s  e ry th ro m y c in  in m o de  o f  action 
and  an t ibac te r ia l  sp e c t ru m  bu t  is chem ica lly  unre la ted . 
Probably  the  m ost im p ortan t  ind ication  fo r  c l ind am yc in  is 
in the  t rea tm en t  o f  severe  a n a ero b ic  in fections.

M e c h a n i s m s  o f  A c t ion  a n d  R es i s t an ce

C lind am yc in  b inds  to  the 5 0 5  su b u n it o f  bac te r ia l  r ib o 
som es at the sam e site as e ry th ro m y c in .  C l ind am yc in -  
resistant m ic roo rga n ism s  have an a lte red  pro te in  on the 
50S r ibo so m al subun i t  tha t  p revents  a t tach m en t o f  the 
an tib io t ic .

Toxicity

T h e  m a jo r  side effec t  o f  c lin d am y c in  is d ia rrh ea . A d d i
tional side effec ts  inc lude  reversib le  hepatoxicity ,  a llergic 
react ions ,  and  reversib le  bo ne  m arro w  depression .

N itro furans

T h e  n i tro fu rans  (e .g .,  n it ro fu razone ,  n i t ro fu ran to in ,  fu ra 
zo lidone)  are sy n the t ic  co m p o u n d s  tha t are bac te r ic ida l  for 
m any  g ram -p os i t iv e  and  g ram -neg a t ive  b ac te r ia  as well as 
c e r ta in  fungi and p ro tozo a .  T hey  inhibit pro te in  syn thes is  
by b lock ing  initiation o f  tra n slo ca tio n . N i t ro fu ran s  have 
no e ffec t  on sys tem ic  infec tions but are effec tive  agen ts  in 
the trea tm en t  o f  u ncom plica ted  u rin a ry  tra c t in fections. 
N itro fu rans  are a lso  used topically.

G as tro in tes t ina l  in to lerance  is the  m os t  c o m m o n  side 
effec t  o f  o ra lly  ad m in is te red  n it ro furans .  O ccasionally ,  
hem oly tic  an em ia ,  sk in  rashes, and p n eu m o n i t i s  have been 
ob se rv ed .

A ntim icrob ia l A g e n ts  t h a t  
Inh ib it Nucleic Acid Function

M etron idazo le  

P h a r m a c o l o g y

M etron idazo le  has selec tive  an tim ic ro b ia l  ac tiv ity  agains t  
obligate  a n a ero b ic  b a c te r ia , som e m icroaeroph ilic  b a c te 
r ia ,  and ce r ta in  p ro tozoan  p a tho gen s  (e .g .,  Trichom onas  
vag ina lis , G iard ia  la m b lia , E n ta m o eb a  h is to ly tica ). A ll o f
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these m icroorganism s are anaerobic and share certa in m eta
bolic pathways crucial to the activity o f  metronidazole.

M e c h a n i s m  o f  Ac t ion

M etron idazo le  en ters  cells  by  pass ive  d iffusion . T he  nitro  
g rou p  o f  m etron idazo le  is then  redu ced ,  leading to the 
p roduc t ion  o f  shor t- l ived  cy to to x ic  in te rm ed ia te s  that soon 
dec o m p o se  into bio logically  inact ive  end products .  The 
reduc tion  o f  m etron idazo le  is achieved by redox sys tem s 
that are o f  great s ign if icance  in the  m etabo lism  o f  anaer
obes  bu t  play only a m in o r  role, i f  any, in o the r  m ic ro o rg a 
n ism s. T he  toxic in te rm ed ia te s  a ttack  m ultip le  sites in the 
bacterial cell . However, the interaction o f  these reactive in
termediates with deoxyribonucleic a c id  (DNA) is thought to 
be responsible for the bactericidal activity o f  metronidazole.

M e c h a n i s m s  o f  R es i s t an ce

R esis tance  to  m etron idazo le  oc cu rs  infrequently  and  is due 
to a d im in ish ed  ab il ity  o f  b ac te r ia  to reduce  this  agent.

Toxicity

Peripheral neuropathy  is the most serious side effect o f  
metronidazole therapy. Resolution o f  the neuropathy usually 
occurs upon discontinuation o f  the agent. Relatively minor 
side effects include nausea, headache, and dry  mouth.

Rifampin
P h a r m a c o l o g y

R ifam pin  (r i fam pic in )  is a sem isyn the t ic  deriva tive  o f  
r i fam y c in ,  an an tib io t ic  p rod uced  by Strep tom yces. The 
p rinc ipa l  use o f  r i fam p in  is in the  trea tm en t  o f  tu b e rc u lo 
sis . R ifam pin  is ad m in is te red  concu rren tly  with an o the r  
an t i tu be rcu lo s is  agen t to delay  the  e m erg ence  o f  r i fam pin -  
res is tan t m y co bac te r ia .  R ifam p in  is a lso  used for p ro p h y
la x is  in c lose  con tac ts  o f  pa tien ts  w ith  m en ing it is  caused  by 
e i th e r  N. m en in g itid is  o r  H . in fluenzae.

M e c h a n i s m  o f  Ac t ion

R ifam pin  specifica lly  inhibits  bacte r ia l  D N A -dependen t 
RNA po lym erase .

Toxicity

O ccasiona l adv e rse  e ffec ts  include rashes  and  th ro m b o cy 
topenia .

Quinolones
Q u in o lon es  are bac te r ic ida l agen ts  tha t block DNA sy n th e 
sis by  inh ib it ing  D NA gyrase . N a lid ix ic  a c id  was the first 
agen t o f  th is  g rou p  to be in t ro du ced  and was used pr im ar i ly  
in the  trea tm en t  o f  u ncom plica ted  u r ina ry  tract infections

caused  by g ram -neg a t iv e  b ac te r ia .  However, the  new er 
quinolones (e.g., norfloxacin  and ciprofloxacin) have largely 
rep laced  na lid ix ic  ac id  because  o f  the i r  b ro ad e r  sp ec tru m  
o f  activity.

Antim ic rob ia l  A g e n t s  t h a t  
Inhib i t  Folic Acid Syn thes is

Sulfonamides
P h a r m a c o l o g y

T h e  su lfo nam ides  are  a large g ro u p  o f  an tim icrob ia l  agents  
d e r ived  from  the paren t c o m p o u n d  su lfan ilam ide. T he  
subs ti tu tion  o f  various  s ide-chain  rad ica ls  on  su lfan ilam ide  
results  in a ser ies  o f  c o m p o u n d s  o f  vary ing  physica l ,  
pharmacologic , and antibacterial properties. Sulfonamides 
can  be c lass if ied  as (1) short-  o r  m ed iu m -ac t in g  su l 
fonam ides  (su lfisoxazole ,  su l fam etho xazo le ,  su lfacy tine , 
su lfad iaz ine) ,  (2) long-acting  su l fonam ides  (su lfam eth -  
o xypyr idaz ine ,  su lfam eter) ,  (3) su l fonam ides  lim ited  to 
the  gas t ro in tes t ina l  tract (su lfaguan id ine ,  phthaly lsu lfa- 
th iazo le ,  sa l ixy lazo su lfap y r id in e ) ,  and (4) topica l su lfon
am id es  (m afen ide  acetate ,  su lfacetam ide) .  Su lfonam ides  
exhib i t  b a c te r io s ta tic  ac tiv ity  aga ins t  a broad sp ec t ru m  of 
g ram -p os i t ive  and g ram -neg a t iv e  b ac te r ia ,  ch lam ydiae ,  
N ocard ia , and  so m e  pro tozoa .  However, because  o th e r  
an tib io t ics  are genera l ly  m ore  effec tive  and less toxic ,  
su l fon am id es  are reco m m en d ed  for the  trea tm en t  o f  only a 
lim ited  n u m b er  o f  infections.

M e c h a n i s m  o f  Ac t ion

All su l fonam ides  share the  sam e m ech a n ism  o f  action; 
in terfe rence  w ith  microb ia l  fo l ic  a c id  syn thesis .  Folic ac id  
se rves  as an  im portan t in te rm ed ia te  in the syn th es is  o f  
nucleo t ides .  S u lfonam ides  inhibit com petit ive ly  the incor
poration  o f  p a ra -a m in o b en zo ic  a c id  (PABA) into te tra -  
h yd ro p tero ic  a c id  (F ig. 4-4). S u lfon am id es  are s truc tura l  
an a logues  o f  PABA and have a h igh e r  aff in ity  for te tra -  
h yd ro p tero ic  a c id  syn th e ta se  than  does  PABA (Fig. 4-5). 
T h e se  an tim icrob ia l  agen ts  result in the  fo rm ation  o f  n o n 
func t iona l ana logue s  o f  folic ac id  and  inhibit bacte ria l 
g row th .  S u lfonam ides  do not inhib it cells  tha t canno t 
sy n th es ize  folic ac id ,  inc lud ing  m am m al ian  cells , and 
those  ba c te r ia  tha t c an  use p e rfo rm ed  folic ac id  for g row th .

M e c h a n i s m s  o f  Res i s t ance

M uta tiona l re s is tance  to  su l fonam ides  results  in e i ther  
increased  microb ia l  p roduc t ion  o f  PABA o r  the  p roduc tion  
o f  te t rahydrop tero ic  ac id  syn the tase ,  w hich  has  a h igher  
a ff in ity  fo r  PABA than do the  su lfonam ides .  P lasm id- 
m ed ia ted  res is tance  results  in dec reased  p e rm eab il i ty  to 
su lfonam ides.
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PABA
s u l f o n a m i r l c i  

 / / ----
( le trah y d ro - 

p iero ic  acid 

s y m h c i a i e l

>  Dihydrofolic acid
trim ethoprim

— / / — >
Id ihydrofo latc

reduc ta ic )

O th e r
precu rso rs

T e trah yd ro fo l ic
acid

Purines
^  DNA

Fig. 4-4 Action o f  s u l fo n a m id e s  a n d  t r im e th o p r i m  o n  t h e  p a th w a y  of folic ac id  syn thesis .

COOH so2 N H -

n h 2

P-Aminobenzoic 
Acid (PABA)

NH

Basic Ring 
Structure of 
Sulfonamides

Fig. 4-5 S tru c tu ra l  sim ilari ties  b e t w e e n  PABA a n d  su l
fo n a m id e s .

Toxicity

T h e  most ser ious adverse reaction to sulfonamides is bone 
m arrow  depression, leading to hemolytic anem ia , aplastic 
anemia, agranulocytosis, th rom bocytopenia ,  and leuko
penia. Sulfonamides may also cause gastrointestinal distur
bances, fever, headache, depression, jaundice, and hepatic 
necrosis. Significant hypersensitivity reactions (skin rashes, 
ery them a nodosum , and ery them a multiforme) may occur 
when sulfonamides are administered by any route.

Sulfones
T h e  sulfones are syn thetic  c o m p o u n d s  tha t are s truc tura lly  
s im ila r  to the su l fonam ides;  the i r  m ode  o f  action is also 
similar. T he  m a jo r  an tim icrob ia l  agent in this g ro u p  is 
d ia m in o d ip h en y lsu lfo n e  (D D S). T h is  agen t is used only in 
the t rea tm en t  o f  leprosy, w here  it a rres ts  the  co u rse  o f  the 
d isease  if  em ployed in the  early  stages.

p-Aminosalicylic Acid (PAS)
T h is  agen t is a lso s t ruc tu ra l ly  s im ila r  to the  su lfonam ides  
and  has the  sam e m od e  o f  action . PAS is used p r im ar i ly  as  a 
second- line  d rug  fo r  t rea tm en t o f  tubercu losis.

Trimethoprim
P h a r m a c o l o g y  a n d  M e c h a n i s m  o f  A c t ion

T rim e th o p r im  is a  s t ruc tu ra l  ana lo gu e  o f  d ih yd ro fo lic  a c id . 
T h is  an tim icrob ia l  agent inhib its  bac te r ia l  d ihydro fo lic  
a c id  reductase, resu lt ing  in an inhibit ion  o f  folic acid and 
u lt im ate ly  purine  and D N A  syn thes is  (see  F ig . 4-4).

T r im e th o p r im  is f requently  u sed  in com b ina t io n  with 
su l fam ethoxazole .  T h is  co m b in a t io n  is called  co -tr im o x-  
azole. T h e  s im u l tan eou s  use o f  a  su l fonam ide  with t r i 
m e th o p r im  results  in the  inh ib it ion  o f  sequen tia l  m etabolic  
s teps in folic ac id  syn th es is  thereby  d ec reas in g  the  inc i
dence  o f  b ac te r ia l  re s is tance  to  e i th e r  agen t and increasing 
the sp e c t ru m  o f  ac t iv i ty  over  each agent u sed  individually. 
C o - tr im o xazo le  is used  in the  trea tm en t  o f  u r ina ry  tract 
infections, en ter ic  fever, and o th e r  b ac te r ia l  and  paras itic  
infections.

M e c h a n i s m s  o f  Res i s t ance

B acter ia  res is tan t to co - t r im o x azo le  byp ass  the  blocked 
m etabolic  steps o f  folic ac id  p rod uc t io n  by  using nucle
o tid es  o r re la ted  su bs tances  tha t are  available in the  env i
ronm ent.

Toxicity

T h e  toxic  and u ndesi red  side effec ts  o f  co - t r im ox azo le  
inc lude all th ose  d e sc r ib ed  for the su lfonam ides .  In ad d i
t ion , im paired  folic ac id  u ti liza tion  may be seen  during  
p ro longed  co - t r im o x azo le  adm inis tra t ion .

A ntimic robia l  A g e n t s  t h a t  
D a m a g e  t h e  Cell M e m b r a n e

Polymyxins
P h a r m a c o l o g y

P oly m yx in s  А , В , C ,  D, and  E  are re la ted  cyc lic  po ly p ep 
tides ch a rac te r ized  by  a lim ited  an t im ic rob ia l  sp ec t ru m . 
T h e  polym yxins are active a lm ost exclusively against gram- 
negative bacil li .  All bu t  po lym yxins  В and  E are too  toxic
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for therapeu tic  use in hum ans .  C olistin  is the sam e as 
p o lym yxin  E.

M e c h a n i s m s  o f  Ac t ion

T h e  p o lym y x ins  are b a c te r ic id a l  ag a ins t  bo th  res ting  and 
m ultip ly ing  bac te r ia .  T he se  agents  funct ion  as  ca tion ic  
detergen ts . T hey  increase  cell  perm eab il i ty  by  in teracting  
w ith  p hospho lip ids  o f  the  cell  m em brane .  T h is  d am age  
p e rm its  in t race l lu la r  co n s t i tu en ts  to escape  from  the  cell ,  
and  death  ensues. Selec t ive  ch em o th e rapeu t ic  ac tiv ity  is 
poss ib le  b ecau se  the  cy to p lasm ic  m em b rane  o f  bac te r ia  is 
m ore  read i ly  d is ru p ted  by p o ly m y x in s  than  is the cell 
m em bran e  o f  euca ry o t ic  cells.

M e c h a n i s m s  o f  R es i s t an ce

M ic ro o rg a n ism s  res is tan t  to p o lym y x ins  have cell walls 
tha t  prevent access  o f  the  agent to the cell  m em brane . 
However, re s is tance  rare ly  develops d u r ing  therapy.

Toxicity

T h e  tw o m o s t  im portan t  s ide  e ffec ts  o f  p o ly m yx in s  are 
n eu ro to x ic ity  and nephro toxic ity . T h e se  side e f fec ts  have 
lim ited  the  use o f  po ly m y x in s  to se r ious  infec tions caused  
by suscep tib le  bac te r ia  and  to topica l applications.

A ntim ic rob ia l  A g e n t s  w i t h  
U n k n o w n  M e c h a n i sm s  o f  Inhibi t ion

Isoniazid
Ison iaz id  is a bac te r ic id a l  an tim icrob ia l  ag en t  tha t has 
lim i ted  inh ib i to ry  ac tiv ity  agains t  m os t  bac te r ia  but is very 
ac tive  aga ins t  m yco b a c ter ia , e spec ia lly  M yco b a c teriu m  
tubercu lo sis . Ison iaz id  is used  in com bina t ion  w ith  o ther  
an t im yco bac te r ia l  agen ts  (e .g .,  r i fam p in  and  e tham b u to l)  
to reduce  the  em erg ence  o f  res is tan t tuberc le  bacil li .  T he  
m od e  o f  action o f  ison iaz id  is u n k n o w n ,  but it possibly 
exerts  co m p e t i t ive  an ta g o n ism  agains t  p yr id o x in e - с ш -  
lyzed reac t ions  in bac te r ia .  T h e  m ost im po rtan t  side e f 
fects o f  ison iaz id  are re la ted  to  its h e p a to to x ic ity  and 
tox ic ity  for the  periphera l  and cen tra l nervous system s.

Ethambutol
E th am b u to l  is a n a rro w -sp ec tru m  an tim icrob ia l  agent with 
ac tiv ity  p r im ar i ly  d irec ted  agains t  M yco b a c ter iu m  tu b er
cu lo s is . E th am bu to l  is g iven  in com bina tion  w ith  o th e r  
an t i tub e rcu lo s is  d ru g s  to de lay  the  em erg e n c e  o f  e tham - 
b u to l-res is tan t  m y c ob ac te r ia .  T h e  m ech an ism s  o f  action o f  
e th am b u to l  are unknow n.

T h e  m o s t  c o m m o n  side effec ts  o f  e th am b u to l  therapy  are 
visual d is tu rban ces ,  inc lud ing  reduc tion  in v isual acuity

and op tic  neuritis .  T h e se  are  usual ly  reversib le  w hen 
e th am b u to l  therapy  is d iscon tinued .

Special  A sp e c ts  o f  Antimic robia l  T h e ra p y  

Super in feet ions
O ne  o f  the m ost se r ious  and f requent com plica t ions  o f  
an tim icrob ia l  therapy  is super in fec t ion  w ith  an o rgan ism  
res is tan t to the  agent being  used .  A n tim icrob ia l  agents  
affec t  not only pathogen ic  b ac te r ia  b u t  also suscep tib le  
m em b ers  o f  the  norm a l m ic ro b ia l /Z o m .Q u a n t i ta t iv e  re la 
t ionsh ips be tw een  spec ies  o f  the  no rm a l  f lo ra  can  be 
d is tu rb ed ,  and natura lly  exc luded  spec ies  can  becom e 
es tab lished  as a  result o f  the  loss o f  the  no rm a l  biologic 
co m petit ion .

T h ree  o f  the  m ore  c o m m o n  types  o f  su per in fec t ions  
inc lude  (1) ca n d id ia s is  d ue  to proliferation  o f  C andida  
a lb ica n s , (2) C lo str id iu m  d iffic ile -a sso c ia te d  g a s t ro in 
tes tina l  d isease , and  (3) sys tem ic  infec tions resu lt ing  from  
translocation  o f  bacteria  from the intestinal tract to healthy 
tissue.

Chemoprophylaxis
A ntim icrob ia l  ch em o p rop hy lax is  is the ad m in is tra t ion  o f  
an an tim icrob ia l  agen t to  prevent the  e s tab l ishm en t  o f  
pa thogen ic  m icroo rgan ism s  in the  host .  C h e m o p ro p h y 
laxis is usual ly  lim ited  to the  action  o f  a specific  agent 
ag a ins t  a  specific  m icro o rg an ism  and is likely to  be su c 
cess fu l on ly  w hen  the m ic ro o rg an ism  rarely g ives  r ise  to 
m utan ts  res is tan t to the agent em ployed .

A ntibac te r ia l  ch em o p ro ph y lax is  is an accep ted  clinical 
p rocedure  for the  prevention  o f  g ro u p  A s t rep tococcus ,  
m en in go coccu s ,  and p lague  infection. It has  a lso  found 
w ide  application  in the  reduc tion  o f  the lower-bowel flora 
before  bowel surgery. Penicill in  is f requently  adm in is te red  
p rophy lac tica lly  to ind iv iduals  w ith  v a lv u la r  h ea r t  dam age  
w h o  are u n derg o ing  p ro cedu res  tha t are  likely to  resu lt  in 
b ac te rem ia  to prevent the  deve lopm ent o f  bac te r ia l  e n d o 
carditis .

Combined Therapy
P refe rence  should  alw ays be given to  the trea tm en t  o f  
infec tions w ith  a single ag en t ,  but there  are c e r ta in  ind ica
tions for the use o f  com bina t ion s  (usually  tw o) o f  a n t i 
microbials .  C om b in a t io ns  o f  an tim icrob ia l  agen ts  m ay  be 
ra t ionally  used for the  following reasons:

1. P revention  o f  the  em ergen ce  o f  res is tan t m ic roo rga 
nism s: C o m b ina t io n  therapy  has  been c learly  d o cu 
m en ted  as  e ffec tive  in preventing  the developm ent o f  
res is tance  d u r in g  t rea tm en t o f  tubercu losis .
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2. Synerg ism :  T h e  use o f  synerg is t ic  com bin a t ion s  o f  
an tim icrob ia l  agen ts  to treat infec tions is an o the r  ind i
cation o f  co m b ined  therapy. E x am ples  o f  these  syner
g is tic  com b in a t io ns  include the use o f  penicill in  and 
s t rep tom ycin  in the trea tm en t  o f  ce r ta in  types  o f  b ac te 
ria l end oca rd i t i s  and the  use o f  g en tam ic in  and car
benicill in  in trea ting  sys tem ic  P seudom onas  infections.

3. Polym icrobia l  infections: C er ta in  polym icrobia l  in fec
tions require  the use o f  more than one an tim icrob ia l  
agen t to e lim ina te  all the infec ting  organism s.

4 .  Infec tions in im paired  hosts: C om bined  b road-spec-  
t ru m  therapy  is frequently  required  to treat infections 
o c c u r r in g  in patients w ith  abno rm ali t ie s  o f  host  defense 
systems.

5 . L ife - th rea ten ing  infections: C om bined  therapy  may be 
helpful in em erg ency  trea tm en t o f  se r ious  infections 
before a  p recise  d iagnos is  can  be es tab lished .

T h e  inappropria te  use o f  an tim icrob ia l  co m bina tions  
m ay have im po rtan t  adverse  effects. T h e  ac tiv ity  o f  two 
agents  agains t  a m icroo rga n ism  that is suscep tib le  to both 
is not necessarily additive. For example, bacteriostatic drugs, 
such as  te tracyc l ine  and ch lo ram p hen ico l ,  in te rfe re  with 
the  b ac te r ic ida l ac tion  o f  d ru g s  tha t b lock  syn thes is  o f  the 
bacte ria l cell  w all ,  such as penicill in  and vancom ycin . 
Com bina tion  therapy  m ay also increase  the frequency  o f  
res istant pa thogens  in the environm ent.  T he  ch ances  o f  
toxic reac t ions develop ing  d u r in g  therapy  is increased 
w hen more than one  agent is used.

Susceptibility Testing
Since  m icro o rg an ism s  vary  in th e i r  suscep tib i l i ty  to a n t i 
microbial agents ,  it is im pera t ive  tha t the m eans  are  ava il
able for d e te rm in in g  the  suscep tib i l i ty  o f  an infecting 
m icroorgan ism  as a gu ide  to e ffec tive  chem otherapy . The 
princ ipal  m etho ds  used by the  clin ical labora tory  to deter
mine  the an tim icrob ia l  suscep tib i l i ty  o f  a m icroorgan ism  
include d ilu tio n  te s ts , such as the b ro th  tube and agar  plate 
p rocedures ,  and the d isk  a g a r d iffu s io n  technique.

D ilution  tests are p e rfo rm ed  by  inocula ting  a s tan 
dard ized  suspension  o f  a m icroorgan ism  into serial d i lu 
tions o f  an an tim icrob ia l  agen t p repared  in broth  o r  agar. 
A fte r  a  suitable  period  o f  incubat ion ,  the  m in im al co n cen 
tration  o f  an tim icrob ia l  tha t in h ib its  g row th  o f  the  m ic ro 
o rg an ism  is d e te rm in ed  (m in im a l in h ib ito ry  concen tra tion  
[M IC ]). W ith  m inor add it ions , the  tube  d ilu tion  technique 
can  be adapted  to d e te rm in e  the m in im al concentra tion  of 
an an tim icrob ia l  requ ired  to  k il l  the  m icro o rg an ism  (m in i
m a l b a c te r ic id a l concen tra tion  [M B C ]).

T he  m ost w idely  used technique  for an tim icrob ia l  su s
cep tib il i ty  tes ting  is the  d isk  agar  d iffusion p rocedure ,  also

re fe rred  to as  the  d isk  m e th o d  or the  B a uer-K irby  te c h 
nique. In th is  p ro cedu re ,  f i l te r-paper  d isks  im pregn a ted  
w ith  appro p r ia te  concen tra tions  o f  an tim icrob ia l  agen ts  are 
placed  on an agar  cu ltu re  plate tha t has been inocula ted  
w ith  a cu l tu re  o f  the m icro o rg an ism  to be tes ted .  A fte r  
incubation ,  the d iam e te r  o f  the c lea r  zone  su r ro u n d in g  the 
disk  is taken as a m easu re  o f  the inh ib i to ry  pow er o f  the 
an tim icrob ia l  agains t  the pa r t icu la r  test o rgan ism .

Disinfection and Sterilization
D a vid  J. H e n tg e s

S teril iza tion  is an abso lu te  te rm  im ply ing  the inact iva t ion  
o f  all fo rm s  o f  life. W h en  applied  to microbiology, it m eans  
inactivation  o f  m ic roo rga n ism s  so tha t they  can  no  longer 
rep roduce ,  often  referred  to as the  death  o f  m ic ro o rg a 
nisms. T h e  m ic ro o rg an ism s  m ay be s t ru c tu ra l ly  in tact and 
may even be able to p e r fo rm  b io sy n the t ic  ac tiv it ies ,  but 
they are unable  to multiply. S o m e  su bs tances ,  w hich  are 
te rm ed  bac te r ic ida l ,  cause  the  death  o f  bac te r ia  (p e r m a 
nently  prevent m ultip lication),  w hereas  o th e r  su b s tances ,  
t e rm ed  bac te r ios ta t ic ,  in te rrup t m ultip lica tion  as long as 
they are in con tac t  w ith  bac te r ia ,  but m ultip lica tion  re 
sum es  w hen  they are rem oved.

D is in fec t ion ,  as d is t inc t  from  s te r i l iza t ion ,  is the  p ro 
cess  o f  e l im ina ting  d isea se -p ro d u c in g ,  ra the r  than  all m i
c ro o rg an ism s ,  from an area. D is in fec ta n ts  are  used on 
inan im ate  ob jec ts  but are f requently  too  toxic to be  applied  
to living tissue. A n tisep t ic s  w h ich  se rve  the sam e  purpose  
as d is in fec tan ts ,  can  be applied  to  living t issue  because  
they are less toxic. O v e r  the years , the  d is t inc tion  betw een  
the  te rm s  d is in fec tan t and  an tisep t ic  has b ecom e  b lu r red ,  
however, and the  tw o are f requently  used in te rchangeably  
(i .e.,  sk in  disinfectant) .

T h e  te rm  se p tic  m eans  the  p resence  o f  m ic roo rga n ism s  
in an env ironm ent and the  te rm  a sep tic  m eans  the absence  
o f  m icroorganism s.

Various physica l and  chem ica l p rocesses  are  available 
for the  s ter i l iza t ion  or d is in fec t ion  o f  m ateria ls .  Physical 
agents ,  inc lud ing  heat,  rad ia tion ,  and fi l t ra tion , function  
exclus ively  to s teri l ize  subs tances .  C hem ica l  agen ts ,  on the 
o th e r  h an d ,  function  to e i th e r  s teri l ize  o r d is in fect .

Physical A g e n t s  

Heat
Heat is the  m ost e ffec tive  m e th od  o f  s te r i l iza t ion  and 
w henever  possib le  should  be the  m eth od  o f  choice. T he  
t im e required  for s ter i l iza t ion  with heat is inversely related
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to  the tem pera tu re  o f  exposure. O b jec ts  can  be  s ter i l ized  
e i th e r  by  d ry  heat app lied  in an oven o r  by  moist  heat 
p rov ided  as s team . O f  the  tw o m e tho ds ,  m ois t  heat is 
p re fe rred  because  o f  its m ore  rap id  k il ling  due  to the 
pene tra tion  o f  s team  and its condensa t io n  to release heat. 
S team , u n der  15 lb. pe r  square  inch pressure  at 1 2 Г С , will 
kill vege ta tive  cells and spores  w ith in  20  minutes . A u to 
c laves used for s ter i l iza t ion  in m icrob io logy  labora tor ies  or 
hospi ta l c lin ica l  labora to r ies  provide these  condit ions .  It 
m ust be kept in m ind ,  however, that in o rd e r  to be e ffec tive  
the  s team  m us t  co m e  into con tac t  with  all m ate r ia ls  to  be 
s te r i l ized .  H erm et ica l ly  sea led  or very  d en se  or water- 
res is tan t  sub s tan ces  are not effec tive ly  s te r i l ized  by au to 
c lav ing . W hen  th is  is the case ,  s te r i l iza t ion  by  d ry  heat is 
used .  E ffec t ive  s ter i l iza t ion  with dry  heat requ ires  a  tem 
pera tu re  o f  180°C for 2 hours  for k il ling  all o rgan ism s ,  
inc lud ing  sp orefo rm ers .  M oist heat is used  for steri l iz ing  
surgical bandages, moisture-resistant instrum ents ,  and bac- 
teriologic cu ltu re  m ed ia  and d ry  heat for s te r i l iz ing  g la s s 
w are, po w d ers ,  and oily su bs tan ces  such as o in tm en ts ,  
w hich  are inso lub le  in water and im perv iou s  to steam .

Radiation
H eat-labile  su bs tances  can  be s ter i l ized  by radiation . T he  
tw o types  o f  radiation u sed  for s ter i l iza t ion  are ionizing 
radia tion  (x-rays and g a m m a  rays) and ultraviolet light.  
X -rays  and g a m m a  rays are at a  m uch  h ig he r  ene rgy  level 
than  ultraviolet light and consequen tly  have m uch  grea te r  
pene tra t ing  pow er  and  cap ac i ty  to p rod uce  lethal e ffec ts  on 
m icroorgan ism s.  T h e  o p t im a l  bac te r ic ida l w avelength  for 
u ltraviolet light is approxim ate ly  260  n m , w hich c o r r e 
sponds  with the  absorp tion  m a x im u m  o f  D NA . T h e  m a jo r  
lethal ac tion  o f  ultraviolet light on m ic roo gan ism s  is a t t r ib 
u ted  to d a m ag e  to D N A . However, because  o f  its low 
energy, the p ene tra ting  pow er o f  ultraviolet light is poor 
and it is e ffec tive  in s te r i l iz ing  su r faces  only.

Filtration
H eat-labile  so lu tions can  be s te r i l ized  by fi ltration. A 
nu m b er  o f  d if feren t types  o f  fi lters have been devised  to 
s teri l ize  so lu tions ,  bu t  the  type  that is m os t  co m m o n ly  used 
is the  m em b ran e  filter. M em bran e  fi lters are ce llu lose  ester 
d isks  o f  various pore sizes. A pore  size  o f  0 .2 2  p. is 
e ffec tive  in rem oving  m o s t  b ac te r ia ,  but it shou ld  be 
rem em bered  that v iruses  and  even m y c op lasm as  will pass 
th rough  a fi lter o f  this  pore  size. M em b ran e  fi lters are used 
to s te r i l ize  d rugs ,  so lu tions con ta in ing  s e ru m , or p lasm a 
and su ga r  solutions.

Chemical  A g e n t s

C hem ica l  agen ts  kill m ic roo rgan ism s  e i th e r  by d am ag ing  
cell m em b ranes  or by ir revers ib ly  m od ify ing  functional

g ro u p s  o f  en zym es ,  cell walls and  m em b rane  pro te ins ,  and 
nucleic  acids.

Agents that Damage Cell Membranes
Surface-active agents are examples o f  chemical com pounds 
tha t  dam ag e  cell m em branes .  T hey  possess  bo th  water- 
a tt rac t ing  (hydroph ilic )  and water-repel ling (hydrophob ic )  
g roups  on the sam e molecule. T he  hy d rophob ic  port ion  of 
the molecule is a fat-soluble, long-chain hydrocarbon w here
as the h y d rophob ic  port ion  is an ionizable ca tionic  o r 
an ionic  group. T he  m ost im portan t  an t ibac te r ia l  surface-  
active agents  are  ca tionic  co m p o u n d s  in w hich  a  long-chain  
hy d rophob ic  res idue  is ba lanced  by a posi t ive ly  charged  
hydroph ilic  group. Q u a te rn a ry  am m o n iu m  co m p ou nd s ,  
such as  benza lk on iu m  ch lo r ide  (Zephiran) ,  are the best-  
know n su r face -ac t ive  agents  o f  th is  type. W hen m ic ro o rg a 
n ism s are  exposed  to these  agen ts ,  the posit ive ly  charged  
port ion  o f  the m olecu le  a ssoc ia te s  with the phosphate  
g rou ps  o f  the  m em b rane  p hospho lip ids  w hile  the un 
charged  hydrophob ic  port ion  pene tra tes  the  l ip id-rich  in te
rio r  o f  the m em b rane ,  caus ing  d is to r t ion  and leakage  of 
essen tia l  m etabo li tes  from  the  cell .  Soap  is cons id e red  an 
anionic  d e te rgen t  because ,  w hen  d is so c ia ted ,  it y ie lds a 
negatively  cha rg ed  ion. A nionic  de te rgen ts ,  such as  soap, 
d o  not effec tive ly  kill m ic ro o rg an ism s  but are  usefu l  in 
rem oving  them  from  surfaces.

P henolic  co m p o u n d s  a lso  cause  microbial m e m bran e  
dam age . A s a p ractical d is in fec tan t phenol (carbolic  acid) 
has been  rep laced  by less toxic phenol de riva tives  co n ta in 
ing alkyl o r  ch loro  g roups  and  by the diphenyls. T he  
s im ples t  o f  the alkyl phenols  are the  cresols.  O r th o - ,  m eta- ,  
and paracreso l are apprec iab ly  m ore  ac tive  than  phenol and 
are usual ly  em ployed as  a tr icresol m ix ture  em uls i f ied  in 
soap. Lysol is an exam ple  o f  such a mix ture .  In add it ion  to 
the cresols. chlorinated diphenyl com pounds , such as hexa- 
chlorophene and ch lorhex id ine ,  are usefu l d is in fec tan ts .

A lcoho ls  represen t the third  c lass  o f  c o m p o u n d s  that 
in terfe re  with microb ia l  cell m em b rane  activity. T hey  
penetra te  into  the  hy d rocarbon  region o f  the  lipid m e m 
brane and ,  in add it ion ,  dena tu re  ce l lu la r  pro te ins .  Short-  
chain  a liphatic  a lcohols,  p r im ar i ly  e than o l  and isopropyl,  
are com m o n ly  used as skin antiseptics.

Agents that M odify Functional 
Groups o f Proteins and Nucleic Acids
S oluble  salts o f  m ercury , a rsen ic ,  silver,  and o th e r  heavy  
m eta ls  po ison  en zym e  ac tiv ity  by fo rm in g  m ercap tid es  
w ith  the su lfhydry l  g roups  o f  cys te in e  res idues.  Various 
fo rm s  o f  m ercu ry  and s i lv e r  have been em ployed in m ed i
c ine  for many years. T h e  organ ic  m ercu r ia ls  n itrom ersol 
(Metaphen), thimerosal (Merthiolate),  and merbromin (Mer- 
curochrome) are useful an tisep t ic  agents . S ilver  nitrate is
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highly  bacte r ic idal for gonococc i and is rou t ine ly  used as  a 
l%  solu tion  for the p roph y lax is  o f  o p h th a lm ia  n eona to rum  
in new born  infants.

In add it ion  to the heavy  m etals ,  ha logens  and hydrogen  
peroxide are effec tive  as d is in fec tan ts  and antiseptics .  
H ydrogen  peroxide, an ox id iz ing  agen t,  is u sed  as a mild 
antisep t ic .  T he  m o de  o f  ac tion  o f  the ha logens  is d ue  to 
the i r  ox ida t ive  activ it ies  and  their  ab il i ty  to ha logena te  
proteins.  E lem enta l  ch lo r ine  se rv es  as  an effec tive  water 
d is in fec tan t and ch lo r ine-re leas ing  c o m p o u n d s  are used as 
san i t iz ing  agents . W hen e lem enta l ch lo r ine  reacts  with 
water, h yp och lo rou s  ac id ,  a  pow erfu l ox id iz ing  agen t,  is 
fo rm ed. Iodine , a co m m o n  skin an t isep t ic ,  is applied  in a 
tinc ture  tha t is an aq ueous  alcoholic  solution  o f  2%  I2 and 
2 .4 %  sod ium  iodide. It causes  som e  tissue  d am ag e ,  but this 
problem has  been c ircum ven ted  by b ind ing  iodine  to sur
face-active  ca r r ie r  m olecu les ,  w h ich  increases so lubil ity  
and prov ides for a sus ta ined ,  gradual release o f  the  ha lo 
gen. T h ese  com plexes  are  called  iodophores.  T h e  best- 
know n iodophore  is pov idone- iod ine  (Betadine).

A lkyla t ing  agents  tha t se rve  as d is in fec tan ts  include 
fo rm aldehyde ,  g lu ta ra ld ehy de ,  and e thy lene  oxide. For
m aldeh y de  and g lu ta ra ld ehy de  are applied  as liquids and 
e thy lene  ox ide  as a  gas. T h e  lethal e ffec ts  o f  these  c o m 
po unds  on m icroo rga n ism s  result from  the i r  a lky la ting  
action on proteins.  A lkyla t ion  is the rep lacem ent o f  a 
hydrogen  a tom  on a  c a rb o x y l , hydroxy, o r  su l fhydry l  g rou p  
o f  a protein  with a hy d rocarbon  rad ica l .  F o rm ald eh y d e  as a 
37%  a q u eou s  so lu tion  is ca lled  form alin . F orm alin  is used 
in em b a lm in g  flu id , in the prepara tion  o f  vaccines,  and for 
p reserv ing  fresh tissue. G lu ta ra ldeh yd e ,  w hich  is 10 times 
m ore  e ffec tive  than fo rm a ld ehy de  and is considerab ly  less 
toxic, is used  as a  cold  s te r i lan t for surgical ins trum ents .  
B ecause it is applied  as a  gas.  e thy lene  oxide  has excellent 
pene tra ting  power. It is not difficult to recognize  the value 
o f  this  agen t for s te r i l iz ing  delica te  p ieces o f  hospita l 
equ ip m en t or p lastic items that w ould be d am age d  by  heat 
or liquid s ter i l iza t ion  procedures.

Gram-Positive Bacilli____________
D avid  С  S tra u s  

C o r y n e b a c te r iu m  d i p h t h e r i a e  

Morphology
C orynebacterium  diphtheriae  tends to be club-shaped when 
grown on artificial media. It is gram positive, nonsporeform- 
ing, and approximately 2 to 6 p.m in length and 0 .5  to 1.0 p.m 
in diameter. W hen the organisms divide, they tend to stick 
together in patterns resembling Chinese letters in stained 
smears.

Diphtheria Toxin
T h e  toxin is responsib le  for the  clin ica l  sy m p to m s  o b 
served  with d iph the r ia .  An in fecting  be ta  phage  ( lysogen)  
is requ ired  for toxin produc tion ; however, the  toxin’s p ro 
duction  is con tro lled  by the m e tabo lism  and  physio logic  
sta te  o f  the  bac te r iu m . Toxin is secre ted  in h igh  co n cen t ra 
tions by bac te r ia  o f  ab n o rm a lly  low iron con ten t .  T he  toxin 
is a  heat- labile  pro te in  (m o lecu la r  w e igh t  6 2 ,0 0 0 )  w hose  
m ech an ism  o f  ac tion  is inactivation  o f  t rans loca se  factors 
(E F-2)  o f  euca ryo t ic  cells. T h e  toxin is c o m p o sed  o f  A 
(ac tive; mol wt 2 3 ,0 0 0 )  and В (b ind ing ; mol w t 3 9 ,0 0 0 )  
fragm ents .  N ico tin am id e  ad en in e  d inuc leo t ide  is a  re 
qu ired  co fac to r  for f ragm en t  A activity. F rag m e n t  A  ca ta 
lyzes the  following react ion  in tracellu larly : 

fr a g m e n t A
N A D  +  E F - 2 ------------->■ ad eno s ine  d ip h o s p h o r ib o s y l -

E F -2  ( inac tive)  +  n ic o t in am ide  +  H +

W h en  E F -2  is inact iva ted  by this  reac t ion ,  p ro te in  sy n th e 
sis s tops  and cells  b eg in  to die.

Pathogenicity
Natural infection is dem ons trab le  only in hum ans .  C oryne
bac ter iu m  d ip h th eria e  is com m o n ly  sp read  th rough  air
borne  droplets .  D ip h th e r ia  in h u m an s  usual ly  beg ins  w hen 
the  o rg an ism  co lon izes  the  up per  re sp ira to ry  trac t .  T h e re  it 
e labora tes  tox in ,  w hich  results  in ep ithe lia l  cell  necrosis. 
T h e  e n su ing  in f lam m ato ry  re sponse  ca u se s  the  product ion  
o f  the  p seu d o m em b ra n e ,  c o m p o se d  o f  dead  ep ithe lia l  cells , 
dead  po lym o rph on uc lea r  leukocy tes ,  f ib r in ,  and  bac te r ia .  
T h is  p se u d o m e m b ra n e  can  so m etim es  cau se  suffocation  of 
the patien t.  C u tan eo u s  d ip h th e r ia  (m u cosa l  su r faces)  can  
o ccu r  and causes  u lcera ting  skin  lesions but no  sys tem ic  
effects.

Immunity and Epidemiology
Acquired im m unity  to clinical d iphtheria  is due to the pres
ence o f  circulating antitoxin antibody. Because o f  the high 
degree of susceptibility in childhood, artificial im munization 
at an early age is highly recom m ended . T he  D T P  vaccine 
(d iphtheria toxoid, tetanus toxoid, and heat-killed B ordetella  
pertu ssis)  is com m only  used in the United States. Immunity  
lasts for several years , but booster shots are highly advisable. 
Some neurologic dam age  has been reported associated with 
the whole-cell portion (B . pertu ssis)  o f  the D T P  vaccine. 
However, it is clear that the theoretical risks o f  immunization 
are far less than the docum ented  risks inherent with the actual 
d isease (w hooping cough).

Treatment and Prevention
O nce  c ircu la t ing  d ip h the r ia  toxin has  p ene tra ted  a su sce p 
tible cell ,  an ti tox in  is no  longer effective. T h ere fo re ,  in
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suspec ted  ca ses  o f  d ip h the r ia ,  anti toxin  therapy  m us t  be 
ad m in is te red  as soon as possible. S ince  an ti tox in  is nor
m ally  o f  horse  o r ig in ,  a test for h ypersensi t iv i ty  to horse  
s e ru m  p ro te ins  shou ld  be p e r fo rm e d  first .  A n tib io t ic  th e ra 
py (penic il lin)  should  never be relied on alone in the 
trea tm en t  o f  d ip h th e r ia .  T h e  d isease  is rare  in the  U nited  
States b ecause  o f  the  D T P  vaccine, because  h u m an s  are  the 
on ly  im p ortan t  reservoir ,  and because  all s t ra ins  p roduce  
th e  sam e an tigen ic  type  o f  toxin.

Bacillus an th ra c i s  

Morphology
B a c illu s  a n th ra c is , the  causa t ive  agent o f  an th rax ,  is a very 
large ( 3 - 7  p.m in length), g ram -pos i t ive ,  nonm otile ,  spore- 
fo rm ing  rod. T h e  o rgan ism  is found singly o r  in short 
cha in s  in sm ears  from  infected  tissue. S po res  are usually  
fo rm ed  u nd er  adverse  cond it ions  tha t tend to be unfavor
able  for the  con tin u ed  m ultip lica tion  o f  the  vegative  form. 
S po res  are relatively  res is tan t to heat  and  d is in fec tan ts ,  and 
can  rem ain  viable  for years  in d ry  ea r th  and for m on ths  in 
an im al hides. Colon ies  have a  “ M ed u sa ’s h e a d ” appear
ance  u n der  a han d  lens.

Important Antigens and Pathogenicity
B a c illu s  a n th ra c is  p rodu ces  an an t iphagocy tic  capsu le  
co m po sed  o f  D-glutamic ac id  and an exotoxin that is made 
up  o f  th ree  an tigen ica l ly  d is t inc t  th e rm o lab ile  proteins.  
T h e  th ree  p ro te ins  are an  e d em a  fac to r  (an  adenyla te  
cyc la se  in an inac t ive  fo rm ), a  p ro tec tive  an t ig en ,  and  a 
lethal factor. A n th rax  is p r im a r i ly  a d isease  o f  an im a ls  with 
w hich h u m a n s  are acc iden ta lly  infec ted . T he  m ost c o m 
mon form  o f  the  d isease  in h u m a n s  is the  cu taneo u s  variety  
(m a lig n an t  pustu le);  however, sys tem ic  involvement can 
o c c u r  and is f requently  fatal. Inhala tion  an th rax  (woolsor- 
t e r ’s d isease)  can  lead to h e m o rrh ag ic  m ed ias t in i t is  and 
death .

Immunity, Treatment, and Prevention
Second  a ttacks  o f  an th rax  are  rare; however, vaccines 
co m po sed  o f  kil led bacil li  a re  no t  effective. A cquired  
im m un ity  is d ue  to an t ibod ies  agains t  the capsu le  and 
toxin. T h e  d ru g  o f  cho ice  for c u tan e o u s  an th rax  is p e n 
icill in , but ch em o th e rapy  is usual ly  ineffec t ive  against 
re sp ira to ry  an th rax .  A n im al an th rax  can  be  part ia l ly  co n 
trolled by im m uniza tion  o f  an im als  w ith  attenuated  vac
c ines  and d isposa l o f  d ead  an im als  by crem ation  o r  burial.  
“ H ig h - r i s k ” h u m a n s  should  be vacc ina ted  w ith  the  p ro tec 
tive an t igen  p o r t ion  o f  the toxin.

Bacillus ce re us  

Morphology
B a c illu s  cereus  is quite  s im ila r  in cell m orpho logy  to B. 
a n thrac is . In con tra s t  to B . a n th ra c is , it is m o t i le  and 
insensit ive  to penicillin.

Pathogenicity and Treatment
T his  o rg an ism  is an  infrequently  d iagn osed  cause  o f  food 
po ison ing  in the  U nited  States. It can  cause  two dis t inc t  
c l in ica l  syndrom es.  O ne has an incubation  period  o f  4 
hours  and is charac te r ized  by severe  nausea  and vomiting. 
T he  o th e r  sy n d rom e  has a longer incubat ion  per iod  (20 
hours )  and is charac te r ized  clin ica l ly  by  d ia r rhea  and 
abd om ina l  c ram p in g .  Food po ison ing  d ue  to these  bac te r ia  
is d ue  to sp o re  surv ival du ring  cook ing  and resu ltan t spore 
ge rm ina t io n  and  en tero tox in  p roduction .  In addit ion  to 
food p o ison ing ,  B . cereus  is found  in se r ious  infections 
a ssoc ia ted  w ith  im p a irm e n t  o f  host defense  m echan ism s,  
p r im ar i ly  by  fore ign bodies ,  p ros the t ic  devices,  o r  r e 
str ic ted  b lood supply. In patients with se r io us  underly ing  
d isease  such  as leukem ia ,  overw helm ing  b ac te rem ia ,  e n 
doca rd i t i s ,  o r  m en ing it is  can  develop. C l in dam y c in  is the 
d ru g  o f  cho ice  but B . cereus  is also sensitive to e r th rom y-  
c in ,  v anco m y c in ,  and te tracycline.

Listeria m o n o c y t o g e n e s  

Morphology
L is teria  m onocytogenes  rece ives its nam e from  the s tr ik ing  
m onocy t ic  b lood reaction  (an  increase  in the  n u m b e r  o f  
c ircu la t ing  m onocy tes )  it p rodu ces  in the infected  host . It 
is a  sm all g ram -po s i t iv e  coccob ac i l lu s  tha t has a tendency 
to  g row  in sh o r t  chains .  T h e  o rg an ism  is ac tively  motile  by 
p e r i t r ich ou s  flagella .

Pathogenesis and Treatment
T h e  v iru lence  o f  L . m onocy togenes  ap pea rs  to be d epen 
dent on su ccessfu l  paras i t i sm  o f  phagocy tic  cells. In h u 
m ans ,  lis te rios is  is ch a rac te r ized  by widely  d issem ina ted  
abscesses  o r  g ranu lo m as  o f  the  liver, sp leen, and central 
n e rvo us  sys tem . M eningit is  in the  adult is the  m ost c o m 
m only  recog n ized  form  o f  listeriosis .  G en ita l  tract in fec
tion in the  gravid  w om an ,  with infection o f  the o ff sp r in g ,  is 
the  m ost charac te r is t ic  o f  the  infec tions caused  by L. 
m onocytogenes. T he  o rgan ism  can  also cause  in trau terine  
infec tions and p rem atu re  delivery. T he  fatali ty  rate is very 
h igh  in u n trea ted  ca ses  o f  sep t icem ia  and  meningitis .  
Penicill in  is the  d ru g  o f  choice.
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Gram-Positive Pyogenic Cocci: 
Staphylococci and Streptococci

D avid  С  S traus  

S taphylococc i

Morphology
Staphylococci are gram-positive, nonmotile cocci with a 
d iam eter o f  1.0 p.m. They grow in clusters on solid m edia and 
in short chains (rarely containing more than four mem bers) 
and clusters in liquid media.

Metabolism
Staphylococci are one o f  the  hard ies t  o f  all nonsporefo rm - 
ing b ac te r ia .  M ost s tra ins  are relatively heat stable, w ith 
s tand ing  tem pera tu res  as high as  60°C for 30  minutes . 
S taphylococci are faculta t ive  anaerobes  and p ro du ce  the 
en zym e  ca ta lase  that ca ta lyzes the following reaction:

2H20 2 ->  2H20  + 0 2 t

T he  two most important species o f  staphylococci are Staph
ylococcus au reu s  and  S ta p h y lo co ccu s ep iderm id is . All 
s t ra ins  o f  S taph , au reu s  p ro d uce  co agu lase ,  an en zym e  that 
clots c it ra ted  p lasm a. S ta p h y lo co ccu s ep id erm id is  does  not 
produce  coagu la se  and is o f  re latively  low pathogenic ity  
co m pared  to S taph , aureus. S ta p h y lo co ccu s au reu s  also 
ferm ents  m annito l  and p ro d u ces  lipoly tic  enzy m e s ,  which 
rend er  these  o rg an ism s  res is tan t to the  an t ibac te r ia l  l ipids 
o f  the  skin. A third  species  o f  s taphy lococc i has recently  
been gain ing  in p rom inence .  T h is  co agu la se -neg a t iv e  or
gan ism , S taph , sa p ro p h y ticu s , is a  c o m m o n  cause  o f  u r i
nary  t rac t  infections. It is second  only to E scherich ia  co li in 
its frequency  in causing  u r in a ry  trac t  infec tions in young ,  
sexually  active females. T here  are abou t  10 spec ies  o f 
coagu lase -n ega t iv e  s taphy lococc i .  T h ey  include S ta p h . 
hom inus, ca p itu s , h a em o ly ticu s , and saprophyticus.

Staphylococcal Toxins
P athogenic  s taphylococci re lease a  nu m b er  o f  different 
toxins,  such as hem olysins,  a  leukocid in ,  six  en te ro tox ins ,  
and  exfoliatin . T h e  h em olys ins  are re fe rred  to as a lpha ,  
be ta ,  g am m a ,  and  delta. T h e  a lpha  tox in ,  w hich  is der- 
m onecro tic  w hen  adm in is te red  su bcu tan eou s ly  in rabbits  
and is lethal in m ice  and rabbits  w hen  given in travenously, 
is the on ly  hem olysin  o f  c lin ical im portance .  T h e  no n 
hem oly tic  Panton-Valentine  leukoc id in  is th o u g h t  to  kill 
w hite  b lood cells  by causing  them  to degranula te .  T he  
s taphylococcal en te ro tox ins  ( type  А , В, C , ,  C 2, D, E ,  F) 
are p ro te ins  o f  3 5 ,0 0 0  mol w t that cause  em es is  and 
d ia r rh ea .  E xfolia tin  is a  protein  o f  approxim ate ly  2 4 ,0 0 0

mol w t tha t is heat stable and is responsib le  fo r  S S S S  in 
neonates ,  a lso  know n as R it te r 's  d isease. T h e  s tap h y lo c o c 
ci also p rod uce  a  toxin tha t  has been show n to  be a ssocia ted  
w ith  toxic shock  sy n d ro m e  (TSS). T h is  p ro te in  is now 
referred  to as T S S -to x in  1 (TSST-1).

Toxic Shock Syndrome
C linica l f ind ings  in T S S  are hyp o ten s ion ,  fever, scar le t-  
fever rash , desquam atio n  o f  the  sk in  on recovery , and 
m ul t isys tem  involvement in the  a bsence  o f  d issem ina ted  
infection. T h is  sug ges ts  the  involvement o f  one o r  more 
toxins. TSST-1 has been identif ied  as a m a jo r  fac to r  in the 
pa thogenesis  o f  T SS , bu t  its role is unclear. A n tibo d ies  to 
TSST-1 are p rod uced  in patients ,  and  a p p ea r  to be p ro tec 
tive, but they are  p ro d u c ed  poorly  by  w om en  recover ing  
from  m ens trua l T SS . Also, the  fac t tha t  only ap prox im ate ly  
9 0  percen t o f  the  S ta p h . aureus  s t ra in s  isolated from 
w om en w ith  m ens trua l T S S  and  85 percen t  o f  the  s tra ins  
isolated from  ind iv iduals  w ith  n o n m en s tru a l  T S S  p rod uce  
TSST-1 indicates tha t o th e r  tox ins m ay  be involved.

Enzymes and Antigens
S ta p h y lo co ccu s  a u reu s  ap pea rs  to be the  m o s t  im portan t  
o rg an ism  that p rod u ces  ex trace l lu la r  coagulase . T h e re  is 
a lso a ce l l -b ou nd  co ag u la se  tha t  is sero log ica lly  d is t inc t  
f rom  the  free coagulase .  C o ag u lase -po s i t iv e  s tra ins  e labo
rate several o ther enzym es that may be involved in pathoge
nicity (s taphylokinase, lipase, hyaluronidase, and DNAase).  
S ta p h y lo co ccu s  au reu s  s t ra ins  a lso  p rod uce  p ro te in  A , a 
sm all ,  basic  an t iph ago cy tic  pro te in  tha t reac ts  with the  Fc 
fragm en t  o f  m am m alian  IgG . S om e S taph , au reu s  s t ra ins  
a p p e a r  to p ro d u c e  c a rb o h y d ra te  a n t ip h a g o c y t i c  c a p 
sules .

Typing
Sero log ic  typ ing  o f  S taph , au reu s  has proved  to be quite 
difficult because  o f  the prevalence  o f  ■dnh-Staph. aureus  
an tibodies .  M ost typ in g  labora to r ies  use the  less difficult 
p rocedure  o f  p hage- typ ing  o f  S taph , a u reu s  s tra ins .  S u s 
pensions  o f  the phage  a re  d iv ided  in to  five host ran ges ,  and 
single  d rops  o f  these  su spensions  are p laced  on plates 
heavily  seeded  w ith  S taph , aureus. C lea r  zo nes  o f  lysis 
indicate  phage  susceptibility .

Pathogenicity
T h e  m ost no tew orthy  aspec t o f  s taphy lococca l  d isease  is 
suppura tion .  M uch  o f  the local ized  tissue  d am ag e  is i r re 
vers ib le ,  and sca r r in g  can  resu lt .  S taphy lococca l  sep t ic e 
m ia  is a  l i fe -th reaten ing  d isease , and w e are qu ite  fo r tuna te  
tha t only rarely does  th is  o rg an ism  b re ak  th rou gh  the 
local iz ing  barr ie rs  and invade the  lym phatics  and  b lo od 
s t ream . Invasive in fections, however, d o  occur,  m os t  often
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as a result o f  com plica t ions  o f  acciden ta l  t rau m a  and 
chronic  deb il i ta t ing  d iseases.

Virulence o f  Staph,  aureus

S ta p h y lo co ccu s  au reu s  is tho ug h t  to be d ec ided ly  more 
v iru len t than  S taph , ep id erm id is  for a variety  o f  reasons: 
( I )  S tap h , au reu s  is m ore  res is tan t to p hagocy tos is  than is 
S taph , ep id erm id is  (only S taph , au reu s  p ro d u ces  pro te in  A 
and  capsu le ) ;  (2) as m uch  as  5 percen t o f  a popula t ion  o f  
S taph , au reu s  can  su rv ive  in ph agocy tic  cells, w hereas  
S taph , ep id erm id is  can no t;  (3) on ly  S taph , aureus  p roduces  
a lp ha  toxin; (4) only S taph , a u reu s  can  p ro du ce  s taph y lo 
coccal en te r i t is  w hen  the o rg an ism  invades the bowel wall 
o f  patien ts  w h ose  no rm al f lo ra  has been depressed  by 
an tib io t ics ;  and  (5) on ly  S taph , a u reu s  p rod uces  en te ro to x 
ins and s taphy lococca l  food p o ison in g ,  as well as  the toxic 
shock  syndrom e. S ta p h y lo co ccu s  ep id erm id is , however, 
can a lso  be pathogen ic  and  has been show n to  infect 
p ros the t ic  h ea r t  va lves  and veno us  ca the te rs  and to cause  
subacu te  bacte r ia l  endocard i t is .

Laboratory Diagnosis
S taphy lococc i c an n o t  be d if feren t ia ted  fro m  o th e r  g ram - 
posi t ive  cocc i on purely  m orpho log ic  g rounds .  E xudates  
should  alw ays be cu l tu red  on b lood agar  because  this  
sup po r ts  be t te r  g row th  o f  o th e r  pa thogens ,  p ro m o tes  p ig 
m en t  fo rm ation  by s tap hy lo cocc i ,  and  p e rm its  d irec t  d e tec 
tion o f  hem olysins.  S ta p h y lo co ccu s  au reu s  s t ra ins  usually  
p ro du ce  a golden-yellow  p ig m en t ,  but p igm en t p roduct ion  
alone is not an adequate  ind ica tor  o f  v irulence. T h e  proper
t ies tha t co rre la te  best w ith  p a thogen ic ity  are e labora tion  
o f  D N A ase  and  coagulase.

Immunity and Treatment
H u m a n s  have a  high degree  o f  natural re s is tance  to s taphy
lococc i.  Following se r ious  s taphy lococca l infec tion , the 
an t ibody  t i te r  o f  the  s e ru m  to S taph , au reu s  usual ly  r ises ,  
but the  p resence  o f  an t is taphy lococca l  an t ibod ies  in the 
se rum  is not a lways fully  protective. In t rea tm en t ,  one 
should  alw ays keep  in m ind  tha t S taph , au reu s  s t ra ins  that 
p ro du ce  pen ic i l l inase  o ccu r  frequently. T h erefo re ,  the  d rug  
sens it iv ity  o f  the infec ting o rgan ism  should  be d e te rm in ed  
qu ick ly  and  the  patien t trea ted  vigorously. Penic i ll inase- 
p rod uc ing  s tra ins  are res is tan t to o rd in a ry  penic i l l ins  but 
m ay  be suscep tib le  to sem isyn the t ic  penicillins.

Streptococci  

General Features
T h e  strep tococc i are ca ta lase -nega t ive  g ram -po s i t iv e  cocci 
that charac te r is t ica l ly  g row  in ch a in s  o r  as d ip lococc i.

T hey  are ap prox im ate ly  1 p.m in d iam eter .  T h ey  are capable  
o f  caus ing  a wide varie ty  o f  d iseases,  inc lud ing  “ s t r e p ” 
sore th roat,  rh eum atic  fever, scar le t fever, acu te  g lo m e ru 
lonephr it is ,  p n eu m on ia ,  too th  decay, en do ca rd i t i s ,  and 
o th e r  d iseases.

Classification
T h e  s trep tococc i are c lass if ied  sero log ica lly  o r  on  the basis  
o f  the i r  hem oly tic  react ions  on  b lood ag a r  plates. The 
a lpha-hem oly tic  s t rep tococc i p rod uce  a g reen  d is co lo ra 
tion on b lood agar  as  a result o f  incom ple te  hemolysis.  The  
b e ta -hem oly tic  s t rep tococc i cause  com ple te  des tru c t io n  of 
red b lood  cells, and the zones  a round  the co lon ies  are  clear. 
T h e  g am m a-hem o ly t ic  s t rep tococc i p rod uce  no hemolysis,  
e i th e r  w ith in  the  agar  o r  on the  surface. Serologically, the 
s trep tococc i can  be c lass if ied  on the  basis  o f  g ro u p - sp e 
c if ic  ca rbo hy d ra te  an t igens  on the i r  cell w alls  (L ancefie ld  
classification). The  various groups are designated A through
O. Table 4-3 lists m edically  im p ortan t  s t rep tococ c i  and 
som e o f  the  d is t ingu ish ing  fea tures  o f  each.

Group A Beta-Hemolytic Streptococci
T h e  g enu s-spec ies  nam e for the  g rou p  A b e ta -hem oly tic  
s t rep to coc cus  (G A S ) is S trep to co ccu s pyogenes. T h ese  are 
m edica lly  the m o s t  im p ortan t  s t rep tococc i.

Cel lu la r  A n t i g e n s

T h e  G A S o rg an ism s  are  su r ro un ded  by  a capsu le  c o m 
posed  o f  hyaluron ic  ac id .  T h is  po lysacch a r id e  surface  
an tigen  has an t iphagocy tic  p rop e r t ie s  but is not im m u 
nogenic  in hu m ans  due to its s im ila r i ty  to hum an  hy
a lu ron ic  acid. T he  G A S possess  a g roup-spec if ic  antigen 
(the g ro up  A ca rbohydra te )  in the i r  cell  wall.  T h is  an tigen  
is found in all s t ra ins  o f  Strep, pyogenes. A n tib od ies  to  this  
an tigen  are not p ro tec tive  in h um ans .  T h e  G A S also p os
sess a ce l l -w a l l -a s so c ia te d  pro te in  re fe rred  to as the  M 
pro te in ,  or  ty pe-spec if ic  antigen. In the G AS. there  are 
m ore  than  60 d if feren t sero log ic  types  based  on  the cell- 
wall M prote in . A n  M -p ro te in -co v e red  G A S has the  c a p a 
bil i ty  o f  e lud ing  p hagocy tic  cells , but a n t i -M  protein  
an t ib od y  is protective. It has recen tly  been show n that 
ad he ren ce  to b ucca l ep ithelia l  cells  o f  the upper  resp ira tory  
tract o f  h u m an s  is m ed ia ted  by the  lipo te ichoic  acids 
p ro du ced  by these  organ ism s .

E x t r a c e l lu la r  P r o d u c t s

T h e  G A S prod uce  a w ide  variety  o f  ex trace llu la r  p roducts .  
O ne o f  these, the  e ry th rog en ic  tox in ,  is responsib le  for the 
rash o b se rv ed  in scar let fever. T h e  p roduc t ion  o f  th is  toxin 
is cod ed  for by a bac te r io ph age  g en o m e  (lysogen).  as is the 
p roduc tion  o f  d ip h the r ia  toxin by C o rynebac terium  d ip h 
theriae. T h e  G A S p ro du ce  tw o hem olysins ,  ca lled  s t rep 
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Table 4-3 M edically  I m p o r t a n t  S trep tococc i

Species Lancefie ld  g ro u p H em olysis I m p o r t a n t  f a c t s  a b o u t  s t r e p to c o c c i

Streptococcus pyogenes A B e ta M -p ro te in  a n t ip h a g o c y t i c  s t r u c tu r e ;  h y a lu r o n ic  a c id  

a n t ip h a g o c y t i c  s t r u c tu r e ;  h ig h ly  s e n s i t iv e  to  

p e n ic i l l in ;  6 0  s e r o ty p e s

Streptococcus agalactiae В B e ta C a r b o h y d r a te  a n t ip h a g o c y t i c  c a p s u le ;  l e a d in g  c a u s e  

o f  n e o n a ta l  g r a m - p o s i t iv e  b a c t e r i a l  m e n in g i t i s ;  6  

s e r o ty p e s

Streptococcus zooepidemicus, equi, 
equisimilis, dysgalactiae

С B e ta H y a lu ro n ic  a c id  a n t ip h a g o c y t i c  s t r u c tu r e ;  g r o u p  С  

s t r e p to c o c c i  a re  im p o r ta n t  c a u s e s  o f  a n im a l  

d i s e a s e  a n d  a r e  n o t in f r e q u e n t ly  a s s o c ia t e d  w ith  

h u m a n  d i s e a s e s

Enterococcus (Streptococcus) 
faecalis

D A lp h a ,  b e t a ,  o r  

g a m m a

N o rm a l  f lo r a ;  in f e c t io n  r e s u l ts  f r o m  in v a s io n  b y  

n o r m a l  f lo r a ;  f r e q u e n t ly  a s s o c ia t e d  w ith  

e n d o c a r d i t i s ,  u r in a r y  a n d  b i l a r y  t r a c t  in f e c t io n s

Streptococcus pneumoniae N o n e A lp h a C a r b o h y d r a te  a n t ip h a g o c y t i c  c a p s u le ;  im p o r ta n t  

c a u s e  o f  b a c t e r ia l  lo b a r  p n e u m o n ia ;  8 0  d i f f e r e n t  

s e r o ty p e s

V ir id a n s  s t r e p to c o c c i  

( in c lu d e s  Strep, mitis, mutans, 
salivarius, MG intermedius)

N o n e A lp h a N o rm a l  f lo r a  o f  th e  u p p e r  r e s p i r a to r y  t r a c t ;  n o r m a l ly  

n o n p a th o g e n ic ;  c a n  in f e c t  th e  e n d o c a r d iu m  fo llo w 

in g  r h e u m a t ic  f e v e r  a n d  c a u s e  s u b a c u te  b a c t e r ia  

e n d o c a r d i t i s  ( S B E ) ;  im p o r ta n t  c a u s e  o f  S B E

to lysins S and O. S trepto lysin  S is responsib le  for beta 
hem olysis  obse rved  on b lood agar plates. It is stable in air 
and is not im m un og en ic  in hum ans. S trepto lysin  О  is 
inactivated  by the p resence  o f  m olecu la r  oxygen. It is 
im m unogen ic  in h um an s  and an ti-s trep to lysin  О  (ASO) 
an tibodies  are n o rm ally  found  in the sera  o f  those  ind iv idu
als recover ing  from  a G A S infection. T h e  G A S also p ro 
duce  a s t rep tok inase  that p rom o tes  lysis o f  hum an  blood 
clots and  a  hya luron idase  tha t is referred  to as the  “ sp read 
ing factor.”

S t r e p t o c o c c a l  D isea se

T h e  d iseases  p rod uced  by  the  G A S can  be d iv ided  in to  two 
d is tinc t  groups: suppura tive ,  or  pus fo rm ing ,  and n o n su p 
pura t ive  sequelae. T h e  suppura tive  d iseases  inc lude  s t rep 
tococcal pharyng i tis  and all suppura t ive  com plica t ions , 
such as  o ti tis  m ed ia ,  ce rv ica l  aden it is ,  m as to id it is ,  p e r i 
tons il la r  abscesses ,  m ening it is ,  p neu m o n ia ,  and pe r i to n i
tis. A lso  included  in th is  ca te g o ry  are  puerpera l  sepsis, 
ce llu li t is ,  im petigo ,  and erys ipe la s .  Scarle t  fever occurs  as 
a com plica t ion  o f  G A S disease. H yalu ron ic -ac id  capsu le  
and M  pro te in  play a co m bin ed  an t iphagocy tic  role in 
pa thogenesis .  T h e  nonsupp u ra t iv e  sequelae are d isease  
s ta tes tha t exis t a f ter  the p r im ary  G A S infection has been 
resolved. T h e  tw o  m o s t  im portan t  no nsuppura tive  se 
quelae  are acute  g lom eru lon eph r i t is  (A G N ) and  rheum atic  
fever (RF). Acute g lom eru lon eph r i t is  results  f rom  infec
tions caused  by a lim ited  n u m b e r  o f  GAS types. T he

m ajo ri ty  o f  nephri togen ic  s tra ins  are type  12; o thers  in 
c lude  types 1 ,4 ,  6 , 4 9 ,  and 52. A cu te  g lo m eru lo n ep h r i t is  is 
charac te r ized  by h em a tu r ia ,  e d em a ,  and  hypertens ion .  
T h e se  sy m p to m s  usual ly  app ea r  ab o u t  a w eek  a f te r  the  
o nse t o f  the G A S infection . A cute  g lo m eru lon eph r i t is  is 
tho ug h t  to be an a u to im m u n e  d isease , and the resu lt ing  
in f lam m ato ry  re sponse  is p robab ly  d ue  to the  f ixa tion  o f  
com plem ent .  R h eu m at ic  fever, on the  o th e r  h a n d ,  m ay 
follow p h aryn gea l  infection by any type  o f  G AS. R h e u m a t
ic fever is a  sy n d ro m e  ch a rac te r ized  by card i t i s ,  a r th r i t is ,  
c h o rea ,  and e lec tro ca rd io g rap h ic  abnorm ali t ies .  B e g in 
ning in 1984, there  was a resu rgen ce  o f  R F  in the  U.S. It 
appears  possib le  tha t  there  m ay  in deed  be specific  rh e u 
m atic  s t ra ins  responsib le  for these  o u tb reak s ,  bu t  the 
s ign if icance  o f  th is  is unclear. T h e  la tent pe r io d  betw een  
the onse t  o f  the  acute  G A S p hary ng i t is  and  the  sy m ptom s 
o f  R F  is usual ly  2 to 3 w eeks. It is not c lea r  how  im m u 
nologic  reac t iv i ty  to s t rep tococca l p rod uc ts  cau se s  the 
recu r ren t  c a rd iac ,  jo in t ,  and skin lesions, but im m un o lo g ic  
c ross  reac t ions  have been  d e sc r ibed  be tw een  s t rep tococca l 
an tigens  and h u m an  h ea r t  t issue.

I m m u n i t y  t o  GAS Disease

O nly  a n t i -M  pro te in  an t ib od y  is p ro tec t ive  aga ins t  the 
GAS. No ind iv idual is likely to b e co m e  im m u n e  to all 
g rou p  A  s t rep tococca l ty p es  because  there  are  60  k inds . 
O n ly  a  few types  o f  G A S are nephri togen ic ;  there fo re ,  an 
initial a t tack  o f  AGN great ly  red uces  the  p ro bab i l i ty  o f  a
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second  attack . However, a w ide  variety  o f  strep tococcal 
ty p es  m ay  cause  RF. T h ere fo re ,  an initial a t tack  o f  R F  does 
not redu ce  the  p robab ili ty  o f  a second  attack . Im m un i ty  to 
scar le t  fever is a ssocia ted  with the p resence  o f  an t ie ry th ro -  
gen ic  toxin an tibodies .  S ince  there  are th ree  im m unolog i-  
cally  d is t inc t  e ry th ro g en ic  toxins,  second  a ttacks  o f  scarlet 
fever are possible.

L a b o r a t o r y  D iagnos i s ,  
T r e a t m e n t ,  a n d  P r e v e n t i o n

S uspec ted  G A S isolates are  plated on  b lood conta in ing  
agar, and the p la tes  are exam in ed  for beta-hem olysis .  
D iagnos is  is faci l i ta ted  by  the fact tha t G A S are more 
sens it ive  to  the  an tib io t ic  b ac i t rac in  th an  are  o th e r  g roups  
o f  s t rep toco cc i .  We are fo r tuna te  tha t G A S  are am ong  the 
m ost suscep tib le  o f  all p a thogen ic  bac te r ia  to the  action  o f  
an tim icrob ia l  d ru g s ,  with  penic i l l in  being  the  d ru g  o f  
choice. F o r  prevention  o f  G A S infections, penicill in  is 
o ften  g iven  continua lly  in sm all  doses  to  patien ts  with RF. 
Additionally , penic i l l in  is used  to e rad ica te  nephri togenic  
G A S from  the  fam il ies  o f  patients with  AGN .

Beta-Hemolytic Streptococci o f Other Groups
T h e  g ro up  В s t rep tococ c i  (S trep to co ccu s a g a la c tia e )  are 
now  know n to be an im po rtan t  cause  o f  neonata l disease. 
T hey  are d iv ided  in to  six se ro ty pes  ( la ,  I b /c ,  l a / c ,  II ,  II I ,  
and  IV ) by  v ir tue  o f  carb o hy d ra te  type-spec if ic  antigens. 
S ix ty  percen t o f  all g ro u p  В strep tococca l neonata l in fec
tions are caused  by  se ro type  III .  A n t ib o d ie s  to  these  
carb oh yd ra te  an t igens  are protective. G ro u p  В strep tococc i 
c an  cause  “ early -o nse t” d isease , w h ich  occurs  w ith in  sev
era l days  p o s tp a r tu m  w here  there  is an associa tion  with 
sepsis ,  lung involvem ent ,  and m eningit is .  “ L a te -onse t"  
d isease  o ccu rs  a f te r  a w eek  and  up to a m on th  p o s tp a r tu m . 
T h is  sy n d rom e  is p r im ar i ly  a ssoc ia ted  with m eningitis .  
S trep tococca l s t ra in s  o f  g rou ps  С ,  E ,  G , H , K . and О  are 
a lso  be ta -hem oly tic  and  can  o ften  be iso lated  from  the 
resp ira to ry  trac t ,  but these  s tra ins  are  rarely  pa thogen ic  for 
hum ans .  P robably  the  m os t  im po rtan t  o f  these  stra ins ,  
medically , are the g rou p  С  s trep to coc c i .  T h e  spec ies  m ost 
o ften  involved w ith  h u m an  infections is S trep tococcus  
eq u is im ilis . It has  been  show n to be  an in frequent cause  of 
p n eu m o n ia ,  p ha ry ng i t is ,  and b ac te rem ia  in hum ans.

Viridans Streptococci
O ften  re fe rred  to  as the  a lpha -h em o ly t ic  s trep to cocc i ,  
v ir idans  s trep tococ c i  inc lude  such o rg an ism s  as S trep 
to co ccu s m itis , m u ta n s, sa n g u is , and  sa liva riu s. T hey  have 
a re latively  low deg ree  o f  v iru lence  and often  co lon ize  the 
u pp er  re sp ira to ry  t rac t  w ith in  the  first few hours  af ter  
b ir th .  Unlike the p n e um oco cc i  (S trep to co ccu s p n e u m o 

n iae), they  are ne i th e r  bile so luble  nor  sens it ive  to  eth- 
y lhy d ro cu p re in e  (op toch in).  T h ey  are  the  leading cause  of 
subacu te  bacte r ia l  en do ca rd i t i s ,  an infection o f  a  ser ious 
nature  g reatly  en h an ced  by the d if f icu l ty  en cou n te red  in 
trea tm en t .  S ubacu te  bacte r ia l  end oca rd i t i s  results  from the 
co lon iza tion  and infection o f  an endocard ia l  su rface  a l
ready  d am ag e d  by R F  or congenita l  heart  disease.

Pneumococcus (Strep, pneumoniae)

Pneumococcal organism s are encapsulated, lancet-shaped, 
gram-positive, a lpha-hemolytic diplococci. They have been 
in the past and con tinu e  to be ex trem ely  im p ortan t  pa th o 
gens.

M o r p h o l o g y

In sp u tu m , pus ,  serous flu id ,  and body tissue, Strep, 
p n eu m o n ia e  may be found in shor t  cha in s  and  occasionally  
as ind iv idual cocc i .  It is no rm ally  gram  posi t ive  up  to and 
inc lud ing  the exponentia l  phase o f  g ro w th ,  but eventua lly  
beco m e s  g ram  negative, as  a result o f  the  p roduc t ion  o f  
auto ly tic  enzym es.  A u to lys is  is s t im ula ted  by  surface-  
active agen ts  such as bile salts, and th is  test for bile 
so lubil ity  is useful in iden tify ing  the  pneu m o coc c i .

A n t i g e n i c  S t r u c t u r e  a n d  
P a t h o g e n i c  Role o f  t h e  C a p s u le

M ore than 80 sero log ica lly  d if feren t types  o f  Strep, p n e u 
m on iae  have been identif ied  by  the i r  d is t inc t  po ly sac 
cha r ide  capsule .  P n eu m oco cca l  capsu les  are  co m p osed  o f  
large po lysacchar ide  po lym ers  that fo rm  h ydroph i l ic  gels 
on the  su rface  o f  the bac te r ia .  O n ly  sm o o th  o r  e n c a p 
su la ted  s trains  are pathogen ic  for hum ans .  A ctive  o r  p a s 
sive im m un iza t ion  agains t  a  specific  po lysacch a r id e  c a p 
su la r  an tigen  p ro d u ces  a high level o f  p rotec tion . V iru lence  
has been show n to be re lated to c ap su la r  size, and the type  3 
o rg an ism ,  w hich  p rodu ces  the largest capsu le ,  is the m ost 
v iru len t .  T h e se  cap su les  are th o ug h t  to act as v iru lence  
fac to rs  because  they im pede  phagocytos is .

P a t h o g e n e s i s  o f  P n e u m o c o c c a l  P n e u m o n i a

A pprox im ate ly  4 0  percent o f  no rm al adu lts  c a r ry  Strep, 
p n eu m o n ia e  in th e i r  throats.  However, we are fo r tuna te  that 
e p id em ics  o f  p n eu m o co c ca l  p n eum o n ia  rarely occur. T his  
is no d o ub t  due  to the defense  b a r r ie rs  o f  the lower 
resp ira to ry  trac t .  T h e se  inc lude the  epiglo tta l  ref lex , the 
s t icky  m u cus  l in ing the  airway, the  cil ia  o f  the  resp ira to ry  
ep i th e l iu m , the cough  ref lex , the  lym phatics  that d ra in  the 
te rm ina l  bronchi and bronchioles ,  and  the  a lveo la r  m a c ro 
phage. However, w hen pn eu m o co c ca l  p n e um on ia  deve l
ops ,  it usual ly  follows som e p red ispos ing  factor, such as  a 
viral infection (e .g .,  a cold  o r  t r au m a  to the throat).
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I m m u n i ty

T ype-specif ic  an t icapsu la r  an tibody  is not dem o ns trab le  
until the  fifth  o r  six th  day following infection. Fortunately, 
70 percen t o f  all un trea ted  patients g o  on to com plete  
recovery. R ecurren t a ttacks are usually  due  to infection by 
a new  serotype.

L a b o r a t o r y  D iag n o s i s

P n eu m oco cca l  p n e um on ia  is rapid ly  dem on s trab le  by a 
G ra m ’s stain o f  the sp u tum . T h e  spu tu m  should  a lso  be 
cu ltu red  on blood agar  for conc lus ive  identif ication. P n eu 
m ococc i  a re  o ften  confused  w ith  the  v ir idans  s t rep tococc i,  
but can  be d if feren t ia ted  from these  o rg an ism s  by the ir  bile 
so lubil ity  and O p to ch in  sensitivity. T he  p n eu m oco cc i  can 
also be identif ied  by the quellung  reac t ion ,  in w hich  the 
cells  are suspended  in hom olog ou s  ty pe-spec if ic  an t i
s e ru m , w hich co m b in e s  with the  ca p su la r  po lysaccharide  
and renders  it v isible u n der  the  light m icroscope.

T r e a t m e n t  a n d  P r e v e n t i o n

Penicill in  is the d ru g  o f  cho ice  in the trea tm en t  o f  p n eu 
m ococca l p n e um o n ia ,  w hile  seco nd ary  cho ices  include 
e ry th ro m y c in  and l incom ycin .  P rophy lac tic  m easu res  are 
rarely indicated; however, im m uniza tion  with ty p e -sp e 
c if ic  p o lysaccharide  is useful in c losed  co m m u n it ie s  w here 
the like lihood  o f  an ep idem ic  m ight exist.

Neisseriaceae___________________
Rial D. R o lfe

N eisseria  is one  o f  five g ene ra  inc luded  in the  N eisser ia 
ceae. T he  o th e r  genera  inc luded  in this  fam ily  are B ranha- 
m ella , K in g e lla , M o raxe lla , and A c in e to b a c te r . N eisseria  
are aerob ic ,  sm a ll ,  g ram -n ega t iv e  cocc i that are nonm otile  
and nonsporeforming. They characteristically grow in pairs 
w ith  ad jacen t s ides f la ttened. T he  two p rinc ipa l pa thogens  
o f  the genus are N eisseria  g o norrhoeae  (gono co ccus )  and 
N eisseria  m en in g itid is  (m eningococcus) .  T h is  gen us  also 
includes relatively  nonpa tho gen ic  species  (N eisseria  f la -  
vescens, m ucosa , su b fla va , and sicca )  tha t are  frequently  
part  o f  the n o rm a l f lo r a  and may be c o n fu sed  w ith  m en 
ingococc i and  gon oco cc i .  D espite  the ir  lack o f  general 
pathogenicity ,  these  species  occas iona lly  cause  d isease  
(e .g ., endocard i t i s  and  meningitis).

N eisseria  species  can  be d if feren t ia ted  by a varie ty  o f  
tests. T h e  inabili ty  o f  N. gonorrhoeae  and N. m en in g itid is  
to g row  at 2 2°C  and the ir  fas tid ious  nutr ien t  requ irem ents  
d is t inguish  these  tw o species  from  m ost o f  the “ no n 
pathogen ic” species  o f  N e isseria . T h e  d is t inc tion  between 
N. gonorrhoeae  and N. m en in g itid is  usual ly  is based  on the

m etabo lism  o f  ca rb o h yd ra tes . N e isseria  m e n in g itid is  p ro 
duces  acid from  b o th  g lucose  and m altose , w hereas  N. 
gonorrhoeae  p ro d u ces  ac id  f rom  g luco se  only. All species  
o f  N eisseria  con ta in  high levels o f  cy tochrom e o x id a se  and 
ca ta la se .

Neisseria g o n o r r h o e a e  

Epidemiology
G o n o rrh ea ,  the  m ost c o m m o n  repor tab le  in fec tious  d is 
ease  in the United  States, is a lm o s t  a lw ays venerea lly  
t r an sm it ted  and o rd ina r i ly  p rod uces  a  m ild  infec tion  at the 
si te  o f  inocula tion . N eisseria  g o norrhoeae  m ay  a lso  be 
transm it ted  by  o ra l-g en ita l con tac t  (p ha ryn gea l  gon o r
rhea) and rec ta l in te rco u rse  (rectal gono rrh ea ) ,  bo th  o f  
w hich  are prevalent am ong  h om osexua l  men. T he  m a jo r i ty  
o f  ind iv iduals  with  ph a ryn gea l  o r  rectal g o n o rrh e a  are 
a sym ptom atic .

Pathogenic Mechanisms
N eisseria  g o norrhoeae  p ro d u c es  several v iru lence  factors. 
All pa thogen ic  s tra ins  o f  N. g o norrhoeae  a re  p il ia ted , 
whereas the nonpathogenic strains lack these surface s truc
tures. P ili aid in the  a ttach m en t o f  gon oco cc i  to hum an  
m ucosa l su r faces  and also inhibit p hagocy tos is .  A n o th e r  
g on oco cca l  su r face  con s t i tuen t  that p ro m o te s  ad h e ren ce  is 
the ou te r  m em b ran e  pro te in  P II. All g o n o co cca l  s t ra ins  (as 
well as  m en ing oco cca l  s t ra ins) p ro du ce  ex trace l lu la r  p ro 
teases that inactivate  the  Ig A l  su b c lass  o f  IgA  by sp ec i f i
cally  c leaving the  im m u n og lo bu lin  heavy  chain . S ince  IgA  
is the  m a jo r  im m u n og lo bu lin  on m uco sa l  su r faces ,  this  
en zy m e  enables  the gon oco cc i  to  evade the  e ffec ts  o f 
secre to ry  antibody. T h e  g on o co ccu s  a lso  p ro d u ces  a  c y to 
tox ic  fa c to r  tha t d a m a g e s  cil ia ted  ep ithelia l  cells. T he  
endo toxin  o f  N. g o norrhoeae  is p robab ly  responsib le  for 
m uch  o f  the  toxicity  associa ted  w ith  this m ic ro o rg an ism .

Clinical Manifestations
T h e  site  o f  p r im a ry  infection in w om en is usua l ly  the 
cerv ix , and the m a jo r i ty  o f  infected  w om en are  a sy m p 
to m a tic . S om e w om en may develop  sa lp ing i t is ,  pelvic 
peri ton i t is ,  and o th e r  local com plica t ions  from  ascend ing  
genita l infec tions o r ig in a t in g  at the  end o ce rv ix .  In fe r tility  
is the  m a jo r  com plica t ion  o f  a scend ing  genita l infection in 
wom en. T h e  p r inc ipa l  site  o f  p r im a ry  infection in m en  is 
the u re th ra , and grea te r  than 90  percen t o f  in fec ted  m en are 
sym p to m a tic  w ith  p uru len t  ure thra l  d ischa rg e  o r  dy su r ia .  
G o n oco cca l  infection m ay sp read  by d irec t  extension  from 
the m ale  u re th ra  to p roduce  p ros ta ti t i s ,  u re thra l  s tr ic tu re ,  
and ep id idym itis .
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G on oco cc i  infec ting  the  gen ita lia ,  p ha ry n x ,  o r rec tum  
may invade the  b loo ds tream  and be ca r r ie d  to various parts  
o f  the body  to g ive rise to a variety  o f  sy nd rom es  co l lec 
tively ca lled  d is se m in a te d  g o n o co cca l in fec tion  (D G I). 
T he  gono cocc i  invading the b lo od s tream  usual ly  share 
ce r ta in  ch a rac te r is t ic s  (D G I b io ty p e ) , w hich  inc lude  re s is 
tance to k il ling  by s e ru m , sensit iv ity  to pen ic i l l in ,  and 
fas tid ious  g row th  requ irem en ts .  T he  tw o m os t  co m m o n  
clin ica l  m anifes ta tions  o f  DGI are  acu te  septic  a r th r itis  and 
d erm a titis . T h e  skin lesions associa ted  w ith  gonococca l 
de rm a ti t i s  are typ ica lly  few in nu m b er  and  located  on  the 
dis tal dorsa l  su r faces  o f  the w ris ts ,  e lbow s, and ankles. 
Additional complications o f  DGI include perihepatitis  (Fitz- 
Hugh-C urtis  syndrom e),  end oca rd i t i s ,  m yocard it is ,  g lo 
m eru lon eph r i t i s ,  and meningitis .

In add it ion  to venereal t ran sm iss io n ,  N. gonorrhoeae  
may  be transm itted  by nonsexual con tac t .  G onorrheal 
o p h th a lm ia  o f  the new b orn  o ccurs  w hen  the  eyes o f  n e o 
nate are  infected  d u r in g  passage  th rough  the b ir th  canal .  
T h is  d isease  w as once  a  c o m m o n  cause  o f  b lindness in the 
United  States, but is largely prevented  today  by  the ins ti l la 
tion o f  1% silv e r  n itra te  (C rede ’s p roced u re )  o r an ery th ro -  
m y с  in -co n ta in in g  o in tm en t  in the  conjuct iva l  sac o f  the 
infant shortly  a f te r  b ir th .  N eisseria  gonorrhoeae  can  also 
cause  puru len t  con ju n c tiv itis  in adults  following direct 
inocula tion  o f  the  con junc t iva .  G o n o cocca l  vu lvovag in itis  
in p repubescen t  g ir ls  is transm it ted  by the  use o f  com m on 
bed linens, b a th tubs ,  to ile ts ,  and o th e r  inan im ate  objects. 
T he  d isease  usua l ly  is se lf- l im ited  but occas iona lly  p ro 
g resses  to invasion o f  the  fa l lopian  tubes  or to  peri ton i t is .  
N eisseria  gonorrhoeae  vaginal infection is not seen af ter  
the  onse t  o f  pu b e r ty  b ecause  the vaginal ep i the l iu m  b e 
co m es  res is tan t to infection w ith  gonococc i .

Diagnosis
T he  labora to ry  d ia g n o s is  o f  g o n oco cca l  infection is based 
p r im ar i ly  on the  iden tif ica t ion  o f  N. gonorrhoeae  in in
fec ted  s i tes  by m icroscop ic  exam ina t ion  and by  culture. 
T h e  f inding o f  g ram -n ega t ive  d ip lococci w ith in  or c losely  
a ssoc ia ted  with p o lym orphonuclear leu ko cy te s  in purulent 
ure thra l  exudate  strongly  su gg es ts  the  d iagnos is  o f  gonor
rhea  in men. However, a s im ilar  f ind ing  in exudates  from 
w om en is o f  lim ited  d iagn os t ic  value because  the G r a m ’s 
stain is o ften  falsely negative  in w om en. To c on f i rm  the 
g r a m ’s stain o r  to estab lish  the d iagnos is ,  N. gonorrhoeae  
m us t  be isolated and iden t if ied . M ater ia l  for cu ltu re  should 
be ob ta ined  f rom  the p h a ry n x ,  anorecta l  a rea ,  and u ro g e n i
tal tract. B lood should  also be  ob ta ined  for cu ltu re  w hen 
g o n o co cce m ia  is su sp ec ted .  M ater ia l  from  sites  that are 
n o rm ally  s terile  (e .g .,  b lood ,  jo in t  flu id , and spinal fluid) 
is cu ltu red  on nonse lec tive  m ed ia  such as choco la te  agar  
con ta in ing  added  g lucose  and o th e r  defined  supplem ents .

C hoco la te  agar  is p repared  by heating  blood agar  to release 
hem oglobin .  S pec im ens  from  sites that ha rb o r  a norm al 
flora (e .g . ,  re c tu m  and ph a ry n x )  are cu ltu red  on Thayer- 
M artin  m ed iu m , w hich  con ta ins  an tib io t ics  (vancom ycin ,  
co l is t in ,  nys ta tin ,  and t r im e th ro p r im )  to inhibit the  g row th  
o f  m icroo rgan ism s  o th e r  than  N. g o norrhoeae . All m ed ia  
are incubated  at 37°C u n der  an a tm osph ere  o f  increased 
carbo n  diox ide  tens ion. Identif ication  o f  N. g o norrhoeae  is 
p e rfo rm ed  by carb oh yd ra te  fe rm en ta tion  and fluorescent-  
an tibody  stain ing.

Treatment
S tandards  for t rea tm en t o f  go nococca l  infection are revised 
regularly. For u ncom plica ted  infec tions o f  m ucosa l sur
faces,  ce ftr ia zo n e  is now the  trea tm en t  o f  choice. A lternate  
therapeu tic  agen ts  include cefox itin ,  sp ec t in o m y c in ,  tri- 
m e th o p r im -su lfam eth ox azo le ,  c ip ro floxac in ,  and cefurox- 
ime. S im u ltaneo us  t rea tm en t  o f  C hlam yd ia  trachom a tis  
with te tracyc l ine  is r e c o m m en d e d  s ince  m ixed  infections 
are  com m o n .

Neisseria m e n ing i t id is  

Epidemiology
M eningococca l d isease  o ccurs  bo th  sporad ica l ly  and as 
la rge-sca le  ep idem ics  th rou gh ou t  the  w orld . T he  peak 
incidence  o f  N. m en in g itid is  infec tions is in ch ildren  b e 
tw een  the ages o f  6 m onths  and 24 m on th s  o f  age. T he  only 
know n rese rv o ir  o f  m en ingococca l infection is the  n a 
so ph aryn x  o f  hum ans .  M en ingococc i are t ransm itted  from 
person  to person by a irborne  drop le ts  o f  n asopharyngea l 
secretions.

Pathogenic Mechanisms
N ine sero  g roups  o f  N. m e n in g itid is , d es igna ted  А , В , C ,  D, 
X . Y, Z ,  W-135, and 29 -E ,  have been identif ied  on the basis  
o f  im m u no log ic  spec if ic i ty  o f  c ap su la r  po lysaccharides .  
O rg an ism s  in g roups  A . B , and  С  are  m os t  often  resp on s
ible for c lin ica l ly  recogn ized  disease. T he  c ap su la r  poly
saccha r ides  co n tr ibu te  to the  invas iveness  o f  N. m in in g iti-  
d is  by  inh ib it ing  p h a g o cy to s is . P ro tec tive  a n tib o d ies  are 
d irec ted  ag a ins t  the  c ap su la r  po lysaccharide . N eisseria  
m en in g itid is  endo toxin  causes  fever and sho ck ,  and  has 
been  im plicated  in the v ascu la r  d a m ag e  co m m o n ly  seen in 
m en in go coccem ia .  All s t ra ins  o f  every  N. m en in g itid is  
se ro g ro up  produce  an Ig A l  p ro tease  that is excre ted  into 
the  ex trace l lu la r  env ironm ent .  T h e  ab il i ty  o f  N. m en 
in g itid is  to u ti l ize  tra n sfe rr in -b o u n d  iron  as  a  sole iron 
source  has  a lso  been im plica ted  as  a v iru lence  fac to r  since 
no npa thogen ic  N eisseria  spec ies  lack the ab il ity  to use iron 
from  transferr in .
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Clinical Manifestations
U pon reach ing  a suscep tib le  host ,  the m en ingococc i  loca l
ize in the n aso p h a ry n x  and multiply. D isease  develops in 
few individuals  co lon ized  with N. m en in g itid is  because  o f  
the h igh  degree  o f  natural im m un ity  in the  general p o p u la 
tion. T h e  incidence  o f  n a tu ra l im m u n ity  inc reases  with  age 
and this accoun ts  for the g rea te r  prevalence o f  d isease  in 
child ren  than in adults. A sy m ptom at ica l ly  co lon ized  indi
v iduals  may se rv e  as rese rvo irs  in t r an sm it t in g  the  d isease  
to suscep tib le  hosts. W h en  N. m en in g itid is  invades the 
b loods tream , it results  in a sp ec tru m  o f  d iseases ,  ranging 
from  benign  transient bac te rem ia  to a fu lm ina t ing  acute 
sys tem ic  infection acco m pan ied  by  high fever, sh ock ,  
w idespread  purp u ra ,  d issem ina ted  in travascu lar  co a g u la 
tion, adrenal insufficiency, and rap id  dea th  (W aterhouse- 
F riderichsen  syndrom e).  D issem ina tion  o f  m en ingococc i 
via the  b loods tream  can  resu lt  in m etas ta tic  lesions in 
various  a reas  o f  the body, such as the sk in ,  m eninges ,  
jo in ts ,  eyes, and lungs. T h e  clin ica l  m anifes ta tions  vary 
depend ing  on the  site o f  co lonization . T h e  m ost com m on 
clin ica l  m anifes ta tion  o f  m en in go coccem ia  is a  pe techial 
sk in  lesion  tha t  develops on the  t ru nk  and low er port ions  o f  
the body. T he  tw o  m o s t  f requent com plica t ions  o f  m e n 
ingococcem ia  are a rth r itis  and  m en in g itis .

Diagnosis
S p ec im en s  o f  b lood , ce reb rosp ina l  flu id , and  n a so p h a ry n 
geal secre tions should  be ex am in ed  for the p resence  o f  N. 
m en in g itid is  in cases  o f  suspec ted  m en ingococca l disease. 
A dditional s i tes  from  w hich the m en ing oco ccus  may be 
isolated inc lude  jo in t  f lu id ,  trans trachea l aspirates ,  p e r i 
cardia l f lu id ,  and skin petechiae. A  tentative d iagn os is  o f  
m en ing it is  d ue  to N. m en in g itid is  can  be m ade  by d e m o n 
stra ting  the p resence  o f  in trace l lu la r  g ram -nega t ive  di- 
plococci in sm ears  o f  cereb ro sp in a l f lu id .  T h e  sam e m ed ia  
and incuba ting  cond it ions  used in the  isolation o f  N. 
gonorrhoeae  are used in the  isolation o f  N. m en in g itid is . 
C o un te rcu r ren t  Im m unoelec trophores is ,  latex a g g lu t in a 
t ion , o r  coagg lu t ina t ion  em ploying  s taphy lococcus  with 
pro te in  A  can be used to detec t  m en ingococca l po ly sac 
charide  in sp ec im ens  such as  ce reb rosp ina l  f lu id ,  synovial 
flu id , and urine.

Treatment
P enicillin  is the an tim icrob ia l  agen t o f  cho ice  in the t rea t
ment o f  patients w ith  m en ingococca l  disease. Patients 
a llergic to penicill in  are  trea ted  effec tive ly  with spec- 
t in om y c in  o r  te tracycl ine . C hem oprophy lax is  is effec tive  
in d is ru p t in g  the sp read  o f  m en in go cocca l  infection in 
c losed  env ironm ents  by e l im ina ting  the  o rg an ism  from  the 
u pp er  resp ira tory  t rac t  o f  a sym p to m atic  ca rr ie rs .  Pen
icill in , however, is u nsa t is fac to ry  fo r  the prophy lac tic

t rea tm en t o f  carr iers .  R ifa m p in , m ino cyc l in e ,  and the  su l
fonam ides  effec tively  e lim ina te  m en in g o co cc u s  from  the 
n aso ph aryn x .

V accination  w ith  puri f ied  g ro up -spec if ic  m en ing oco cca l  
ca p su la r  p o lysa cch a rid e  is an e ffec t iv e  m eans  o f  p reven t
ing ep idem ics  o f  N. m en in g itid is  infec tion  and  reduc ing  the 
c a r r ie r  state. G ro u p  A , C ,  Y, and W-135 m en ing oco cca l  
vacc ines  are licensed  and available. T h e  vacc ine  d o es  not 
con ta in  the g ro u p  В po lysacch ar id e  because  it is poorly 
im m u no gen ic  in hum ans .

O t h e r  G e n e ra  in t h e  Family Neisse r iaceae  

Branhamella
B ra n h a m ella  is a  s ign if ican t cau se  o f  o ti t i s  m ed ia  in 
child ren  and  resp ira to ry  infec tion  in adults.

Acinetobacter
A cin e to b a c ter  spec ies  are g ram -n ega t iv e  cocco bac i l la ry  
rods that cause  d isease  chief ly  in c o m p ro m ise d ,  h o sp i
ta l ized  patients . Sepsis, p n eu m o n ia ,  and  u r in a ry  tract 
infec tions are the  m os t  f requent manifesta tions.

Small Gram-Negative Bacilli______
Rial D. Rolfe

H a e m o p h i lu s

Bacteria  belonging to the genus H aem ophilus  are a he tero
geneous group o f  small, gram -negative bacilli that are non- 
motile and nonsporeform ing. T hese  m icroorganism s are part 
o f  the hum an norm al f lo ra  o f  the upper  respiratory tract and 
oral cavity. Blood contains two factors necessary  for the 
growth o f  many H aem ophilus  species: a  heat-stable substance 
(X fac to r)  and a  heat-labile substance (V fa c to r). T he  X  factor 
has been identif ied as hem a tin , and the V  factor can  be 
replaced by N A D  o r  N AD P. T h e  internal subdivision of 
H aem ophilus  into species depends in part on  demonstrating 
the requirement for one or both o f  these grow th factors. 
Several microorganisms (e.g.,  s taphylococci) excrete the V 
factor into the surrounding environment. The ability o f 
certa in  H aem ophilus  species to grow in the im mediate  vi
cinity o f  V fac tor-producing  microorganisms on solid media 
deficient in this factor is called the sa te llite  phenom enon.

Haemophilus influenzae
E p i d e m i o l o g y

N aturally  acqu ired  H . in flu en za e  infection o c cu rs  only in 
h u m an s  and is m ore  co m m on  and m ore  se r io us  in children  
than  adults . In infants and  young  ch ild ren ,  it cau se s  acute
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T a b le  4 - 4  N o n z o o n o t ic  G ra m -N e g a t iv e  B ac te r ia

Species Prim ary m ode o f transmission Primary clinical m anifestations

Haemophilus influenzae

Haemophilus influenzae b io g r o u p  aegyptius 
Haemophilus ducreyi 

Bordetella pertussis 
Actinobacillus

Bartonella bacilliformis

Calymmatobacterium granulomatis 
Cardiobacterium hominis 
Chromobacterium

Flavobacterium meningosepticum  
Gardnerella vaginalis 
Plesiomonas shigelloides 
Eikenella corrodens 
Capnocytophaga

R e s p ir a to r y  s e c r e t io n s

I n a n im a te  o b je c ts  

S e x u a l in te r c o u r s e  

R e s p i r a to r y  s e c r e t io n s  

O p p o r tu n i s t i c  f r o m  n o rm a l  f lo ra

S a n d  fly

S e x u a l in te r c o u r s e  

O p p o r tu n i s t i c  f ro m  n o r m a l  f lo ra  

C o n ta m in a t e d  s o il  a n d  w a te r

E n v i ro n m e n ta l  c o n ta m in a n t  

G e n i to u r in a r y  t r a c t  

S u r f a c e  w a te r

O p p o r tu n i s t i c  f ro m  n o r m a l  f lo r a  

O p p o r tu n i s t i c  f ro m  n o r m a l  f lo r a

R e s p ir a to r y  t r a c t  in fe c t io n

M e n in g i t is

C o n ju n c t iv i t i s

C h a n c r o id

W h o o p in g  c o u g h

E n d o c a r d i t i s

G r a n u lo m a to u s  le s io n s

H e m o ly t ic  a n e m ia

C u ta n e o u s  le s io n s

G r a n u lo m a  in g u in a le

E n d o c a r d i t i s

N e c r o t iz in g  m e ta s ta t ic  le s io n s

D ia r r h e a

M e n in g i t i s

V a g in it is

G a s t r o e n te r i t i s

H e a d  a n d  n e c k  in fe c t io n s

P e r io d o n ta l  d is e a s e

bac te r ia l  m en ing it is  and several o th e r  ped ia tr ic  d iseases. 
In adults ,  it is p r im a r i ly  a ssoc ia ted  with chronic  p u lm onary  
disease. T h e  p rinc ipa l m ec h a n ism  o f  t ransm iss ion  is p e r 
son to  p erso n  by  the  re sp ira to ry  rou te  (Table 4-4).

P a t h o g e n i c i t y

T h e  v iru lence  o f  H . in flu en za e  for hu m ans  is d irectly  
re la ted  to capsu le  fo rm ation. T h e  p o ly sa cch a r id e  capsu le  
enab les  the o rg an ism  to resist the action  o f  com plem ent .  
Six an tigen ica l ly  d is t inc t  c a p su la r  types , d es igna ted  a 
th rough  f, have been desc r ib ed .  V ir tually  all s t ra ins  o f  H. 
in flu en za e  isolated from invasive infec tions belong to s e 
ro typ e  b, w h ereas  o th e r  s t ra ins  can  a lso  cause  d isease  but 
are usual ly  noninvasive. T h e  ty p e  b capsu le  is m ad e  up  o f  a 
po ly m er  o f  r ib ose ,  r ib ito l ,  and phosphate  (po lyribophos-  
p h a te  [P RP]). T h e  c a p su la r  ca rb oh yd ra te s  o f  H . in flu en za e  
evoke a n t ibo d ies  tha t  p ro tec t  agains t  infection. M ost adults  
p ossess  these  an t ib od ies  in the ir  b lood ,  w hereas  they  are 
usual ly  absen t in young  children . H aem oph ilu s in flu en za e  
does  not p rod uce  an exotoxin and there  is no  ev idence  that 
endo tox in  plays a s ign if ican t role in pathogenicity . Som e 
s trains  o f  H . in flu en za e  p ro du ce  an en zym e  that spec if i 
cally  c leaves I g A l .

Clinical  M a n i f e s t a t i o n s

H aem oph ilu s in flu en za e  en ters  the host by  way o f  the 
resp ira tory  tract and usual ly  p rod u ces  a sy m ptom atic  na
sopharyngea l  colonization or a  mild nasopharyng it is .  O c 

casionally , H . in flu en za e  m ay  spread  con tigu ou s ly  to p ro 
duce  suppura tive  infec tions involving the s inuses,  m iddle  
ear, o r  b ronchi .  A p reced ing  o r  con com itan t  viral infection 
o f  the  u pp er  resp ira to ry  tract p red isposes  a patient to 
infec tion  with H . in fluenzae . T h is  m icro o rg an ism  is the 
leading cause  o f  o b stru c tiv e  ep ig lo ttitis  in ch ild ren ,  a 
po ten t ia l ly  lethal disease. H aem o p h ilu s in flu en za e  inva
sion o f  the b loods tream  m ay result in m en in g itis ,  endocar
d it is ,  suppura tive  a r th r i t is ,  or  osteom yelit is .  H aem oph ilu s  
in flu en za e  ( se ro type  b) is the leading cause  o f  m en ing it is  in 
young  ch ildren . A pprox im ate ly  one th ird  o f  infants w ho  
recover  from H . in flu en za e  m en ing it is  have p e rm an en t ,  
res idual neuro log ic  defects.

D iag n o s i s

C u ltu res  are th e  m ost accura te  m ean s  for d iagnos ing  H. 
in flu en za e  infections. D epen d ing  on the clin ica l  m an ifes ta 
t ions, spec im ens  can  consis t  o f  nasop hary ng ea l  swabs, 
pus, b lood , and  sp ina l flu id . H aem o p h ilu s in flu en za e  is a 
fas t id ious o rg an ism  and requires  bo th  X  and V  fac tors  for 
g row th  as  well as  an increased  a tm osph er ic  concentra tion  
o f  carbon d ioxide. H aem oph ilu s in flu en za e  is identif ied  by 
p e r fo rm ing  selected  b iochem ical tests. Im m u n o f lu o re s 
cence  can  be used to ident ify  the  o rgan ism  direc tly  in 
clinical specimens. C ounterimm unoelectrophores is  and la- 
tex-particle agg lu t ina t ion  and en zy m e -l in k ed  im m u no so r
ben t assay can  be used to identify  the  p resence  o f  H . 
in flu en za e  type  b an tigens  in body  fluids.
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T r e a t m e n t

Serious  com plica t ions ,  inc lud ing  dea th ,  can  o ccu r  w hen  H . 
in flu en za e  type  b infec tions are  not trea ted  o r  are  im p ro p 
erly treated . T h e  initial therapy  for su spec ted  sys tem ic  
d isease  caused  by H . in flu en za e  is ceftriaxone. H a em 
o ph ilu s  in flu en za e  resp ira to ry  tract in fections, such as 
o ti tis  m ed ia  and  s inusit is ,  are trea ted  w ith  e i th e r  ampicil lin  
o r  a cepha losporin .  However, am picil l in  res is tance  due to 
p lasm id-m ed ia ted  be ta - lac tam ase  p roduc tion  has becom e 
increasing ly  prevalent d u r ing  the  last few years .

P re v e n t i o n

Vaccines cons is t ing  o f  the  ca p su la r  p o ly sa cch a rid e  o f  H. 
in flu en za e  type  b con juga ted  to d ip h the r ia  toxoid  or o th e r  
c a r r ie r  p ro te ins  are very effec tive  in preventing  d isease  
d ue  to H . in flu en za e  type  b. T h e  vacc ines  can  be given to 
child ren  as young as 2 m on ths  o f  age.

Haemophilus influenzae 
Biogroup Aegyptius
H aem oph ilu s in flu en za e  b iog roup  a e g yp tiu s  (K och-W eeks 
bacil lus)  is the cause  o f  p inkeye , an acute , pu ru len t ,  and 
h ighly  com m u n icab le  form o f  con junc t iv i t is  recogn ized  
th roughou t  the  world  (Table 4-4). T h is  d isease  can  o c c u r  in 
ep idem ics ,  espec ia lly  in tropical and sub trop ica l  c limates.  
T h e  d isease  is t ran sm it ted  from  person to  person by hands, 
towels, handkerch ie fs ,  and o th e r  o b jec ts  tha t  con tac t  the 
face and eyes. H aem oph ilu s in flu en za e  b iog roup  a eg yp tiu s  
requ ires  bo th  X a n d  V fa c to r s  for g row th .  D efin i t ive  
d iagnos is  is dependen t on isolation o f  the  o rg an ism  from 
conjunctival scrapings. T he  conjunctivitis usually responds 
to topically  applied  su lfonam ides.

C erta in  s tra ins  o f  H . in flu en za e  b iog roup  a eg yp tiu s  
cause  B ra zilia n  p u rp u r ic  fever, a li fe-th rea ten ing  ch i ld 
hood  infection c h a rac te r ized  by  p u rp u ra  and  shock.

Haemophilus ducreyi
H aem oph ilu s d u crey i is the  e tio log ic  agen t o f  an ulcerative 
venereal d isease  know n as ch ancro id . C h an c ro id  is a 
h igh ly  con tag io us  d isease  usual ly  t ransm itted  by sexual 
in tercourse , but it can  be transm it ted  by inan im ate  ob jec ts  
(Table 4-4). An u lcer  (chancro id  o r  soft chan c re )  fo rm s  at 
the  site  o f  inoculation . T h e  infection rem ains  local ized  and 
sp reads  no fu r the r  than  the ne ig hb o r ing  lym phatics ,  which 
may becom e swollen and pa inful.

D iagnos is  o f  chan cro id  is m ade  by cu lt iva t ing  the  o rg a n 
ism from  the u lcer  o r  f rom  lym ph node aspirates.

O ral ery th rom ycin  is regarded  as  the an tim icrob ia l  agent 
o f  cho ice  in the  t rea tm en t o f  chancro id .

Haemophilus parainfluenzae
H aem oph ilu s p a ra in flu e n za e  is occas iona lly  im plica ted  in 
u pp er  resp ira tory  tract infec tions and  subacu te  bacte r ia l  
en docard i t i s .  It requ ires  on ly  the  V fac to r  for g row th .

Haemophilus aphrophilus
In fections d ue  to H . a p h ro p h ilu s  are in frequent but include 
end oca rd i t i s ,  s ep t icem ia ,  bra in  abscess ,  m en in g it is ,  and 
p n eum o n ia .  T h is  m ic ro o rg an ism  does  not requ ire  the  V 
fac to r  for g row th  and is var iab le  in X -fac to r  requ irem en t.

Haemophilus paraphrophilus
H aem oph ilu s p a ra p h ro p h ilu s  has been  rep o r ted  as  a cause  
o f  endocard i t is .

Haemophilus Haemolyticus
H aem o p h ilu s  h a em o ly ticu s  can  cause  u p p e r  resp ira tory  
t ract infection in child ren  and  requ ires  b o th  X  and  V fac tors  
for g row th .

Yersinia

T h e  gen us  Yersinia  con ta ins  th ree  spec ies  o f  pa thogen ic  
im p ortance  to hum ans : Yersinia p e s tis , Yersinia en tero - 
co litica , and  Yersinia p seu d o tu b ercu lo s is . T h ese  m ic ro 
o rg a n ism s  are sm a ll ,  aerobic ,  g ram -neg a t iv e  bacil li  tha t  do  
not fo rm  spores .  T h ey  show  a m arked  tenden cy  toward 
b ipo la r  s ta in ing (i .e.,  they  resem ble  a  safety  p in ,  w ith  a 
centra l c lea r  area).

Yersinia pestis 
E p i d e m i o l o g y

Yersinia p e s tis  is the e tio log ic  ag en t  o f  p lague. A lthough  
p lague  is no  longer as  prevalent as  it w as in the  past ,  
sporad ic  cases  stil l o cc u r  in m any  parts  o f  the w orld , 
inc lud ing  the U nited  States. P lague is p r im ar i ly  an in fec 
tious d isease  o f  roden ts ,  esp ec ia l ly  rats, and  h u m a n s  are 
acc iden ta l  hos ts  (Table 4-5). T h e  d isease  is en d em ic  am ong 
the wild rodents  (e .g . ,  g rou nd  squ irre ls ,  p ra ir ie  do g s )  o f  the 
so u thw es te rn  U nited  States. Yersinia p e s t is  infec tion  in 
these  rodents  is re fe rred  to  as sy lva tic  p lague. T he  d isease  
is t ransm itted  from  rod en t  to rodent th rou gh  the  bite o f  

f l e a s  that have beco m e  infected  by suck ing  the  b lood o f  an 
in fected  an im al.  T ransm iss ion  o f  p lague from  roden ts  to 
h um ans  can  take  any one  o f  the  following routes: (1) 
H u m ans  may acquire  the  d isease  from  the  bite o f  a f lea  that 
has previously  fed on an in fec ted  rod en t ,  (2) the  d isease  
m ay be transm it ted  from  an ind iv idual w ith  pn eu m o n ic  
p la g u e  to a suscep tib le  ind iv idual by  in fec t ious  droplet 
secre tions ,  (3) hu m ans  may con trac t  the  d isease  by h a n 
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Table 4-5  Z o o n o se s  C aused  by G ra m -N e g a t iv e  B ac te r ia

Species Disease Source o f hum an infection Modes o f transmission to  humans

Brucella s p e c ie s B ru c e l lo s is G o a ts ,  p ig s ,  c a t t le ,  d o g s In g e s t io n  o f  in fe c te d  m i lk ,  m i lk  p ro d u c ts ,  

o r  m e a t 

In h a la t io n  o f  in f e c te d  d r o p le ts  

C o n ta c t  w ith  in f e c te d  a n im a l  t is s u e

Yersinia pestis P la g u e R o d e n ts ,  h u m a n s R o d e n t  to  h u m a n  b y  f le a  

R e s p i r a to r y  s e c r e t io n s  f r o m  p n e u m o n ic  

p la g u e  

H a n d l in g  in f e c t io u s  t is s u e  

P e r s o n  to  p e r s o n  b y  f le a

Yersinia pseudotuberculosis a n d  

Yersinia enterocolitica
Y e rs in io s e s W ild  a n d  d o m e s t ic  a n im a ls C o n ta m in a t e d  fo o d  a n d  w a te r

Francisella tularensis T u la r e m ia W ild  a n im a ls R o d e n t  to  h u m a n  b y  a r th r o p o d  v e c to r  

In g e s t io n  o f  c o n ta m in a t e d  w a te r  o r  t i s s u e  

C o n ta c t  w ith  in f e c t iv e  a e r o s o ls

Pasturella multocida P a s te u r e l lo s is C a ts ,  d o g s B ite s  a n d  s c r a tc h e s

Streptobacillus R a t - b i t e  fe v e r R o d e n ts R o d e n t  b ite

Rochalimaea henselae C a t - s c r a tc h  fe v e r C a ts B ite s  a n d  s c r a tc h e s

dling  t issue  o f  an in fec ted  an im a l ,  and  (4) the  flea can 
tran sm it  p lague  from  person to person.

M e c h a n i s m s  o f  P a t h o g e n i c i t y

T h e  v iru lence  o f  Y. p e s tis  is due  to  several factors.  F raction  
I ,  a pro te in  envelope an t igen ,  renders  the  o rg an ism  res is 
tant to phagocy tos is .  A n tibod ies  to frac tion  1 are  p ro tec tive  
in hum ans .  A n o th e r  an t ip hag ocy tic  co m p on en t  o f  Y. p e s tis  
is the V W  a n tig en . Yersinia p e s tis  p rod uces  tw o  tox ins o f 
pa thogen ic  im portance .  T he  firs t o f  these  is an endo toxin  
tha t is responsib le  for m any  o f  the clin ical m anifes ta tions  
o f  plague. T h e  o th e r  tox in ,  referred  to as the  m u rin e  tox in , 
is  p ro te in  in na tu re  and  acts p r im ar i ly  on the  vascu lar  
sys tem  to cause  hem oco nc en tra t ion  and shock .  Yersinia  
p e s t is  also possesses  co agu la se  and f ib r in o ly tic  ac tiv it ies ,  
w hich en h ance  the  invas iveness  o f  this  m icroorgan ism .

Clinical  M a n i f e s t a t i o n s

In fection  d ue  to Y. p e s tis  can  o c c u r  in any one o f  three 
clin ica l  forms: b ub on ic ,  sep t icem ic ,  and  pneu m o n ic .  In 
bu b o n ic  p lague, w h ich  is the  m o s t  c o m m o n  fo rm  o f  Y. 
p e s t is  in fec tion ,  the  m ic ro o rg an ism s  en te r  the ho s t  th rough  
the  skin  and are  ca r r ied  by  the  lym phatics  to  the lymph 
nodes ,  w here  they form  abscesses .  T h e re  is usual ly  no 
d isce rn ib le  c u tan eou s  lesion at the porta l o f  entry. A fte r  an 
incuba t ion  per io d  o f  2 to 5 days, there  is a  sud den  onse t o f 
h igh  fever and  the  reg ional lym ph nod es  beco m e  painful 
and swollen . T h e  in fec ted  lym ph  nodes ,  o r  bu b o es, are 
usual ly  located  in the  gro in  o r  ax il la  area .  W itho u t  ad e 
quate  t rea tm en t ,  dea th  usual ly  occurs  in 3 to 4  days.

Yersinia p e s tis  infection m ay p rogress  to th e  b loo d 
s t ream , resu lt ing  in sep tic em ic  p lague. Occasionally ,  a 
h igh  level o f  b ac te rem ia  m ay occ u r  ear ly  in th e  course  of 
th e  d is e a se  be fo re  loca l b u b o e s  evolve. T h e  b a c te r ia  
ra p id ly  d is s e m in a te  to all  o rg a n s ,  e s p e c ia l ly  th e  sp leen ,  
liver, and  lu ng s ,  re s u l t in g  in p u ru le n t  and  n e c ro t ic  le 
s ions .  T he  pa tien t usual ly  dies o f  endotox ic  shock  unless 
e ffec tive  therapy  is adm in is te red  early in the  course  o f  the 
disease.

P neum on ic  p la g u e  results  e i th e r  from  involvem ent o f  the 
lungs d u r ing  the  course  o f  bubo n ic  and sep ticem ic  p lague 
(seco n d a ry  p n eu m o n ic  p lague) o r  f rom  inhalation  o f  in 
fec ted  drop le t  secre tions  (p r im a ry  p n eu m o n ic  p lague). 
P n eum on ic  p lague  is a rap id ly  p rogress ive  infection and 
u n trea ted  patien ts  rarely  surv ive  longer  than  3 days.

T h e  m a jo r i ty  o f  ind iv iduals  w ho  recover  from  p lague 
have a  rela tively  solid and p e rm an e n t  im m u n i ty  to su b s e 
quent infection.

Di agnos i s

T h e  lab o ra to ry  d iag no s is  o f  p lague  is m ad e  by d e m o n s tra t 
ing the  bacilli in t issue  and by sero log ic  tests . Rapid  
d iagnos is  o f  p lague  is ex trem ely  im p o r ta n t  b ecau se  o f  the 
rap id  p rogress ion  o f  un trea ted  disease. Yersinia p e s tis  
g row s  well on m any d if feren t ty pes  o f  cu ltu re  m ed ia .  
D irec t  f luo rescen t an t ibo dy  p e rm its  rapid  iden t if ica t ion  of 
Y. p e s tis  in iso lated  cu ltu res  and  clin ica l  spec im ens .  A n ti
b od ies  to the frac tion  1 an tigen  m ay be de tec ted  by use o f  an 
ag g lu t ina t ion  test or  a com plem en t f ixa tion  test.
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T r e a t m e n t  a n d  P r e v e n t i o n

T h e  case  fa ta li ty  rate o f  un trea ted  bubonic  p lague  is 50  to 
60 percen t ,  w h ereas  tha t o f  p n eum on ic  p lague  approaches  
100 percent .  If  adequa te  therapy  is begun  early  in the 
course  o f  the  d isease , however, the  m or ta l i ty  can  be d ra 
m atica lly  r educed .  T h e  trea tm en t  o f  cho ice  is strep tom ycin  
e i th e r  alone o r  in com bina tion  w ith  te tracycline.

Im m uniza t ion  o f  h um ans  w ith  a p lague vaccine  reduces  
the inc idence  and  sever ity  o f  disease. However, im m u n iz a 
tion is only recom m end ed  for labora tory  personnel w ho 
work directly  with the m ic roo rga n ism  and for o th e r  ind i
v iduals  w h o  are likely to be ex posed  to endem ic  plague. 
T h e  p lague  vaccine  licensed for use in the  U nited  States 
con ta ins  fo r m a lin -k ille d  Y. pestis .

Yersinia pseudotuberculosis 
and Yersinia enterocolitica 
E p i d e m i o l o g y

Yersinia pseudo tubercu losis  and Y. enterocolitica  are closely 
related microorganisms that cause a variety o f  zoonotic  
enteric illnesses collectively referred to as yersinioses. Both 
microorganisms are worldwide in distribution and have been 
recovered from many wild and domestic  animals. The major
ity o f  hum an cases can be attributed to contact with water o r 
food contaminated with the excreta o f  infected animals (Table 
4-5). T he  gas tro in tes t ina l  tract is the  p orta l  o f  en try  in most 
c a ses  o f  yers in ioses.  Infection due to  these  tw o  Yersinia 
species  m os t  o ften  o ccurs  in child ren  u n der  15 years  o f  age.

M e c h a n i s m s  o f  P a t h o g e n i c i t y  
a n d  Clinical M a n i f e s t a t i o n s

Yersinia p se u d o tu b e rc u lo s is  and  Y. en teroco litica  invade 
ep ithe lia l  cells  o f  the gas tro in tes t ina l  tract to p roduce  
in testinal d isease  in an im als  and people. Yersinia en te ro co 
litica  a lso  p rod uces  a heat-s tab le  en tero tox in  that co n tr ib 
u tes  to the  sy m p to m s  o f  gastroen te ri t is .

T h e  m ost c o m m o n  clin ica l  presen ta t ion  o f  Y. en te ro co li
tica  infection is an acu te  en ter itis  with  w a te ry  d ia rrh ea . 
A cute  m esen ter ic  a d en itis  is the m ost co m m o n  clinical 
presen ta t ion  o f  Y. p seu d o tu b ercu lo s is  infection. Intestinal 
in fections caused  by e i ther  o rgan ism  are genera l ly  self- 
l im iting  and resolve with in  5 to 10 days. If  sep t icem ia  
develops , however, su ppura tive  lesions m ay o ccu r  in many 
different organs, and the condition is no  longer benign and 
self-limiting. Septicemia most com m only  occurs in patients 
w ho are im munocom prom ised  and the mortality  is high.

Di agnos i s

Yersinioses can  be d if fe ren t ia ted  from  o the r  intestinal 
d iseases  by isolating the etio log ic  agen t f rom  b lood ,  liver.

sp leen, lym ph nodes ,  o r  feces and  by  d e m o ns tra t ing  the 
p resence  o f  spec if ic  se ru m  an tibod ies .  B oth  m ic ro o rg a 
n ism s m ultip ly  at 4°C, and th is  abil i ty  is used  to facili ta te  
recovery  o f  Yersinia  from  sp ec im en s  heavily  co n tam in a ted  
with o th e r  m ic roo rgan ism s  (e .g . ,  feces).

T r e a t m e n t

Yersinia p seu d o tu b ercu lo s is  and  Y. en te ro co litica  are u su 
ally quite  sensit ive  to a m in o g lyco s id e s  and tr im eth o p rim -  
su lfam ethoxazo le . However, the value o f  an tim icrob ia l  
therapy  in any o f  the en te r ic  yers in ioses  is unclear, s ince 
these  infec tions a p p ea r  to  run  th e ir  c o u rse  independen t o f  
an tim icrob ia l  therapy.

Brucella

Epidemiology
B rucellosis ,  p r in c ip a l ly  a d isease  o f  the g en i to u r in a ry  tract 
o f  dom es t ic  an im als ,  is caused  by  bac te r ia  o f  the  genus 
B ru ce lla . B rucellae  are fas tid ious ,  ae rob ic ,  nonm otile ,  
no n sp o re fo rm in g ,  g ram -n ega t ive  bacil li  that d isp lay  b ip o 
lar s ta in ing .  F our species  o f  B ru ce lla  cause  h u m an  disease:
B. abortu s, B . su is , B . m e liten s is ,  and B . can is . T h ese  four 
spec ies  are pathogen ic  in a w ide  range o f  m am m als ,  and 
each  has a p re fe rred  hos t  (Table 4-6). B ruce llae  tend to 
localize  in the  p regnan t  u te rus  (f requen tly  causing  abor
tion) and m a m m a ry  g land s  o f  the ir  an im a l  reservoir .  T h e  
pred ilec t ion  o f  b ruce l lae  for p lacental t issue  (v iscero tro p -  
ism  o r  o rg ano trop ism )  is d ue  to the  p resence  o f  a g row th  
s t im ulan t ,  ery th r ito l. H u m an  p lacen tas ,  w hich  lack e ry th -  
r i to l ,  are not espec ia lly  suscep tib le  to b rucel losis .

B ruce llos is  in h u m an s  is a zo o n o s is  that is usually  
acqu ired  e i th e r  d irec tly  o r  ind irec t ly  from  infected  d o m e s 
tic an im als  (see Table 4-5). Infection is w idesp read  am ong  
goats ,  catt le ,  and pigs. A n im a ls  usua l ly  recover  sp o n ta 
neously  but excre te  the  bac te r ia  fo r  vary ing  in tervals  o f 
t im e  in vaginal secre tions ,  u r in e ,  and m ilk .  C o w s can 
beco m e  ca r r ie rs  and excrete  b ruce l lae  in the i r  m ilk  for 
many years. W ith in  the U.S.,  infection in h u m a n s  is p r im ar
ily from  o ccu p a tio n a l exp o su re  and  is seen  m ost o ften  in 
aba t to ir  em ployees ,  fa rm ers ,  and ve te r inar ians .  T h e  most 
co m m on  rou tes  o f  infec tion  in h u m a n s  are the  g a s tro in 
te s tin a l f r a c /  ( ingestion  o f  in fec ted  m ilk ,  m ilk  p ro du c ts ,  or  
meat), m ucous m em b ra n es  ( inha la t ion  o f  infected  d ro p 
lets), and sk in  (con tact  w ith  infected  t issues o f  animals).

Pathogenic Mechanisms
B rucella  species do  not p roduce exotoxin, but they do e labo
rate endotoxin, which contr ibutes to the pathogenesis o f  the 
disease. Virulent strains o f  brucellae are capable  o f  intracel
lular multiplication in cells o f  the reticuloendothelial system.
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Table 4-6  Characteristics of B rucella  species

B rucella  species
Preferentia l
host

G ro w th  in presence of: 

Basic
Thionine fuchsin

Carbon
Dioxide
requirem ent

Hydrogen
Sulfide
production

Hydrolysis 
o f urea

B. abortus Cattle +  / - + +  / - +  / - Slow

B. melitensis Goats + + - - Slow

B. suis Swine + + / - - +  / - Rapid
B. canis Dogs + - - - Slow

Key: +  =  a ll s tra in s  p ositive ; -  =  a ll s tra in s  negative; + / -  =  variab le  response  am ongst s tra in s

Clinical Manifestations
T h e  p a th og en ic  spec ies  o f  b ruce l lae  are h igh ly  invasive, 
and once  gain ing  en trance  into the  hos t  they  multiply 
in tra ce llu la r ly  in p o lym o rph on uc lea r  leukocy tes  and are 
c a r r ie d  th ro ug h  the  lym phatics  to the  tho rac ic  duc t and 
b loods tream . T h e  incubation  per iod  before  onse t  o f  sy m p 
tom s is h igh ly  variable  and  relatively  long (w eeks  or 
months).  T h e  clin ica l  m an ifes ta tions  o f  h u m an  bruce l los is  
can  be c las s if ied  into several types:

1. A sy m p to m a tic  b ruce llo sis:  T h e  m a jo r i ty  o f  infections 
with b ruce l lae  are asym ptom atic .

2. A cu te  b ru ce llo sis:  S y m p to m s  o f  an acu te  febrile  il lness 
develop  in these  patients.

3. R ela p sin g  b ru ce llo s is  (u n d u la n t feve r):  T h is  fo rm  of 
b ruce l los is  is c h a rac te r ized  by feb r ile  pe r iods  a lte rna t
ing w ith  afebr ile  periods.

4 . B ru ce llo s is  lo c a liz e d  in various organs: B ruce llae  can 
a ttack  e ssen tia l ly  every  organ  and t i ssue  o f  the  h um an  
body, a l though  they  tend to local ize  w ith in  the  re ticu lo 
en d o th e lia l sy s tem  (bone  marrow , liver, sp leen , and 
lym ph nodes) .  O th e r  sites o f  localiza tion  inc lude  the 
lungs , g en i to u r in a ry  trac t ,  cen tra l  n e rvo us  sys tem , 
ca rd io vascu la r  sy s te m , and jo in t  tissue. T h e  tissue 
reac t ion  in b ruce l los is  leads to the  d eve lopm ent o f  small 
granulomatous nodules that may develop into abscesses.

5. S tra in  19 vaccine  d isease: B ru ce lla  a b o rtu s  s t ra in  19 is a 
live, a ttenuated  vaccine  used in the  im m un iza t ion  of 
cattle. A  m ild  form  o f  b ruce l los is  can  o ccu r  w hen 
v e te r in a r ian s  are acc iden ta lly  inocu la ted  w ith  s tra in  19 
th ro ug h  th e  sk in ,  co n jun c t iv a ,  o r  gas tro in tes t ina l  tract.

Sym ptom atic  brucellosis can continue for several months, 
and re lapses  o f  d isease  d u r in g  convalescence  co m m o n ly  
occur. Reinfec tion  in patients w h o  recover  from  bruce l los is  
usua l ly  results  in a  very  m ild ,  febrile  illness.

Diagnosis
A  defin it ive  d iag no s is  o f  b ruce l los is  is dependen t on iso la
tion o f  the  o rg an ism  and sero log ic  tests. A t tem p ts  should

be m ade  to  isolate the  o rg an ism  from b lood ,  feces ,  urine, 
bone  m arrow , and  lym ph nodes. P r im a ry  isolation o f  
b ruce l lae  from  clin ical sp ec im en s  usual ly  requ ires  p ro 
longed  incubation  on en rich ed  m ed ia .  B acter ia  tha t re s e m 
ble b ruce l lae  are  identif ied  and spec ia ted  on the bas is  o f  a 
n u m b e r  o f  tes ts  (see Table 4-6). E ach  B ru ce lla  species  
possesses  tw o heat-s tab le  su rface  an tigens ,  d es ig na ted  A 
a n d  M , bu t  in d if fe ren t  p ropor tions .  It is poss ib le  to 
d if feren t ia te  B. m e liten s is  from  the  o th e r  tw o spec ies  by 
ag g lu t ina t ion  react ions based  on these  su r face  antigens. 
However, B . abortu s  and B. su is  c an n o t  be d if feren t ia ted  in 
th is  way. T h e  p resence  o f  b ruce l lae  in c lin ica l  materia l  o r 
cu ltu re  m ay  also be d e tec ted  by f luo rescen t  an tibody  
sta in ing .

An agglu t ina t ion  test using s tand ard ized  B. abortu s  
an t igen  c an  a lso  be used to aid in the  d iagn os is  o f  b ru 
cellosis. Patients recover ing  from  an a ttack  o f  b ruce l los is  
may con tin ue  to show  a posi t ive  ag g lu t ina t ion  reaction  for 
m on ths  o r  years. T herefo re ,  a pos i t ive  ag g lu t ina t ion  rea c 
tion  test is only sugges t iv e  o f  ac tive  disease.

Treatment and Prevention
D o xycyc lin e  p lus  r ifam p in  is the  com bina t ion  o f  cho ice  for 
the  t re a tm e n t  o f  b rucel losis .  P revention  o f  b ruce l los is  in 
h u m an s  involves p as teu r iza t ion  o f  m ilk ,  con tro ll ing  the 
d isease  in an im als  th rough  im m u n iza t io n ,  and  preventing  
h u m an s  from  co m in g  in con tac t  w ith  s ick  anim als .

Francisel la tu l a re n s i s  

Epidemiology
F ra n cise lla  tu la ren sis  is a  sm a ll ,  n on sp o re fo rm in g ,  g ram - 
negative  bacil lus .  T h is  b ac te r iu m  is n on m o ti le  and may 
d isplay  b ipo la r  s ta in ing .  F rancise lla  tu la ren sis  is the  e t i 
o logic  agen t o f  tu la rem ia  ( rabb it  fever),  an  acu te  infec tious 
d isease  o f  wild  an im als ,  espec ia lly  roden ts ,  transm itted  
from  an im a l  to an im al by b it ing  fleas and ticks (see  Table 
4-5). T ularem ia  is transm it ted  to hu m an s  from  lower a n i 
mals by the  b ite  o f  an infected  a rth ro p o d  (chiefly  ticks and
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de e r  flies in the  U nited  States), by  d irec t  con tac t  with 
t issues o r  body  fluids o f  an infected  an im a l ,  by  ingestion  of 
con tam in a ted  w ater or inadequa te ly  cooked  co n tam ina ted  
m eat ,  o r  by con tac t  with  or inhala tion  o f  infec tive  aerosols. 
T h e  m ain  sources  o f  hum an  d isease  in the U nited  States are 
ra b b its  and hares.

Clinical Manifestations
F o u r  clin ical types  o f  tu la rem ia  are reco gn ized  in hum ans: 
u lcerog landular ,  ocu log landu la r ,  typho ida l ,  and p n eu m o n 
ic. T he  incubation  p er iod  for tu la rem ia  ranges f rom  3 to 10 
days. In u lcero g la n d u la r  tu la rem ia , the m ost co m m on  
form  o f  the d isease , an u lcerating  papule  develops at the 
porta l o f  en try  in the  sk in  o r  m u cou s  m em brane .  F rom  the 
site  o f  inocula tion , the o rg an ism s  are  ca r r ie d  by the ly m 
phatics  to  the regional lymph nodes ,  w hich  beco m e  e n 
larged and tender. T h e  o rg an ism s  may en te r  the b lo od 
stream  and sp read  to parench ym atou s  o rgans ,  par t icu lar ly  
the  lungs , liver, and  spleen, w here  they form  g ran u lo m a 
tous lesions tha t  la ter  un dergo  necros is .  T ho se  w ho  recover  
from  u lcerog landu la r  tu la rem ia  are incapac ita ted  for weeks 
or months.

O cu lo g la n d u la r  tu la rem ia  usual ly  results  from in o cu la 
tion o f  the  con junc t iva  with a han d  co n tam ina ted  with 
infective t issue  fluid o r  from infec tious aerosols. T h is  type 
o f  tu la rem ia  can lead to p e rm a n e n t  b lindness  and  is ch a rac 
te r ized  by  a un ila tera l ,  pa in fu l ,  puru len t conjunct iv i t is .

P neum onic  tu la rem ia  is p ro du ced  by e i ther  inhalation  o f  
infective aerosols o r by hem atog eno us  d issem ina tion  from 
localized infections.

T h e  typ h o id a l fo rm  o f  tu la rem ia  usual ly  results  from 
ingestion o f  the o rg an ism  but may o ccu r  following intrader- 
mal or resp ira to ry  inocula tion . T he  d isease  resem bles 
typho id  fever with  gas t ro in tes t ina l  m an ifes ta tions ,  fever, 
and toxem ia . Penetration  o f  F. tu la rensis  in to  the  o ro 
p harynx  can  result in an acute  exuda tive  o r  m em b rano us  
pharyngotonsil l i t is .

Im m u n i ty  following recovery  from  tu la rem ia  is usually 
lifelong.

Diagnosis
D iagnosis  o f  tu la rem ia  is se ldom  m ade  by cu ltu re  o f  F. 
tu la rensis  b ecause  o f  the  requ irem en t o f  special m edia  with 
added  su lfh y d ry l  co m p o u n d s  and frequent overg row th  by 
o th e r  m icroorgan ism s.  F u r th e rm o re ,  m any  labora tor ies  do  
not a ttempt to isolate F. tu la ren sis  because  o f  the high rate 
o f  labora to ry -acqu ired  disease. F luorescen t a n t ib od y  t e c h 
niques c an  be used to identify  the  m icro o rg an ism  directly  
in exudates  and tissue.

M ost c a ses  o f  tu la rem ia  are d ia g n o se d  serologically. 
A g g lu t in in s  a p p e a r  d u r in g  the  second  o r  th ird  w eek  o f  
illness.

Treatment and Prevention
S trep tom ycin  is the  an tim icrob ia l  agent o f  cho ice  in the 
t rea tm en t  o f  all fo rm s  o f  tu la rem ia .

A live, a tten u a ted  s tra in  o f  F. tu la ren sis  is available  to 
im m u n ize  bo th  an im a ls  and  h u m an s .  T h is  vacc ina tion  does 
not provide com ple te  p ro tec tion  but the  seve r i ty  o f  the 
d isease  is reduced  in v acc ina ted  individuals .  At p resen t,  
vaccination  is ind ica ted  on ly  for ind iv iduals  at h igh  risk  o f  
co n trac t in g  the  d isease ,  such as  labora to ry  personne l.

Pas teu re l la

Epidemiology
M em bers  o f  the genu s  P asteurella  a re  sm a l l ,  nonm otile ,  
g ram -neg a t ive  bacilli tha t  o ften  d isplay  b ipo la r  sta in ing . 
T h e re  are four spec ies  o f  P asteurella  o f  m edical  im por
tance: P. m u lto c id a , P. p n eu m o tro p ica , P. ureae, and  P. 
h a em o ly tica . P asteurella  m u lto c id a  is the  spec ies  m ost 
f requently  isolated from h u m an  in fec tions, a l th ou gh  in fec 
tions d ue  to the  o th e r  P asteurella  spec ies  are c l in ically  
ind is t ingu ishab le  from d iseases  caused  by P. m u lto c id a .

P asteurella  spec ies  are  no rm al inhab itan ts  o f  the upper  
resp ira to ry  and gas t ro in te s t ina l  t rac ts  o f  low er anim als .  
H u m an s  beco m e  infected  th rough  cat o r d o g  b ite s  and 
sc ra tch es  o r  th rou gh  co n tac t  w ith  a d iseased  ca rcass  (see 
Table 4-5). A pprox im ate ly  25 percen t o f  an im al bites 
beco m e  infected  w ith  th is  m ic ro o rg an ism .

Clinical Manifestations
P asteurella  infec tion  in h um ans  usua l ly  m an ifes ts  in one o f  
th ree  ways: focal so ft tissu e  in fec tio n , ch ron ic  resp ira to ry  
in fec tion , or ba c te rem ia  w ith  o r  w ith ou t  m etas ta tic  lesions. 
Local soft t issue  in fec tions  have an acu te  onse t  o f  e ry th e 
m a ,  p a in ,  and  swelling. A b scess  fo rm ation  m ay o c c u r  in 
som e patients . L ocal com plica t ions  o f  soft t i ssue  infec tions 
include o s teom yel it is ,  ce llu li t is ,  and in f lam m ation  o f  the 
tendon sheath.

P asteurella  may invade the  b lo o d s trea m , resu lt ing  in a 
variety  o f  infections, inc lud ing  m en ing it is ,  b ra in  abscess ,  
septic a r th r i t is ,  and  liver abscess .  R esp ira to ry  trac t  in fec 
tions include s inusit is ,  e m p yem a ,  and bronchiectas is .  Fatal 
infec tions d ue  to  P asteurella  rarely o ccu r  in the  absence  o f  
underly ing  illness.
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Diagnosis
S pec im en s  for isolation o f  P asteurella  d epend  on the  c lin i
cal m anifes ta tions  but m ay  include sp u tu m , abscess  a sp i 
rates,  b lood ,  and  spinal flu id . P asteurella  spec ies  grow 
readily  on  m ed ium  enr iched  with b lood.

A gg lu t in in s  in the  sera  o f  patients with  genera l ized  
P asteurella  infection can  be d e tec ted  by a  h e m ag g lu t in a 
tion assay.

Treatment
P enicillin  is cons id e red  the  t rea tm en t  o f  cho ice  for P asteu 
rella  infections.

Borde te l la

T h e  gen u s  B orde te lla  en co m p a sse s  th ree  spec ies  tha t  are 
pa thogen ic  for hum ans : B. p e r tu ss is , B . p a ra p er tu ss is ,  and
B. b ro n ch isep tica .  All th ree  spec ies  are sm a ll ,  n o n sp o re 
fo rm ing ,  g ram -n ega t ive  bacil li .  B o rd e te lla  b ronch isep tica  
is the  only m otile  spec ies  and B . p e r tu ss is  is the  only 
spec ies  tha t is encap su la ted .  B orde te lla  p e r tu ss is  is a 
fas tid ious m icroo rgan ism  that requ ires  a com plex  m ed ium  
for g row th ,  w h ereas  the o th e r  tw o species  g row  on simple 
nu tr ien t agar.

Bordetella pertussis

E p i d e m i o l o g y

B o rd e te lla  p e r tu ss is  is the etio log ic  agen t o f  pertuss is  
{w hoop ing  cough), a h igh ly  com m u n icab le  u p per  re sp ira 
to ry  trac t  infection. N aturally  acqu ired  B . p e r tu ss is  infec
tion  o ccurs  on ly  in hum ans .  P er tuss is  is m ost c o m m o n  in 
children, a lthough clinical disease does occur among adults. 
T he  d isease  is e spec ia lly  dan g e ro u s  w ith in  the first 6 
m on ths  o f  life s ince  m a te rn a l a n tib o d y  offers  litt le o r  no 
pro tec tion  agains t  disease. P er tuss is  is t ran sm it ted  from 
person  to person by  aeroso lized  u p per  resp ira to ry  tract 
secre tions ,  by  fom ites  co n tam ina ted  with nasal o r  oral 
secre tions ,  and  by  d irec t  con tac t  (see  Table 4-4).

M e c h a n i s m s  o f  P a t h o g e n i c i t y

T h e  ca p su le  o f  B . p e r tu ss is  is an im po rtan t  v iru lence  
factor. W hen  firs t isolated from  a patien t,  B . p e r tu ss is  is 
encapsu la ted  and fully  v iru len t .  In vitro  labora to ry  passage  
leads to the  se lec tion  o f  o rg an ism s  that are not en c a p su 
lated and not v iru lent.  B orde te lla  p e r tu ss is  a lso  produces  
o th e r  fac tors  that are responsib le  for the  clin ica l  m an ifes ta 
tions. T hese  fac tors  inc lude  a hea t-s tab le  endo toxin , a  heat- 
labile  exo tox in , and  a lym p h o cy te -s tim u la tin g  fa c to r  (also 
know n as h is tam ine -sens i t iz ing  fac to r  and is le t-activating  
protein). T he  lym p ho cy te -s t im u la t ing  fac to r  p rod uces  leu

k ocy tos is  and lym phocytos is .  B orde te lla  p e r tu ss is  has two 
h e m a g g lu tin in s  tha t  m ed ia te  adh erence  o f  these  b a c te r ia  to 
m a m m a l ia n  re sp ira to ry  c il ia .  B orde te lla  p e r tu ss is  p o s
sesses  a  cell-w all an tigen  ("p ro te c tiv e  a n tig e n ”) that in 
duces  im m u n i ty  to infections.

Clinical M a n i f e s t a t i o n s

U pon en te r ing  the resp ira to ry  t rac t  o f  a suscep tib le  h os t ,  B. 
p e r tu ss is  local izes  on the  cil ia ted  ep i th e l iu m  o f  the  bronchi 
and t rachea .  A fte r  an incubat ion  per iod  o f  7 to 10 days, the 
d isease  occurs  in th ree  stages:  (1) the c a ta r rh a l . p ro d ro m a l , 
o r  p repa rox ysm al s tage; (2) the  paro xy sm al s tage; and (3) 
the  convalescen t stage.

T h e  ca ta rrh a l sta g e  is charac te r ized  by a m ild  cou gh  and 
sy m p to m s  o f  a m in o r  upper  resp ira tory  t rac t  infection. 
C o m m u n ica b ility  is g rea tes t  d u r in g  this stage  o f  the  i l lness, 
w hich  usual ly  lasts abou t  2 weeks.

P er tuss is  p rogresses  in sever ity  to a p a ro xysm a l stage  
ch a rac te r ized  by rap id  c o n secu t iv e  c o u g h s  and  a  deep  
in sp ira to ry  w hoop. T h e  insp ira tory  w ho op  is cau sed  by air 
d raw n  forcibly th rough  a na rrow ed  glottis . T h e  p aroxysm al 
s tage  lasts 4  to 6 weeks.

T h e  co n va lescen t s tage  is ch a rac te r ized  by a reduc tion  in 
the  frequency  and severity  o f  the cou gh  and usual ly  lasts 3 
to 4 weeks. Reversion from  the convalescen t to  the  p a rox 
ysm al s tage  is c om m o n  in infants.

B orde te lla  p e r tu ss is  rarely pene tra tes  the m u cou s  m em 
branes o f  the respiratory tract and complications o f  pertussis 
are usual ly  due to  seco n d a ry  b a c ter ia l in fections. T h e  most 
co m m on  o f  these  com plica t ions  include o ti t is  m edia  and 
lobar p n eu m on ia .  Rarely, ser ious and occas iona lly  fatal 
involvement o f  the centra l n e rv ou s  sys tem  may occur.

Naturally  acqu ired  im m u n i ty  to p e rtu ss i s  is no t  p e rm a 
nent but second  a ttacks are usual ly  mild and pass un rec o g 
n ized.

D iagnos i s

T h e  bac te r io log ic  d iag no s is  o f  per tu ss is  is m ade  by  recov
e ring  the o rg an ism  from  resp ira to ry  secre tions. T h is  is best 
accom p lish ed  by p ass ing  a  n a so p h a ryn g ea l sw ab  th rough  
the  nose to the p o s te r io r  ph aryngea l  w all ,  w here  it is 
a l low ed to rem ain  in p lace until the patient coughs .  T he  
swab is then rem oved  and  inocula ted  on to  B ordet-G engou  
m ed iu m  (po ta to -g lycero l-b lood  agar) . B orde te lla  p e r tu ss is  
can  be identif ied  d irec tly  in nasoph ary ng ea l  spec im ens  by 
f luo rescen t an t ib od y  stain ing.

T r e a t m e n t  a n d  P r e v e n t i o n

A ntim ic rob ia l  therapy  ad m in is te red  d u r in g  the p a rox ys
mal s tage  o f  the  d isease  has very  litt le e ffec t  on the clin ical
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course  o f  per tu ss is  s ince  e lim ination  o f  the  b ac te r iu m  does 
not a lw ays result in clin ica l  im provem ent.  However, ery th 
rom ycin  may e lim ina te  B. p e r tu ss is  f rom  these  patien ts  
and ,  in do ing  so, ren de r  them  noninfectious. Susceptib le  
con tac ts  with a  posi t ive  n a sop haryn gea l  sm ear  for B. 
p e r tu ss is  should  rece ive  ch em o p rop hy lax is  with  e ry th ro 
m ycin  to abo r t  or  a t tenuate  the  illness.

A ctive  im m un iza tion  w ith  w hole-cell per tu ss is  vaccine 
is the on ly  effec tive  m etho d  o f  contro l .  T h ese  vacc ines  do  
not con fe r  com ple te  p rotec tion . However, the  d isease  in 
im m u n ized  ind iv iduals  is apprec iab ly  milder. T h e  vaccine 
is usual ly  a dm in is te red  in c om bina tion  with d ip h th e r ia  and 
te tanus toxoids.

Bordetella parapertussis
B orde te lla  p a ra p e r tu ss is  is occas iona lly  isolated from p a 
tients  with acute  re sp ira to ry  tract in fec tions  resem bling  
m ild  w ho op in g  c ou gh .  P er tuss is  vacc ine  offers  no  p ro te c 
tion agains t  B . p a ra p er tu ss is . However, a  p a rape r tu ss is  
vaccine  is available  in areas  w here  the  d isease  is prevalent.

Bordetella bronchiseptica
B orde te lla  b ron ch isep tica  o ccas iona l ly  causes  a p e r tu ss i s 
like d isease  in h u m a n s  but is m ain ly  a  pa thogen  o f  anim als .

M isce l laneous  G ram -N ega t ive  Bacilli 

Actinobacillus
A ctin o b a c illu s  spec ies  are sm a ll ,  nonm otile ,  n o n sp o re 
fo rm ing ,  g ram -n ega t iv e  bacil li .  A c tin o b a c illu s  ac tinom y-  
ce te m co m ita n s ,  the p r inc ipa l pa thogen  in this genus, is 
p ar t  o f  the  norm al oral and gas t ro in tes t ina l  f lo ra  o f  hum ans 
and is an  o p p o rtu n istic  p a thogen  (see Table 4-4). It has 
been isolated from  patien ts  with en do ca rd i t is ,  localized 
puru len t g ranu lo m ato us  lesions, abscesses  in soft t issues ,  
sep t icem ia ,  u r ina ry  t rac t  infections, and osteom yelit is .

Bartonella bacilliformis
B artonella  b a c illifo rm is  is a sm all ,  m otile ,  g ram -nega t ive  
bac il lu s  tha t is the etio logic  agen t o f  O roya fever, a severe 
febrile  hem oly tic  an em ia ,  and verruga  p e ru a n a , a  d isease  
charac te r ized  by ben ign  cu taneous  e ry th e m a to u s  nodu la r  
erup tions .  T h ese  tw o  clin ica l  m anifes ta tions  are  s tages o f 
the sam e bacte r ia l  infection ca lled  C arrion 's d isease . B ar
tonella  b a c illifo rm is  infection is confined  geograph ica lly  
to inhabitan ts  o f  the  r ive r  valleys o f  the A nd es  M ounta ins  
o f  P e ru ,  C o lo m bia ,  and  Ecuador.  T he  o rgan ism  is t r an s
m itted  from ind iv idual to ind iv idual by  the bite o f  an 
infected  sa n d  f l y  (see  Table 4-4). H u m an s  are the  only 
know n rese rv o ir  o f  this  disease.

L ab o ra to ry  d iagn os is  o f  C a r r io n ’s d isease  is based  on 
m icroscop ic  dem ons tra t ion  o f  B . b a c illifo rm is  w ith in  the 
e ry th ro c y te s  and isolation o f  the o rg a n ism  from  b lood  or 
cu tan eo us  nodules.

C hloram phen ico l is the  an tibo tic  o f  cho ice  in the  t rea t
m en t  o f  O roya fever. T h e  e ffec t iveness  o f  an t ib io t ic s  on the 
ve r ru g a  p e ru an a  s tage  o f  the d isease  is d oub tfu l .

Calymmatobacterium granulomatis
C a lym m a to b a c teriu m  g ra n u lo m a tis  is a  shor t ,  nonm otile ,  
gram-negative bacillus that causes a venereal disease known 
as  granu lom a  in g u in a le  (a lso  ca lled  g ran u lo m a  venereum  
and d o novanosis)  (see  Table 4-4). T h e  d isease  is not h ighly  
co m m u n icab le  and  repea ted  exposure  is n ecessa ry  for the 
deve lopm ent o f  m o s t  c lin ica l  cases .  T h is  d isease  occurs  
m o s t  o ften  in tropical and  sub tro p ica l  env ironm ents .

G ranu lo m a  inguinale  is ch a rac te r ized  by an indura ted  
nodule  in the  sk in  and su b cu tan eou s  t i ssues  o f  the  groin  
and gen ita lia .  T h e  nodu le  m ay  e rode  to  fo rm  a g ra n u 
lom atous  u lcer  tha t  can  slowly spread  by  d irec t  extension  to 
des troy  large a reas  o f  sk in  abou t  the  anus and genita lia .  
M etasta tic  hem atog eno us  sp read  to bones ,  jo in ts ,  and liver 
occas iona lly  occurs .

D iagnosis  o f  g ran u lom a  inguina le  depends  on the  d e m 
onstration  o f  encap su la ted ,  oval bod ies  (D onovan bod ies)  
in the  cy to p la sm  o f  large h is t iocy tic  endo the l ia l  cells.

A l th ou gh  th e rapy  o f  g ran u lom a  inguina le  may be d if f i 
cu lt ,  te tra cyc lin e  is the  m ost e ffec t iv e  agent in the t r e a t
m en t  o f  this  disease.

Cardiobacterium hominis
C a rd io b a c teriu m  h om in is  is a  p leom orph ic ,  g ram -neg a t ive  
bac il lu s  tha t is par t  o f  the in d igenous  flora  o f  the  hum an  
upper  resp ira tory  and gas t ro in te s t in a l  trac ts  (see  Table 
4-4). E n d o c a rd i t is  is the  m os t  f requent m an ifes ta tion  o f  C. 
h om in is  infection.

Penicill in  and am pic il l in  are cons ide red  the  a n t im ic ro b i
al agen ts  o f  cho ice  to treat pa tien ts  w ith  end oca rd i t i s  
caused  by this  b ac te r iu m .

Chromobacterium
C hrom obacterium  v io la ceu m  is the  on ly  spec ies  in this  
g enus that p ro du ces  infec tion  in h um ans .  It is found  p r i 
m ar ily  in the  soil and w ate r  o f  trop ica l  and sub trop ica l  
c l im ates  (see  Table 4-4). T h e  m ic roo rga n ism  usually  gains 
en trance  to the  host th rough  skin  ab ras ion s  and causes  
sep t icem ia  and necro t iz ing  m etas ta t ic  lesions p r im ar i ly  on 
the liver. C hrom obacterium  v io laceum  may a lso  ga in  e n 
trance  th rough  the  g as t ro in tes t ina l  t rac t  and  has  been 
associa ted  with d ia rrhea .
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C hrom obacterium  v io laceum  is sens it ive  to ch lo ram 
phenico l ,  g en tam ic in ,  and tetracycline.

Flavobacterium meningosepticum
F la vo b a c teriu m  m en in g o sep ticu m  is the spec ies  o f  p r im a 
ry  clin ica l  im p ortan ce  in this  genus. T h is  m ic ro o rg an ism  is 
a  long, th in , nonm oti le ,  g ram -neg a t ive  bacil lus .  F lavobac
terium  m eningosep ticum  is widely dis tributed in nature, and 
the  hosp ita l  env iron m en t is f requently  co n tam ina ted  with 
th is  o rg an ism  (see  Table 4-4). It is m os t  f requently  a sso c i
ated  w ith  n o so com ia l ly  acqu ired  m en ing it is  in neonates.

F la vo b a c teriu m  m en in g o sep ticu m  is usual ly  res is tan t to 
a w ide  range o f  an tim icrob ia l  agen ts  and  therapy  m ust be 
based  on su scep tib i l i ty  tes ting  results.

Gardnerella vaginalis
G ardnere lla  va g in a lis  is f requently  recovered  from  the 
fem ale g en ito u r in a ry  tract and p robab ly  p lays an etio logic  
role in va g in itis  (see  Table 4-4). A  ch arac te r is t ic  o f  vaginal 
infection w ith  th is  m ic ro o rg an ism  is the p resence  o f  “clue  
ce lls , ” w h ich  are vaginal ep ithelia l  cells  covered  with 
bac te r ia .  T h is  m ic ro o rg an ism  has  a lso  been repor ted  to 
cause  neonata l  seps is ,  p o s tp a r tu m  b ac te rem ia ,  and n o n 
specific  u rethrit is .

Plesiomonas shigelloides
P lesiom onas sh ig e llo id es  is a  g ram -nega t ive ,  m otile  b a c te 
r iu m  w hose  natural habita t is w arm  su rface  w ater  and mud 
(see Table 4-4). It m o s t  f requently  causes  a self-l im ited  
gas troen te r i t is ,  a l though  it has been repor ted  as  a cause  of 
cellu li t is  and sep ticem ia .  T h is  m ic ro o rg an ism  is sensitive 
to ceph a lo sp o r in s ,  am in og lyco s id es ,  im ipenem , and c ip ro 
floxacin.

Eikenella corrodens
E ikene lla  co rrodens  is a g ram -n ega t ive  rod that is a  part o f  
the  n o rm a l  f lo ra  o f  the  m outh  and  u p p e r  re sp ira to ry  t ract as 
well as o ther  mucosal surfaces o f  the hum an body (see Table 
4-4). It is usual ly  associa ted  with infec tions involving the 
head  and  neck o r  abd om ina l  a rea .  However, hem atog eno us  
sp read  from  these  p r im ary  infection s i tes  can  lead to 
es tab l ishm en t  o f  foci in o th e r  body  sites. In  add it ion ,  E. 
corrodens  can  cause  infection following h u m an  bites.

Capnocytophaga
T h e re  are  th ree  spec ies  in th is  gen us  tha t in fec t  hum ans : C. 
o ch ra cea , C . sp u tig en a , and C. g in g iva lis . T hese  are 
g ram -n ega t iv e  fu s ifo rm -sh aped  rods. T h ey  have been asso 
c ia ted  p r im ar i ly  w ith  periodon ta l  d isease , but have also 
been  identif ied  as a cause  o f  b a c te rem ia  in im m u n o c o m 
p rom ised  g ranu locy topen ic  patien ts  (see Table 4-4).

Streptobacillus
Streptobacillus m oniliform is  is one cause of ra t-b ite  feve r, the 
o ther  is Spirillum  m inus  (see section on spirochetes).  Strep
tobacillu s m on ilifo rm is  is a non en capsu la ted ,  nonm otile ,  
g ram -n ega t ive ,  f i lam en tou s  bac il lu s  that is p resent as part 
o f  the  norm al flora o f  the nasop h a ry n x  o f  rats  and o the r  
roden ts  (see  Table 4-5). Rat-b ite  fever d ue  to Strep, m on
ilifo rm is  is w orldw ide  in occu rrence ,  a l though  it is a sso c i
ated pr im ar i ly  with p o o r  o r  p r im it ive  living condit ions 
with a large rat popula t ion . T h e  d isease  is u sua l ly  acquired  
by the  b ite  o f  a rat o r  o th e r  roden t .  However, it can  be 
transm it ted  by m ilk ,  water, and food co n tam ina ted  by  rats.

A n  in f lam ed  lesion com m o n ly  develops at the  site o f  the 
bite, followed by  an ab ru p t  onse t  o f  chil ls ,  fever, vom iting , 
headache,  and  severe pain  in the  jo in ts .  A m acu lop apu la r  
rash f requently  develops tha t involves the  pa lm s ,  soles, and 
ex trem ities .  Severe  fo rm s o f  the d isease  can  lead  to en d o 
card i t i s ,  p neu m o n ia ,  and m ultip le  a b sces ses  in m any  organ 
systems.

D iagnosis  is m ade  by isolation o f  Strep, m on ilifo rm is  
from  the b lood or jo in t  fluids.

Penicill in  is very  effec tive  in trea ting  rat-b ite  fever 
caused  by  Strep, m oniliform is.

Rochalimaea henselae
C at-scra tch  fe ve r  is characterized by localized lymphadenop- 
athy in a  person w ho  reports  being in contact with or being 
scratched by a cat (see Table 4-5). Sym ptom s can also include 
skin or eye rashes and tem porary  blindness. R ochalim aea  
hen se la e  is the  m ost likely e tio log ic  agen t o f  this d isease , 
a l though  this is co n trovers ia l .  T h e  d isease  is usual ly  se lf
lim ited  and no antib io t ic  therapy  is re co m m end ed .

Enteric Bacteria_________________
David J. H entges

T h e  en te r ic  b ac te r ia  are g ram -neg a t iv e ,  n o n spo ru la t in g ,  
faculta t ive ly  anaerobic  rods tha t are p resent in the  in tes t i
nal trac ts  o f  h u m a n s  and  m any anim als .  M ost o f  these  
b ac te r ia  belong to the family E n te rob ac te r iaceae ,  a l though 
s im ila r  b ac te r ia  c lass if ied  in o th e r  fam il ies  are also co n s id 
e red  to be en te r ic  bac te r ia  because  o f  the ir  intestinal 
habita t.  E n te r ic  bac te r ia  are d if fe ren t ia ted  on the basis  o f  
DNA hom ology  and cu l tu ra l ,  b iochem ica l ,  and  an tigen ic  
charac te r is t ics .  T h e re  are th ree  m a jo r  c lasses  o f  an tigens  
a ssoc ia ted  with these  bacte r ia :  the  О  o r  cell-w all an tigens ,  
the  К  o r  c ap su la r  an tigens ,  and the H o r  f lagellar  antigens. 
T he  O-antigen complexes are located in the ou ter  membrane 
o f  the cell walls o f  enteric bacteria  (Fig. 4-6). They  are 
lipopolysaccharide in composition. The О -specific side
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Exterior of cell

О О л; о  О о  о

Periplasmic sp a ce

O uter m em brane

Phospholipid Protein Lipoprotein 0-an t igen  chain 

Core 

Lipid A 

Lipopolysaccharide

Fig. 4-6 S tr u c tu re  o f t h e  o u t e r  m e m b r a n e  o f  t h e  cell w all o f  E n te ro b a c te r i a c e a e .

chains, which extend out from the surface o f  the cell walls, 
consist o f  polymers o f  repeating oligosaccharide units o f 
three or four monosaccharides. O-antigenic variation among 
enteric bacteria  is attributed to differences in sugar com pos i
tion, sequence, linkage groups, and additional substituents o f 
the repeating oligosaccharide units. The  H antigens are 
proteins, and the К  antigens are polysaccharides.

Endotox in

T h e  subs tance  responsib le  for endox ic i ty  o f  en te r ic  b ac te 
ria  is the  lipid A c o m p o n e n t  o f  the lipopo lysaccharide ,  
w hich  can be  c leaved from  the  co re  o f  the  com plex  by mild 
ac id  hydro lysis  (Fig. 4-6). R ough  m utan ts  o f  these  bac te r ia  
lack О -specific  s ide  chains  and m ay also lack a po rt ion  o f  
the  core. However, they d o  possess  lipid A and therefore 
have endotoxic  activity.

Infec t ions

T h e  m a jo r i ty  o f  en te r ic  b ac te r ia  are co m p on en ts  o f  the 
ind igenous  in testina l f lo ra  and ,  u nd er  no rm al c i r c u m 
s tances ,  do  not p roduce  d isease  in the in testina l tract. 
However, som e en te r ic  bac te r ia ,  w hich  do not res ide  in the 
intestinal tract o f  healthy  individuals ,  are capab le  o f  severe 
d isease  p roduc tion  if  they gain  en trance  to  and  m ultip ly  in

the intestine. T hey  represen t the in testina l p a tho gen s ,  a 
second  ca teg o ry  o f  en te r ic  b ac te r ia ,  w hich are d is cu ssed  in 
the next section. T h is  sec t ion  focuses  on the  ind igenous  
flora c o m p on en ts  tha t p ro du ce  a varie ty  o f  infec tions in 
h um ans  if  d isp laced  from the i r  natural habita t.  Ex tra in- 
tes tinal in fec tions  p ro du ced  by en te r ic  bac te r ia  include:

1. U r in a ry  tract infections
2. P neum onia
3. W ound infections
4 . Bacterem ia
5. M eningitis
6. A bscesses
7. E n do ca rd i t is

T h ese  infec tions are  f requently  hospi ta l acqu ired .  Between 
4 0  and 50 percen t o f  no so com ia l  infec tions are caused  by 
en te r ic  bac te r ia .  T h e  o rg an ism s  are responsib le  for a  m a 
jo r i ty  o f  no so com ia l  u r in a ry  tract infec tions and a  large 
percen tage  o f  bac te rem ias ,  re sp ira to ry  t ract in fec tions, and 
surgical w ound  infections.

Escherichia coli

E . co li, the p r im e  n osoco m ia l  p a th og en ,  is a m a jo r  cause  of 
u r in a ry  tract infec tions and bac te rem ias .  S ince  the  in te s t i 
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nal tract is its only natural hab ita t ,  its p resence  in env iron
mental sam ples  is cons id e red  p ro o f  o f  fecal con tam inat ion .  
T h e  iden tif ica t ion  o f  E . co li is based  on colony m orpho logy  
on differen t ia l  and selective m ed ia ,  b iochem ical react ions , 
and serologic  react ions to d e te rm in e  antigenicity . E sc h 
erich ia  co li s t ra ins  charac te r is t ica l ly  fe rm en t  ca rb o h y 
dra tes ,  inc lud ing  lac tose , with  the  p roduc tion  o f  acid and 
gas. E. co li s tra ins  with  К an tigens  I, 2 ,  3, 5 ,  12, and 13 are 
found with high frequency  in ex tra in tes tina l  infections.

O th er  Coliform Organisms
T h e  g en e ra  K leb sie lla , E n terobacter, Serra tia , and 0 7 -  
ro b a c te r  share  b iochem ical p ro pe r t ie s  in c o m m o n  with E. 
co li  an d ,  a long  with E . co li, a re  re fe rred  to as co lifo rm  
o rgan ism s .  U nlike E . co li, these  o rg an ism s  are widely 
d is t r ib u ted  in na tu re  and are isolated from  soil,  water, and 
food, as well as  from  the  in testinal trac t .  M os t o f  them  
fe rm en t  lactose. T h ey  have been incr im ina ted  in hospita l-  
acqu ired  infections, so m etim es  causing  b a c te rem ia  and 
frequently  infec tions com p lica t in g  burns. T hey  are  also 
involved in infec tions following in travenous  o r  u r inary  
tract ca the te r iza t ion  or re sp ira to ry  tract m an ipu la t ions  
such as t r a ch eo tom y  or use o f  inhalation  therapy  eq u ip 
m ent .  O ne  o rg an ism  o f  th is  g roup ,  K leb sie lla  pneum oniae , 
w hich is heavily en capsu la ted ,  is responsib le  for severe 
resp ira to ry  tract infections in deb il i ta ted  individuals.

Proteus
T he  gen us  P ro teus  and re la ted  o rg an ism s  M organella  mor- 
g a n ii  and P rovidenc ia  re ttgeri (fo rm erly  c lass if ied  as P ro
teu s m o rg a n ii and P ro teus re ttgeri)  d o  n o t  fe rm en t  lactose 
and are not co n s id e red  to be co lifo rm  o rgan ism s .  They  
possess  the en zy m e  urease , w hich  cha rac te r izes  th em  and 
aids in the i r  identif ication . U rea  is hydro ly zed  by this  
e n z y m e  to p ro du ce  carbon  diox ide  and am m o n ia .  A m m o 
nia p roduct ion  causes  an increase  in pH . H ydro lys is  o f  urea 
in u rine  by  one o f  these  o rgan ism s  d u r in g  a u r in a ry  tract 
infec tion  causes  a lkal in iza tion  and dec reased  so lub il i ty  o f 
ca lc ium  and m ag nes iu m  phosphates .  T h is  leads to  fo rm a
tion o f  s tones, w hich  trap  bac te r ia  and  p ro tec t  them  from 
an tim icrob ia ls .  T h e  a m m o n ia  p ro du ced  m ay  a lso  d irectly  
d am ag e  u r ina ry  tract ep i th e l iu m . In addit ion  to u r inary  
tract in fections, surgical w ound  infections, lower resp i
ra tory  tract infections, and o ccas iona lly  bac te rem ia  are 
caused  by these  organ ism s .

P seudom onas  aerug inosa
P. aeru g in o sa  is so m etim es  present in the  intestinal t rac t  o f  
hum ans. It is g ro up ed  with the  en te r ic  bac te r ia ,  a l though  it 
belongs to the fam ily  P se u d o m o nad aceae  ra ther  than E n 

terobac te r iaceae .  T h e  genus P seudom onas  en com pa sses  
m ore  than 140 species. O f  m edica l im po rtan ce ,  in addit ion  
to P. a eru g in o sa , are P seudom onas p seu d o m a lle i, w hich  
causes melioidosis, and P seudom onas m allei, which causes 
g landers .  T h ese  d iseases  are  u n c o m m o n ,  however. P seu 
dom onas aeru g in o sa  se ldom prod uces  infection in healthy  
individuals ,  but poses a m a jo r  th rea t  to hosp ita l ized  p a 
tients with  underly ing  d iseases  such as cystic  f ibrosis  or 
cancer. C a n c e r  patients ,  w ho  are frequently  im m u n o c o m 
p rom ised  and rece ive  an tim icrob ia l  therapy  prophylac-  
tically, are part icu lar ly  prone to infec tions with an tib io tic-  
res is tan t P. a eru g in o sa . Suscep tib le  patients may develop 
p n eum o n ia ,  u r in a ry  t rac t  infections, b ac te rem ia ,  and  vari
o us  localized  infections following su rgery  or burns . P seu 
dom onas aeru g in o sa  is also responsib le  for o u tb reaks  of 
folliculi tis  ( in fec t ion  o f  ha ir  follicles) in ind iv iduals  w ho 
use hot tubs  or w hir lpool baths.

P seudom onas aeru g in o sa  is ub iqu i tous . A lm o s t  any site  
in the hospi ta l env iro nm en t  may ha rbor the  o rgan ism , 
espec ia lly  i f  m os i tu re  is p resen t,  inc lud ing  s inks and taps, 
resp ira tors ,  d r in k in g  vessels, and hosp ita l  food. T h e  or
gan ism  is a nonfe rm en ta t ive  aerobe  tha t  de r iv es  its energy  
in the  oxidation  o f  organ ic  c o m p o u n d s  and therefore grow s 
on the  su rface  o f  liquid m ed ia  as a pellicle. M ost s tra ins  of 
P. aeru g in o sa  p roduce  charac te r is t ic  b lue-green  p igm en ts ,  
pyocyan in ,  and f lu o resce in ,  w hich  facilitate identif ication.

A variety  o f  su bs tances  a ssoc ia ted  with P. aerug inosa  
co n tr ibu te  to its virulence. T hese  inc lude  end o tox in ,  the 
po lysacchar ide  sl im e layer, leukoc id in ,  enzy m e s  such as 
p ro teases  and  p hospho l ipase  C ,  and a specific  toxin called  
exotoxin  A. E xotox in  A  b locks pro te in  syn thes is  in euca-  
ryotic  cells by  r ibo sy la t in g  and therefore  inact ivat ing  e lon 
gation fac to r  2 ,  w h ich  is requ ired  for t rans loca tion  o f  
po lypeptidy l t r an sfe r  RNA  from accep to r  to don o r  s i tes  on 
the r ibosom e. P seudom onas aeru g in o sa  s t ra ins  isolated 
from  the  re sp ira to ry  t rac t  o f  pa tien ts  with cys t ic  fibrosis 
p ro du ce  co lon ies  tha t are f requently  very  m ucoid .

Intestinal Pathogens____________
David J. H entges

T h e  o rg an ism s  that p ro du ce  en te r ic  d iseases  in hu m ans  
gain  en tran ce  to the body by the  oral route  and m ultip ly  in 
the intestinal tract. S om e o f  the pa thogens  p rod uce  enter ic  
d isease  by excre t ing  exotoxins (called en te ro tox ins  b e 
cause  o f  the  site  o f  ac tiv ity),  w hile  o th e r s  are invasive, 
pene tra ting  intestinal ep ithe lia l  cells and pass ing  into in 
testinal t issue  and in som e cases  in to  o th e r  a reas  o f  the 
body  (Table 4-7).  A  few en te r ic  p a th og ens  are  bo th  tox
igenic and invasive.
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T ab le  4 -7  T h ree  Types of In testina l  
In fec tions P ro d u c e d  by  Enteric  B acter ia

Mechanism Enterotoxin Superficial Penetration
production ulceration (systemic)

(mucosal)
Site of Proximal Distal small Distal small

infection small bowel or bowel or
bowel colon colon

Illness Watery Dysentery Extraintestinal
diarrhea spread

Organisms Vibrio Shigella Salmonella
responsible cholerae species species

Entero Enteroinvasive Campylobacter
toxigenic E. coli jejuni
Escherichia Vibrio Yersinia
coli parahaem o entero

lyticus colitica

Toxigenic Enteric P a th o g e n s

Vibrio cholerae
Vibrio cho lerae  is the  c lassic  toxigenic  enter ic  pathogen. 
T h ere  are five spec ies  w ith in  the genus V ibrio, o f  w hich  V. 
cholerae  and Vibrio p a ra h a em o ly ticu s  are the  m a jo r  p a th o 
gens. However, o th e r  v ibr ios ,  know n variously  as  nonag- 
g lu t inab le  v ib r ios  o r  noncholera  v ibr ios ,  are capab le  o f  
p roduc ing  d ia r rhea  in h u m an s  and  have been associa ted  
with lim ited  o u tb reaks  o f  disease. V ibrio  cho lerae  is a 
g ram -nega t ive ,  s l ightly  cu rv ed  rod with po la r  f lagella .  It is 
d iv ided  in to  six se rogroups ,  0:1 th rough  0 :6 ,  and four 
b io types. Two o f  the  b io types ,  c lassic  and El Tor, which 
belong to se rog rou p  0:1, a re  responsib le  for the devasta ting  
ep idem ic  d isease  know n as  cholera .  S e ro g ro up  0:1 is fur
ther  d iv ided  into th ree  se ro ty pes  ca lled  O gaw a (conta in ing  
A and В an tigens) ,  Inaba  (conta in ing  A and С  antigens),  
and Hikojima (containing A , B. and С antigens). T h e  organ
isms are quite tolerant o f  alkaline conditions and are therefore 
capable o f  multiplying in m edium  adjusted to pH 8.5.

Pathogenicity

Vibrio cholerae, w hich  is inges ted  in co n tam in a ted  food or 
water, becom es  a ttached to the ep ithe lia l  cells  o f  the small 
bowel. T h e re  is no  ev idence  o f  pene tra tion  o r  m orpholog ic  
alteration  o f  intestinal ep i the l ium . T h e  o rg an ism s  excrete 
an en tero tox in  (chole ragen) tha t  is a  protein  with a  m o lecu 
lar w eight o f  8 4 ,0 0 0  consis t ing  o f  two m a jo r  regions 
des igna ted  A  and B. Region A  consis ts  o f  two po ly pep 
tides,  des igna ted  A, and A 2, that are linked by a single 
d isu lf ide  bond .  Region В (choleragenoid),  w hich  consis ts  
o f  five associa ted  pep tides ,  is responsib le  for a ttachm ent o f

the  toxin m olecu le  to the  g lyco l ip id  G m I gang lios ide  
recep to r  located on sm all- in te s t ina l  ep ithelia l  cell  m e m 
branes . T h e  A, peptide has the e f fec t  o f  s tab il iz ing  the 
m em b ran e -b o u n d  en zym e ,  adenyla te  cyc lase ,  in an  active 
confo rm at ion .  T h e  en zy m e  is com plexed  w ith  a regu la to ry  
pro te in  and gu ano s in e  tr ipho sp ha te  (GTP). L im ita tion  o f  
enzym atic  ac tiv ity  o ccu rs  na tura lly  by  hydro lys is  o f  GTP, 
w hich  inactivates  the com plex .  T he  A , pep tide  p ro d u ces  its 
toxic effec t  by r ibosy la t in g  the  com plex ,  w hich  prevents  
h ydro lys is  o f  G T P  and locks the  en zy m e  in an ac tive  state 
leading to excess ive  p roduc tion  o f  cyclic  AMP.

Clinical Manifestat ions

H igh  concen tra tions  o f  cyc lic  A M P  cause  a  d e ran gem en t  of 
the ce l lu la r  ion t r an sp o r t  p rocesses  and a  h ypersecre t ion  
o f  ch lo r id e  and b icarbona te  ions and w ater in to  the  lum en 
o f  the sm all intestine. T h e  feces o f  cho lera  patien ts  are 
nearly  isotonic w ith  the i r  p lasm a. A ccu m u la t ion  o f  flu id  in 
the  in test ine  is responsib le  for the v o lu m in ou s  stool and the 
d ia r rhea  tha t  develop. F lu id  loss c an  exceed  1 l i ter  pe r  hour. 
A ccom pan y in g  the d ia r rh ea  is d e m in e ra l iza t ion ,  acidos is ,  
and ex trem e d ehydra t ion .  T h e  w a te ry  s tools  p ro d u ce d  by 
the patien ts  usua l ly  con ta in  sm all  b its  o f  m u cus ,  w hich  give 
them  a charac te r is t ic  r ic e -w a te r  appearance .

Trea tment

T h e  m os t  im po rtan t  im m ed ia te  trea tm en t  o f  cho lera  is 
rep lacem ent o f  lost b o d y  flu ids  and e lec tro ly tes .  T h is  is 
acco m plish ed  by infusing  a so lu tion  o f  N aC l,  N a H C 0 3, 
and  KC1 in travenously  o r  by  adm in is te r in g  the  so lu tion  
ora lly  and inc lud ing  g luco se  in the rep lacem en t flu id . 
A n tim icrob ia ls  effec tive ly  e lim ina te  V. cho lerae  f rom  the 
feces o f  m ost patients but are not a sub s t i tu te  for adequate  
f lu id  and  e lec tro ly te  rep lacem en t .

Epidemiology

C holera  is endem ic  in so u th eas t  A sia  and  from  this focus 
spreads to o th e r  areas  o f  the  w orld  from  t im e  to t ime. In 
1991, cho lera  appea red  in several coas ta l  c i t ies  in P eru  and 
spread  rap id ly  because  o f  p o o r  san i ta t ion  and unsafe  w ater 
supplies. H und reds  o f  th o usand s  o f  cases  have been  re 
ported  in C entra l  and S ou th  A m er ic a  and  Mexico, bu t  the 
m o r ta l i ty  has been  less than  1 percen t  because  o f  the 
effec tive  re sponse  o f  the  m edical com m unity .  Sporad ic  
cases  o f  cho lera  are repor ted  in E u ro p e  and  the  U nited  
States, a l though  a cho lera  ep id em ic  has  not o cc u r red  in the  
U nited  States in m ore  than 100 years .

Enterotoxigenic Escherichia coli
S om e stra ins  o f  E . co li are cap ab le  o f  p ro d u c in g  enter ic  
in fec tions, a l though  m o s t  s tra ins  are nonpa tho gen ic  c o m 
m ensa ls  in the  in testinal trac t .  P re d o m in an t  am on g  the
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intestinal p a th og ens  is en te ro tox igen ic  E . co li (E T E C ),  
w hich causes  d ia r rh ea ,  w hich  is usual ly  less severe than  in 
cho le ra ,  in all age  groups . Infection is acqu ired  by inges t
ing food or w ate r  con tam in a ted  w ith  the  o rgan ism s .  C o lo 
n ization o f  the  su r face  o f  sm all- in tes t ina l  ep ithe lia l  cells 
o ccu rs  as a result o f  the p resence  o f  f ib r iae  on the bac te r ia .  
T h e  fib r iae  have been given an tigen ic  des ignations .  C o lo 
n ization fac tor an t igens  (C F A /I ,  C F A /I I ,  and C F A /IV )  are 
a ssoc ia ted  w ith  s tra ins  responsib le  for hum an  infections, 
K 88 w ith  s tra ins  specific  for sw ine , and  K 99  with strain  
specific  for lam bs and calves.  T h e  o rg an ism s  produce  heat- 
labile and heat-s tab le  en te ro tox ins ,  bo th  o f  w hich  produce  
d ia r rh ea  in the  host .  H eat- lab ile  en te ro tox in  (LT) func t ions  
in the  sam e  way as cho lera  toxin , increas ing  adenyla te  
cyc la se  ac tiv ity  w ith  the resultant elevation o f  ce llu la r  
cyclic AMP. Interestingly. LT shares antigenic determinants 
with cholera toxin. Heat-stable enterotoxin (ST), which is a 
low -m olecu lar-w eigh t ,  n onan tigen ic  molecu le ,  st im ula tes  
guanyla te  cyc lase  ac tiv ity  by  increas ing  ce llu la r  levels o f  
cyclic  g uan o s in e  m ono ph osp ha te  (cycl ic  GM P).

E n te ro tox in  p roduc t ion  by E  co li is con tro lled  by a 
t ran sm iss ib le  p lasm id  that , theoretically ,  can  infect any E. 
co li se ro type  and  co n fe r  on it the  abil i ty  to p roduce  
entero tox in . A  single p lasm id  can  ca r ry  genes  for both LT 
and ST p roduc t ion  o r  for e i th e r  alone.

Enteropathogenic Escherichia coli

E . co li s t ra ins  tha t  cause  d ia r rhea l  d isease  in in fan ts  but do 
not p ro du ce  LT and  S T  are d es igna ted  en te ro p a tho gen ic  E. 
co li (EPEC). T h e ir  m ech a n ism  o f  d isease  p roduc t ion  is not 
c lea rly  u nd e rs to o d ,  a lthough  exam ina t ion  o f  sm a l l - in te s t i 
nal b iops ies  from  infected  in fan ts  revealed  that the  o rg an 
ism s adh ere  in t im ate ly  to en te rocy tes ,  caus ing  d issolu t ion  
o f  microvill i  and the cupp in g  o f  en te rocy tes  a round  the 
bac te r ia .  E P E C  are know n to  p ro du ce  a cy to tox in  that also 
has en te ro tox ic  ac tiv ity  and  there  is som e recent evidence 
that the  o rg an ism s  may invade en te rocy tes .  C er ta in  E. co li 
О  se ro ty pes ,  such as  0 5 5  and  0111, are co m m o n ly  a s s o c i
ated with these  infections.

Invasive Enteric P a thogens  Capable  of 
Systemic Spread
Salmonellae
O rg an ism s  o f  the genu s  Sa lm onella  are capable  o f  invading 
in testina l t issue  and sp read ing  to the o th e r  a reas  o f  the 
body. T h ey  are g ram -nega t ive ,  m otile  rods  tha t fail to 
fe rm en t  lactose but d o  fe rm en t  g lucose ,  with  the p ro d u c 
tion  o f  ac id  and gas. T h ey  are H 2S positive. An im portan t  
exception is Sa lm onella  typ h i, w hich  p rodu ces  ac id  but no 
gas from  carb oh yd ra te  ferm enta tion .

B ecause  o f  its an tigen ic  complexity ,  the  g en us  S a lm o n el
la  cons is ts  o f  more than 2000  se ro types ,  each  o f  w hich is 
g iven  a spec ies  d es igna t ion  by the t rad it iona l sy s tem  o f  
c lassif ica t ion . A  sim plif ied  sys tem  o f  c la ss if ica t ion ,  e m 
phasiz ing  eco log ic  features,  des ign a tes  on ly  th ree  species:
S. typ h i, Sa lm onella  cho lo raesu is , and Sa lm onella  enter- 
itid is . By th is  sys tem  5. typ h i  and  S. ch o leraesu is  each 
consis ts  o f  a  single se ro type ,  and all rem ain ing  se ro types  
are ass igned  to the  spec ies  S. en ter itid is . T h e  m ost recent 
schem e, based  on genetic  stud ies ,  m ain ta ins  tha t all  s a lm o 
nellae belong to a single species .  T he  species ,  w h ich  is 
ca lled  Sa lm onella  en ter ica , con ta ins  six sub sp ec ies  that 
can  be d if fe ren t ia ted  biochemically.

Salm onellae  cause  d isease  in a variety  o f  an im als  as well 
as  in hum ans. In h u m ans ,  there  are th ree  c l in ica l ly  d is t in 
gu ishab le  types  o f  infection: gas troen te r i t is ,  en te r ic  fever, 
and sep ticem ia .  T hey  all result from  ea t ing  food o r  d r in k 
ing w ater con tam in a ted  w ith  large num bers  o f  the o rg a n 
isms.

G a s t r o e n t e r i t i s

By far, the  m ost co m m o n  type  o f  d isease  p ro d u c ed  by 
sa lm onellae  in h um an s  is gas tro en te r i t is ,  w hich  is a lo
ca lized  infec tion  o f  the i leum and colon. Any sa lm onella  
can  p roduce  gas troen te r i t is ,  bu t  in the  U nited  States it is 
most frequently caused by Salm onella  typh im urium . Sym p
toms beg in  betw een  18 and 24  hours  af ter  eating  c o n tam i
nated  food. S trains  o f  sa lm onella  are kn ow n  to excrete  an 
exotoxin tha t  m ay  funct ion  as an en te ro tox in ,  but its role in 
the  p a thogenesis  o f  en te roco li t is  has  not been es tab lished .  
T h e  o rg an ism s  invade the in testina l ep i the l ium  and p ro l if
era te  w ith in  the  ep ithelia l  cells  and lym pho id  follicles. T h is  
leads to  an acu te  in f lam m atory  response  tha t  occasionally  
causes  u lceration . T h e  resu lt ing  en te roco li t is  is c h a ra c 
te r ized  by  d ia r rh e a ,  chil ls  and fever, abd om ina l  p a in ,  and 
leukocytosis .  A s  a rule, the  infection is se lf- l im it ing ,  and 
sp on taneo us  recovery  occ u rs  w ith in  5 days.

Ente r ic  Fever

E n te r ic  fever is a  far  m ore  severe type  o f  infec tion  than 
gas t roen te r i t is  b ecause  it fea tures  sys tem ic  as  well as 
in testina l involvement.  T h e  p ro to ty pe  o f  en te r ic  fever is 
typ ho id  fever caused  by S. typ h i. W hen  the o rg an ism s  are 
inges ted  in con tam in a ted  food o r  water, they  pene tra te  the 
intestinal epithelium, spread to the mesenteric lymph nodes, 
and are  d issem ina ted  th ro ug ho u t  the  body  in the  b lood. 
A l though  they are rem oved  by the  re t icu loendothe l ia l  
sy s tem ,  they  are  capab le  o f  multip ly ing  in m acrophages ,  
are re leased  in to  the  b lo od s tream , and frequently  p roduce  
infections in various  body  o rgans ,  inc lud ing  the  liver, 
sp leen, bone marrow , and gallbladder .  T h e  o rg an ism s  
re infec t  the  in testina l t rac t  from the  gallb ladder ,  localize  in
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Peyer’s patches, and cause necrosis. Ulcerations in Peyer’s 
patches frequently lead to intestinal hemorrhaging and som e
times bowel perforation. Spiking fever, enlarged spleen, 
leukopenia, and hem orrhages o f  the skin, “ rose spots," are 
com m on symptoms. Although diarrhea is usually absent, 
abdominal tenderness and distention are comm on. T he  incu
bation period for the disease varies between I and 2 weeks.

Paratyphoid Fever

E n te r ic  fever caused  by sa lm onellae  o th e r  than S. typ h i  is 
re fe rred  to as  para typho id  fever. T h e  incubation  period  is 
sho r te r  than  for typho id  fever (1-10 days), and the d isease  
is less severe. O rg an ism s  co m m on ly  responsib le  for pa ra 
typho id  fever in the U nited  States inc lude  Sa lm onella  
p a ra typ h i В  and  S. ty p h im u r iu m .

Septicemia

S alm onella  sep t icem ia  is s im ila r  to en te r ic  fever in that it is 
a  gene ra l ized  infection involving the  b loods tream  and 
various  body  o rgans . However, the o rg an ism s  do not affect 
the gas tro in tes t ina l  tract and th ere fo re  are not isolated 
from  the  feces. Sa lm onella  ch o lera esu is  is m os t  often 
responsib le  for this  type  o f  disease.

Transmission

Typhoid  and o th e r  en te r ic  fevers are  exclus ively  hum an  
d iseases  and h um an  ca r r ie rs  w ho  have recovered from the 
infection and have con tam in a ted  food or w ater are the 
p r im a ry  sources  o f  infection. O th e r  sa lm onellae  are a sso 
c iated  with anim als .  B ecause  fa rm  an im a ls ,  such as  cattle , 
sw ine , and  poultry ,  f requently  ha rb o r  the o rgan ism s ,  c o n 
tam inated  m eat is the m ain  vehicle o f  infection. H ousehold  
pets may also be carriers , and eggs may contain salmonellae.

Prevention

Prevention  o f  sa lm onellos is  requ ires  san i ta ry  contro l  du r
ing food prepara tion ,  r ig id  exclus ion o f  sa lm on e l la  ca rr ie rs  
from  occupa t ions  in w hich they handle  food , and proper 
d isposal o f  sew age so tha t  it does not con tam ina te  d r ink ing  
w ater supplies. T h o ro u g h  cook in g  o f  m ea t ,  pas teu riza tion  
o f  m ilk , and  w ater t rea tm en t  are add it ional m easu res  used 
to prevent t ransm iss ion  o f  sa lm onellae  and  o th e r  enter ic  
pathogens . Two vaccine  types  are cu rren t ly  available  for 
p ro tec tion  a ga ins t  typho id  fever. O ne consis ts  o f  a su sp en 
sion o f  heat-phenol inactivated  S. typ h i tha t is adm in is te red  
subcu taneo us ly  and the  o th e r  a suspension  o f  live a t tenu
ated S. typ h i s tra in  Ту 2 /a ,  that is g iven  orally.

Diagnosis

D iagnos is  o f  sa lm onellos is  is m ade  by isolating the o rg a n 
ism s from  the  p a tien t’s b lood , feces,  urine, o r pus. T he

o rg an ism s  are iden tif ied  using b iochem ical tes ts , and  iden 
tif ication  is f requently  co n f i rm e d  by an t igen ic  analys is  
with  typ ing  sera.

Treatment

A ntim icrob ia ls  are not reco m m en d ed  for trea tm en t  o f  u n 
com plica ted  g as t ro en te r i t is  b ecause  they do not shor ten  the 
dura t ion  o f  illness. However, en te r ic  fevers and  sep t icem ia  
require  an tib io t ic  therapy. C h lo ram p hen ico l ,  am pic il l in ,  
and tr im e th o p r im -su lfam e th o x azo le  are effective.

Campylobacter jejuni
C. je ju n i,  a g ram -n ega t ive  m icroaeroph ilic  cu rv ed  rod, 
frequently  causes  d ia r rhea l  d isease  in h u m an s .  T h e  o rg a n 
ism res ides  na tura lly  in the  in testina l and rep ro du c tive  
trac ts  o f  m am m als  and birds. Excre ta  from these  an im als ,  
con tam ina t in g  so i l ,  water, and food ,  are responsib le  for 
transm iss ion  o f  the o rgan ism s  to h um ans .  W h en  the  o rg a n 
ism s are  inges ted ,  infection is p ro du ced  in b o th  the  sm all 
and  large in testines .  Invasion o f  in testinal t i ssue  occurs ,  
resu lt ing  in an acute  exudative  and h em o r rh a g ic  in f la m m a 
tion. T h e  m a jo r  sy m p to m s  are fever: d ia r rh ea ,  w hich  may 
be liquid o r  b loody; and abdom ina l pain. In severe cases ,  
colonic  involvem ent,  inc lud ing  infil trat ion o f  the  lam ina  
propr ia  w ith  w hite  b lood cells  and c ry p t  a b scess  fo r m a 
tion , may occur. B ac te rem ia  also develops in a  few ind iv id 
uals, indica ting  that the infection is capab le  o f  spread ing  
systemically. S om e  s tra ins  p rod uce  a cy to tox in  and others  
an enterotoxin that is similar to E . coli LT and cholera toxin.

D efin i t ive  d iag no s is  is m ade  by iso lating  the  o rgan ism s  
from the feces. Fecal m ate r ia l  is s t reak ed  on selec tive  agar 
m ed ium  con ta in ing  an t ib io t ics  to w hich  C . j e ju n i  is re s is 
tan t ,  but m ost flora co m po nen ts  are susceptib le .  B ecause
C. je ju n i  is m icroaeroph il ic ,  cu ltu res  are incuba ted  in an 
a tm o sp here  o f  5 %  o x y gen ,  o ften  at 42°C  to  provide  g reater  
selectivity.

Helicobacter pylori
H . py lo r i  is a recen t ly  re cog n ized  p a thogen  tha t resem bles  
C a m p y lo b a c ter  spec ies  morphologically .  It is responsib le  
for chron ic  g as tr i t is  in h u m a n s  and  there  is ev idence  that 
the  o rgan ism  also  causes  gas t r ic  and d u o den a l  u lceration . 
H elico b a c ter  p y lo r i is ac tive ly  m otile ,  pene tra te s  gastr ic  
m ucus ,  and co lon izes  gastr ic  ep i th e l iu m , espec ia lly  the 
in terce l lu lar  ju nc t ion s .  It p rod uces  the  en zy m e  urease, 
w hich  is par t icu la r ly  im portan t  b ecause  it ra ises  the  pH  of 
the im m edia te  env ironm en t to ap prox im ate ly  6 .5  and  a l
lows the  o rgan ism  to su rv ive  in a no rm ally  acid ic  e c o sy s 
tem . T h e  urea p resen t  in the  s tom ach  is converted  to 
a m m o n ia  and carbon  diox ide  by th is  e n zy m e  and the 
a m m o n ia  p rod uced  is cy to tox ic  to gas t r ic  ep ithelia l  cells.
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T h e  o rg an ism  also  causes  a deple t ion  o f  gastr ic  m ucus ,  
allowing gastr ic  ac id  to e rode  denud ed  m u cosa .  A c o m b i
nation o f  an tib io t ics  and  b ism u th -con ta in in g  p repara tions  
are p resc r ibed  to treat u lcers caused  by this  o rgan ism .

Yersinia enterocolitica
Y. en tero co litica  p rod uces  an en te r ic  d isease  in hu m ans  
that is s im i la r  in m ost respects  to the d isease  p rod uced  by
C. je ju n i.  T h is  tiny, g ram -neg a t iv e  rod p ro d u ces  en te r i t is  
in anim als .  U po n  recovery, the  an im als  frequently  rem ain 
healthy  ca rr ie rs ,  excre ting  the o rg an ism s  in the i r  feces,  and 
h u m an s  b ecom e  infected  by co n su m in g  con tam in a ted  food 
o r  water. T h e  o rg an ism s  invade the m u co sa  o f  the ileum to 
p ro du ce  fever, d ia r rh e a ,  and abdom ina l  pain. From  here 
they m ay sp read ,  involving regional lym ph nodes and o ther  
o rgans  o f  the  body.

Enteric P a t h o g e n s  t h a t  P roduce  
In fec t ions  Conf ined  t o  In tes t inal  Tissue

Shigella
O rganism s o f  the genus Shigella  are nonmotile. g ram -nega
tive rods that ferment glucose, with the production o f  acid but 
not gas, and fail to ferment lactose. They are H 2S negative. 
There are four species w ithin the gem ?,— Shigella  boydii, S. 
dysenteriae, S. flexn er i,  and 5. so n n e i— lh&t are subdivided 
into serotypes on the basis o f  O-antigenic differences.

Disease

All o f  the species are capable o f  producing bacillary dysen
tery in hum ans and o ther  primates. Infection occurs as a 
result o f  consum ing food or water contaminated with the 
organisms. Studies show that ingestion o f  fewer than 200 
organisms can result in infection, and on this basis, they are 
considered to be the most effective o f  the enteric pathogens in 
causing human disease. T his  has been a ttributed to resistance 
to stomach acidity. Shigella  species produce an exotoxin that 
has cytotoxic, neurotoxic, and enterotoxic properties, and is 
undoubtedly responsible for much o f  the pathology that 
occurs with the disease. Shigella  dysenteriae, serotype 1. also 
known as Shiga’s bacillus, produces greater quantities than 
other  Shigella  strains (hence the term  Shiga toxin). E ntero
toxic activity is manifest early in the course  o f  the disease in 
the small bowel, causing d iarrhea, w hereas cytotoxic activity 
is manifest later in the course o f  the disease in the colon. 
Cytotoxicity is a consequence of inactivation, by the toxin, o f 
the 60S ribosomal subunit in eucaryotic cells, thus interfer
ing with peptide elongation and protein synthesis . Shigella  
penetrates mucosal epithelial cells o f  the colon and kills 
them . O rganism s that reach the lamina propria  are readily 
phagocytized  and destroyed, so that lymph node involvement 
and bacteremia are rare. Colonic epithelial cell death results

in superficial ulceration, bleeding, and an inflammatory 
response. The infected individual develops fever, experiences 
severe abdominal cram ps and tenesmus, and has frequent 
stools. Dysenteric stools are scant and contain blood, mucus, 
and inflammatory cells.

E p i d e m i o l o g y

T he m ost com m on source of Shigella  infection is the human 
c a r r ie r  w ho  con tinues  to excrete  the  o rg an ism s  in the  feces 
long af te r  c lin ica l  recovery  and w ho  co n tam in a tes  food and 
water. There  are no  im portant animal reservoirs.  This disease 
is prevalent am ong  c losed  popula t ion  g roups ,  espec ia lly  if 
hygien ic  cond it ions  are su bs tan dard .  In the U nited  States, 
o u tb reaks  o ccu r  m os t  often  in p risons ,  m enta l  hospita ls ,  
ch ild ren ’s ins ti tu t ions, and  Ind ian  reservations. Sh igella  
so n n e i  is isolated with g rea tes t  f requency  from  ca ses  o f  
d ysen te ry  in the  developed  co u n tr ie s  o f  the w orld . P reven 
tion includes  san i ta ry  p roced u res ,  w hich  effec tive ly  e x 
c lude  o r  eliminate  the pathogens from food or drinking water.

D iag n o s i s

Blood , m ucu s ,  and c lu m p s  o f  neu trophils  and m ac ro 
phages  are ob served  in the  stools o f  infected  individuals. 
D efin i t ive  d iagn os is  depends ,  however, on the isolation of 
the  o rg an ism s  from  fecal m ateria l.

T r e a t m e n t

Oral rehydration  therapy  is used  to treat chron ic  d iarrhea .  
W h en  d ysen te ry  is severe , patien ts  are trea ted  with a m 
picillin o r tr im e th op r im -su lfam etho xazo le .

Invasive Esch e r i ch ia  coli

A disease  tha t resem bles  bac il la ry  dy sen te ry  in every 
respect is caused by E. coli strains belonging to Shigella- 
like se rogroups .  T hese  s tra ins  d o  not p ro du ce  en tero tox in  
but invade colonic ep ithelia l cells, with resu lt ing  tissue 
d e s t ru c t io n  and dysentery. T he  d isease  is l im i ted  to im pov
er ish ed  p op u la t io ns  living u n der  unsan i ta ry  cond it ions  
an d ,  therefore ,  rarely  o ccurs  in the  U nited  States.

Enterohemorrhagic E sche r i ch ia  coli

E . co li s t ra ins  responsib le  for h em o rrh ag ic  coli tis  and 
hemolytic-uremic syndrome (HUS), most notably 0157:H7, 
adhere  to co lonic  m uc o sa ,  p ro du c ing  h is topa tho log ic  le
sions s im ila r  to those p roduced  by E PE C  in the small 
bowel. In the co lo n ,  the bac te r ia  p roduce  relatively  large 
am o u n ts  o f  Sh iga-like  toxins (SET), w h ich  are a lso  called  
vero tox ins  (V T ) because  o f  the ir  cy to tox ic  effec t  on Vero 
t issue  cu l tu re  cells  tha t are d e r iv ed  from  A fr ican  green  
m onkey  kidney cells. T h e  E. co li s tra ins  tha t p roduce  the 
tox ins  are so m etim es  re fe rred  to as v ero tox in -p ro du c ing  E.
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coli (V T E C )  and so m etim es  as e n te ro hem o rrhag ic  E. coli 
(E H EC ). O ne o f  the vero tox ins ,  V T l  o r  SET I,  is a lm ost 
identical with  Sh iga  toxin and  the  other ,  V T 2  o r  SET II ,  has 
s im ilar  biologic p rop e r t ie s  to  V T l , but is not neu tra l ized  by 
Shiga toxin antibody. T h e  tox ins c ause  h em o r rh ag es  in the 
co lon ,  resu lt ing  in b loody  d ia r rh ea  and  low-grade fever. 
Infected  individuals ,  p a r t icu la r ly  young ch ild ren ,  m ay  also 
develop H U S m an ifes ted  by  hem oly tic  an em ia ,  th ro m 
bocy top en ia ,  and acu te  renal failure. O u tb rea k s  o f  h em or
rhagic  coli tis  have been traced  to con tam in a ted  food, 
p r im ar i ly  h am b u rg e r  m ea t ,  ind icating  tha t  catt le  are a 
c o m m o n  reservo ir  for E H E C .

Inform ation  abou t  the ty pes  o f  en ter ic  infec tions p ro 
duced  by E . co li s t ra ins  is su m m a r ized  in Table 4 -8 .

Vibr io  P a r a h a e m o l y t i c u s

V. p a ra h a em o ly ticu s  causes  tw o types  o f  d isease  in h u 
mans. T h e  m o s t  co m m o n  is w atery  d ia r rh ea ,  but d ysen te ry  
involving the  colon  also occurs .  T h e re  is ev idence  that 
som e o rgan ism s  invade in testinal t issue  and o thers  p roduce  
a cyto tox in . Additionally , a  hem olysin  is p ro du ced  (K ana-  
gaw a phenom enon) but its role in the  pa tho logy  o f  the 
d isease  has  not yet been d e te rm in ed .  V ibrio  p a ra h a e 
m o ly ticu s  is a ha lophilic  m a r in e  o rgan ism  that inhabits  
sa ltw ater es tu a r ie s  a round  the w orld . G as t ro en te r i t i s  u su 
ally follows ingestion  o f  con tam in a ted  seafood  that is 
insuffic iently  co ok ed .  In J a pan ,  the o rg an ism  accoun ts  for 
roughly  one q u a r te r  o f  the rep o r ted  cases  o f  “ food po iso n 
ing ,"  a l though  V. p a ra h a em o ly ticu s  is also occasionally  
responsib le  for en te r ic  infection in the United  States, e sp e 
cially  on  the  West Coast.

Mycobacteria___________________
David С  Straus 

G e n e r a l  P r o p e r t i e s

T h e  genus M yco b a c teriu m  con ta ins  n u m ero us  species  that 
can  cause  a w ide  varie ty  o f  chron ic  infections in hum ans .  
T h e  two m o s t  im po rtan t  d iseases  caused  by  the  M yco b a c 
terium  are the  chronic  lung infec tions seen in tubercu los is  
and the  d is sem ina ted  infec tions seen in leprosy. T h e  M y
co b a c te riu m  causes  these  long- term  (chronic) infections 
by  v ir tue  o f  its abil i ty  to su rv ive  inside no rm al m ac ro 
phages. T h e  ha l lm ark  o f  the  m em b e rs  o f  th is  genus is the 
capac i ty  to re tain  such dyes as  carbo l-fuchs in  following 
d eco lo r iza t ion  w ith  acid ic  alcohol.  T h e  ce lls  o f  the  genus 
are said to be “ ac id - fa s t .”  T h e  te rm  a c id -fa s tn ess  re fers  to 
the fac t tha t  w hen  the carbo l- fuchs in  s ta in  is fixed in the 
cell  by heat o r  chem ica l reac t ion ,  it cann o t  be e lu ted  by 
acid ic  e thano l (95%  ethano l and  3%  HCl).

Table 4-8 Escherichia coli 
Strains  t h a t  P rod uce  Enter ic  Infect ions

Strain
Pathogenic
mechanism

Site of 
infection Disease

E n t e r o t o x i g e n i c  E. E n t e r o t o x i n S m a l l D i a r r h e a

coli (ETEC) p r o d u c t i o n b o w e l

E n t e r o p a t h o g e n i c C y t o t o x i n S m a l l D i a r r h e a

E. coli ( E P E C ) p r o d u c t i o n b o w e l

E n t e r o i n v a s i v e  E. E n t e r o c y t e C o l o n D y s e n t e r y

coli ( E I E C ) in v a s i o n

E n t e r o h e m o r r h a g i c C y t o t o x i n C o l o n H e m o r r h a g i c

£ .  coli ( E H E C ( v e r o t o x i n ) c o l i t i s ;

or VTEC) p r o d u c t i o n H U S

M y co b ac te r ia  are ac id - fas t  b ecause  they  conta in  large 
am o u n ts  o f  lipid in the ir  cell walls. In  fact , the m ost 
s t r ik ing  chem ica l fea ture  o f  m y co b a c te r ia  is th e i r  ex trao r
d ina r i ly  h igh  cell-w all l ip id con ten t ,  w hich  c o m p r ise s  60 
percen t o f  the  cell-w all d ry  w eight.  T h is  l ip id -r ich  cell wall 
accoun ts  for th e i r  re la tive  im p e rm ea b i l i ty  to  s ta ins ,  the ir  
ac id  fas tness ,  the i r  unusual res is tance  to  k il ling  by alkali 
and ac id ,  and the i r  re s is tance  to the  bac te r ic id a l  ac tiv ity  o f  
an t ibody  and co m p lem en t .  M y c o b a c te r ia  c an n o t  be G ra m  
sta ined  but are co n s id e red  g ram -po s i t iv e  b ecause  o f  the ir  
ce ll -envelope  s truc ture .  T hey  are  obligate  ae ro bes  that 
g row  ex trem ely  slowly. F o r  exam ple , M . tu b ercu lo s is  h as  a 
genera t ion  t im e  o f  6 to  12 hours .  S low grow th  has  been 
a tt r ibu ted  to the  t im e  requ ired  to syn thes ize  the lipids 
p resen t in th e i r  cell  wall.

B ecause  m y co b ac te r ia  are  ob liga te  ae robes ,  they  fo rm  a 
su rface  pell ic le  w hen  grow ing  in v itro  th a t  resem bles  a 
mold  and  ac cou n ts  for the i r  name.

Tuberculosis (ТВ)

T h e  causa t ive  agent o f  Т В  is M yco b a c ter iu m  tu b ercu lo sis . 
T h e  tu berc le  bacil li  a re  sl ightly  bent o r  c u rv e d  s lender  rods 
( 2 - 4  p.m long and 0 . 2 - 0 . 5  pim wide).  M yco b a c ter iu m  
tu b ercu lo s is  s t ra ins  e i th e r  g row  as d isc re te  rods  or as 
agg rega t ing ,  long a rrang em en ts ,  ca l led  se rpen tine  cords. 
V iru len t s t ra ins  tend  to g row  on  the su r face  o f  l iquid  or on 
solid  m ed ia  as in te r tw in ing  se rpen tine  co rds  in w hich  the 
bacil li  aggrega te  w ith  th e i r  long axes paralle l .

T h e  Disea se

T h e re  are an e s t im a te d  8 to 10 mill ion new ca ses  o f  
tube rcu los is  in the world  each  yea r  w ith  abou t  3 million 
deaths .  T h e  annua l inc idence  in the  U nited  States is 9 .4  
cases  p e r  100,000. T h is ,  unfortunate ly , is increas ing  (Table 
4 -9),  w ith  no  end  in sigh t.  T h e  co n seq u en ces  o f  inhal ing  or 
inges ting  tu berc le  bacil li  d epend  on the  size  o f  the  inoc-
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Table 4-9 Factor s  Respons ib le  f o r
t h e  Incr eas ing Inc idence  of  ТВ in t h e  Un i t ed  Sta t es

A c q u i r e d  i m m u n o d e f i c i e n c y  s y n d r o m e  

I n c r e a s e d  i m m i g r a t i o n  f r o m  c o u n t r i e s  w h e r e  Т В  is c o m m o n  

A n  i n c r e a s e  in  t h e  h o m e l e s s  p o p u l a t i o n  

A n  i n c r e a s e d  p o p u l a t i o n  in l o n g - t e r m - c a r e  f a c i l i t i e s  ( p r i s o n s ,  

n u r s i n g  h o m e s )

A n  i n c r e a s e  in i n d i g e n t  p o p u l a t i o n s

O c c u r r e n c e  o f  a n t i b i o t i c - r e s i s t a n t  s t r a i n s  o f  Mycobacterium  
tuberculosis

u lu m , the v iru lence  o f  the  o rg an ism , and the res is tance  o f  
the host . H u m an s  exhib i t  a wide range o f  responses.  Initial 
exposure  in a tube rcu lin -neg a tive  individual m ost often 
results  in a se lf- l im it ing  lesion. However, in som e cases 
(p resum ab ly  b ecause  o f  low host  res is tance  o r  a  large 
inocu lu m ) the d isease  p rogresses  rapidly. A fte r  inhalation 
o f  tuberc le  bacil li ,  the  initial lesion ap p ea rs  as  an a rea  of 
nonspec if ic  p n eum o n i t is ,  usua l ly  located in a  w ell-aerated  
periphera l  zone. It is only af te r  de layed- type  h y p ersen 
sitiv ity  (D T H ) develops ( 2 - 4  w eeks)  tha t g ranu lom atous  
in f lam m ation  in te rvenes  and  the  cha rac te r is t ic  tuberc les  
(sm all lum ps con ta in in g  p hagocy tic  cells) are fo rm ed. 
Tuberc le  bacilli are also ca r r ied  to the d ra in ing  lymph 
nodes  and  then (by  way o f  the  b lood and lym ph ) th roughou t  
the  body. T he  next stage  cons is ts  o f  a c a seo us  lesion that 
heals  by fibrosis  and ca lc if ica tion ,  w hich may result in 
ex tens ive  sca r  fo rm ation . T h e  healed  and  frequently  c a l 
cif ied p r im a ry  com plex  lesions a re  re fe rred  to as the  G hon 
com plex .  M ost Т В  in adults  is d ue  to reac t iva t ion  o f  long- 
d o rm a n t  foci rem ain ing  from  the  p r im a ry  infection . D is
sem ina ted  (m il ia ry )  Т В  may develop  af ter  the rup tu re  o f  a 
caseo u s  lesion into a p u lm o n a ry  vein. A l though  m ost cases  
o f  tubercu los is  are caused  by M . tu b ercu lo s is , two ad d i
tional species ,  M . bovis  and M . a fr ica n u m , can  cause 
tube rcu los is  in hum ans .

Mycobacterium tuberculosis  
Virulence Factors
M . tu b ercu lo s is  does not p roduce  exotoxins o r endotoxins.  
T h e  th ree  m ost im p ortan t  v iru lence  fac tors  possessed  by 
the o rg an ism  are (1) ab il ity  to su rv ive  ins ide norm al 
m acro p h ag es ,  (2) cord  fac to r  fo rm ation ,  and (3) sulfatide 
p roduction .  C ord  fac to r  is a m y cos id e  ( t reh a lo se -6 ,  6 ' -  
d im ycola te) .  T h e  tendency  to g row  in co rd s  is a func t ion  o f  
the a m o u n t  o f  cord  fac to r  the o rg an ism  conta ins .  Cord 
fac to r  i tself  is toxic. Su lfa tides  are su lfur-conta in ing  gly- 
colip ids .  A l tho ug h  not toxic  in them se lves ,  they  enh ance  
the  survival o f  M . tu b ercu lo s is  in no rm al  m acro ph ages  by 
preventing  phago lysosom e  fo rm ation ,  so that the o rg a n 
isms avoid enzy m a tic  des truc tion .

Immune Response to Infection
S eru m  a n tibod ies  do  not play a role in im m un ity  a ga ins t  M. 
tubercu lo sis . T h o u g h  m acrop hag es  o f  no rm al  an im a ls  per
mit inges ted  tuberc le  bacilli to su rv ive ,  m acro p h ag es  from 
tub e rcu lou s  an im als  des t roy  th em . T h is  is due  to an in
c reased  n u m b er  o f  lysosom es . W hile  the  en h an ced  ac tiv ity  
o f  the  altered (ac t iva ted)  m acro ph ages  is nonsp ec if ic ,  its 
induction is immunologically specific. T hese  macrophages 
will kill all o th e r  b ac te r ia  at an acce le ra ted  rate, but only M . 
tu b e rcu lo s is  an t igens  will activate  them .

Laboratory Diagnosis
A provisional d iagn os is  o f  Т В  is usual ly  m ade  by d e m o n 
stra ting  ac id-fas t  bacilli in s ta ined  sp u tu m  sm ears  o r  g a s 
tr ic  w ash ings tha t con ta in  sw allow ed sp u tum . W h e th e r  or 
not the  sm ear  is posi t ive , the  m ate r ia l  is cu l tu red  on 
Low ens te in-Jensen  m ed ia  because  cu lt ivation  can  detec t 
few er o rg an ism s  than  s ta in ing and cu l tu re  ch arac te r is t ics  
d is t ingu ish  h um an  tuberc le  bacil li  from o th e r  ac id-fast 
bacil li .  A D T H  test fo r  M . tu b ercu lo s is  an t igens  is also 
used in d iagnos is .  It is called  the tubercu lin  test.  D T H  to 
tubercu lin  is h igh ly  specific  for the tu berc le  bacillus. 
Purif ied  pro te in  d eriva tive  (PPD ) from  M . tu b ercu lo s is  is 
in jected in t rade rm ally  into the superf ic ia l  layers o f  the 
fo rearm  (M an tou x  test). T he  average d iam e te r  o f  ind u ra 
tion at the  in jected  site  is m easu red  at 4 8  hours .  Reactiv ity  
oc cu rs  ab o u t  one m onth  a f te r  infection and usual ly  persists  
for life. T h u s ,  a  posi t ive  test reveals prev ious m y c o b ac 
ter ia l infection but it does  not estab lish  the  p resence  o f  an 
active infection.

Therapy
In 1945, s t rep tom y c in  w as first u sed  to treat tuberculosis .  
T h e  value o f  th is  an tib io t ic  is re s tr ic ted  by its toxicity  to the 
eigh th  c ran ia l  n erve  on p ro longed  adm in is tra t ion  as well as 
by the  frequent e m ergen ce  o f  s t rep to m yc in - res is tan t  tub e r
cle bacilli d u r in g  therapy. In an effor t  to c i r cu m ven t  the 
em erg ence  o f  d ru g - res is tan t  s tra ins ,  r i fam p in  and  iso- 
n iaz id  are used in com b in a t io n ,  bu t,  unfortunate ly , d rug-  
res is tan t M. tu b ercu lo s is  s t ra ins  con tinu e  to appear. A 
vaccine, cons is t ing  o f  a liv ing , a ttenuated  bovine strain 
ca lled  the  bac il lu s  o f  C a lm e tte  and G uerin  (B C G ),  is 
cu rren t ly  available  for pro tec tion  ag a ins t  Т В .  T h e  vaccine 
is abou t 6 0  to 80 percen t e ffec tive  and is co m m o n ly  used in 
Europe. In the  U nited  States, w h ere  the genera l  popu lace  is 
at re latively  low r isk ,  B CG  vacc ina tion  is not pe rfo rm ed .

Mycobacteria Associated 
with Nontuberculosis Infections
A wide variety  o f  d iseases  are caused  by the non tuber
cu los is  M yco b a c ter iu m . T h e  d iseases  p ro du ced  by this
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o rg an ism  have pa tho log ic  and clin ical s im i la r i t ies  to Т В ,  
but im po rtan t  d if fe rences  exist.  T h e  m os t  c o m m o n  m a n i 
festation is p u lm o n a ry  d isease ,  w hich  is seen p r im ar i ly  in 
e lderly  w hite  m en  with e m p h y sem a  and bronchitis .  M y
co b a c te r iu m  k a n sa s ii  and o rg an ism s  o f  the  M . a v ium , 
in tracellu la re , an d  fo r tu itu m  g ro up s  are frequently  re spo n 
sible  for th is  type  o f  infection.

Leprosy

L ep ro sy  is  c a u se d  by  M y c o b a c te r iu m  lep ra e  and  is a lso  
ca l led  H an sen 's  d is e a se  a f t e r  its  d iscov ere r .  T h e re  are 
cu r r e n t ly  12 m il l ion  ca se s  in th e  w o r ld ,  w ith  a b o u t  4 0 0 0  
ca se s  in th e  U n i ted  Sta tes .  M y c o b a c te r iu m  lep ra e  is 
v i r tu a l ly  in d is t in g u i sh a b le  in m o rp h o lo g y  and  s ta in in g  
p ro p e r t i e s  f rom  M . tu b e rc u lo s is .  S im i la r  to M . tu b e r 
c u lo s is ,  it c an  a lso  su rv iv e  in s ide  n o rm a l  m a c ro p h a g e s .  
M y c o b a c te r iu m  lep ra e  has  n ev e r  b een  c u l t iv a te d  in v itro ,  
w h e re a s  M . tu b e r c u lo s is  is e as i ly  g ro w n  in th e  l a b o r a 
tory.

P a t h o g e n e s i s

M yco b a c teriu m  leprae  causes  chronic  g ranu lom atous  le
sions th a t  c lose ly  resem ble  those  o f  Т В . T h e  o rg a n ism s  are 
p r im ar i ly  in t race l lu la r  and can  ev idently  pro l ifera te  inside 
m acrophages .  L eprosy  is d is t ingu ished  by its chron ic  slow 
p rogress  and by  its m ut ila ting  and  d is f ig u r ing  lesions. T h e  
org an ism  has a p red i lec t ion  for sk in  and nerve. In the 
cu taneo us  form  o f  the  d isease , large f i rm  n odu les  (lepro- 
m as)  are w idely  d is tr ib u te d .  In the neural fo rm ,  segm ents  
o f  periphera l  n erves  are involved, leading to localized  
patches o f  anes thes ia .  T h e  loss o f  sensation  in f ingers  and 
toes increases  the f r equency  o f  m ino r  trau m a ,  leading to 
secon dary  in fec tions  and m utila ting  injury. L eprosy  occurs  
as e i th e r  leprom atous  o r  tubercu lo id  leprosy. L eprom atous  
leprosy  is p rogress ive  and the p rognos is  is poor. Tuber
culoid  leprosy is the  healing  phase  and the  p rog no s is  is 
better.

D iagno s i s ,  T r e a t m e n t ,  a n d  E p i d e m i o l o g y

D ia g n o s i s  is a c c o m p l is h e d  by  d e m o n s t r a t in g  ac id - fa s t  
bacilli in scrap ings from ulcerated  lesions. T h e rap y  with 
d a p so n e  (d ia m in o d ip h e n y lsu l fo n e )  u su a l ly  p ro d u c e s  a 
g ra d u a l  im provem ent over several years . However, res is 
tance  to dapsone  m ay occur. R ifam pin  and  c lo faz im ine  are 
p rom is ing  new agents . G en e tic  fac tors  have been  show n to 
con tr ibu te  considerab ly  to the  s t r ik ing  ind iv idual differ
en ces  in suscep tib i l i ty  and  type o f  re sponse  to infection 
w ith  M . leprae. T h e re  is ev idence  for the  ex is tence  o f  a 
gene  that  p red isposes  one to  tube rcu lo id  leprosy  that  is 
linked  to the  H L A  com plex .  Finally, co n tra ry  to p op u la r  
b e l ie f ,  lep ro sy  is not h ig h ly  c o n tag io u s .  It is t r a n sm i t t e d  
o n ly  w h e n  e x u d a te s  o f  m u c o u s  m e m b ra n e  les ion s  and

Borrelia Treponema Leptospira Spirillum

Fig. 4-7 C o m p a ra t i v e  m o r p h o l o g y  o f  sp i roche t e s .

sk in  u lce r s  c o n ta m in a te  sk in  a b ra s io n s  in u n in fe c te d  
in d iv id ua ls .

Spirochetes____________________
Rial D. Rolfe

T h e  sp iroche tes  are h e te rog eneo us  g ro u p  o f  ac tive ly  m o 
tile, sp ira l-sh a p ed  o rg an ism s  (Fig. 4-7). F o u r  g en e ra  of 
sp i roche tes  are p a thogen ic  for hum ans :  (1) Treponem a, 
w h ich  causes  syphilis  and  the  nonvenereal t reponem atoses ;  
(2) B orrelia , w h ich  causes  ep idem ic  re laps ing  fever, Lyme 
disease, and fusospirochetosis; (3) L eptosp ira , which causes 
lep tosp irosis ;  and (4) S p ir illu m , w hich  is one  cause  o f  rat- 
bite fever.

T re p o n e m a

T h e  genu s  Treponem a  inc ludes  spec ies  tha t  are pathogen ic  
for h um an s  as  well as nonp a th og en ic  spec ies  tha t are 
co m po nen ts  o f  the  no rm al in tes t ina l  flora .  T h e  pathogen ic  
treponemas include the hum an pathogens that cause syphilis 
{Treponema pa llidum  subspecies pa llidum ), yaws {Trepone
m a p a llid u m  sub sp ec ies  p erten u e), p in ta  {Treponem a p a l l i 
d um  su bspec ies  ca ra teu m ), and  beje l {Treponem a p a llid u m  
su bspec ies  endem icum ). N aturally  o c cu r r in g  infec tion  by 
pathogen ic  trep on em a  is l im i ted  to  h um ans .  T h e  p a th o 
genic  trep on em as  are  m orpho log ica lly  and im m u n o lo g ica l 
ly indistinguishable .  However, the  d isease  m anifes ta tions  
they p ro d uce  in h u m an s  are  clin ica l ly  d is t in c t  (Table 4-10). 
None o f  the pathogen ic  trep o n em a s  have been cu l tu red  on 
ar t if ic ia l m edia .
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T a b le  4 -10  D if fe re n t ia t io n  o f  t h e  T re p o n e m a to s e s

Venerea l  Syphi l is  Yaws Pinta Bejel

C a u s a t i v e  o r g a n i s m  

M o d e  o f  t r a n s m i s s i o n  

U s u a l  a g e  o f  o n s e t  

P r i m a r y  le s io n  

S e c o n d a r y  l e s io n  

T e r t i a r y  l e s i o n

Treponema pallidum
s u b s p e c i e s  pallidum
S e x u a l

C o n g e n i t a l

A d o l e s c e n t

A d u l t

G e n i t a l  c h a n c r e  

S k i n  l e s io n  

G u m m a

Treponema pallidum  
s u b s p e c i e s  pertenue 
S k i n  t o  s k in

C h i l d h o o d

S k i n  l e s io n

S k i n  l e s io n  

B o n e  le s ion  

S k i n  l e s io n  

G u m m a

Treponema pallidum  
s u b s p e c i e s  carateum  
S k i n  to  s k in

C h i l d h o o d

S k i n  l e s io n

S k i n  l e s io n

S k i n  l e s io n

Treponema pallidum  
s u b s p e c i e s  endemicum  
S k i n  to  s k in  

M o u t h  t o  m o u t h  

C h i l d h o o d

S k i n  l e s io n  

O r a l  l e s io n

M u c o u s  m e m b r a n e  l e s io n  

G u m m a

Treponema pallidum 
S u b s p e c i e s  pallidum  (Syphi l i s)

E p i d e m i o l o g y

Treponem a p a llid u m  subspec ies  p a llid u m  is d is tr ibu ted  
w orldw ide  and  occ u rs  in ep idem ic  p ropo r t io n  in vir tually  
every  country . T he  m a jo r i ty  o f  cases  o f  syphilis  are t r an s
m itted  venereally, and  the p r im ary  lesion is usual ly  found 
on  the skin  o r  m u c o u s  m e m b ran es  o f  the genita lia .

In add it ion  to t ransm iss ion  by venereal c on tac t ,  7. p a l
lidum  su bspec ies  p a llid u m  can  be acquired  in utero , fol
lowing p assage  o f  trep on em as  th rou gh  the  p lacen ta ,  o r  the 
neonate  m ay  b eco m e  infected  as it passes  th rough  the b ir th  
cana l .  T h is  is k no w n  as co n g en ita l syph ilis . Neonatal 
infection can  result in p rem atu re  b i r th ,  s t i l lb i r th ,  neonatal 
dea th ,  neonata l  d isease , o r  latent infection.

Clinical  M a n i f e s t a t i o n s

Treponem a p a llid u m  su bspec ies  p a llid u m  infects a lm ost 
every  tissue  o f  the  body, resu lt ing  in a w ide  varie ty  of 
c lin ica l  m anifesta tions. T h e  natural course  o f  syphilis  is 
complex and is arbitrarily divided into the following stages.

Incubation  a n d  Primary Stage. Treponem a p a llid u m  
su bspec ies  p a llid u m  m ultip lies  at the site  o f  en try  in to  the 
host and af ter  abou t  3 w eeks  p rod uces  an in f lam m atory  
chancre  at the si te  o f  inocula tion . In m en ,  the  initial 
chancre  is usual ly  p resen t on the  penis , w h ere  it is readily  
de tec ted .  In w om en ,  the  chancre  is m o s t  c om m o n ly  located 
in the p erinea l region o r  on the labia ,  vaginal wall,  o r  
ce rv ix .  T h erefo re ,  the  chancre  frequently  goes unnoticed  
in w om en. T h e  c h a ncre  causes  little pain  o r  d ischarge  
unless  secondar i ly  infec ted . A pprox im ate ly  10 percen t o f  
chancres  are ex trag en ita l ,  usually  in or a round  the m outh .  
Soon a f te r  7  p a llid u m  gains  en trance  into the  host ,  the

sp iroche tes  migra te  th rough  the lym phatics  to the regional 
lym ph nodes  and then en te r  the  b loods tream .

Primary L a ten t Period. T h e  cha n c re  heals  sp o n tan e 
ously  in 3 to 6 w eeks ,  and the  pa tient does  not display any 
sy m p to m s  o f  d isease  for the next 4 to 8 weeks.

Secondary Stage (Stage o f  Systemic Involvement).
Secondary syphilis  is the most florid stage o f  the disease and 
occurs 2 to 10 weeks after the chancre  heals. The  most 
com m on manifestation of secondary syphilis is a generalized 
skin  rash, which usually occurs on the trunk  and proximal 
extremities, a lthough any surface o f  the body may be in
volved, including the palms and soles. Both the primary 
chancre and secondary lesions contain large numbers  o f 
spirochetes and are highly infectious w hen located on ex
posed surfaces. T h e  secondary lesions o f  syphilis subside 
spontaneously. Approximately one third o f  patients will p ro 
gress to cure without treatment. In the remaining patients an 
asym ptom atic  stage called latent syphilis develops.

Latent Syphilis. D uring this stage o f  subc lin ica l infec
tion, the d isease can only be detected serologically. A pprox
imately one half  o f  syphili tic patients never develop more 
severe clinical manifestations, and the latent stage either lasts 
a lifetime or progresses spontaneously to complete cure. The 
remaining patients develop clinical manifestations o f  tertiary 
syphilis, a slowly progressive inflammatory disease that can 
affect virtually any organ o f  the body.

Tertiary Syphilis. Tertiary syphilis  can occur years after 
the prim ary  infection. The most characteristic  lesion of 
tertiary syphilis is the destructive gum m a  that most fre
quently involves the skin, liver, bones, and spleen. The 
g um m a is a nonspecific  granulomatous lesion. Treponema 
pa llidum  subspecies pa llidum  also has a predilection for 
infecting the cardiovascu lar  and centra l nervous system s. 
Aortitis and aortic valve insufficiency are the most frequent
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clinical manifestations o f  syphili tic cardiovascular disease. 
Treponema pa llidum  subspecies pa llidum  infection o f  the 
central nervous system can  be either asymptomatic or s y m p 
tomatic. Symptomatic  neurosyphilis encompasses three dif
ferent clinical manifestations: (I) m eningovascular syphilis  
(syphilitic meningitis); (2) tabes dorsalis, which is charac
terized by m uscular incoordination and sensory distur
bances; and (3) genera l paresis, which is characterized by 
progressive mental deterioration, insanity, and generalized 
paralysis, terminating in death.

Diagnosis

None o f  the pathogen ic  trep on em as  can  be cu ltu red  in 
vitro. However, there  are tw o im portan t  ap p roach es  to  the 
d iag no s is  o f  syphilis . T h e  f irs t is d irec t  m icro sco p ic  d e m 
onstra tion  o f  7. p a llid u m  subspec ies  p a llid u m  in exudate  o f 
ch ancres  o r secon dary  lesions, and the second  d iagnos tic  
ap proach  is the  de tec tion  o f  antibody. T he  transverse  
d iam e te r  o f  all pa thogen ic  t reponem as is below the re so lu 
tion o f  o rd in a ry  light microscopy, but can  be v isualized  by 
d a rk - fie ld  m icroscopy  or by staining with specia l  reagents  
that are deposi ted  on the  c e l l ’s surface.

There  are two types  o f  sero log ic  tes ts  for syphilis:  the 
n o n sp ec ific  non treponem al rea g in ic  a n tib o d y  te s ts  and the 
sp ec ific  a n titreponem a l a n tib o d y  tests.

N onspecific  N o n tre p o n e m a l R eaginic A n tib o d y  
Tests. Treponem a p a llid u m  su bspec ies  p a llid u m  in fec
tion results  in the  d eve lopm ent o f  d is t inc t  an t ibod ies  (IgG 
and IgM ) called  reagin . Syphil i t ic  reag in  is d if feren t from 
the reagin an t ibody  ( IgE)  involved in allergy. R eagin  can 
be de tec ted  using  com plem en t f ixation and  f loccula t ion  
tests with  aq ueous  suspensions  o f  lipids ex trac ted  from 
no rm al m a m m a l ia n  t issues (e .g .,  ca rd io lip in  ex trac ted  
from the heart  m usc le  o f  an ox). E xam ples  o f  n o n trepo ne
mal tes ts  inc lude  the  Venereal D isease  R esearch  L a b o ra 
to ry  ( VDRL )  test and  the rapid p la sm a  reagin  (RPR)  card  
test.  B iologic  fa lse -p o s it iv e  reac t ions o ccu r  in n o n sy ph i l i 
tic individuals  w ith  a  variety  o f  d iseases ,  inc lud ing  m alar
ia, infec tious m ononucleosis ,  lupus e ry th em a to su s ,  and 
o th e r  sp irocheta l  i l lnesses,  such as  yaws, p in ta ,  bejel , 
lep tosp irosis ,  and rat-b ite  fever. T h e  reag in ic  an tibody  
tests are used for screen ing  large num bers  o f  se ra  and for 
following the  co u rse  o f  trea tm en t. Reagin usually  d is a p 
pears  following adequate  trea tm ent.

Specific A n titre p o n em a l A n tib o d y  Tests. T h e  o ther  
g ro up  o f  serologic  tes ts  de tec t  an t ibody  to 7. p a llid u m  
subspec ies  p a llid u m  an tigens. T he  f luo rescen t trepone- 
m a l-an t ibo dy  absorp tion  (F TA -A B S) test is an indirect 
im m unof luorescen t  an t ibody  test using 7. p a llid u m  s u b 
spec ies  p a llid u m  ha rv es ted  from  rabbit tes tes  as the a n t i 
gen. T he  7. p a llid u m  subspecies  p a llid u m  im m obiliza tion  
(TPI)  tes t de te rm in es  the  abil i ty  o f  syphili tic  se ru m  to

b lock  o r  in te rfe re  with  the m ot i l i ty  o f  7. p a llid u m  s u b 
species p a llidum . Treponema p a llidum  subspecies pa llidum  
agg lu t ina t ion  has been used ex tens ively  to dem ons tra te  
an t ibo dy  ag a ins t  specific  an tigens. Spec if ic  an t i t r e p o n e 
mal an t ibody  tes ts  are used to co n firm  a  posi t ive  reag in  test 
s ince fa lse-posit ive  reac t ions  o ccu r  less co m m o n ly  with 
these  specific  tests. Specif ic  an ti t repo nem al an t ib od y  also 
app ea rs  fas ter  in se ru m  following onse t o f  infection as 
co m pared  to reaginic  an t ibody  and rem ains  p o s itiv e  after 
adequa te  trea tm ent.

T r e a t m e n t

P enicillin  is the an t ibo dy  o f  cho ice  in the  trea tm en t  o f  
syphilis . E ry th ro m y c in  o r  te tracy c l ine  can  be u sed  th e ra 
peu tica lly  in patients w ho  are allergic to penicill in .  Som e 
patien ts  will develop  a sys tem ic  reac t ion  cons is t ing  o f  
headache ,  m ala ise ,  and fever following initial t rea tm en t .  
T h is  is ca lled  the  Ja risch -H erxh e im er  reac t ion ,  is se lf
l im ited .  and does  not a ffec t  the co u rse  o f  recovery.

A  certa in  deg ree  o f  im m un ity  deve lops  d u r ing  o r  af ter  
infection with 7. p a llid u m  su bspec ies  p a llid u m . However, 
pro tec tion  is only re la tive  and  unreliable.

N onvenerea l T reponem atoses  

E p i d e m i o l o g y

T h e  nonvenereal trep on em ato ses  are a g ro u p  o f  con tag io us  
d iseases  en dem ic  am on g  rural pop u la t io ns  o f  trop ica l  and 
sub trop ica l  co un tr ies .  T h e  etio log ic  agen ts  o f  these  d is 
eases  are 7. p a llid u m  su bspec ies  p erten u e  (yaws), 7. p a l
lidum  subspec ies  ca ra teu m  (pinta), and  7  p a llid u m  s u b 
spec ies  end em icu m  (bejel) . T h e re  are no im m unolog ic  
d if fe rences  be tw een  the  sp i roche tes  o f  venereal syphilis  
and  the  sp i roche tes  o f  the nonvenereal trepo nem atoses ;  all 
four d iseases  g ive posi t ive  nonspec if ic  and specific  se 
ro logic  tes ts  for syphilis .  D iffe rences  in g eo g ra p h ic  loca
tions and c lin ic a l m a n ife s ta tio n s  p e rm it  separa tion  o f  the 
spec ies  (Table 4-Ю). T he  nonvenereal trep on em ato ses  are 
co m m on ly  t ransm itted  w hen  t r a um at ized  skin  co m es  in 
con tac t  with  in fec tious  exuda te  from  p r im a ry  o r  secon dary  
lesions. Bejel m ay  also be t ransm it ted  by in an im a te  ob jec ts  
(e .g . ,  ea t ing  utensils , to o thp icks ,  to b acco  p ipes) tha t  com e 
in con tac t  with  in fec tious  m ucosa l lesions. All th ree  d is 
e a ses  o c c u r  p r im ar i ly  in ch ild ren  and  ado lescen ts.

Clinical  M a n i f e s t a t i o n s

These  three d iseases are characterized by self-limiting pri
m ary  and secondary lesions that are followed by  tertiary le
sions. An inf lam matory  superficial lesion develops at the site 
o f  inoculation and the bloodstream is invaded shortly  after 
the initial infection. Superficia l satellite lesions frequently 
develop as a result o f  bacteremia. In pinta, the initial lesion
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may also spread  periphera l ly  to fo rm  a sq uam o us ,  e ry th e 
m atous  patch . Yaws and bejel m ay  pass th rough  a latent 
phase before  the  appea rance  o f  te r t ia ry  lesions. T h e  usual 
sites o f  te r t ia ry  lesions are the  skin  in p in ta ,  the  skin  and 
bones in yaws, and the  sk in , bones ,  and  m u co u s  m e m 
b ranes  in bejel .

D ia g n o s i s

T h e  m eth o ds  used in the  d iag no s is  o f  nonvenereal t r ep 
onem atoses  are s im ila r  to the  m e th o d s  used in the  d ia g 
nosis  o f  syphilis . All the sero log ic  tes ts  for venereal sy ph 
ilis  b ecom e  posi t ive  in the  nonvenereal treponem atoses .

T r e a t m e n t

All the nonvenereal t reponem as can  be successfu l ly  treated 
w ith  p e n ic illin ,  te t racyc l ine ,  o r  ch lo ram phen ico l.

Borrel ia 

Relapsing Fever 

E pidem io logy

Relapsing  fever is an acute  in fec tious  d isease  caused  by 
several spec ies  in the genus B orrelia . T h is  d isease  is 
ch a rac te r ized  clin ica l ly  by  an initial per iod  o f  febrile 
il lness followed by apparen t  recovery  and  success ive  re 
lapses  o f  fever. B orrelia  h erm sii and  several o th e r  borre liae  
p ro du ce  a  natural infec tion  o f  roden ts  and  sm all an im als  
(e .g .,  g rou nd  squirrels  and  pra ir ie  d ogs)  and th is  co n s t i 
tu tes  the na tura l  reservo ir  o f  infec tion for h um ans .  H um ans  
usual ly  acquire  infection by the  bite o f  an infected  in sec t 
vector. T ick-borne re la p sin g  fe v e r  is transm it ted  to hu m an s  
by ticks tha t feed  on the  b lood  o f  infected  anim als .  T h e  
B orrelia  o rg an ism s  rap id ly  m ultip ly  and invade all t issues 
o f  the  tick. B orrelia  pe rs is ts  for long pe r iods  in the  t ick  and 
may be tran sm it ted  t ransovaria lly  from  genera t ion  to gen
eration . H um an s  a re  in fec ted  w hen  B orrelia  o rg an ism s  are 
re leased  from  the  t ick  upon b it ing  a h um an  host.  T h e  tick- 
b o rn e  d isease  oc cu rs  endem ica lly . L ouse-borne  re lapsing  
fe v e r  usual ly  occurs  in ep idem ics  and is t ran sm it ted  from 
person  to person  by the  hum an  body  louse. B orrelia  recur- 
ren tis  is the causa t ive  agen t  o f  louse -bo rne  re lapsing  fever. 
T h e  sp i roche tes  m ultip ly  in the  h em olym p h  o f  a louse af te r  
ingestion  o f  in fec ted  h u m an  blood . T ransm iss ion  o f  louse- 
b o rn e  fever oc cu rs  w hen  the  louse is c ru sh ed  on a  su scep t
ible host ,  resu lt ing  in the  re lease o f  infective o rg an ism s  
capab le  o f  pene tra t ing  in tact sk in  o r  m uco us  m em branes .

Clinical  M a n i f e s t a t i o n s

A fte r  B orrelia  is in t roduced  into the  b loo ds tream , there  is 
an incuba t ion  per iod  o f  3 to 10 days, followed by a sudden 
onse t o f  fever, chil ls ,  h eadach es ,  and m ultip le  o rgan  d y s 

function . T h e  fever then declines,  and  an a feb rile  p e r io d  
las ting  from  4 to 10 days is then  followed by  a n o th e r  a ttack  
o f  chil ls  and fever. Success ive  fe b r ile  re la p ses  o ccu r  at 
in tervals  o f  2 to 14 days and are usual ly  sho r te r  in dura tion  
and  less severe. D uring  the  febrile  s tages o f  the  d isease ,  the 
o rg a n ism s  are  p resent in the b lood ,  w h ereas  they are absen t 
d u r in g  the  afebr ile  periods.

B orrelia  d isp lays a  high degree  o f  an tig en ic  varia tion , 
w hich  is responsib le  for the re lapsing  course  o f  the disease. 
D u r in g  afebr ile  periods ,  the  sp iroche tes  are seques te red  in 
internal organs and reemerge antigenically modified during 
the  su bseq uen t  feb r ile  period .  T h e  host m u s t  e labora te  new 
circulating antibodies during each interval, and the appear
ance o f  these antibodies corresponds with clinical im prove
ment and d isap pea ran ce  o f  the  sp iroche tes  from  the  b lood.

D iag n o s i s

B orrelia  c an n o t  be readily  cu ltu red  on ar t if ic ia l m ed ia .  
T herefo re ,  the d iag no s is  o f  re lapsing  fever is usual ly  m ade 
by m icroscop ic  exam ina tion  o f  b lood sam ples  obta ined  
d u r in g  feb r ile  periods. B orrelia  is the  la rg est o f  the p a th o 
genic  sp iroche tes  and is easily  identif ied  in G iem sa 's  or 
W right 's  sta ined  sm ears  o f  periphera l  b lood  or by  dark- 
field exam ina tion  (Fig. 4-7).

Serologic  tes ts  are o f  little value in the d iagn os is  o f  this  
d isease  because  o f  the  an tigen ic  varia tion  o f  B orrelia . 
A pprox im ate ly  10 percen t o f  patients w ith  re laps ing  fever 
d isplay  posi t ive  sero log ic  tests for syphilis.

T r e a t m e n t

Relapsing  fever  responds  well to  trea tm en t  with  p en ic illin  
o r  tetracycline.

Lym e D isease  

E p i d e m i o l o g y  a n d  Clinical  M a n i f e s t a t i o n s

B orrelia  b urgdorferi, a  new ly recogn ized  spec ies  o f  Bor
re lia , is the causat ive  agent o f  L ym e disease. In the  U nited  
S tates mice and d ee r  are the  m a jo r  rese rvo irs  for this 
m ic ro o rg an ism , w hich  is tran sm it ted  by  a  tic k  b ite.

T h e  clin ica l  d isease  co m m o n ly  presen ts  as th ree  co n se c 
utive s tages o f  il lness. In the initial s tage  there  is fever, 
severe h eadache ,  m ya lg ia ,  s t if f  n eck ,  and  a typica l skin 
lesion. T h e  skin  lesion (e ry th em a  chron icum  m ig ra n s)  
g radua l ly  exp and s ,  usual ly  show s  a papu le  at the  site  o f  the 
tick bite, and has  sharply  dem arca ted  borders .  I f  left 
un trea ted ,  approx im ate ly  5 to 15 percen t  o f  pa tien ts  dev e l
o p  the next stage  o f  the  d isease , w hich  is ch a rac te r ized  by 
the onse t  o f  neuro log ic  and ca rd iac  involvem ent.  T h e  th ird  
stage  o f  the  d isease  p r im ar i ly  involves m igra t ing  ep isodes  
o f  a rthrit is .
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D iagn os is

Lym e d isease  can be d iagnosed  serolog ica lly  by  indirect 
im munofluorescence or enzyme-linked immunosorbent as
say (E LISA ) tes ts  for antibody.

T r e a t m e n t

T h e  trea tm en t  o f  cho ice  is e i ther  penic i l l in  o r  te tracycline. 
However, patients with the  la ter  stages o f  the  d isease  
frequently  con tinue  to have s igns and sy m ptom s despite  
an tim icrob ia l  therapy.

Fusospirochetosis

E p i d e m i o l o g y  a n d  Clinical  M a n i f e s t a t i o n s

F usosp iroch e to s is  is a  d isease  o f  the oral cavity  tha t occurs  
w hen a norm al sp iroche te  o f  the  m o u th ,  B orrelia  v incen tii, 
and a g ram -neg a t iv e  anaerobic  bacil lus ,  F usobacterium  

fu s ifo rm e ,  find suitable  cond it ions  to increase  in num bers .  
C ond it ions  tha t  p red ispose  an individual to fu sosp iroch e 
tosis include in jury  to the  m outh  and dec reased  res is tance, 
as w ith  m a lnu tr i t io n ,  viral infection , o r  poor  oral hygiene. 
T hese  two o rgan ism s  act syn erg is tica lly  in the  product ion  
o f  oral suppura tive  infections.

U lcera tive  g in g ivo s to m a titis  ( “ trench m o u t h ” ) is one 
form  o f  fu sosp iroche ta l  d isease. A n o th e r  fo rm  is V incent’s  
a n g in a , an acute  u lcerating  d isease  o f  the  o ro ph aryn x .

D iagnos i s

Fusosp iroche ta l  o rg an ism s  can  be read i ly  identif ied  in a 
s ta ined  sm ea r  o f  exudate  from  suppura tive  lesions.

T r e a t m e n t

Treatm ent o f  fu sosp iroche tos is  is twofold. F irs t,  an t im i
crobial agen ts  are  ad m in is te red  to inhibit the  fu so sp iro ch e 
tal flora. S econ d ,  the initial cause  o f  t issue  b reakdow n 
(e .g ., m alnu tr i t ion )  is e l im inated .

Leptosp ira

Epidem iology

Lep tosp iros is  is an acu te  febrile  d isease  cau sed  by  sp i
rochetes  in the genus L ep to sp ira . T h e  lep tosp iras  are the 
sm alles t  o f  the pa thogen ic  sp iroche tes ,  and one or both 
ends  o f  the cell  are typ ica lly  bent to fo rm  a h o o k  (Fig. 4-7). 
T h e re  are on ly  two species  o f  L ep to sp ira : L . in terrogans, 
the  pathogen ic  lep tosp ira ,  and L . b iflexa , the no n p a th o 
genic  leptospira .  A ntigen ica lly  d is t inc t  s tra ins  o f  L . in ter
rogans  are fu r th e r  c lass if ied  into n u m erou s  se rog rou ps  and 
sero types. L ep tosp iras  are p r im ar i ly  an im al pa thogens  and 
h um ans  are infected  th rou gh  direc t  o r  ind irec t  con tac t  with

these  an im als .  P erson- to -person  transm iss ion  is rare. In 
m o s t  o f  the  w orld , infected  rats  a re  the c o m m o n  source  o f  
h um an  infection , but in the  U nited  States, d o gs  are the 
im po rtan t  reservoir . L ep tosp ira  infection in an im als  is 
chron ic  and the m ic ro o rg an ism s  local ize  in the t i ssues  and 
o rgans ,  espec ia lly  the k id n ey s , w here  they are  excreted  
p rofusely  in the  urine. H u m an  infection is acq u ired  by 
d irec t  con tac t  with in fec tious  ur ine ,  with w ater and  soil 
co n tam ina ted  w ith  in fec tious  ur ine ,  or  with  in fec tious  
tissues. L ep to sp ira s  en te r  the body  th rou gh  ab ras ions  in 
the skin  o r  th ro ug h  the  m ucosa l su r face s  o f  the  g a s t ro in 
tes tina l  trac t .  E spec ia lly  vu lnerab le  to d isease  are w orkers  
in ra t-in fested  s lau gh te rh ou ses ,  m iners ,  fa rm ers ,  veter
inar ians  and  sew age-d isposa l workers .  C o m m o n ly  used 
te rm s  for lep tosp irosis  inc lude  s w in e h e rd ’s d isease . Fort 
B ragg fever, pre t ib ia l  fever, W eil’s d isease , can ico la  fever, 
and au tu m na l  fever.

Clinical M an ifesta tions

A fte r  lep tosp iras  pene tra te  the  sk in  o r  m u co u s  m em b ran es ,  
there  is an incubat ion  per iod  o f  1 to  2 w eeks before  onse t o f  
sym ptom s. A  local lesion at the site  o f  en try  d o e s  not 
develop. D uring  the  incuba t ion  p e r iod ,  the  o rg a n ism s  en ter  
the  b lo od s tream  and are  rap id ly  d is sem in a ted  to all parts  o f 
the  body. L ep tosp iras  usual ly  infect the k idneys . A n ic te r ic  
lep to sp iro s is , the  m o s t  c o m m o n  and m ild  fo rm  o f  d isease , 
is ch a rac te r ized  by an a b ru p t  onse t  o f  high fever, m uscu la r  
p a in ,  con ju nc t iv i t i s ,  nausea ,  and  asep t ic  m eningitis .  T he  
m os t  severe fo rm  o f  d isease ,  re fe rred  to  as ic te r ic  le p 
to sp iro s is  (a lso  W eil's d isea se  o r  in fec tious ja u n d ic e ) , is 
ch a rac te r ized  by im paired  renal and hepatic  funct ion , 
h em o rrh ag e  and necros is  o f  t issue ,  v ascu la r  co llapse ,  and 
high mortality.

R ecovery  from  lep tosp iros is  is slow  but is followed by 
lasting  se ro type -spec if ic  immunity .

D iagnosis

T h e  labora to ry  d ia g n o s is  o f  lep tosp irosis  is based  on d e m 
onstra tion  o f  the  o rg a n ism  in clin ical sp ec im en s  and on the 
im m u n e  re sponse  to infection . D ark-fie ld  m icro sco p ic  e x 
am ina tion  can  be used to o b se rve  the d is t inc t ive  m o rp h o l
ogy  o f  lep tosp iras  in b lood , u r ine ,  or  sp inal flu id . However, 
d irec t  d em ons tra t ion  o f  lep tosp ira  is successfu l  in only a 
sm all  po rt ion  o f  cases . U nlike o th e r  pa thogen ic  sp i ro 
chetes ,  lep tosp iras  can  be read i ly  g row n  on a varie ty  of 
a r tific ia l m ed ia . D u r in g  the  f irs t w eek  o f  the d isease , 
L ep to sp ira  can  be readily  cu l tu red  from  the  b lood or 
c e reb ro sp in a l  flu id . T hereafte r ,  it is shed in te rm it ten tly  in 
the urine. T he  im m u n e  re sponse  to infec tion can  be assayed 
by agg lu t ina t ion ,  co m p lem en t-d epen den t  lysis, o r  com ple-  
m ent-f ixa tion  tests.
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Table 4-11 Incidence o f  A n a e r o b e s  as  Norma l  Flora in H um ans

Location Clostridium

Nonsporulating Bacilli Cocci

Gram-Positive Gram-Negative Gram-Positive Gram-Negative

Skin - + + - +  -

Upper respiratory tract - + + + +
Mouth +  / - + + + + +  +  +

Intestine +  + +  + +  + +  +  +
External genitalia - +  / - + +
Urethra +  / - + / - + +
Vagina + / - + + + +  +

Key: — not  found or  rare; +  usually present;  +  +  usually present in large num bers ;  +  / -  irregular ly  present .

Treatment
In gene ra l ,  an tim icrob ia l  therapy  o f  lep tosp iros is  is d isap 
po in t ing  unless  in i tia ted  d u r ing  the  f irs t 2 d ays  a f te r  onset. 
Pen ic i l l in ,  s t rep to m yc in ,  te t racyc l ine ,  and the m acro lide  
an t ib io t ics  are ac tive  agains t  L ep to sp ira .

Spiri l lum

T h ere  are tw o com plete ly  d if feren t e tio log ic  agen ts  o f  rat- 
bite fever: S p ir illu m  m in u s, a  g ram -n ega t iv e ,  sp ira l-shaped  
o rg an ism ,  and  S trep to b a c illu s  m on ilifo rm is , a  g ra m -n e g a 
tive f i lam en to us  bac il lu s  (see section  on m isc . g ram - 
negative  bacilli). R a t-b ite  fe v e r  due  to 5. m in u s  is w orld
w ide  in d is tr ibu t ion .  T h e  m ic roo rgan ism  is t ransm itted  to 
h u m an s  b y  the  bite o f  a  ra t  o r  o th e r  rodent .  S p ir illu m  m inus  
is p art  o f  the no rm al  o ro p hary ng ea l  flora o f  rodents.  A fte r  
an incuba t ion  pe r io d  o f  5 to 14 days, an in f lam ed  lesion 
develops at the  site  o f  the bite. T h is  is a c co m pan ied  by 
lym phadenopathy ,  e ry th em a to u s  skin rash  rad ia ting  from 
the  w o un d ,  and fever. In un trea ted  cases  the  fever may be 
re laps ing  and  pers is t  for w eeks  o r  m onths .  T h e  most 
se r ious  com plica t ion  is subacu te  bacte r ia l  endocard i t is .

S p ir illu m  m in u s  has not been cu ltu red  on ar t if ic ia l  m e 
d ia ,  and d iag no s is  d e pen ds  on m ic roscop ic  dem ons tra t ion  
o f  the  o rg an ism  in lesions, lym ph nodes ,  o r b lood with 
phase  con tra s t  m icro sco py  o r  with  G iem sa’s o r  W rig h t’s 
stains.

Penicill in  and  s t rep tom ycin  are bo th  e ffec tive  th e ra 
peu tica lly  in t rea ting  rat-b ite  fever due to 5. m inus.

Anaerobic Bacteria______________
Rial D. Rolfe

O bliga te  a naerobes  are bac te r ia  tha t require  a very  low 
oxygen  tension for g row th ; they do  not g row  in the p re s 

ence  o f  a tm o sp her ic  oxygen  or in air tha t has been enriched  
with carbon  dioxide. T h e  reduc tion  o f  oxygen  by aerobic 
and anaerobic  b ac te r ia  results  in the  p roduc t ion  o f  several 
toxic co m p o u n d s  (e .g . ,  h ydrogen  perox ide , superoxide  
rad ica l ,  hydroxyl radical) . A naerob ic  b ac te r ia  do not co n 
tain o r  con ta in  only low concen tra t io ns  o f  en z y m e s  (e.g.,  
superox ide  d ism u ta se , ca ta la se , p ero x id a se )  tha t a re  p res 
en t in aerobic o r faculta t ive  bac te r ia  to e l im ina te  these  
toxic com p ou nd s .  A naerob ic  bac te r ia  d if fer  d ram atica lly  
in the ir  su scep tib i l i ty  to oxygen  toxicity; som e anaerobic  
bac te r ia  can  grow  slowly in 2 0 %  oxygen  while o thers  can 
on ly  grow  in an a tm osph ere  with less than 0 .0 2 %  oxygen.

Epidem io logy

A naerob ic  b ac te r ia  are p revalent as  n o rm a l f lo r a  c o m p o 
nents  th ro ug ho u t  the  h um an  body, part icu la r ly  in such sites 
as the intestinal and gen ito u r in a ry  t rac ts ,  o ro p h a ry n x ,  and 
skin (Table 4-11). In the  large in test ine , anaerob ic  bac te r ia  
o u tn u m b e r  faculta t ive  bac te r ia  by  a fac to r  o f  1000 : 1. 
M ost anaerob ic  bac te r ia  are not p r im ary  p a tho gen s  but are 
n o rm al  f lo ra  com ponen ts  that have m a n a g e d ,  w hen they 
p ro du ce  infections, to b reach  the b a r r ie r  o f  the  m ucous  
m em branes .  T h erefo re ,  m o s t  anaerob ic  infec tions arise  in 
p rox im ity  to the  m ucosa l su r faces  the  bac te r ia  n o rm ally  
colonize. C e r ta in  condit ions ,  w hich  low er oxygen  co ncen 
tra tion , favor the prol ifera tion  o f  anaerobic  b ac te r ia  in 
tissue. T h e se  cond it ions  inc lude  co m p ro m ise d  b lood su p 
ply, t issue  necros is ,  o r an teceden t  infection by aerobic  or 
facul ta t ive  bac te r ia .  A n o th e r  ch a rac te r is t ic  o f  infections 
involving anaerobic  b ac te r ia  is that the  f lo ra  at the infected  
site is freq u en tly  p o lym icro b ia l, con ta in ing  m ultip le  mixed 
species  o f  anaerob ic  a n d /o r  anaerobic  p lus  aerobic  b ac te 
ria .

A naerob ic  bac te r ia  m ay  p art ic ipa te  in all types  o f  in fec
tions and may involve any o rgan  or tissue o f  the body. In 
m any types  o f  in fec tions, such as  in traabdom ina l abscess ,  
aspira tion  p neu m o n ia ,  and b ra in  abscess ,  anaerobes  are the
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main etio log ic  agents. A naerobes  acco u n t  for ap p ro x 
imately 15 percent o f  all c l in ically  s ign if ican t b lood culture  
isolates. O the r  infections, such as septic  a r th r i t is ,  m e n 
ingitis, and endocard i t is ,  are seldom caused  by anaerobic  
bacte ria .

P a th o g e n ic  M echan i sm s

A nu m b er  o f  fac tors  d e te rm in e  the  pa tho gen ic i ty  o f  anaer
obic  bac te r ia .  T h e  exo tox ins  p ro du ced  by Clostridia are 
largely responsib le  for the na tu re  o f  the local les ions and 
the sys tem ic  m anifes ta tions  caused  by these  bac te r ia .  
Several anaerob ic  bac te r ia  p ro du ce  ex trace l lu la r  and m e m 
b rane-assoc ia ted  enzym es  tha t co n tr ib u te  to th e i r  p a th o g e 
nicity. T he se  en zy m e s  include  lec i th inases ,  co llagenases ,  
p ro teases,  hyalu ron idases ,  deoxyr ibonuc leases ,  n eu ram in 
idases,  and lipases. T h e  g ram -n ega t ive  anaerobic  bacilli 
a lso possess  endo toxin  that varies in po tency  from  species  
to species. S om e g ram -n ega t iv e  anaerobic  bac te r ia  e la b o 
rate a po lysaccharide  c a p su le  ex te rna l to the  o u te r  m e m 
brane. T h is  capsu le  func t ions  as a  v iru lence  fac tor by 
p rom oting  abscess  fo rm ation  and res is tance  to k il ling  by 
po lym orp ho nu c lea r  leukocytes.

Charac ter is t ics  o f  A n a e ro b ic  Bacteria

A naerob ic  bac te r ia  are rep resen ted  by all m orpholog ic  
types. However, o f  the  hu ndreds  o f  spec ies  tha t inhabit  the 
m ucosal su rfaces  o f  h um ans ,  only a  relatively  sm all n u m 
ber  are ac tua lly  involved in infec tion (Table 4-12).

Table 4-12 Majo r  G e n e ra  of  
Clinically I m p o r t a n t  A n ae ro b i c  Bacter ia

Gram-negative bacilli 
Bacteroides 
Porphyromonas 
Prevotella 
Fusobacterium  

Gram-positive, sporeforming bacilli 
Clostridium  

Gram-positive, nonsporeforming bacilli 
Actinomyces 
Bifidobacterium  
Prop ion ibacteri um 
Eubacterium  
Morbi! uncus 
Lactobacillus 

Gram-positive cocci 
Peptostreptococcus 
Gemella 

Gram-negative cocci 
Veillonella

Gram-Negative Bacilli
T h e  g ram -neg a t iv e  anaerobic  bacil li  o f  m edical im por
tance  are inc luded  in the  gen e ra  B actero ides, P orphyrom o
nas, P revo te lla , and F usobac ter ium . T h e  gen us  B a c te 
ro ides  co m p r ise s  a h e te ro g en o u s  g ro up  o f  p leom orphic  
bacil li  tha t  are no rm al  inhab itan ts  o f  th e  respira tory , ge n i
ta l ,  and intestinal tracts.  B actero ides fr a g il is  is the  anaer
obic  m ic ro o rg an ism  m o s t  o f ten  isolated from  infec tions 
and is m ore  res is ta n t to an tim icrob ia l  agen ts  than  any o ther  
anaerobe. S trains  o f  B. fr a g il is  tha t p rod uce  an entero toxin  
have recen tly  been d e sc r ibed  and m ay cause  d ia rrhea l 
d isease  in hum ans .  P orphyrom onas  and  P revo te lla  are 
isolated from a variety  o f  in fec tious  p rocesses ,  usual ly  in 
associa tion  w ith  o th e r  bac te r ia .  A c h a rac te r is t ic  o f  most 
species in these two genera is a  brow n-to-b lack  colony pig
ment that develops on blood agar. Prevotella b ivia  is prevalent 
in the vaginal flora and may play a pathogenic role in bacterial 
vaginosis and o ther female genital tract infections.

M em bers  o f  the  genu s  F usobac ter ium  charac te r is t ica l ly  
app ea r  as th in ,  g ram -neg a t ive  bacil li  with tapered  ends. 
F usobacterium  are reg u la r  cons t i tuen ts  o f  the  no rm al  flora 
o f  the  oral cavity, gas t ro in tes t ina l  trac t ,  and  genita l tract. 
T h e  spec ies  o f  F usobacter ium  m os t  o ften  en c o u n te red  in 
clin ical in fec tions  are F usobac ter ium  n u c lea tu m  and  F u
so b a c teriu m  n ecrophorum . T h e se  spec ies  are c o m m o n ly  
isolated from  infections o f  the  u pp er  and  low er resp ira tory  
trac ts  o r  infec tions that o c c u r  as  a co nsequ ence  o f  d is tal 
spread  from  a resp ira tory  focus.

Gram-Positive, Sporeforming Bacilli
All pathogenic anaerobic, sporeform ing bacilli  belong to the 
genu s  C lo str id iu m . A l tho ug h  m any  d if fe ren t spec ies  o f 
C lostrid ium  have been described, a  relatively small number 
play a s ign if ican t role in c lin ica l  in fections. C lo str id iu m  
p e r fr in g e n s  is the  m os t  c o m m o n  c lo s tr id ia l  sp ec ies  isolated 
from infection and is responsible ior g a s gangrene  as well as a 
varie ty  o f  o th e r  infec tions (see next sec t ion ,  C lostrid ia) .  
C lostrid ium  ram osum  is the second most frequently isolated 
c los tr id ia l  spec ies  and is res is tan t  to a n u m b er  o f  c o m m o n 
ly used an tim icrob ia l  agents . C lo str id iu m  sep ticu m  is most 
often  recovered  fro m  patien ts  with under ly ing  m a l ig n a n 
cies , p ar t icu la r ly  colon c a rc ino m a .  C lo str id iu m  bo tu li-  
num , C lo s tr id iu m  te ta n i, and  C lo str id iu m  d iffic ile  cause  
d isease  by toxin  p roduc tion  (see  next sec t ion ,  C los tr id ia) .

Gram-Positive, Nonsporeforming Bacilli
T h e  n on sp o re fo rm in g ,  g ram -p os i t ive ,  anaerob ic  bacil li  are 
a  h e te rog eneo us  g ro u p  o f  bac te r ia  in the  gen e ra  A c ti
nom yces, B ifid o b a c ter iu m , P ro p ion ibac ter ium , E u b a c te 
riu m , M orb iluncus, and  L a c to b a c illu s . T h e se  anaerobic  
b ac te r ia  are no rm al f lora  co m p on en ts  o f  th e  oral cavity, 
gas t ro in tes t ina l  t rac t ,  v ag ina ,  and  skin.
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M em bers  o f  the  gen u s  A ctinom yces  are the  m a jo r  eti- 
o logic  agen ts  o f  h u m an  a c tin o m yc o sis  (see sec t ion  enti tled  
Pa thogenic  A ctinom ycetes ) .  T h e se  m ic ro o rg an ism s  can 
also  be recovered  fro m  p u lm o n a ry  in fec tions  and brain 
abscesses .

T h e  b if id ob ac te r ia  are  f i lam en tou s ,  p leom orphic  bacilli 
tha t  are p art  o f  the no rm al  in tes t ina l ,  m o u th ,  and  vaginal 
flora .  T h ey  are p r inc ipa l ly  iso la ted  f rom  m ixed  p u lm on ary  
infections. B ifid o b a c ter iu m  d en tiu m  is the  spec ies  m ost 
f requently  isolated from  clin ica l  infections.

Spec ies  in the genu s  P rop ion ibac ter ium  are the  anaer
obes  m os t  f requently  fou n d  on no rm al  sk in  and are c o m 
m on  co n tam in an ts  o f  b lood  and o th e r  spec im ens .  T h e  two 
m os t  c o m m o n  species ,  P rop ion ibac ter ium  acnes  and P ro
p io n ib a c ter iu m  g ra n u lo su m ,  m ay  be a ssoc ia ted  w ith  in fec
tions involving im plan ted  p ro s th e tic  devices,  such as heart 
valves and  o r th o p ed ic  pros theses .

E u b a c te r iu m  le n tu m  is the  m o s t  c o m m o n  o f  th e  e u b a c -  
t e r i a  iso la ted  f ro m  c l in ica l  sp e c im e n s .  E u b a c te r ia  are 
iso la ted  f ro m  w o u n d  and  o th e r  in fe c t io n s  an d  are  m os t  
a lw ay s  a s s o c ia te d  w ith  o th e r  a n a e ro b e s  o r  fac u l ta t iv e  
b a c te r ia .

M orb iluncus  is a  new ly d es igna ted  genus that consis ts  o f 
cu rv ed ,  g ram -p o s i t iv e  bacil li .  M orb iluncus m u lie r is  and 
M . cu r tis ii  a re  co m m o n ly  isolated from  patien ts  with  
b ac te r ia l  vaginosis.

L a c to b a c illu s  spec ie s  are  e ssen tia l ly  no npa thogen ic ,  
a l though  rare  ins tances  o f  endocard i t is  and  p leu ropu lm on- 
a ry  d isease  a ssoc ia ted  with L . ca tena fo rm e  have been 
repor ted .

Gram-Positive Cocci
T h e  pa tho gen ic ,  anaerob ic ,  g ram -po s i t iv e  cocc i belong to 
the  gen e ra  P ep tostrep tococcus  and  G em ella . T h ey  are 
p rom inen t  m em b ers  o f  the  in d igenous  f lo ra ,  espec ia lly  in 
the  m o u th ,  u p per  re sp ira to ry  trac t ,  and  large intestine. 
Next to the anaerobic  g ram -n ega t ive  bac il l i ,  the  anaerobic  
g ram -po s i t iv e  cocc i are  the an ae rob es  m o s t  com m only  
en cou n te red  in c lin ica l ly  s ign if ican t infections. T hey  have 
been iso la ted  f rom  v ir tua l ly  all ty pes  o f  in fec tions, usually  
in com b in a t io n  with o th e r  anae rob es  o r  faculta tive  b a c te 
ria . T h e  species  m o s t  com m o n ly  isolated from  hum an 
infections are  P ep tostrep tococcus m agnus, P. a saccharo -  
ly ticu s , P. p revo tii, P. a n a ero b iu s , and  P. te trad ius.

Gram-Negative Cocci
V eillonella  is occas iona lly  iso lated  from  clin ical spec im ens  
a l though  usual ly  in com b in a t io n  with o th e r  b ac te r ia .

Isolat ion  a n d  Identi f ica t ion  
o f  A n a e ro b ic  Bacteria

T h e  p roper  m e th o d s  for co llec ting  and t r anspo r t ing  c l in i
cal sp ec im en s  for the isolation o f  anaerobic  bac te r ia  are 
im po rtan t  considera t ions .  S ince  anaerobes  are prevalent as 
no rm al  f lo ra  on v ir tua l ly  all m uco us  m em b ranes ,  it is 
im pera t ive  to avoid con tam ina t ion  o f  the spec im en  with 
no rm al  f lora  com ponen ts .  S p ec im en s  tha t a re  unacceptab le  
for anaerob ic  cu ltu re  because  the  collec tion  s i tes  are co lo 
n ized  o r  because  con tam ina t ion  with ind igenous  flora often 
o ccurs  include expec to ra ted  sp u tu m , th roa t sw abs, na
so trachea l o r b ronch osco pe  asp ira tes ,  gas tro in tes t ina l  c o n 
tents,  feces (except for C lo str id iu m  d iffic ile ) , vaginal o r 
endoce rv ica l  secre tions, m id s t ream  urine ,  and  skin  or 
superf ic ia l  w ound  swabs. W h enev er  poss ib le ,  a  need le  and 
syr inge  are used to  obta in  a s p e c im e n , and  all bubbles  o f  air 
and gas  should  be expelled  from both  the  sy r inge  and 
needle. T h e  con ten ts  o f  the sy r inge  are then in jec ted  into an 
o xygen-free  s terile  tube. Proper ly  co llec ted  spec im ens  
need  to be  rap id ly  t ranspo r ted  to the labora tory  to m in i
mize ex posure  o f  the  m ic roo rgan ism s  to oxygen.

A  G ram 's stain  o f  the specimen is prepared and examined 
im m edia te ly  af ter  the  spec im en  a r r iv e s  in the laboratory. 
M any anaerobic  bac te r ia  a ssum e  a ch arac te r is t ic  m o rp h o l
ogy  that can  be p resum ptive ly  identif ied  microscopically .

Basically  there  are tw o techn iques  for the  cu lt iva t ion  of 
anaerobic  b ac te r ia  in the  clin ical labora tory: the  anaerobic  
j a r  and the  anaerobic  cham ber,  o ften  ca lled  a “ glove box ."  
T h e  a n a ero b ic  ja r  consis ts  o f  a tightly  sea led  con ta iner  
from  w hich oxygen  is rem oved  using  a variety  o f  d ifferent 
techniques. T he  a n a ero b ic  ch a m b er  consis ts  o f  a p lastic 
box w ith  a ttached  and sea led  gloves, fi lled w ith  oxygen- 
free  gas,  in to  w hich spec im ens  are  in t roduced  th rough  an 
en try  lock. S ince  anaerobic  infec tions a re  frequently  poly
m icrob ic ,  all c lin ica l  sp ec im ens  are cu ltu red  aerob ica lly  as 
well as anaerobically.

D efin i t ive  identif ication  o f  anaerobic  bac te r ia  is based 
on morphology, suscep tib i l i ty  to an tib io t ics ,  fe rm enta tion  
o f  ca rb oh yd ra te s ,  and o th e r  physio log ic  character is t ics .  
G as-l iqu id  ch rom atograph ic  analys is  o f  volatile fatty acid 
and nonvolatile  organ ic  ac ids  p ro du ced  during  ca rb o h y 
drate  ferm enta tion  is also used to a id  in the  iden tif ication  of 
anaerobic  bac te r ia .

T re a tm e n t

Successfu l therapy  o f  anaerobic  infec tions often involves 
bo th  rational antib io t ic  selection and  su rg ic a l d ra in a g e  o f  
pus and d eb r id em en t  o f  n ecro t ic  tissue. In genera l ,  a n ti
m ic ro b ia l therapy  o f  m ost se r ious  anaerobic  infections 
requires  high d osages  and p rolonged trea tm en t to m in im ize
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the  poss ib il i ty  o f  re lapses.  A n tim icrob ia l  agen ts  c o m m o n 
ly used to treat anaerobic  infec tions are be ta - lac tam  agents  
and b e ta - lac tam ase  inhibitors,  ce fox it in ,  im ip en em , ch lo 
ram phenico l ,  c l in d a m y c in ,  and metron idazo le .  Because 
m any anaerobic  infections tend to be po lym icrob ia l ,  with 
aerobic  o r  faculta t ive o rgan ism s ,  o r  bo th ,  an tim icrob ia l  
agen ts  that are e ffec tive  ag a ins t  all infective c om ponen ts  
m ust be used.

Clostridia______________________
Rial D. Rolfe

T h e  Clostridia a re  g ram -pos i t ive ,  sporeform ing  bacil li  that 
are involved in a  variety  o f  h u m an  d iseases.  T h ey  are 
w idely  d is tr ibu ted  and are p resen t in soil and in the 
intestinal trac ts  o f  h u m an s  and anim als .

Clostr id ium p e r f r in g e n s

C. p e rfr in g en s  is d iv ided  into five types , A  th rough  E ,  on 
the basis  o f  the ir  abil i ty  to p rod uce  four m a jo r  le thal toxins: 
a lpha ,  be ta ,  epsi lon , and iota. O nly  ty pes  A , C ,  and  D are 
pa thogen ic  for h um ans .  Type A is an etio log ic  agen t o f  
c los tr id ia l  m yonecros is  (gas gangrene)  and a  co m m on  form 
o f  food p o ison ing .  Type С  is the etio logic  agen t o f  en te r i t is  
necroticans.

Clostridial M yonecrosis  

E p i d e m i o l o g y

C lostr id ia l  m yonecros is ,  o r  gas gangrene, is a rapid ly  
progressive  and l i fe-threatening il lness  caused  by pa th o 
genic c los tr id ia .  T h is  d isease  is ch a rac te r ized  by  ex tens ive 
n ecro sis  o f  m usc le  and connec tive  t issue, and  is a  con se 
quence  o f  c o m p ro m ised  blood supply, e i th e r  th ro ug h  direc t  
injury o r  underly ing  vascu la r  d isease, and con tam ina tion  
with c los tr id ia .  C lo s t r id ia  are unable  to initiate infection in 
h ealthy  t issue  in w hich  the  ox ida t ion -reduc tion  po ten tia l  is 
n o rm al .  M ost cases  o f  c los tr id ia l  m yonecros is  o c c u r  fo l
lowing ser ious in juries  o r surgica l p rocedures .  Several 
c los tr id ia l  spec ies  are able to cause  invasive infec tion in 
hum ans .  M ost c a ses  o f  c los tr id ia l  m yonecros is  are caused 
by C . p erfr in g en s . O th e r  c los tr id ia l  spec ies  tha t can  be 
involved in gas gangrene  are C . n ovy i, C . sep ticu m , C . 
fa l la x , C . h is to ly ticu m , and C. so rd e llii. All these  c lo s t r id 
ia p roduce  a variety  o f  toxins o f  d ifferent potencies.  T hese  
c los tr id ia l  species  are w idely  d is tr ibu ted  in nature  and  can 
be found  in soil,  sewage, water, and the  in testina l t rac ts  o f  
h u m an s  and anim als .  T h erefo re ,  con tam ina t ion  o f  w ounds  
w ith  these  bac te r ia  is very  com m on . G as  gangrene is 
u sual ly  a m ixed  in fec tion , and  bo th  aerobic  and anaerobic  
bac te r ia  m ay  be isolated from a single  g angrenous  lesion.

O ccasionally ,  m ore  than  one p a thogen ic  spec ies  o f  C lo s
tr id iu m  m ay  be isolated from  a w ound.

Clinical  M a n i f e s t a t i o n s

O nce  pathogen ic  c lo s tr id ia  are  e s tab l ished  in d am ag e d  
tissue, they  rap id ly  invade the su r ro u n d in g  healthy  t issue  
by e labora ting  tox ins tha t p ro d u ce  isch em ia  in ad jacen t 
muscle. T h e  m o s t  im po rtan t  is a lp h a  toxin  ( lec ith inase  С  or 
phospho lipase  C), w h ich  d a m a g e s  cell  m em b ranes .  O the r  
exotoxins inc lude n eu ra m in id a se s ,  p ro teases ,  d eo x y r ib o 
nucleases ,  h ya lu ron idases ,  lec i th inases ,  and  co llagenases .  
T h e  involved m usc le  and overly ing  soft t i ssue  un dergo  
necros is  and  autolysis  with litt le in f lam m ato ry  cell re a c 
tion.

D iagnos i s

There  are no specific  tests for the  ear ly  de tec tion  of 
c los tr id ia l  m yonecros is  and  d iag no s is  is m ade  on the  basis 
o f  c lin ic a l m an ifes ta tions. D irec t  v isua liza tion  o f  m usc le  to 
d e te rm in e  the charac te r is t ic  app ea ran ce  o f  the  d isease  is 
requ ired  to m ake  a defin it ive  d iag no s is  in early  cases . A 
G r a m ’s stain  sm ear  o f  the  w ou nd  exudate  may sup po r t  the 
d iagn os is  by  revealing  the  p resence  o f  c lo s tr id ia  and  the 
absence  o f  in f lam m ato ry  cells.

T r e a t m e n t

W itho u t  p ro m p t e ffec tive  therapy, re f rac to ry  septic  shock ,  
c ircu la to ry  fa ilure ,  C N S  d e p ress ion ,  and  death  m ay soon 
follow the onse t  o f  sym ptom s. Total excision  o f  all d iseased  
m usc le  is a necess i ty  for surv ival o f  the pa tien t.  A d junctive  
m easu res  such  as  therapy  w ith  p e n ic illin  to ha lt fu r the r  
spread  o f  infection and  h yp erb a r ic  oxygen  to ra ise  the 
oxygen  concen tra tion  in t issues m ay  also be useful in 
t rea tm en t .  T he  th e rap eu tic  use o f  polyvalen t equ ine  gas 
gangrene  an tito x in  is con troversia l  b ecau se  o f  the high 
inc idence  o f  adverse  side effects.

Food Poisoning  

E p i d e m i o l o g y

C lo str id iu m  p e r fr in g en s  type  A is a  c o m m o n  cause  o f  fo o d  
p o iso n in g  th ro ug ho u t  the  w orld . T h is  ty p e  o f  food po iso n 
ing is caused  by ingestion  o f  im properly  co oked  food, 
p ar t icu la r ly  m e a t  p rod uc ts  (e .g .,  b e e f  and  gravy) ,  tha t  are 
con tam ina ted  w ith  an en te ro to x in -p rod uc in g  strain  o f  C. 
p e rfr in g en s  ty p e  A.

Clinical  M a n i f e s t a t i o n s

T h e  inges ted  bac te r ia l  cells  reach  the  in tes t ine  and u ndergo  
sporu la tion . T h e  heat- lab i le  en tero toxin  o f  C. p e rfr in g en s  
is re leased  d u r ing  sporu la tion .  Usual o n se t  o f  sy m p to m s  is 
8 to 12 hours  following ingestion  o f  co n tam ina ted  food.
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T h e  d isease  is ra the r  m ild ,  and sy m p to m s  include ab d o m i
nal pain  and acu te  d ia r rh ea  lasting  12 to 24  hours .  Fever 
and vom iting  are uncom m on.

D iag n o s i s

D iagnosis  o f  C. p e rfr in g en s  food po ison ing  is m ade  on the 
basis  o f  c lin ical fea tures ,  incubation  p e r io d ,  and a ttack  
rate. R ecovery  o f  en te ro to x in -p ro du c in g  s t ra in s  o f  C . per- 
fr in g e n s  from  the im plica ted  food and  the pa tien t’s feces 
helps estab lish  the  d iagnos is .  Im m u n o log ic  assays can  be 
used to de tec t  en tero tox in  in food.

T r e a t m e n t

C lo str id iu m  p e r fr in g e n s  food po ison ing  is se lf- l im it ing ,  is 
typ ica lly  m ild , and  usual ly  requ ires  only supportive  th e ra 
py. T h e re  are  no  know n agents  to cou n te rac t  the  effec ts  o f  
the  entero tox in .

Enteritis necroticans
E nter i t i s  n ecro t icans  (p igbe l)  is a  severe, n ecro t iz ing  d is 
ease  o f  the  sm all  in tes t ine  caused  by C . p e rfr in g en s  type  C. 
T h is  d isease  o ccu rs  p r im ar i ly  in the  h igh lands  o f  Papua, 
N ew  G u inea , and  is a ssoc ia ted  with the  ingestion  o f  under
cooked  p ork  con tam ina ted  w ith  C . p e rfr in g en s  type C. 
T h is  c los tr id ia l  species  p ro l ifera tes  in the  hum an  intestine 
and e labora tes  large quan ti t ies  o f  b eta  tox in . T h e  toxin 
cau se s  w idespread  nec ro s is  o f  the  in test ine  since  there  is 
inadequa te  in testinal p ro teo ly t ic  ac tiv ity  to inactivate  the 
toxin. T h e  natives are defic ien t in in te s tin a l p ro tea se s  due 
to a no rm al  low -protein  d ie t and the p resence  o f  a heat- 
stable tryp sin  in h ib ito r  in sw eet po ta toes ,  the  s taple  d ie t  o f 
these  people. T he  d isease  ensues  w ith in  24  hours  o f  inges
tion o f  the c o n tam in a ted  pork  and  is charac te r ized  by acute  
abdom ina l  pa in ,  b loody  d ia r rh ea ,  and vom iting .  D eath  due 
to  shock  and peri ton i t i s  o ccurs  in approxim ate ly  4 0  percent 
o f  patients . T h e re  is no  e ffec t ive  therapy  for en te r i t is  
necro t icans .  However, th is d isease  can  be prevented  by 
ac tive  im m u n iza t io n  with b e ta  toxoid .

Clos tr id ium t e t a n i  

Epidemiology
Tetanus is a  severe  infec tion p ro du ced  by the ac tion  o f  a 
po ten t neuro tox in  e labora ted  by C. te ta n i. T h e  spores  o f  C. 
te ta n i that are w idely  d is tr ib u ted  in soil and in the in tes t i
nal t rac ts  o f  h u m an s  and an im als  con tam ina te  a w ound. 
G erm in a t io n  o f  spores  is favored by necro t ic  t issue  and 
p o o r  b lood  supply  in the  w ound . T he  cause  o f  infection 
w ith  C. te ta n i var ies  from  acc iden ta l  in juries  to surgical 
p rocedures .

Pathogenic Mechanisms
T h e  c lin ica l  m anifes ta tion  o f  te tanus is d ue  to the e la b o ra 
tion o f  an exotox in , ca lled  te ta n o sp a sm in , by C. te ta n i. 
T e tanospasm in  is a  neuro tox in  tha t  has an aff in ity  for cells 
o f  the  centra l ne rv ou s  sys tem . A l though  the  te tanus  bacilli 
are an tigen ica l ly  he te ro gen eou s ,  the  neuro tox in  p roduced  
by all s tra ins  is im m unolog ica l ly  iden tica l.

U n d er  appro p r ia te  in vivo environm enta l  condit ions , 
spores o f  C. te tan i germ inate  and produce tetanospasmin. 
The presence o f  o ther organisms and necrotic tissue enhances 
the reversion o f  C. te tan i spores to vegetative cells. The 
tetanus bacilli do not invade  healthy tissue but rem ain at the 
site o f  infection. Tetanospasmin travels from the site o f 
infection to the central nervous system along the axis cylin
ders o f  motor nerves, where it is fixed by cerebral gan- 
gliosides. The  neurotoxin interferes with neurom uscular 
transmission by inhibiting the release o f  inh ib itory transm it
ters  (e.g.,  glycine) at spinal synapses. T his  results in excess 
motor activity and the typical muscle spasms o f  tetanus. All 
sym ptom s o f  tetanus are attributable to this neurotoxin.

Clinical Manifestations
T h e  incuba t ion  per io d  for te tanus m ay range  from  a few 
days to several w eeks. T h e  firs t sy m p to m  o f  genera l ized  
te tanus  is tr ism u s  ( lockjaw). T h is  m ay  be accom pan ied  by 
st iffness  o f  the  n eck ,  d if f icu l ty  in sw allow ing , and rig id i ty  
o f  abdom ina l muscles .  Eventually , gene ra l ized  tonic  co n 
vuls ions  develop  and the  u lt im ate  cause  o f  death  is a sp h y x 
ia from  sp asm s o f  resp ira to ry  muscles .

L o ca l te ta n u s  is a  rare  fo rm  o f  the d isease. It is c h a ra c 
te r ized  by pe rs is ten t con trac t ion  o f  m usc les  near  the si te  o f 
injury. L oca l te tanus may p rogress  to the  gene ra l ized  form  
o f  d isease ,  but it is genera l ly  m ilder  and much less likely to 
be fatal.

C epha lic  te ta n u s  is a n o th e r  rare  fo rm  o f  te tanus tha t may 
follow in juries  to the head  o r  o ti tis  m ed ia  w hen  C. te ta n i  is 
par t  o f  the  infec ting  flora .  C ephalic  te tanus is ch a ra c 
te r ized  by iso la ted  or co m b in e d  dysfu nc t io n  o f  any o f  the 
c ran ia l  nerves .  T h is  fo rm  o f  te tanus may p ro g ress  to 
gene ra l ized  te tanus.

Tetanus neona to rum  results  from postnata l  infection o f  
the um bilicus.  T h is  is a  se r ious  and  frequently  fatal fo rm  o f  
te tanus seen m os t  often  in develop ing  countr ies .

C lin ica l  te tanus does  not induce  im m u n i ty  because  the 
d isease  is p ro d u c ed  by am o u n ts  o f  neu ro tox in  tha t  are too 
sm all for im m uniza tion .

Diagnosis
T he  d iagn os is  o f  te tanus  is usual ly  based  on clin ical f ind 
ings. However, bac te r io log ic  s tud ies  can  con f i rm  the d ia g 
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nosis. A ttem pts  should  be m ade  to culture  C. te ta n i  from 
all susp ic ious lesions. A G r a m ’s stain sm ear  o f  w ound 
exudate  m ay  reveal typica l c lo s tr id ia  that have a “ d ru m 
s t ick ” o r  “ tennis racke t"  app ea ran ce  b ecause  o f  the p res 
ence  o f  term in a l spores  that are la rger  in d iam e te r  than the 
vegeta tive  cells.

Treatment and Prevention
Tetanus a n titox in  (hum an  im m u no g lo bu lin )  is ad m in is 
tered in all cases  o f  suspected  te tanus. A ntitox in  n e u 
tra lizes  c ircu la t ing  toxin but is ineffective aga ins t  toxin 
a lready  fixed in the centra l nervous  sys tem . T issue  d e 
b r idem en t  o f  the w ound  and  adm in is tra t ion  o f  penic i l l in  to 
prevent fu r th e r  toxin form ation  are also indicated.

T h e  only effec tive  m ean s  to prevent te tanus is by pro 
phylac t ic  ac tive  im m un iza tion . Tetanus toxoid , in c o m b i
nation w ith  d ip h th e r ia  toxoid and  p e rtu ss i s  vaccine , is 
usually  g iven  d u r in g  the first year  o f  life. Toxoid g iven  to 
w om en before and during  the first 6  m on ths  o f  p regnancy  
prevents  te tanus  neo na to rum . A b oo s te r  in jection  o f  toxoid 
can  induce  p ro tec tive  levels o f  am nes tic  an tibody  w ith in  1 
to 2 w eeks and is f requently  adm in is te red  at the  t im e o f  
injury.

Clostr id ium b o tu l in u m  

Epidemiology
B otu l ism  is a life - th rea ten ing ,  para ly tic  il lness p roduced  
by a pow erfu l neuro tox in  e labora ted  by C. b o tu linum . T h is  
m icroorgan ism  is ub iqu i to us  in soil and f requently  c o n ta m 
inates fru its ,  vegetables ,  f ish, and o th e r  foods.

C lostr id ium  b o tu linum  is subd iv ided  in to  e ig h t  tox
icologic types  (A ,  B , C l ,  C 2 ,  D, E ,  F, and  G), w hich  d if fe r  
from one a n o th e r  in the p roduc t ion  o f  im m u n o lo g ica lly  
d is tin c t neuro toxins. However, the  pha rm aco log ic  action  of 
these  tox ins is identical .  Types A , B , and  E m os t  c o m m o n 
ly produce  d isease  in humans .

Pathogenic Mechanisms
T h e  po lypeptide  n euro tox ins  e labora ted  by C. bo tu linum  
are the m os t  po tent exotoxins know n. T hese  tox ins produce 
para lysis  by p reventing  the  release o f  the  n eu ro transm it te r  
a ce ty lch o lin e  from the nerve  te rm ina ls  o f  n eu ro m uscu la r  
junct ions . T he  neuro tox ins  are heat labile but res is tan t to 
the  ac id  and proteo ly t ic  enzy m es  presen t in the intestinal 
tract. T h e  p roduc t ion  o f  bo tu l in u m  tox in  is governed  by 
specific  bacteriophages.

Clinical Manifestations
C lostr id ium  b o tu linum  p rod uces  th ree  fo rm s  o f  b o tu l ism  in 
hum ans : foo d -b o rn e ,  w ound ,  and infant.

F o o d - B o r n e  Botul i sm

H u m an  bo tu l ism  is o rd ina r i ly  not an in fec tious  d isease  but 
ra the r  an in toxication resu lt ing  from  the  inges tion  o f  food 
con ta in ing  p re fo rm ed  neuro tox in . T h e  foods  m os t  often 
responsib le  for b o tu l ism  are  sausage ,  p o rk ,  and  h om e- 
cann ed  vege tab les ,  such as  b eans ,  peas ,  and asparagus .  
Food  items c o n tam in a ted  by toxin have a com ple te ly  nor
mal a p p ea ran ce  and taste. T h e  spores  o f  C . bo tu linum  are 
highly  res is tan t to heat and can  w iths tand  bo il ing  for 
several hours .  U n d e r  ap p rop r ia te  env ironm enta l  c o n d i
tions, the  spores  o f  C. bo tu linum  g e rm in a te ,  and the 
m ultip ly ing  vege ta tive  cells  e lab o ra te  neuro tox in .  A fte r  
inges tion , the toxin is ab so rb ed  from  the  s to m ach  and 
u pp er  sm all  bowel and  reaches  suscep tib le  n eu ron s  by way 
o f  the b loods tream . S y m p to m s  o f  b o tu l ism  usua l ly  beg in  
12 to 36 hours  a f te r  the  inges tion  o f  co n tam ina ted  food. 
T h e  c rania l n e rv es  are g enera l ly  a f fec ted  f i rs t ,  fo llow ed by 
a descend ing  pa tte rn  o f  w eakness  o r  paralysis .  T h e  early  
involvement o f  c ran ia l  n e rv es  cau se s  p rob lem s w ith  eye 
sigh t,  h ea r in g ,  and speech .  R esp ira to ry  failure  is the  m ost 
co m m o n  cause  o f  death .

W o u n d  Botul i sm

W ound b o tu l ism  is a rare  d iso rd e r  tha t  o ccu rs  w hen  n e u ro 
toxin is p ro d u ce d  by  C. bo tu lin u m  co n tam in a t in g  traum atic  
wounds. C lo str id iu m  b o tu linum  d oes  not invade healthy  
tissue. T h e  c lin ica l  sy m p to m s  a re  like those  o f  fo od-borne  
bo tu l ism .

In f a n t  Botul i sm

Infant bo tu l ism  is d ue  to neuro tox in  p ro du c t ion  by C. 
b o tu linum  w ith in  the  gas t ro in tes t ina l  t rac ts  o f  in fan ts  b e 
tween 3 and  26 w eeks  o f  age. H oney  has  been  im plica ted  as 
a source  o f  C . b o tu linum  for infants. C o ns t ipa t ion  and  weak 
suck ing  are often  the first sy m p to m s  o f  infant bo tu l ism . 
C ran ia l  nerve  defic its  then appear,  usual ly  m an ifes ted  by  a 
f laccid  facial express ion ,  p tos is ,  and  para lys is  o f  eye m u s
cles. In tensive  su p po r t iv e  care  enab les  the  vast m a jo r i ty  o f  
in fec ted  infants to  recover  completely . However, infant 
b o tu l ism  acco un ts  fo r  som e ca ses  o f  sudden  infant death  
syndrom e.

T h e re  are no  lo ng- te rm  sequelae  in patien ts  w h o  survive 
any form  o f  bo tu l ism . C lin ica l  b o tu l ism  d o es  not induce  
natural im m u n i ty  b ecau se  the  a m o u n t  o f  toxin  requ ired  to 
e licit an an tibody  re sponse  is le thal.

Diagnosis
T h e  d iagnos is  o f  b o tu l ism  should  be co n s id e red  in a patient 
w ith  sy m m e tr ic  descen d ing  w eakn ess  o r  para lys is  o f  the 
c rania l nerv es ,  ex trem ities ,  and tru n k .  T h e  clin ica l  d ia g 
nosis  o f  bo tu l ism  can  be c o n f i rm e d  by d em o n s tra t ing
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e ith e r  b o tu l in u m  toxin in the b lood o r  gas t r ic  con ten ts  o f  a 
patient o r  toxin and C . b o tu linum  in the  su spec ted  food. 
Toxin is d e tec ted  by  b ioassay  in m ice, w h ereas  isolation 
o f  C . bo tu linum  requ ires  special anaerob ic  cu ltu re  tech 
niques.

Treatment and Prevention
A dm in is tra tion  o f  polyvalent a n tito x in  is the  princ ipal 
m ean s  o f  trea ting  bo tu l ism . T h is  an ti tox in  is p repared  in 
horses  and  con ta ins  an t ibod ies  for the th ree  m ost c o m m o n  
types  o f  neuro tox in s  encou n te red  in h u m an s  ( types  A , B, 
and E). D esensi t iza tion  m ay be n ecessa ry  if  the  pa tient is 
a llergic  to horse  se ru m . T h is  an ti tox in  only neu tra lizes  
c ircu la t in g  toxin and  has  no  effec t  on toxin b ound  to 
suscep tib le  n erve  cells. R ecovery  from  b o tu l ism  is very  
g rad u a l ,  o c c u r r in g  over  w eeks  to m onths.

A pentavalent toxo id  is available  for adm in is tra t ion  to 
labora tory  w orkers .  Im m un iza t ion  o f  the public  is not 
reco m m en d ed  because  o f  the  low inc idence  o f  bo tu l ism .

Clos tr id ium difficile 

Epidemiology
C lo str id iu m  d iffic ile  is the  m a jo r  cause  o f  p se u d o m e m b ra 
nous co litis  a ssoc ia ted  w ith  an tim icrob ia l  therapy  in h u 
m ans. P se u d o m e m b ran o u s  coli tis  is a  severe , necro t iz ing  
p rocess  o f  the  large  in testine. E ssen t ia l ly  all an tim icrob ia l  
agen ts  a re  capab le  o f  induc ing  p seu d o m em b ra n o u s  coli tis ,  
but it is seen m os t  o ften  following the adm in is tra t ion  o f  
c l in d am y c in ,  am p ic i l l in ,  o r the cepha losporins .

Pathogenic Mechanisms
A ntim icrob ia l  agen ts  m ay  suffic iently  supp ress  the  norm al 
colonic  f lo ra  to p e rm it  in testinal overg row th  by  C . d if f i
c ile . T h is  m ic ro o rg an ism  p ro d u ces  tw o an tigen ica l ly  d is
t inc t ,  heat- lab i le  p ro te in  toxins,  re fe rred  to as entero toxin  
( toxin A) and cy to tox in  ( toxin  B), w hich  are responsib le  for 
the c lin ica l  m an ifes ta tions  o f  th is  d isease. In testinal d is
ea ses  due to C . d iffic ile  vary from  a re latively  m ild ,  self- 
l im iting  d ia r rh ea  to  a severe, fu lm ina ting  p seu d o m e m b ra 
nous  colitis.

Diagnosis
D iagnos is  o f  C . d iffic ile -a sso c ia te d  d ia r rh e a  is based  in i
tially on the  clin ica l  se t t ing  o f  d ia r rh ea  tha t is related 
tem po ra l ly  to an tib io t ic  therapy. C olonoscopy  and s ig m o id 
o sco p y  exam ina t ion  m ay reveal the p resence  o f  a p seu 
d o m em b rane  on the  colonic  m u cosa .  T h e  cy to tox in  o f  C. 
d iffic ile  can  be  d e tec ted  in feces by dem on s tra t in g  a h is to 
toxic effec t  in t i ssue  cu ltu re  cells. In ad d it ion ,  im m u n o 
assays for d e tec tion  o f  tox ins A  o r  B , o r  bo th ,  are co m m er

cially  available. A selec tive  agar  m ed iu m  s ign if ican tly  aids 
in the  isolation o f  C . d iffic ile  f rom  feces. However, cu ltu re  
o f  C. d iffic ile  is less specific  than  toxin  detec tion .

Treatment
O ral vancom ycin , m etron idazo le , o r  b a c itra c in  is used  in 
the t rea tm en t  o f  p seu d o m em b ra n o u s  coli tis .  In add it ion ,  
the im plicated  an tim icrob ia l  agen t should  be d isco n tinu ed .

Pathogenic Actinomycetes_______
W. La Jean  C haffin  

A c t i n o m y c e t o u s  B ac te r ia

T h e  ac t in om y ce tes  are a large, d iverse  g ro u p  o f  g ram - 
posi t ive  bacil li  tha t d if fe r  in som e charac te r is t ics ,  such as 
to lerance  for oxygen  and ab il ity  to fo rm  spores ,  but share  a 
tendency  to form fi lam ents .  T he se  bac te r ia  a lso  have 
re la ted  p a thogen ic it ies  and are responsib le  for three m ajor  
infec tions —ac tin o m y co s is ,  no card ios is ,  and ac t in om y ce-  
tom a . F ilam en ta tion  is qu ite  p ro n o u n ce d  in som e species,  
and  at one t im e these  o rg an ism s  w ere  though t to  fo rm  an 
in te rm ed ia te  stage  be tw een  b ac te r ia  and fungi .  A s  a c o n se 
q uence ,  h is to r ica lly  they have been m ore  s tud ied  by m y
co log is ts  as  agen ts  o f  infection than  by b ac te r io log is ts  but 
they are true  bac te r ia .  T h ey  lack  a nuc leus  and have a 
bacte r ia l  cell-w all s t ructure .  In addit ion  to the  basic  c o m 
ponents  o f  the  cell w all ,  the  walls also conta in  com ponen ts  
tha t  are  useful in specia tion  and classif ica t ion . Several 
g ene ra  are a ssoc ia ted  with h u m an  infection , including 
A ctinom yces, A rachnia , N ocardia, A ctinom adura, and St rep- 
tom yces. M em bers  o f  the  genus S trep tom yces  a re  probably 
m ore  im portan t  to medical science as  sources  o f  an tib io t ics  
than as ag en ts  o f  infection.

Actinomycosis

T h e  three  m a jo r  species  that have been im plicated  in 
ac t in om y cos is  are A ctin o m yces is ra e lii, A ra ch n ia  pro - 
p io n ica , and A ctinom yces n a es lu n d ii, in d ec reas ing  fre
quency  o f  isolation (Table 4-13). A ctino m yco s is  is a  ch ro n 
ic, suppura tive  d isease  that sp reads  to  co n t ig u o u s  tissue 
and is su bd iv ided  into d isease  types  based  on si te  o f  
infection. In cerv icofacia l  d isease ,  infection may be in iti
ated following dental ca r ies  o r gingival d isease  o r  by 
t r a u m a  that in troduces  the  o rgan ism  to a po ten tia l  site o f  
infection . A swollen a rea  develops ,  p roduc ing  d iscom for t  
but rare ly  pain. If  una t tend ed ,  pyogenic  abscesses  occur  
tha t will eventua lly  develop d ra in ing  s inus  tracts. The  
infection often  sp reads  to ad jacen t a reas  inc lud ing  bone. 
T h is  type  o f  infection is know n in catt le  as lum py  jaw. A
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T a b le  4 -13  A c t in o m y c e to u s  Infections

Infection Lesions Frequent etiology
Usual
habitat Exposure

Direct examination 
of positive 

Granules patient specimens

A c t i n o m y c o s i s

N o c a r d i o s i s

A c t i n o m y c e t o m a

A b c e s s  

f o r m a t i o n  

S i n u s  t r a c t s

A b s c e s s  

f o r m a t i o n  

S i n u s  t r a c t s  

r a r e  

A b s c e s s  

f o r m a t i o n  

S i n u s  t r a c t s

Actinomyces israelii 
Actinomyces 

naeslundii 
Arachnia propionica

Nocardia asteroides 
Nocardia 

brasiliensis

Actinomadura
madurae

Actinomadura
pelletieri

Nocardia
brasiliensis

Streptomyces
somaliensis

N o r m a l

f lo r a

S o i l

S o i l

D i s p l a c e m e n t  

f r o m  n o r m a l  

o r a l ,  g a s t r o 

i n t e s t i n a l  

t r a c t / s i t e  

I n h a l a t i o n

T r a u m a  to  

s u b c u t a n e o u s  

t i s s u e  fo l l o w e d  

b y  c o n t a m i 

n a t i o n  w i th  

s o i l  c o n t a i n i n g  

m i c r o b e

+
R a r e

G r a m - p o s i t i v e  

f i l a m e n t s  ^  I p .m  

in  d i a m e t e r

G r a m - p o s i t i v e  

f i l a m e n t s  s  I jxm 

in  d i a m e t e r  

P a r t i a l l y  a c i d - f a s t  

G r a m - p o s i t i v e  

f i l a m e n t s  s i  p .m 

in  d i a m e t e r

th o rac ic  form o f  the  d isease  may be in i tia ted  by extension 
from  above o r  by  asp ira tion  o f  o rgan ism s .  Resp ira tory  
sy m p to m s  develop, and  eventua lly  lung t issue  m ay be 
des troyed  and  d ra in ing  s inus trac ts  develop. T h e  third 
m a jo r  m anifes ta tion  is abdom ina l in fec tion , w hich  is u su 
ally in itia ted  by perfo ra tion  o f  the in testinal wall (e.g.,  
rup tu red  appendix) ,  and the o rg an ism s  are in t roduced  to a 
potentia l site  o f  infection. T h e  infection develops very 
slowly w ith  sy m p to m s  dependen t on the infected  site. 
Eventually , i f  un trea ted ,  the d ra in ing  sinus trac ts  often 
e ru p t  th rough  the  abdom ina l  wall.  In addit ion  a genita l 
infection has  been desc r ibed  in w om en ,  genera l ly  those 
w ho  use in t rau te r ine  con tracep tive  devices tha t  have been 
in p lace for m on ths  to years. T h e  sym p to m s are  genera l ly  
those  o f  pelvic in f lam m ato ry  disease. O ccasionally ,  p r im a 
ry  lesions have been noted  in o th e r  tissues ,  and rare cases  
o f  hem ato gen ou s  spread  have been repor ted .

Epidemiology
T h e  agen ts  o f  a c t ino m yco s is  are  co m po nen ts  o f  the  norm al 
f lora o f  the oral cavity  and in testina l m u co sa .  Two ad d i
tional no rm al f lo ra  spec ies  o f  A ctinom yces  are not a sso c i
ated with d isease  but m ay  con tr ibu te  to den ta l  caries. 
In fections o ccu r  in m en  abou t  tw ice as often  as in w om en 
and genera lly  in the 15- to  35-year-old age  group. D uring  
infec tion , m os t  o f  the  o rg an ism s  grow  as d isc re te  colonies, 
p roduc ing  granules  tha t  may be recovered from  the sinus 
t ract exudate . T he  frequently  yellowish co lo r  o f  these 
g ranules  probably  results  from lipid in the m acrophages .

T h e  g ranu les  are  up to 2 .5  m m  in size and  have t issue  cells 
ad he r in g  to them .

Laboratory Diagnosis
T h e  g ranu le  size  and  co lo r  ass is t  in iden tif ica t ion  o f  the 
organ ism s .  W hen  c ru sh ed ,  the  g ran u les  reveal g ra m -p o s i
tive bacte r ia l  fo rm s  o f  abou t 1 p,m in d ia m e te r  tha t are 
p resent as  de lica te  in te r tw ined  f i lam en ts  and d iph thero ids .  
M ost isolates o f  these  g ene ra  are d e sc r ibed  as faculta t ive  
anaero bes  tha t g row  best in the p resence  o f  ca rbon  dioxide 
(A. pro p io n ica  g row th  is not en h anced  by c a rb o n  dioxide). 
O n  rich solid m ed iu m  o r  in th iog lyco la te  b ro th ,  they 
initially  p ro du ce  m icroco lon ies  o f  sho r t ,  b ranch ing  fi la 
ments. W ith  t ime, the  f i lam ents  fragm en t  in to  d ip h th e 
roids, shor t  cha ins ,  o r  cocc o b ac i l la ry  form s. T h e y  are not 
ac id-fas t .  Colony m orpho logy  and b iochem ica l tes ts  are 
used to d is t ingu ish  species.

Treatment
As b ac te r ia ,  these  o rg an ism s  are suscep tib le  to a variety  o f  
an t ibac te r ia l  an tib io tics .  Penicill in  is f requen tly  the  d ru g  
o f  choice. O th e r  an tim icrob ia ls  tha t  have been used are 
c l in dam yc in  and sulfa  d rugs . Surgical excis ion  and c le a n 
ing may also be r e c o m m e n d ed  for t r e a tm en t  o f  infection.

Nocardiosis
N ocard ios is  is in itia ted  as a p r im a ry  p u lm o n a ry  infection 
that m ay  range from  subc lin ica l  to p n eum on ic  (see Table
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4-13). T h e  infection m ay be transito ry , chron ic ,  o r  an acute  
necro t iz ing  pn eum on ia .  T h e  deve lopm ent o f  d ra in ing  s i
nuses  is rare. Infection  is so m etim es  d is sem ina ted  by 
hem atog eno us  spread  to o th e r  si tes,  with  the  centra l ner
vous  sys tem  being  the m os t  co m m o n .  O th e r  d issem ina ted  
s i tes  include the k idney  and  heart .  M ultip le  or large ab
scesses  develop. T h e  m a jo r i ty  o f  cases  (8 0 - 9 0 % )  are 
caused  by N ocard ia  a stero ides . O ccasionally , N ocard ia  
b ra s ilien s is  and N ocard ia  o titid isca v ia ru m  a re  involved.

Epidemiology
In the  U nited  States, the n u m b e r  o f  cases  o f  n ocard ios is  is 
es t im a ted  at 500  to 1000 a year. A b o u t  50  percen t o f  the 
patien ts  are  c o m pro m ised  by cond it ions  such as  leukem ia  
o r  trea tm en t  w ith  co r t ico s te ro id s  o r  im m un osup p ress iv e  
drugs . In a n o th e r  25 pe rcen t ,  so m e  d efec t  in ce llu la r  
im m u ne  defense  is suspec ted .  However, abou t 25 percent 
o f  the  cases  oc cu r  in apparen tly  no rm al  individuals.  In d i
v iduals  o f  all ages can  be infec ted , but the g rea tes t  inc i
dence  is in the  30- to 50-year-old age group. A bou t  75 
percen t o f  the patien ts  are men. O p p o r tu n is t ic  infection 
a lso  occurs  in a sm all percen tage  o f  patients w ith  acquired  
im m un od ef ic ien cy  sy n d ro m e  (A ID S). N ocard ia  species  
o ccu r  w orldw ide  as soil inhabitan ts ,  but infec tions are 
m ore  f requent in ru ra l  than  in u rban environm ents .

Laboratory Diagnosis
F o r  d iagnos is ,  pus, sp u tu m , o r  b iopsy  m ateria l  is exam ined  
for g ram -po s i t ive ,  p art ia l ly  ac id-fas t  bac te r ia .  In positive 
sm ears ,  delicate, m ultip le  b ranched  and  beaded  f i lam ents  
appear. N ocard ia  spec ies  are aerobic  and  will g row  on m ost 
labora tory  m ed ia .  T h e  colonial morphology, f i lam en tou s  
p a t te rn ,  and part ia l  ac id - fa s tness  coup led  w ith  ch a rac te r i s 
tic b iochem ical tes ts  are used in spec ies  identif ication. The 
p art ia l  a c id -fas tness  is associa ted  w ith  shor t-cha in  mycolic  
ac ids  p resent in the  cell wall.

Treatment
T h e  p ro gn os is  in nocard ios is  is grave, with  high m orta l i ty  
for bo th  p u lm o nary  and d issem ina ted  infections. T he  or
g an ism s  respond  to a nu m b er  o f  an t ibac te r ia l  an tib io tics .  
T h e  su lfo n am id es  are  genera l ly  the  d ru g s  o f  choice. For 
ch ron ic  infections, trea tm en t  is con tinued  for 6 to  12 
m onths. S u rge ry  can  be used to d ra in  and  c lean  abscesses .

A c t in o m y c e to m a

Several g ene ra  o f  a c t ino m yce tes  are im plica ted  as bacte ria l 
e tio log ic  agen ts  o f  m y ce to m a  (Table 4-13). M y c e to m a  is a 
ch ron ic ,  suppura tive ,  and  g ranu lom atous  infection o f  su b 
cu taneo us  tissue. T h e  o rg an ism s  are p resen t as a granule  
that may be recovered  from sinus trac ts  tha t d ra in  the 
abscesses .  T he  infection results  f rom  traum atic  im plan ta 

t ion o f  the  o rgan ism  in to  su b cu taneo us  tissue. T h e  infec
tion can  be caused  by a variety  o f  dem at iac io us  and non- 
d em at iac ious  fungi (eu m yce tom a)  o r  bac te r ia  (ac t in o m y 
cetom a). T h e  fungal agen ts  o f  m y ce to m a  are d iscu ssed  in 
C hap. 6 in the  sec t ion  on su b cu taneo us  m ycoses .  A lthough  
genera l ly  s low-developing infections, m yc e to m a s  o f  b ac te 
rial e t io logy  p rogress  som ew hat m ore  rap id ly  than those  o f  
fungal etiology. A m o ng  the  im plica ted  bac te r ia  are  A cti-  
nom adura  m adurae, A c tinom adura  p e lle tie r i, A ctinom yces  
is ra e lii (rarely), N ocard ia  a stero id es , N ocard ia  b ra s ilie n 
sis , N ocard ia  o titid isca v ia ru m , N o ca rd io p s is  dasso n v ille i, 
and S trep tom yces som a liensis .

Epidemiology
T h e  ag en ts  o f  ac tin o m y ce to m a  are ub iqu i to us  soil inh ab i
tan ts  that occ u r  with  grea test  f r equency  in sub trop ica l  and 
tropical soils. T he  infecting  o rgan ism  is in t roduced  into 
tissue by implantation such as caused by a puncture  wound. 
L esions  o ften  are  found  on the feet , initiated from  a w ound 
ob ta ined  w hile  w alk ing  barefoo t.  T he  f requency  o f  iso la
tion o f  a  spec ies  in a geograph ic  location is s im i la r  to the 
prevalence  o f  the  agent in the  soil.

Laboratory Diagnosis
D iagnosis  o f  a bacte r ia l  e t io logy  for th is  infection is based 
on d irec t  exam ina tion  o f  materia l  rem oved  from  lesions 
and by cu ltu re  identif ica t ion . T he  size and co lo r  o f  g ra n 
ules are no ted ,  a long  w ith  the size  o f  the m icrob ia l  e le 
m en ts  and g ram -p o s i t iv e  cha rac te r  o f  the o rgan ism . The 
colonial m orpho logy  and color, b iochem ical tes ts ,  and  cell- 
wall com pos i t ion  are used in spec ies  identif ication.

Treatment
L o ng -te rm  an tib io t ic  trea tm en t  is genera lly  requ ired . T h e  
t rea tm en t o f  infec tions caused  by spec ies  o f  A ctinom yces  
and N ocard ia  w as d iscussed  u n der  t rea tm en t  o f  ac t in o m y 
cos is  and nocard iosis .  Penicill in  and  sulfa  d ru g s  have been 
used in m edical  m a n ag em en t  o f  infec tions associa ted  with 
these  o rgan ism s .  S trep tom ycin  has been reco m m en d e d  for 
use with infec tions a tt r ibu ted  to A ctin o m a d u ra  and S trep 
tom yces. Surgical in terven tion  may a lso  be reco m m end ed ,  
and in advanced  cases ,  am puta tion  m ay be considered .

M y c o p l a s m a ,  L-Formsf L e g i o n e l l a

D avid C. Straus
M y c o p l a s m a  

Morphology and History
M ycop lasm a  spec ies  are the  sm alles t  know n free-liv ing  
organ ism s .  T h e y  are  ex trem ely  p leom orphic  b ecause  they
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lack a cell  wall. T hey  stain poorly  and are not g ram - 
stainable. On solid m ed ia .  M ycop lasm a  fo rm s m inute ,  
transparen t colonies. Typical colonies  range  from  10 to  600 
p-m in d iam ete r  and  show  a “ fr ied  e g g ” appearance .  Many 
hum an  s trains  show  com plete  or incom ple te  hemolysis. 
T h e  M ycop lasm a  spec ies  were o rig ina l ly  referred  to as 
p leu rop neu m on ia  o rgan ism s  (P P O ) o r  p leu ro p n e u m o n ia 
like o rgan ism s  (PPLO). T he  firs t h um an  d isease  know n to 
be associated with M ycoplasm a  was prim ary  atypical pneu
monia (PAP). PAP is thus named because the word “ atypical” 
im plies tha t the d isease  does  not resem ble  tha t  p ro du ced  by 
S trep tococcus pneum oniae , w hich  causes a  “ ty p ica l"  lobar 
pn eum on ia .  T h e  causa t ive  agent o f  PAP is M ycop lasm a  
pneum oniae .

Growth Requirement
Strains o f  M ycoplasm a  vary widely in their growth rates. 
M ost strains require a rich medium  (serum protein and a 
sterol) for growth. They incorporate the sterol into their cell 
mem brane to strengthen it and help them tolerate the differ
ences between the in ternal and external osm otic  pressures. 
Approximately 15 percent o f  the dry w eight o f  the parasitic 
hum an M ycoplasm a  strains is com posed  o f  lipid, and a very 
great percentage (65% ) o f  this is sterol. M ycoplasm a  are 
generally susceptible to kanamycin  and tetracylines but are 
resistant to sulfonamides and penicillin.

Primary Atypical Pneumonia
O nly  one hum an  d isease  (PAP) has been defin ite ly  show n 
to be caused  by M ycop lasm a . M . pneum oniae , w hich  is 
responsib le  fo r  PAP, is a lso  re fe rred  to as E aton’s agen t and 
d iffers  antigen ical ly  from all o th e r  m yco p lasm as .  Cold 
agg lu t in ins ,  agg lu t in ins  to S trep to co ccu s M G , and M y
cop la sm a  g row th - in h ib i t in g  an tibody  can  be found  in the 
sera o f  those  ind iv iduals  recover ing  from  PAP. T h is  d isease  
is u sual ly  d iag no sed  em ploying  a com plem ent-f ixa tion  test 
for a lipid an tigen  com plex  in the  o rg an ism .  T h e  d eve lop 
m en t  o f  a D T H  react ion  to M . p n eu m o n ia e  app ea rs  to 
co rre la te  with the  sever ity  o f  d isease  and explain  the 
o bserved  d if fe rences  be tw een  infections in young  children 
and adults. PAP caused  by M . p n eu m o n ia e  is m ore  severe 
in adu lts  than  it is in children.

Epidem io log ic  s tudies  show that th is  d isease  is most 
co m m o n ly  found in child ren  and  young  adults. It has an 
incubation  period  o f  9 to 12 days. T reatm ent involves 
adm in is tra t ion  o f  te tracyc l ines  o r  k anam yc in .

Other Mycoplasmas
M ycop lasm a  hom inus  has  been  im plica ted  as  one o f  the 
causat ive  agents  o f  pelvic  in f lam m a to ry  d isease. A form  o f  
M ycop lasm a , once  ca lled  t-s tra ins  (for tiny colony strains), 
is now  ca lled  U reaplasm a u rea ly ticu s. U reaplasm a  d iffers

from the true  M yco p la sm a  in tha t it requ ires  u rea  for 
g row th .  It p ro d u ces  urease ,  w hich  splits  u rea  in to  am m o n ia  
and carbon  dioxide. U reaplasm a  is im plica ted  in som e 
cases  o f  nongo no cocca l  ure thri t is .

L-Forms

L -fo rm s are  bac te r ia  w ith ou t  cell walls. They  can  be 
ob ta ined  from  a lm os t  every  bac te r ia l  species.  L -fo rm s  are 
capab le  o f  reversion to the  paren t fo rm  by genera t ing  cell- 
wall m ater ia l .  T hey  d if fe r  from  M ycop lasm a  in th is  r e 
spec t ,  because  M ycop lasm a  never p ro d u ces  a cell wall. 
A gents  tha t are capab le  o f  con ver t in g  b ac te r ia  to L -fo rm s 
include an tib io t ics ,  l i th ium  ch lo r ide ,  caffe ine ,  lysozym e, 
and specific  an t ibody  p lus com plem ent .  L - fo rm s  are h ig h 
ly suscep tib le  to o sm o tic  p ressu re  g rad ien ts  and need  such 
s tab il iz ing  agents  as salts , sugars ,  po lypep t ides ,  and  sper
m ines  to survive. T h e i r  role in h um an  infec tion  is u n 
known.

Legionel la  p n e u m o p h i l a

Morphology, Characteristics, 
and Virulence Factors
L eg io n e lla  p n eu m o p h ila  is the  cause  o f  “ L eg io nn a ire s ’ 
d isease ,”  a resp ira to ry  il lness  tha t m ay  be severe and  is 
often  a ssoc ia ted  w ith  a  co m m o n -so u rce  a ir-borne  in fec
tion. T h e  o rg an ism  is a shor t  rod (0 .5  m m  x  3 mm ). It 
s ta ins  poorly  with G r a m ’s sta in  but is g ram -nega tive .  
L eg io n e lla  p n eu m o p h ila  is an in t race l lu la r  p aras ite  that 
p rod uces  a cy to tox in  th a t  se lec tive ly  inhibits  the  activation 
o f  p o ly m orp ho nu c lea r  leukocy te  ox idat ive  m e tab o lism . 
T h e re  are at least 11 se ro typ es  as  d e f in ed  by  d irec t  im m u 
n o f luo rescence  s ta in ing  o f  w hole  bac te r ia  cells. M os t c l in i 
cal d iseases  seen to da te  have been caused  by L eg ione lla  
p n eu m o p h ila  s e ro ty pe  1.

Epidemiology
L egionnaires’ d isease  f irs t c a m e  u nd er  c lose  sc ru t iny  in 
1976, w hen  182 p erso ns  a ttend ing  the  annua l convention o f  
the  A m er ican  Leg ion  b e cam e  ill (49 d ea ths ;  2 7 %  m o r ta l 
ity). S u bsequ en t  o u tb reak s  have o ccu r red  in the  U nited  
S tates and  e lsew here  in the  w orld . T h e  infection can  
occas iona lly  be d us t -bo rne ,  bu t  in m o s t  cases  it has  been 
traced  to  w ater-cooling  tow ers  con n ec ted  to a ir -cond i tion 
ing p lan ts  (aerosols). T h is  is pa r t icu la r ly  im p o r ta n t  in 
hosp ita ls  because  im m uno lo g ica l ly  co m p ro m ise d  patients 
ap pea r  to be espec ia lly  suscep tib le  to  infec tion  w ith  this  
pa thogen .  P e rson-to -person  sp read  is rare. T h e re  are  two 
d is tinc t  c lin ica l  d iseases  caused  by L. p n eu m o p h ila . T hese  
are  p n eu m o n ia  (L eg ionna ires '  d isease )  and  Pontiac  fever (a 
se lf- l im it ing  i l lness  ch a rac te r ized  by  the  ab ru p t  onse t  o f  
fever, chil ls ,  headache ,  and  myalgia).
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Table 4-14 Rickettsia:  Classif icat ion p e r  C o m m o n  Comp leme n t -F ix in g  A n t ig en s

Group Rickettsia Disease Reservoir Vector

T y p h u s  f e v e r  R. prowazekii

S p o t t e d  f e v e r

S c r u b  t y p h u s  

Q  f e v e r

R. typhi 
R. rickettsii 
R. conor ii

R. sibirica 
R. australis 
R. akari
R. tsutsugamushi 
Coxiella burnetii

E p i d e m i c  l o u s e - b o r n e  t y p h u s

B r i l l ’s  d i s e a s e  o r  B r i l l - Z i n s s e r  

d i s e a s e  

E n d e m i c  f l e a - b o r n e  t y p h u s  

R o c k y  M o u n t a i n  S p o t t e d  f e v e r  

B o u t o n n e u s e  f e v e r ;  M e d i t e r r a n e a n  

f e v e r ;  S o u t h  A f r i c a n  t i c k - b i t e  

f e v e r ;  K e n y a  t i c k  t y p h u s  

N o r t h  A s i a n  t i c k  t y p h u s  

Q u e e n s l a n d  t i c k  t y p h u s  

R i c k e t t s i a l p o x  

S c r u b  t y p h u s  

Q  fe v e r

T r e n c h  f e v e r  Rochalimaea quintana T r e n c h  fe v e r

H u m a n s

H u m a n s

R o d e n t s  

R o d e n t s ,  t i c k s  

D o g s ,  t i c k s ,  r o d e n t s

W i l d  r o d e n t s

W i l d  r o d e n t s ,  m a r s u p i a l s

H o u s e  m ic e

W i l d  r o d e n t s

S h e e p ,  g o a t s ,  a n d  c a t t l e

H u m a n s

H u m a n  h e a d  a n d  b o d y  

lo u s e  

R e c r u d e s c e n c e

R a t  f l e a

T i c k

T i c k

T i c k

T i c k

M i te

M i t e

M i l k  i n g e s t i o n  

T i c k

D u s t  i n h a l a t i o n  

B o d y  lo u s e

Clinical Findings, Diagnosis, and Treatment
Pathologic  exam ina t ions  have failed to dem ons tra te  the 
o rg a n ism  in any t issue  o th e r  than the  lung. A sudden  onset 
o f  fever, chil ls ,  m yalg ia ,  and dry  co u g h ,  w hich  may p ro 
gress  to a severe  p n eu m o n ia ,  is co m m o n ly  obse rved .  
D iagnosis  is usua l ly  achieved by d irec t  f luo rescen t  an t i
body  s ta in ing  o r  cu ltu re  o f  the o rgan ism  from  lung tissue. 
C u ltu re  o f  L eg ione lla  spec ies  has been  greatly  en h anced  by 
the d eve lopm en t o f  charcoal yeast extrac t (C Y E )  m ed ia .  
T he  add it ion  o f  an t ib io t ics  to th is  m e d iu m  allows for the 
isolation o f  the  o rgan ism  from  spu tum  sam ples,  which 
con ta in  o th e r  m icroorgan ism s.  E ry th ro m y c in  is the  d ru g  of 
cho ice ,  and  r i fam p in  is a lso  ve ry  effective. It should  be 
kept in m ind  that the  o rg an ism  produ ces  a  be ta  lactamase.

Obligate Intracellular Parasites
D avid  С  Straus

G e n e r a l  C h a rac te r i s t i c s

In prev ious chap te rs  we have re fe rred  to ce rta in  b ac te r ia  as 
in tracel lu lar  pa thogens .  E x am p les  are  M yco b a c ter iu m  tu 
b ercu lo s is , M yco b a c ter iu m  leprae, Sa lm onella  typ h i, L is 
teria  m onocy togenes, L eg io n e lla  p n eu m o p h ila , and  B ru 
ce lla  abortus. T h e se  o rg a n ism s  can  all surv ive  in no rm al 
m a c ro p h ag e s  but are kil led by ac tivated  m acrophages .  
However, they can  a lso  su rv ive  ou ts ide  o f  cells  and  are 
co ns id e red ,  therefore ,  to be “ o p t io n a l” in t race l lu la r  p a ra 
sites. T h e  R icke tts ia  and C h la m yd ia , on the  o th e r  hand ,

can no t  (w ith  one exception) m ultip ly  o u ts ide  o f  cells. T hey  
therefore  are cons id e red  to be  “ obligate” in tracel lu lar 
paras ites .  In addit ion  to this d if fe rence ,  an o th e r  im portan t 
d is t inc tion  exists. T h e  in t race l lu la r  life o f  the  R ickettsia  
and C h la m yd ia  is not confined  to professional phagocytes ,  
but occurs  p r im ar i ly  in o th e r  cell  types. O th e r  than  th is  one 
c o m m o n  tra it ,  th e  C hlam yd ia  and R icke tts ia  do  not appear  
to be related.

Ricketts iae

Classification
T h e  r icketts iae  are sm a ll ,  p leom orphic  co cco bac i l l i ,  a p 
p rox im ate ly  0 .3  to 1.0  |xm. T hey  possess  the typica l g ram - 
negative  b ac te r ia l  s t ru c tu re ;  tha t is, they  p ossess  an ou te r  
m em brane .  A s m en t ioned  above, all o f  the  r icketts iae  are 
obligate  in t race l lu la r  parasites.  T h e ir  in t race l lu la r  location 
allow s them  access  to many p re fo rm ed  m ater ia ls  required 
for the i r  surv iva l.  T h e  r icketts iae  ob ta in  ene rgy  by c o u p 
ling the  p rodu c t io n  o f  adenosine  tr iph osph a te  (ATP) with 
the  ox idat ion  o f  g lu tam ate  via the tr ica rboxy lic  ac id  cycle. 
T h e  cells  tha t the  r icketts iae  infect are n o rm ally  non- 
phag ocy tic .  T h e re  are four m edica lly  im p o r tan t  genera: 
R icke tts ia  (several species),  R o cha lim aea  (only one sp e 
cies), C oxie lla  (only one species),  and E h rlich ia  (several 
species). T h e  on ly  E h rlich ia  spec ies  to cause  infec tions in 
h u m an s  is E . sen n e tsu . T h is  o rg an ism  has  no  know n 
a r th ro p o d  vector. Its re se rvo ir  is m an  and it is found  only in 
w estern  Japan. T h e  r ic ke tts ia e  can  be  g rou ped  accord ing  to 
co m m on  com p lem en t-f ix in g  an t igens  (Table 4-14).
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Pathogenesis
M ost r icketts iae  are t ransm itted  to h u m an s  by a r th ropod  
vectors. In genera l ,  they m ultip ly  in vascu la r  endothel ia l  
cells, causing  local pathology, but they can  also be d is t r ib 
uted  th roughou t  the body, caus ing  charac te r is t ic  rash. 
Fever and in tense head aches  occur. D eath  is the resu lt  o f  
toxin b u ild -up  in the  blood.

Rickettsioses 
Typhus  Fever  G r o u p

E pidem ic L o u se-b o rn e  Typhus (R. prow azekii).
T his  d isease  is fo r tunate ly  rare  in the  U nited  States, but it 
o ccurs  in c o u n tr ie s  w here  h u m an  body  and  head lice are 
com m on (A frica ,  C en tra l  and S ou th  A m erica) .  H um ans  
are the  on ly  reservoir , and  the  louse, w hich is the  vector, 
dies o f  the infection. T h e  louse feeds on  the  b lood o f  the 
infected  person and the o rg an ism  m ultip lies  in the gut o f  
the  louse. T he  infected  louse defecates  as it feeds  on 
an o the r  indiv idual and as  the  bite itches a great dea l ,  the 
person scra tches and  inocu la tes  the louse feces in to  the 
skin (auto inocula tion).  T h e  onse t  o f  ep idem ic  ty ph us  o c 
cu rs  w ith  fever, headache,  and m usc le  pain. A rash appears  
on about the  four th  day. T he  il lness is qu ite  severe  and  the 
fatality rates range from 10 to 40  pe rcen t ,  increasing with 
increas ing  age. A rec rud escen ce  o f  long-s tanding  infection 
can  occur. T h is  is re fe rred  to  as B ril l 's  o r B ril l-Z insser  
d isease. R ecurrence  o f  sy m p to m s  is usua l ly  the  result of 
lowered im m unity , s tress ,  o r  som e o th e r  u nknow n factor.

Endem ic F lea-borne M urine Typhus (R. typhi).
T his  d isease  has w orldw ide  d is tr ibu t io n  but only a  few 
cases  o ccu r  in the U nited  States each year. Rat lice and fleas 
m ain ta in  a na tura l  cyc le  in rats  and the h u m an  is an 
acc iden ta l  host ,  becom ing  infected  w hen  bit ten by a rat 
flea. T he  il lness resem bles tha t o f  louse -bo rne  typ hu s  but 
is less severe, with  only a 5 percent fatali ty  rate.

S p o t t e d  Fever  G r o u p

Rocky M ounta in  S p o tted  Fever (RMSF) (R. ricke t
tsii). T h is  d isease  a ccoun ts  for g rea te r  than  95 percen t o f 
all r icketts ia l d iseases  tha t o ccu r  in the U.S. It has a wide 
d is tr ib u t ion  in the U nited  States, espec ia lly  in the eas te rn  
states. T he  first c a ses  o f  R M S F  o ccu rred  in the  Rocky 
M oun ta ins  (hence  the  nam e), but the  d isease  is now  rare in 
this  region. W ild  rodents  and dogs  are rese rvo irs  o f  in fec
tion and h u m ans  b ecom e  infected  w hen  bit ten by ticks 
harbored  by infected  anim als .  T h e  incubat ion  per iod  o f  the 
d isease  is abou t  6 days, a f te r  w hich  a ch arac te r is t ic  r icke t
ts ial onse t (fever, headache,  m yalg ia ,  rash) occurs .  T he  
fatali ty  rate is 10 to 50  percen t i f  the d isease  is un trea ted . 
D eath  is d ue  to a r icketts ia l toxin.

B o u to n n eu se  Fever, S o u th  A frican Tick-Bite Fever, 
M editerranean  Fever, Kenya Tick Typhus (R. con- 
orii). T h ere  are  a n u m b er  o f  d if fe ren t  n am es  for this  
d isease  entity , w hich  occurs  p r im ar i ly  in A fr ica  and  India .  
It is t ransm itted  by ticks. O th e r  t ick -b o rn e  ty p h u s  fevers 
are caused  by R. s ib ir ica  (N orth  A sian  t ick  typhus) ,  R . 
a u s tra lis  (Q ueen s lan d  tick typhus) ,  and R . ja p o n ic a  (Japa
nese  spo tted  fever). All o f  these  d iseases  have sy m ptom s 
that resem ble  R M S F  but are usual ly  milder.

R ickettsia lpox  (R. akari). T h is  d isease  is occas iona lly  
seen in the U nited  States. T h e  i l lness  is m ild  and  is 
t ransm itted  to  h u m an s  from  m ice  by the  bite o f  a mite.

S cru b  Ty phus  G r o u p  (R. tsutsugamushi)
“ T su tsu g am u sh i”  is Japan ese  for sm a ll ,  d an g e ro u s  c r e a 
ture. T h is  is indeed an excellent d e sc r ip t ion  o f  the  r i c k e t
ts ial agen t that causes  s c ru b  typhus . T he  d isease  is seen 
p r im ar i ly  in Ind ia ,  so u th eas te rn  A s ia ,  and  A u s tra l ia .  It is 
transm it ted  to h u m an s  by the  b ite  o f  the  t rom b icu lide  mite  
(ch igger)  tha t  pa ras it izes  rodents .  T he  h um an  is usua l ly  an 
acciden ta l  host . T h e  il lness g rea t ly  resem ble s  ep idem ic  
typhus  and  m ay result in a 30  percen t fa ta li ty  ra te  in 
un trea ted  cases.

Trench  Fever  G r o u p  (Rochalimaea quintana)
Trench fever is tran sm it ted  by the  bo d y  louse, w ith  the 
h um an  as  its on ly  reservoir . T h e  i l lness  is m odera te ly  
severe, w ith  only rare  fatali ties. T h e  c o u rse  o f  the d isease  
may be  shor t  o r  it m ay  be pro trac ted  w ith  re lapses.  R o ch a li
m aea  q u in ta n a  can  be cu lt iva ted  on b lood  agar  u nd er  10% 
ca rbon  dioxide. It d if fe rs  f rom  all o th e r  r icketts iae  in this  
property.

Q Fever  (Coxiella burnetii; 
Q s t a n d s  f o r  " q u e r y " )

Q  fever occurs  in m any  co u n tr ie s  inc lud ing  the  U.S. T h e  
natural cyc le  is m a in ta in ed  in various  m a m m a ls  (rodents ,  
cattle , sheep, goats)  by  ticks. T h e  o rg a n ism  is excre ted  by 
these  an im als  in m ilk ,  urine  feces ,  and  so fo r th .  It is 
inhaled  by  m an o r  inges ted  in u n p a s te u r iz ed  m ilk . T he  
o rg an ism  is usual ly  stable ou ts id e  hos t  ce lls ,  bu t  d o e s  not 
multiply. No rash  o ccurs ,  but there  is an a typ ica l  p n e u 
m onitis .

D iag n o s i s  o f  Ricket ts ia l  D i sea se

Patient h is to ry  (possib le  ex p o su re  to lice, f leas,  t icks,  or 
aeroso ls  tha t  m ig h t  con ta in  C. b u rn e tii)  is ve ry  im po rtan t  
in d iag no s in g  r icketts ia l d iseases.  L ab o ra to ry  d iag n o s is  is 
usually  based  on cu lt iva t ion  o f  the o rg a n ism  by inocula tion  
o f  acu te -phase  b lood from  patien ts  into ch ick  e m bry o  yoke 
sacs, chick  em b ry o  cell cu l tu res ,  and  the  p e r i to nea l  cavity
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o f  g u inea  pigs. R o cha lim aea  q u in ta n a  c an  be  cult iva ted  on 
b lood  agar  u n der  10% C 0 2. T h e  W eil-Felix  te s t ,  involving 
the  ag g lu t ina t ion  o f  P ro teus vu lg a r is  s tra ins  0 X 1 9 ,  0 X 2 ,  
and  OX К  by  an t ibo dy  aga ins t  r icketts iae  with w hich  P ro
teu s  has an t igens  in c o m m o n ,  used to be  w idely  used. 
However, it is nonspec if ic  and is no  longer  p e r fo rm ed .  T he  
labora to ry  d iagnos is  is usua l ly  c o n f i rm e d  b y  d e m o n s tra 
tion  o f  an tibody  in the  pa tien t’s se ru m . Sero log ic  tes ts  for 
th is  pu rpose ,  using  know n r icketts ia l an tigens ,  inc lude  the 
ind irec t  f luo rescen t  an t ib od y  test a nd  com plem ent-f ixa tion  
tests.

Treatment
T etracycline  is the d ru g  o f  choice. C h lo ram phen ico l  is a lso 
e ffec tive  but usual ly  avo ided  because  o f  the d a n g e r  o f  
ap las tic  anem ia .

C h la m y d ia e

Classification
T he  ch lam y d iae  are  c lass if ied  as bac te r ia ,  but they  d if fe r  
from  m ost bac te r ia  in several im p ortan t  ways. T h ey  are 
obligate  in t race l lu la r  paras ite s  tha t  m ultip ly  only in living 
host ce lls  s ince  they lack  en e rg y -p rod uc ing  en zym e  sy s
tems. T hey  have a  p red ilec t ion  for c o lu m n ar  ep ithelia l  cells 
tha t line m uco us  m em branes .  T h e se  o rg an ism s  are a lso 
d if fe ren t ia ted  from  o th e r  b ac te r ia  by  th e i r  m orpho logy  and 
by a c o m m o n  g ro u p  antigen. T hey  are the  only bac te r ia  to 
have a  un ique  deve lopm en t cyc le  involving two m orpho- 
genic  f o r m s — one adap ted  to in t race l lu la r  surv ival ( re t icu 
late bod y )  and one adap ted  to  ex trace l lu la r  m ultip lica tion  
(e lem en tary  body). T h e  in t race l lu la r  fo rm  con ta ins  c y to 
p lasm ic  vesicles  ca lled  inclusions. C h la m yd ia  consis t  o f  
th ree  species ,  C . tra ch o m a tis , C . p s itta c i,  and  C. p n e u 
m oniae.

Chlamydial Properties
T h e  infectious part ic le  (e lem en tary  bod y )  ou ts ide  the cell 
is a  c o cco id  form  abou t  0 .3  p.m in d iam eter .  T h is  en la rges  
inside cells  to  fo rm  a re t icu la te  body, w hich  is also called  
an initial b o d y  ( 0 .5 - 1 .0  |xm in d iam ete r )  and  w hich d ivides 
by b inary  fission to  fo rm  addit ional re t icu la te  bodies .  F rom  
th ese ,  n u m erou s  e lem en ta ry  bod ies  develop. M u ltip lica
tion takes p lace with th e  ch la m y d ia  b e ing  em b ed d e d  in a 
m atr ix  to c o m p r ise  a colony tha t is the  pa tho gn om o n ic  
inclusion. T he  m a tr ix  o f  inclusion  o f  C . tra ch o m a tis  s ta ins 
with iodine; those  o f  C. p s itta c i  and  C. p n eu m o n ia e  do  not.

Diseases Caused by  Chlamydia trachomat is

T h e  spec ies  C. tra ch o m a tis  cons is ts  o f  a n u m b e r  o f  d is t inc t  
se ro ty pes  (A -L ) .  T h e  s tra ins  th a t  cause  tracho m a  and

inclusion conjunctivitis are collectively referred to as TRIG 
(77?achoma, /nc lu s io n .  C on junc t iv i t is )  agents .

T r a c h o m a

T h is  is a d isease  o f  the  co n jun c t iva  a nd  c o rn e a  tha t co n s t i 
tu tes  a m a jo r  cause  o f  b l in dn ess  in m any  p a r ts  o f  the  world. 
T ransm iss ion  is from  eye to eye by f ingers  and co n ta m i
nated  w ashcloths.  T h e  o rg an ism  ca u se s  in f lam m atio n  of 
the  co n jun c t iv a  o f  the up per  p a r t  o f  the eye. T here  is 
infil tration by ly m ph ocy tes  and p la sm a  ce lls ,  and ly m 
phoid  follicles and g e rm  cen te rs  develop  in the  conjunc tiva  
o f  the u pp er  lid. T h e  u p per  p a r t  o f  the  c o rn ea  is infil tra ted 
by blood vessels and f ib rob las ts  fo rm ing  a s truc tu re  r e 
ferred  to as  a pannus. S ca rr ing  results  in eyelid inversion 
(entropion) ,  with d a m ag e  to the  c o rn e a  by  eyelashes ( t r i 
chiasis) .  C o rn ea l  in f lam m atio n  also leads to sca r r in g  and 
results  in b lindness.  T rachom a can  be trea ted  successfu l ly  
w ith  te tracy c l ine  and  the  su lfonam ides .

Inclus ion Conj unc t iv i t i s

Inclusion con junc t iv i t is  is a  genita l d isease  transm it ted  
from  an infected  m o th e r  to  h e r  infant d u r in g  the  p rocess  o f  
b ir th .  A n  eye infection ca lled  inclusion  b lennor rhea  (m u 
c o u s  d ischa rg e )  develops in the  n ew b orn .  A  severe  pur
ulent con junc t iv i t is  occ u rs  d u r in g  the  firs t 2 w eeks  o f  life. 
A dults  a nd  o lde r  child ren  con trac t  the  d isease  from  genita l 
secre tions in poorly  ch lo r ina ted  sw im m in g  pools.

G e n i t a l  In fec t ions

As a gen ita l  infection transm it ted  venereally, C . tra chom a
tis  is responsib le  for m any  ca ses  o f  nonspec if ic  ure thri t is .  
In  the  fem ale  the  o rg an ism  can  cause  ce rv ic i t is  and  sa lp in 
git is  ( in f lam m ation  o f  the  fa l lopian  tubes).

P n e u m o n i t i s  o f  I n f a n t s

T h is  d isease  usua l ly  o ccurs  in the  f irst m o n th s  o f  life. Fever 
is ab sen t ,  but there  are m ark ed  resp ira to ry  signs and 
sy m p to m s  and p ro longed  co ug h .

L y m p h o g r a n u l o m a  V e n e r e u m  (LGV)

L G V  is caused  by se ro ty pes  L I ,  L 2 ,  and  L 3  o f  C . tra 
ch o m a tis  and  is venerea lly  t ransm it ted .  A  sm all  herpet i-  
fo rm  vesicle f irs t app ea rs  on the  gen ita ls ,  followed by 
in f lam m ation  o f  regional lym ph nod es  and b u b o  form ation .

Disease Caused by  Chlamydia psittaci

Psi t tacos is

Psittacosis ,  also called  o rn i th os is ,  is a  zoonosis  acqu ired  
by  h u m an s  from  psi t tac ine , p a rro t- l ike  b irds  and  poultry. 
B irds  develop  a chron ic  ca r r ie r  state tha t can  be aggrega ted
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to a  frank i l lness  by  the  s tress  o f  sh ipp ing . T h e  o rg an ism  is 
excreted  in the feces and may be present in various  t issues 
o f  the  b irds ,  p resen ting  a poss ib le  source  o f  infection for 
po u lt ry  workers. B irds are trea ted  with te tracycl ine . In 
hum ans ,  the  infection is p r im ar i ly  m an ifes t  as p r im ary  
atypical pneumonia. Tetracycline is the antibiotic  of choice.

Disease Caused b y  Chlamydia pneum oniae  

A c u t e  R e s p i r a t o r y  Il lness

In 1986. a se r ies  o f  isolations o f  a new strain  o f  C. p s itta c i  
f rom  acute  resp ira tory  infec tions was repor ted .  It was la ter 
identif ied  as a separate  species  now called  C. pn eu m o n ia e . 
T h is  o rgan ism  can cause  a relatively  mild upper  resp ira to ry  
tract infection that can  occas iona lly  develop  into p n eu 
m onia .  S y m p to m s  include chronic  co u gh ,  mild fever, and a 
raspy  throat.  P neu m o n ia  caused  by C. pn eu m o n ia e  can be 
t ransfe r red  f rom  person to person with no in te rven ing  host . 
Patients in fec ted  w ith  C . pn eu m o n ia e  can  be trea ted  with 
te tracyc l ine  and e ry th ro m yc in .

Questions

1. W hich o f  the following refers to the ability o f  bacteria  
to  produce pathologic changes or disease in the host?
A. V iru lence
B. Pa thogenic ity
C. Attenuation
D. In v itro  g row th  rates
E. In vivo grow th  rates

2. T he  tw o m a jo r  com ponen ts  o f  v iru lence  include:
A. Invasiveness and toxigenicity
B. In trace l lu la r  and ex trace llu la r  survival
C . A d herence  fac tors  and  an t iphagocy tic  m e c h a 

n ism s
D. C apsu les  and  sp read ing  factors
E. Cell walls and nucleic acids

3. All o f  the following are exam ples  o f  aggress ins  
except:
A. T h e  pili o f  P seudom onas aerug inosa
B . T he  carb oh yd ra te  capsu le  o f  S trep tococcus p n e u 

m oniae
C. T he  Panton-Valentine leukocid in  o f  S ta p h y lo 

co ccu s  aureus
D. T he  cell wall o f  S trep tococcus sa n g u is
E. T he  M pro te in  o f  S trep to co ccu s pyogenes

4. T h e  o rg an ism  that is know n to be an in tracel lu lar  
bacte r ia l  paras ite  is:
A. S trep to co ccu s pyogenes
B. K leb sie lla  p neum on iae

C. C lo str id iu m  p er fr in g en s
D. M yco b a c ter iu m  tu b ercu lo s is
E. S trep to co ccu s ag a la c tia e

5. T h e  b ac te r ia l  tox in  that a t taches to p resyn ap tic  ter
m ina ls  o f  cho linerg ic  n e rv es  (w h ere  it b locks  release 
o f  ace ty lcho line)  is p rod uced  by:
A . B acillu s  a n th ra c is
B. C lo str id iu m  bo tu linum
C. C lo str id iu m  te ta n i
D. C o ryn eb a c te riu m  d ip h th er ia e
E. P seudom onas aeru g in o sa

6. T h e  bac te r ia l  toxin that causes  cessa tion  o f  m a m 
m alian  pro te in  syn th es is  by  inac t iva t ing  E F-2  o f  
euca ry o t ic  cells  is p ro d uced  by:
A . B acillu s  a n th ra c is
B . C lo str id iu m  bo tu linum
C. C lo str id iu m  te ta n i
D. C o rynebac terium  d ip h th eria e
E. V ibrio cholerae

7. T h e  b ac te r ium  that p ro d u ces  a  toxin w ith  the  sam e 
m olecu la r  m ech a n ism  as the d ip h th e r ia  toxin is:
A . B a c illu s  a n th ra c is
B. P seudom onas aerug inosa
C. S trep to co ccu s  pn eu m o n ia e
D. S ta p h y lo co ccu s  aureus
E. V ibrio cholerae

8. T h e  b ac te r ium  that p ro d u ces  a toxin that ac tiva tes  
adenyla te  cyc lase ,  resu lt ing  in an accum ula t io n  o f  
cyclic  A M P  in the ep ithe lia l  cells  o f  the  m ucosa l 
l in ing , is:
A . E scherich ia  co li
B. P seudom onas aeru g in o sa
C. S trep to co ccu s  pn eu m o n ia e
D. S ta p h y lo co ccu s  aureus
E. S trep to co ccu s pyogenes

9. All o f  the  following s ta tem en ts  ab o u t  en do to x in s  are 
true  exc ep t  that:
A. T h ey  are a lso  re fe rred  to as H popo lysacchar ides
B. T h ey  are an in tegral part o f  the  cell walls o f

gram -n ega t iv e  bac te r ia
C .  T h ey  are n orm ally  not as toxic as  bac te r ia l  exo

toxins
D. T h e i r  toxicity  can  be des t royed  by autoclav ing
E. T hey  conta in  ke todeoxyoc tona te

10. W hich  o f  the  following pairs o f  bac te r ia  p roduce  
toxins w ith  the  sam e m e ch a n ism  o f  ac tion?
A . S trep to co ccu s pyogenes  and  Sh ig e lla  d ysen ter ia e
B. E scherich ia  co li and V ibrio  cho lerae
C. B a c illu s  a n th ra c is  and C lo str id iu m  p e r fr in g en s
D. L eg ione lla  p n eu m o p h ila  and Sa lm onella  typ h i
E. K leb sie lla  p n eu m o n ia e  and M yco b a c ter iu m  tu 

bercu lo s is
11. W hich o f  the following statements correctly describes 

sup e ran t ig en s  ( toxins)?



4. P a t h o g e n i c  B a c te r i o l o g y  1 4 7

A. T hey  are m ore  toxic than m ost bac te r ia l  toxins
B. T hey  are produced only by highly virulent bacteria
C . T h e y  c an n o t  be neu tra l ized  by host an t ibody
D. T h e y  s t im u la te  T-cell pro l ifera tion  at ve ry  low 

concentra tions
E. T h ey  are p ro d uced  on ly  by  bac te r ia  tha t  are 

h igh ly  res is tan t to an tib io t ics
12. W hich  o f  the  following refers to the m ech a n ism  by 

w hich  d ip h th e r ia  tox in  k ills ce lls?
A . C essa t ion  o f  p ro te in  syn th es is  by  inact iva t ion  o f  

EF-2
B. A ctivat ion  o f  adenyla te  cyclase
C . In terac t ion  w ith  cell  m em b ranes ,  causing  lysis o f  

cells
D. A ctivation o f  guanyla te  cyclase
E. D irec t  inac t iva t ion  o f  DNA

13. T h e  p seu d o m em b ra n e  seen in clin ica l  d ip h th e r ia  is 
c o m p o se d  p r im ar i ly  of:
A . Fibrin
B. DNA
C . RNA
D. Lipid
E. C arbohydra te

14. T h e  D T P  vacc ine  is c o m p o sed  o f  w hich  o f  the  follow
ing?
A. D ip h th e r ia  toxin , te tanus  tox in ,  heat-k il led  Bor- 

d e te lla  p e r tu ss is
B. D ip h th e r ia  toxoid , te tanus  toxoid , heat-k il led  

P seudom onas aerug inosa
C. D ip h th e r ia  toxoid , te tanus  toxoid , heat-k il led  

B orde te lla  p e r tu ss is
D. D ip h th e r ia  to x in ,  te tanus  tox in ,  heat-k il led  

P seudom onas aerug inosa
E. Diphtheria  toxoid, tetanus toxin, heat-killed P seu 

dom onas aeru g in o sa
15. T h e  capsu le  o f  B a c illu s  a n th ra c is  is c o m p o sed  of:

A . L -G lu tam ic  acid
B. D -Glu tam ic  acid
C . Po lysaccharide
D. N ucleic  acid
E. L ipid

16. B a c illu s  a n th ra c is  possesses  all o f  the following 
c h a rac te r is t ic s  except that:
A . It is a large, g ram -po s i t iv e  rod
B. It is a sp o re fo rm er
C . It p rod uces  a po ten t exotoxin  co m po sed  o f  three 

an t igen ica l ly  d is t inc t  th e rm o lab i le  proteins
D. It can  live inside ph agocy tic  cells
E. It can  be kil led by an tib io t ics

17. L is teria  m onocy togenes  has all o f  the  following char
ac te r is t ic s  except that:
A . It is a sp o re fo rm er
B. It is a  sh o r t ,  g ram -p o s i t iv e  rod
C. It can  live ins ide p hagocy tic  cells

D. It is ac tive ly  motile
E .  It can  be k il led  by  antib io t ics

18. B acillu s  cereus  is m ost co m m o n ly  a ssoc ia ted  with 
h um an
A. In trau te r in e  infections
B. F o od  po ison ing
C .  Venereal d isease
D. R esp ira to ry  infec tions
E . U r in a ry  trac t  infec tions

19. T h e  s taphy loco cc i  d if fe r  f ro m  the  s trep tococ c i  in:
A . G ram  reac t iv i ty
B. Cell d iam ete r
C .  Cell m orphology
D. C ata lase  p roduc tion
E . A cid-fas t  s ta in ing

20 .  T h e  m os t  im p ortan t  an t iph ago cy tic  s t ruc tu re  o f  the 
g rou p  A s t rep tococ c i  is the:
A . M  protein
B. G ro up  A  carb oh yd ra te
C . H yalu ron ic  ac id  capsu le
D. P ro te in  A
E. M yco lic  ac ids

21 .  S ta p h y lo co ccu s  au reu s  can  bes t  be d ifferen t ia ted  
from  S ta p h y lo co ccu s  e p id e rm id is  by:
A. G r a m ’s stain
B. Colon ia l  m orpho logy
C. C o a gu lase  product ion
D. C a ta la se  p roduction
E. C ell d iam ete r

22 .  T h e  toxin p ro du ced  by S ta p h y lo co ccu s  au reu s  tha t  is 
responsib le  for the  s taphy lococca l sca lded  skin  sy n 
d rom e  is:
A. T he  Panton-V alen tine  leukocid in
B. Exfoliatin
C .  P ro te in  A
D. A lph a  toxin
E . Beta  toxin

23. S ta p h y lo co ccu s  ep iderm id is:
A . P ro du ces  pro te in  A
B. P rod uces  a lpha  toxin
C . P ro d u ce s  en tero tox ins
D. H as been show n to cause  subacu te  endocard i t i s
E. P ro d u ces  be ta  toxin

24 .  T h e  g enu s-spec ies  nam e fo r  the g ro u p  A  strep tococc i 
is:
A . S trep to co ccu s  pn eu m o n ia e
B . S trep to co ccu s  m u ta n s
C . S trep to co ccu s  pyogenes
D. S trep to co ccu s  a g a la c tia e
E. S trep to co ccu s  sangu is

25 .  T h e  s trep tococc i  m os t  co m m o n ly  involved in ser ious 
neonata l  infec tions are:
A. S trep to co ccu s  pn eu m o n ia e
B. S trep to co ccu s m u ta n s
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C. S trep to co ccu s pyogenes
D. S trep to co ccu s a g a la c tia e
E. S trep to co ccu s sangu is

26. T h e  g ro u p  A  s trep toco ccu s  se ro type  m os t  com m only  
associa ted  with acu te  g lo m eru lon eph r i t is  (A G N ) a f
ter  p ha ry ng i t is  is:
A . 2
B. 7
C . 12
D. 19
E. 20

27 .  T h e  s t rep tococ c i  m ost com m o n ly  a ssoc ia ted  with 
subacu te  b ac te r ia l  en do ca rd i t is  are:
A . S trep to co ccu s pyogenes
B . S trep to co ccu s a g a la c tia e
C. V ir idans  s trep tococci
D. S trep to co ccu s p neum on iae
E. S trep to co ccu s bovis

28. T h e  m e m b e r  o f  the genus S ta p h y lo co ccu s  m o s t  c o m 
monly a ssoc ia ted  with u r ina ry  tract infec tions in 
young ,  sexually  active fem ales  is:
A . S ta p h y lo co ccu s  aureus
B. S ta p h y lo co ccu s ep id erm id is
C . S ta p h y lo co ccu s  sa p ro p h y ticu s
D. S ta p h y lo co ccu s  hom inus
E. S ta p h y lo co ccu s  ca p itis

29. T h e  sm alles t  know n free-liv ing  o rgan ism s  are:
A . V iruses
B. M ycop lasm a  species
C . R icke tts iae
D. C h la m yd ia e
E. Fungi

30. L-forms:
A . Are bac te r ia  w ithou t a cell wall
B. C an  be ob ta ined  on ly  from  M ycop lasm a
C. Will never revert to the  parent form
D. Are m ore  s im ila r  to v iruses  than  to bac te r ia
E. Are h igh ly  v iru len t fo rm s  o f  fungi

31 .  L eg ione lla  pneu m o p h ila :
A. Is a g ram -p os i t ive  rod
B. Is an in trace l lu la r  parasite
C . P rod uces  no  know n toxins
D. C an  spread  from  person  to person
E. C an  infect any t issue  in the  h u m an  body

32 . Clinically, L eg ion na ire s ’ disease:
A . Is a resp ira to ry  il lness tha t may be severe
B. Is h igh ly  res is tan t to an tib io t ics
C . Is bes t  trea ted  with penicillin
D. Is a se lf- l im it ing  d isease
E. Takes several years  to  develop

33. T h e  m ateria l  p rod uced  by M . tu b ercu lo s is  tha t is 
responsib le  for se rpen tine  fo rm ation  is
A . Sulfatide
B. M ycolic  acid

C. C ord  fac tor
D. PPD
E. M protein

34. T h e  m ateria l  p ro d uced  by M . tu b e rc u lo s is  that p ro 
motes the  surv ival  o f  the b ac te r iu m  ins ide  no rm al 
m acro ph ages  is:
A . Sulfatide
B. M yco lic  acid
C . C ord  fac tor
D. PPD
E. M protein

35. W hich  o f  the following bac te r ia  c an  cause  tuber
cu los is  in h u m an s?
A. M yco b a c ter iu m  m a rin u m
B. M yco b a c ter iu m  bovis
C . M yco b a c ter iu m  k a n sa s ii
D. M yco b a c ter iu m  xenop i
E. M yco b a c ter iu m  sim iae

36. M yco b a c teriu m  leprae  is s im i la r  to M yco b a c teriu m  
tu b ercu lo s is  except for its:
A . G ra m 's  stain  reaction
B. A cid-fast reaction
C . In v itro  cu lt ivation
D. Survival ins ide no rm al  m a c ro ph ages
E. Cell  m orpho logy

37. W hich  o f  the following o rg an ism s  has  a unique 
developm ent cyc le  w ith  tw o m orph o g e n ic  fo rm s?
A. R icke tts ia  r ic ke tts ii
B. C h la m yd ia  trachom a tis
C . C oxie lla  b u rn e tii
D. R o cha lim aea  q u in ta n a
E. R icke tts ia  typ h i

38. E p idem ic  lo u se -b o rn e  typ hu s  is caused  by:
A. R icke tts ia  prow azek ii
B. R icke tts ia  typ h i
C . R icke tts ia  r ic ke tts ii
D. R icke tts ia  conorii
E. R icke tts ia  a ka ri

39. T h e  v ec to r  for B r i l l ’s d isease  is:
A . T h e  tick
B. T he  louse
C . T he  mite
D. T he  m o sq u ito
E. No vec to r  is involved

40 .  T h e  m os t  c o m m o n  r icketts ia l  d isease  in the  U.S. is:
A . R ocky  M ounta in  spo t ted  fever
B. E p idem ic  t ick -bo rne  typhus
C . S c ru b  fever
D. Q  fever
E. E p idem ic  lo u se -b o rn e  typ hu s

4 1 .  W hich  o f  the  following ba c te r ia  can  be g row n in 
v itro?
A. R icke tts ia  p ro w a zek ii
B. C h la m yd ia  trachom a tis
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C. R o cha lim aea  q u in tana
D. C oxie lla  b u rn e tii
E. C h la m yd ia  p s itta c i

4 2 .  C h la m yd ia  trachom a tis  can  cause  w hich  o f  the fol
lowing d iseases?
A. Inc lus ion  conjunctiv i t is
B. Ps i t tacos is
C. R ocky  M ou n ta in  spo t ted  fever
D. Q  fever
E. S c ru b  fever

4 3 .  W hich  o f  the following w ould be a T R IC  agent?
A. C h la m yd ia  trachom atis
B. C h la m yd ia  p s itta c i
C. C h la m yd ia  pn eu m o n ia e
D. R icke tts ia  r ic ke tts ii
E. R icke tts ia  prow azek ii

44 .  A naerob ic  bac te r ia  d o  not n o rm ally  inhabit  w hich  
region o f  the h u m an  b od y?
A. P hary nx
B. M outh
C. Skin
D. Stom ach
E. V agina

4 5 .  T h e  ind igenous  flo ra  in te rfe re  with the  coloniza tion  
o f  the h um an  body  by pa thogens  by  w hich o f  the 
following m echa n ism s?
A. P ro d uc in g  bac te r ioc ins
B. C o m p e t in g  for c e l lu la r  a ttachm en t sites
C. G en era t in g  toxic  m etaboli tes
D. M ain ta in ing  an inhosp itab le  env ironm ent
E. All o f  the  above m ay be involved

46 .  D en ta l  ca r ies  are  a d irec t  con se q u en ce  of:
A. The production o f  organic acids by  plaque bacteria
B . T h e  syn th es is  o f  g lu can  by S trep to co ccu s m u ta n s
C. T he  co lon ization  o f  p laque by anaerobes
D. T h e  p resence  o f  a  sa l ivary  g lycopro te in  matrix  

on  teeth
E. T h e  deve lopm ent o f  agg lu t ina t ing  IgA  an tibodies  

agains t  oral flora co m po nen ts
47 .  T h e  p redo m in an t  anaerob ic  bac te r ia  inhab iting  the 

h um an  skin belong to the  genus:
A. C lostr id ium
B. P rop ion ibac ter ium
C . B actero ides
D. F usobacterium
E . B ifid o b a c ter iu m

48 .  T h e  single  m o s t  im p ortan t  benefic ia l  ac tiv ity  o f  the 
ind igenous  flora  for the h u m an  host is:
A . E n han ce m en t o f  f lu id  absorp t ion  from  the gut
B. In te rfe rence  w ith  co lon ization  by pa thogen ic  o r

g an ism s
C .  S t im ula tion  o f  ep ithe lia l  cell regenera tion
D. V itam in  production
E . S t im ula tion  o f  IgM  an tibo dy  p roduc t ion

4 9 .  T h e  reg ion  o f  the  body  w ith  the largest popula t ion  o f  
ind igenous  anaerobic  ba c te r ia  is the:
A. Skin
B . Vagina
C .  U re th ra
D. Colon
E. Nose

50 .  W hich  o f  the  following bodily  s truc tu res  co n ta in s  no 
res iden t f lora?
A . Nose
B. Teeth
C .  Bronchi
D. U re th ra
E. Vagina

51 .  T h e  О -specif ic  side chains  o f  g ram -neg a t ive  enter ic  
ba c te r ia  are c o m p o sed  of:
A . R epeating  units  o f  var ious  m o n o sacchar ides
B . Porins
C .  E ig h t  ca rb on  sugar  ac ids
D. L ipo te ichoic  acid
E. R epeating  units  o f  D -glutamic acid

52 .  T h e  toxic m oie ty  o f  the o u te r  m e m bran e  o f  g ram - 
negative en te r ic  bac te r ia  consis ts  of:
A . Pep tidoglycan
B. D iam inop im elic  acid
C .  L ip id  A
D. K etodeoxyoctonate
E. G lycopro te in

Use the  following choices ( A - D )  to answ er  q uest ions  5 3 -  
57 .  E ach  let tered cho ice  may be used once , m ore  than once, 
o r  not at all.

A . E scherich ia  coli
B. K leb sie lla  pn eu m o n ia e
C . P ro teus m ira b ilis
D. P seudom onas aeru g in o sa

53 . P rod uces  ch a rac te r is t ic  b lue-g reen  pigm ents .
54 .  C h a rac te r ized  as b e ing  heavily  en capsu la ted  and 

p rod uc ing  p n eu m o n ia  in d eb il i ta ted  individuals.
55 .  A  lactose fe rm en t ing  n osocom ia l pa thogen  tha t  re 

s ides exclus ively  in the intestinal tract.
56 .  T h is  o rg an ism  is urease positive.
57 .  A ubiquitous, nonfermenting  organism that frequently 

p ro d u ces  infec tions in co m p ro m ised  hosp i ta l ized  p a 
tients.

58 .  U rease  p rod uc t io n  by  en te r ic  bac te r ia  involved with 
u r in a ry  t rac t  in fec tions  is c l in ica l ly  s ign if ican t b e 
cause:
A. T h e  en zy m e  des t roys  the ep ithe lia l  l in ing  o f  the 

b ladder
B. P roduc ts  o f  u rease  ac tiv ity  cause  an a lkal in iza-  

tion o f  the u r ine  and p rec ip ita tion  o f  c a lc ium  and 
m ag nes iu m  phosphates

C . T he  e n zy m e  facili ta tes m igra t ion  o f  b ac te r ia  into 
the k idneys
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D. U rease  is the p r im ary  en zy m e  involved with 
d iges tion  o f  m ucu s  on ep ithelia l cell su rfaces

E. T h e  e n zy m e  is required  for ad he ren ce  o f  bac te r ia  
to u roep ithe l ia l  cells

59 .  An individual expe r iences  severe d ia r rh ea  af ter  e a t 
ing sushi (raw  fish) in a West C oast res tau ran t .  T h e  
m ost p robable  cause  o f  the prob lem  is:
A . Sa lm onella  en ter itid is
B. C a m p ylo b a c ter  je ju n i
C. Sh ig e lla  sonnei
D. V ibrio  p a ra h a em o ly ticu s
E. Yersinia en teroco litica

60 .  Salm onella  species can be differentiated from Shigella  
species in the diagnostic laboratory on the basis of:
A . M otil ity
B. L actose  ferm enta tion
C .  G ra m 's  stain
D. G lucose  ferm enta tion
E. Tolerance to anaerobic  condit ions

61 .  An ou tb reak  o f  gas t roen te r i t is  o ccu r red  a f te r  a d in 
ner party  in New York. Twenty-e igh t o f  33 persons 
w h o  a ttended  the  party  developed  sym p to m s o f  diar
rhea , headache ,  abdom ina l pa in ,  nausea ,  fever, and 
vom iting  w ith in  24  hours  a f te r  the  d in n e r  w as co n 
sum ed .  T h e  food im plica ted  in the o u tb reak  was 
caesa r  sa lad ,  w hich  w as p repared  with raw eggs. T h e  
m ost likely cause  o f  the  o u tb reak  was:
A. E n te ro tox igen ic  E. co li
B. Sa lm onella  en ter itid is
C. Vibrio cholerae
D. Sh ig e lla  d ysen teria e
E. V ibrio  p a ra h a em o ly ticu s

62 . T h e re  is no  an im al re se rv o ir  for:
A. C a m p y lo b a c ter  je ju n i
B. Sa lm onella  typ h im u r iu m
C. V ibrio  cholerae
D. Yersinia en teroco litica
E. E n te ro h e m o rrh ag ic  E. co li

63. O ne w ould n o t  expect to  f ind e ry th ro cy te s  and n e u 
trophils  in the stools o f  patients with:
A. Bacil lary  dy sen te ry
B. C ho le ra
C .  Sa lm onella  g as troen te r i t is
D. Coli t is  caused  by  en tero invas ive  E. coli
E . C a m p y lo b a c ter  en te r i t is

64. System ic  infec tions in h u m an s  are caused  by:
A. V ibrio  cho lerae
B. E n tero tox igen ic  E . co li
C . V ibrio p a ra h a em o ly ticu s
D. Sa lm onella  typh i
E. Sh ige lla  sonnei

M atch the  p r inc ipa l  m ech an ism  o f  toxin ac tion  g iven  below 
(A - E )  with the  tox ins listed in q uest ions  6 5 - 6 9 .  Each 
cho ice  may be u sed  once , m ore  than once , o r  not at all.

A . R ib osy la te s  e longation  fac to r  2
B. Inac t iva tes  the  60S r ib o so m al subunit
C . L o cks  the e n zy m e  adenyla te  cyc la se  into ac tive  

co nfo rm ation
D. B locks g lu cose  d eh y d ro g en ase  ac tiv ity
E. L ock s  the  e n zy m e  guanyla te  cyc la se  in to  active 

co nfo rm ation
65 .  E . co li LT en tero tox in
66. Sh iga  cy to tox in
67 .  £ .  co li S T  en tero tox in
68 .  C h o le ra  toxin
69 .  P seudom onas a eru g in o sa  exotoxin  A
70. W hen  sy m p to m s  o f  typ ho id  fever f irs t b ecom e  appar

en t,  Sa lm onella  typ h i  is m os t  f requently  isolated 
from:
A . T h e  sp u tu m
B. T h e  feces
C .  P u ru len t  exudates
D. T h e  b lood
E. T h e  urine

71 .  T h e  e n zy m e  p ro du ced  by H elico b a c ter  p y lo r i that 
app ea rs  to  be im p ortan t  for survival o f  the o rgan ism  
in the  s tom ach  is:
A . U rease
B. Protease
C . A denylate  cyc la se
D. L ipase
E. A lka l ine  phosphatase

72 .  T h is  m icroaeroph ilic  cu rv ed  ro d ,  w hich  frequently  
causes  en te r i t is  in h u m an s ,  res ides  in the intestinal 
and rep ro du c tiv e  t rac ts  o f  anim als .
A . V ibrio  cho lerae
B. Sa lm onella  cho leraesu is
C . Sh ig e lla  f le x n e r i
D. V ibrio  p a ra h a em o ly ticu s
E. C a m p y lo b a c ter  je ju n i

73 .  T h e  v iru lence  fac to r  p r im ar i ly  responsib le  for the 
sys tem ic  aspec ts  o f  sa lm onella  infec tion  is:
A . A n tiph ago cy t ic  ac tiv ity
B. M otil ity
C . E xotoxin  A p roduc tion
D. A bili ty  to su rv ive  in phagocy tes
E. Resis tan t to lysis

74. W hich  o f  the  following w as m ost likely responsib le  
for an  o u tb reak  o f  bac i l la ry  d y se n te ry  tha t  o ccu rred  
in a n u rse ry  schoo l?
A. A  pet dog  belong ing  to one o f  the  ch ild ren
B. T he  school g ardener
C . Turtles in the  school aquar ium
D. T h e  school cook
E. A p a rakee t b roug h t  in by  one o f  the  ch ild ren  

Select the  m e th o d  tha t is m ost appro p r ia te  for each  s te r i l iz 
ation o r  d is in fec t ion  situation.

A . A u toc lav ing
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B. E thy len e  oxide  application
C. T inc tu re  o f  iodine  application
D. Filtration
E. Use o f  d ry  heat

75 .  A se ru m  sam ple
76 .  T h e  su r face  o f  the  skin
77 .  B acter io logic  m ed ium
78 . C ap p ed ,  em p ty  test tubes
79 .  A plastic ca the te r

M atch the  following techn iques  o r  subs tances  to the  m eans  
by w hich they s te r i l ize  o r d is in fect .

A . A utoclave
B. Zephiran
C .  G lu ta ra ldeh yd e
D. C h lo rine
E. M ercurochrom e

80 .  A cts  as an a lky la ting  agent
81 .  C auses  m ercap tid e  p roduc tion
82 .  P roduces  m ois t  heat
83 .  C auses  cell m em b rane  d is rup tion
84 .  Acts as  an ox id iz ing  agent
85. Pen ic i l l inases  m ed ia te  bacte r ia l  res is tance  to p e n 

icillins by  hydrolyzing:
A . T h e  tr an sp ep tid a se s  on the bac te r ia l  cell  m e m 

brane
B. T h e  be ta - lac tam  ring
C .  T h e  d ih y d ro th iaz in e  ring
D. T he  th iazo l id ine  ring
E. T he  s ide-cha in  rad ica ls

86. C lavu lan ic  ac id  is charac te r ized  by its:
A. Broad sp ec t ru m  o f  an tim ic rob ia l  activity
B. Inhib it ion  o f  t ran spep tidases  and  ca rboxypep- 

tidases
C . Reversible inhibition o f  bacterial protein synthesis
D. Irreversib le  inhib it ion  o f  folic ac id  syn thes is
E. Inact iva t ion  o f  b e ta  lac tam ases

87. M etron idazo le  is m o s t  e ffec tive  against:
A . A erobic  bac te r ia
B. Facu lta tive  aerobic  bacte r ia
C . O bligate  anaerobic  bac te r ia
D. N eisseria  m en in g itid is
E. S ta p h y lo co ccu s  aureus

88. T r im ethopr im :
A . Is  an ana log ue  o f  PABA (P -am in o b en z o ic  acid)
B . Competitvely inhibits dihydrofolate reductase ac

tivity and b locks  folic ac id  syn thesis
C . A n tago n ize s  the  ac tion  o f  su lfonam ides
D. H as l im i ted  use b ecau se  m am m al ian  en zym es  

have as high an aff in ity  for the  an tib io t ic  as do 
bacte r ia l  en zym es

E. Is e ffec tive  agains t  b ac te r ia  that requ ire  p re 
fo rm ed  folic ac id  as  a g row th  fac tor

89 .  W hich  one  o f  the  following agents  is used  in the 
trea tm en t  o f  leprosy?

A. T r im e th o p r im
B. N itro fu ran to in
C . D iam inod ipheny lsu lfone  (D O S)
D. C o-tr im o xazo le
E. P o lym yxin

90 .  W hich  o f  the following an tib io t ics  b inds  to the 50S 
r ib o so m al subunit?
A. P o lym yxin
B. S trep tom ycin
C. Penicillin
D. C h lo ram phen ico l
E. C ephalo th in

91 .  E ry th rom ycin :
A. B locks c ross- l ink ing  o f  the  p ep t ido g lycan  chain
B . C au ses  d irec t  d a m ag e  to  the cell  m em b rane  by a 

de te rgen t- l ike  action
C. D am ag es  the  cy to p lasm ic  m em bran e  by a ttach

ing to  sterols
D. Inh ib its  syn thes is  o f  protein
E. Inh ib its  RNA  polym erase

92 .  A gains t  w hich  m ic roo rga n ism  w ould  m etron idazo le  
be m os t  ac tive?
A. H aem oph ilu s in flu en za e
B. B orde te lla  p e r tu ss is
C. B actero ides fr a g il is
D. N eisseria  m en in g itid is
E. S ta p h y lo co ccu s aureus

M atch each le t tered  an tim icrob ia l  agen t with  one  o f  the 
n um bered  charac te r is t ics  l is ted  in items 9 3 - 9 5 .  Each a n t i 
m icrob ia l  agen t may be  used once , m ore  than  once , o r  not 
at all.

A . C eph a lo sp o r in s
B. E ry th rom y c in
C . Nalid ix ic  acid
D. P o lym yxins
E. R ifam pin  
F  N eom ycin

G . M etron idazo le
93 .  Inact ivat ion  o f  D N A -dependent RNA  polym erase
94 .  In terferes  with replication  o f  DNA
95. O to tox ic  and  nephrotoxic
96 .  C lindam ycin :

A. Is not ac tive  ag a ins t  anaerobic  bac te r ia
B. Is a lways bac te r ic ida l agains t  ac tive ly  m u ltip ly 

ing bac te r ia
C .  B inds to the  50S r ib o so m al sub un i t ,  p reventing  

p ep tide-cha in  elongation
D. C a u s e s  s in g le -  an d  d o u b le - s t r a n d  b re a k s  in 

D N A
E. A ll o f  the  above answ ers  are co rrec t

97 .  Su lfonam ides:
A . Are s t ruc tu ra l  ana logue s  o f  te t rahydrop te ro ic  

ac id  syn the tase
B. In terfere  with m icrob ia l  folic ac id  syn thesis
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C. Are structural analogues of dihydrofolate reductase
D. Are inactiva ted  by beta  lac tam ases
E. Are not absorbed  from  the  gas tro in tes t ina l  tract

98 .  All o f  the  following are bac te r ios ta tic  c h e m o th e ra 
peu tic  agen ts  except:
A. C h lo ram phen ico l
B. Bacitracin
C. Novobiocin
D. Tetracycline
E. Su lfonam ides

99 .  T h e  h ighes t  inc idence  o f  m en ingococca l  infection 
occurs  in w h ich  age  g roup?
A. 0  to 6 m on th s  o f  age
B. 6  to 24 m on ths  o f  age
C. 2 years  to 5 years  o f  age
D. 5 years  to 2 1 years  o f  age
E. O v e r  2 1 years  o f  age

100. A n im als  o th e r  than  h um ans  cons t i tu te  the  p r im ary  
reservo ir  for each o f  the  following except:
A. B ru ce lla  abortus
B . L ep to sp ira  pom ona
C . N eisseria  gonorrhoeae
D. B orrelia  herm sii
E. Yersinia p e s tis

1 0 1. E ffec t ive  vacc ines  p resen tly  in use agains t  m e n in g o 
coccal d isease  conta in  w hich o f  the  following as the 
p r im ary  im m uniz ing  agent?
A. H eat-k i l led  bacilli
B. L ip opo lysacchar ide
C . Pil i (f im briae)
D. C ap su la r  po lysaccharide
E. M ajo r  ou te r-m em brane  protein

102. S e ro g rou p  c lass if ica t ion  o f  N eisseria  m en in g itid is  is 
based  on:
A. T h e  protein  pili
B. T he  p o ly sacch ar ide  capsu le
C . T he  ou te r -m e m b rane  proteins
D. T h e  l ipopo lysaccharide
E. T h e  Ig A  protease

103. T he  two m ost co m m on  com plica t ions  o f  m eningo- 
c o ccem ia  are:
A. Brain abscess ,  endocard i t is
B. U r ina ry  trac t  infec tion , pneum on ia
C .  M yocard i t i s ,  a r th r i t is
D. A r th r i t i s ,  m ening it is
E. M eningit is ,  pneu m o n ia

104. T h ere  are six c ap su la r  types  o f  this b a c te r iu m  and 
type b seem s to co n fe r  the  potentia l for increased  
virulence:
A. B orde te lla  p e r tu ss is
B. H aem oph ilu s in fluenzae
C. B ru ce lla  abortu s
D. G ardnere lla  vag inalis
E. H aem o p h ilu s a eg yp tiu s

105. A G r a m ’s s tain  o f  sp inal fluid from  a 2-year-old child 
revealed g ram -neg a t ive ,  sm all  co cco bac i l la ry  o rg a n 
isms. T he  m ost p robable  e tio log ic  agen t is:
A. S ta p h y lo co ccu s  aureus
B . N eisseria  m en in g itid is
C. S trep to co ccu s pn eu m o n ia e
D. H aem o p h ilu s in flu en za e
E. B o rd e te lla  p e r tu ss is

106. T h is  d isease  is m o s t  co m m o n ly  a resu lt  o f  o c c u p a 
tional exposure  (e .g .,  s lau gh te rh ou se  w orkers ,  veter
inar ians,  fa rm ers )  to  d iseased  anim als :
A. P lague
B. T u la rem ia
C .  G ran u lom a  inguinale
D. Brucellosis
E. F usosp iroche tos is

107. T h e  m o s t  c o m m o n  clin ical m anifes ta tion  o f  Yersinia  
p e s tis  infection is:
A . S ep ticem ic  p lague
B. M eningit ic  p lague
C. Bubonic p lague
D. P neu m o n ic  p lague
E. All o f  the above o c c u r  with  abou t  the  sam e 

incidence
108. T he  vacc ine  used in the  prevention  o f  tu la rem ia  

contains:
A. F o rm alin -k i l led  F ra n cise lla  tu la rensis
B. F o rm alin - in ac t iv a ted  endotox in
C . Live attenuated  F ra n cise lla  tu la ren sis
D. Live attenuated  Yersinia p e s tis
E. F orm alin - inac t iv a ted  m u r in e  toxin

109. A patient p resen ts  to the em erg e n c y  roo m  with a 
ce llu li t is  tha t developed  24  h ours  following a cat bite. 
T h e  m o s t  l ike ly  e tio log ic  agen t o f  the ce llu li t is  is:
A . P asteurella  m u lto c id a
B. Yersinia p e s tis
C . B ruce lla  abortus
D. F ra n cise lla  tu la rensis
E. B orde te lla  p e r tu ss is

110. In the  d iag no s is  o f  pe r tu ss is ,  B orde te lla  p e r tu ss is  is 
most likely isolated from:
A. Blood cu ltu re  d u r ing  bac te rem ic  p h ase  o f  d isease
B. Joint fluid
C . A nasop haryn gea l  sw ab  cu ltu red  on B ord e t-G en 

gou  m ed ium
D. A bscess  on  the  skin
E. Sp inal fluid

111. Patients w ith  w h o o p in g  c o u g h  are  m os t  infec tious 
(con tag ious)  d u r ing  w hat s tage  o f  the il lness?
A. Incuba tion
B. C a ta rrha l
C . Paroxysm al
D. C onvalescent
E. Sp asm o d ic
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112. T h is  m ic roo rgan ism  causes  a sexually  transm itted  
disease that can be d iagnosed by demonstrating “ D on
ovan bodies"  in sk in  biopsies:
A . P lesiom onas sh ig e llo id es
B . C a lym m a to b a c ter iu m  gran u lo m a tis
C . C a rd io b a c ter iu m  hom in is
D. C hrom obacterium  vio laceum
E. B artonella  b a c illifo rm is

113. W hich microorganism may preferentially utilize eryth- 
ritol as  a nu tr ien t  sou rce?
A. P asteurella
B. B rucella
C. Yersinia
D. H aem oph ilu s
E. F rancise lla

114. P lague is t ran sm it ted  by the:
A . Louse
B. C h ig ger
C . F lea
D. M osquito
E. Tick

115. Which spirochete(s) can be seen under ordinary light 
microscopy after staining with Giemsa or Wright stains?
A. Treponem a p a llid u m
B. B orrelia  recurren tis
C . L ep to sp ira  in terrogans
D. Two o f  the  above are  correc t
E. All o f  the  above are co rrec t

116. W hich  sp iroche te (s)  can  be g row n  in vitro  on  a r t i f i 
cial m ed ia  and th is  g ro w th  used in the d iagn os is  o f  
in fection?
A . Treponem a p a llid u m
B. S p ir illu m  m in u s
C . L ep to sp ira  in terrogans
D. Treponem a perten u e
E. B orrelia  recurren tis

117. All o f  the  following s ta tem en ts  regard ing  the seco nd 
a ry  s tage  o f  syphilis  are true  except:
A. Skin  and  m u co u s  m em b ran e  lesions are usually  

present
B. S om e ind iv idua ls  can  pass  th rough  th is  stage 

w ith  no  sym p to m s
C . Treponem a p a llid u m  is not p resen t in the m ucous  

m em b rane  lesions
D. S om e patients will expe r ien ce  one o r  m ore  re 

lapses o f  the  secon dary  s tage  o f  syphilis
E. Serologic  tests for syphil is  are positive

118. T h e  nonvenereal  t r eponem atoses  can  be d if fe ren t i
a ted  from  syph ilis  by:
A. M icroscop ica lly  exam in ing  skin  lesions for mor

pholog ically  d is t inc t  sp iroche tes
B. Serologic  detec tion  o f  reag in ic  an tibody
C . Iso la ting  and iden tify ing  the  causa t ive  m ic ro 

o rgan ism s

D. A n tim icrob ia l  suscep tib i l i ty  testing
E. N one o f  the  above are  correc t

119. T h e  body louse  is the vec to r  for:
A. L eptospirosis :
B. Pinta
C . E p id em ic  re lapsing  fever
D. Lym e disease
E. M eningit is

120. Leptosp irosis :
A . Is caused  by a sm a ll ,  g ram -n ega t ive  coccobac i l-  

lus
B . Is f requently  t ran sm it ted  from  h um an  to hum an  

by inan im ate  objects
C . C an  result in a severe fo rm  o f  jaun d ice
D. Is a  sexually  t ransm itted  d isease
E. All o f  the  above are correc t

121. S p ec ific  t rep on em al tes ts  for syph ilis  include:
A. Treponem a p a llid u m  im m obiliza tion  (TPI) test
B. Fluorescent treponema antibody-absorption (FTA- 

A BS) test
C . Both o f  the above
D. N either  o f  the  above

122. An ind iv idual with  sy m ptom s typica l o f  secondary  
syph ilis  and h igh  an t ibo dy  t iters in the  V D R L  (Vene
real D isease  R esearch  L abo ra to ry )  and  FTA-ABS 
(f luo rescen t t repo nem a  an tibod y -ab so rp t ion )  tests 
for syph ilis  is g iven  the  reco m m en d ed  trea tm en t  for 
syphilis . W hich  o f  the following w ould m ost likely 
o ccu r  i f  t rea tm en t w ere  successfu l?
A. Both the  V D R L  and FTA-ABS tes ts  w ould re 

m ain  posi t ive
B. T h e  V D R L  w ould rem ain  posi t ive  and the  FTA- 

A B S  w ould  b ecom e  negative
C . Both the V D R L  and FTA-ABS tes ts  would  b e 

co m e  negative
D. T h e  V D R L  w ould  b ecom e  negative  and  the  FTA- 

A B S  w ould  rem ain  positive
M atch each lettered m icro o rg an ism  w ith  one o f  the  n u m 
bered  cha rac te r is t ic s  listed in i tem s 123-128. E ach  m ic ro 
org an ism  may be selected  once, m ore  than  once , o r  not at 
all.

A. Veillonella
B. B actero ides fr a g il is
C . B ifid o b a c ter iu m  ad o lescen tis
D. P rop ion ibac ter ium  acnes
E. C lo str id iu m  p er fr in g en s
F. Porphyrom onas

123. G ram -p o s i t iv e  nonspo re fo rm in g  bacil lus  frequently  
found in the  gas t ro in tes t ina l  tract

124. G ra m -n ega t iv e  b ac il lu s  that p rodu ces  b lack  to  b row n 
p igm en ted  co lon ies  on  b lood agar  m ed ium

125. G ra m -n ega t iv e  coccus
126. A naerob ic  b a c te r iu m  m ost f requently  isolated from 

h um an  infections
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127. C o m m o n  inhabitan t o f  no rm al skin
128. P roduces  an en te ro tox in  as well as n u m ero us  toxic 

en zy m e s  tha t  c o n tr ib u te  to its pa thogen ic  poten t ia l  as 
a  causa t ive  agent o f  d isease

129. A n tib io tic -assoc ia ted  p seu d o m em b ra n o u s  coli tis  is 
cau sed  by an exotoxin  e labora ted  by:
A. B actero ides fr a g il is
B. Toxigenic s tra ins  o f  E scherich ia  co li
C . V ibrio  cho lerae
D. C lo str id iu m  d iffic ile
E. C lo str id iu m  p er fr in g en s

130. “ Tetanus n e o n a to ru m ” :
A. Is caused  by  p lacental p assage  o f  C lostr id ium  

te ta n i in to  the neonate 's  c ircu la to ry  sys tem
B. Is caused  by failure o f  p ro tec tive  an t ibod ies  to 

c ross  the  p lacen ta
C . U sually  resu lts  from  infection o f  the  um bilicus 

by C lo str id iu m  te ta n i
D. Is caused  by placental passage  o f  te tano sp asm in  

in to  the neonate’s c ircu la to ry  sys tem
E. All o f  the above are co rrec t

131. W hich  m icroorgan ism (s)  p roduce(s)  en zy m e s  o r  tox 
ins tha t cause  t issue  necros is?
A. C lo str id iu m  bo tu linum
B. C lo str id iu m  p erfr in g en s
C . Both o f  the above m icroorgan ism s
D. N either  o f  the above m icroorgan ism s

132. T h e  eit io log ic  agent o f  w hich  o f  the following d is 
eases  p rod uces  several an tigen ica l ly  d is t inc t  n e u ro 
tox ins tha t  require  a polyvalent anti toxin  prepara tion  
for n eu tra liza tion?
A. Tetanus
B. B otulism
C. G as  gangrene
D. P seud o m em b ran o u s  coli tis
E. E n te r i t i s  necro t icans

133. Tetanus toxin:
A. B locks release o f  ace ty lcholine  at the n e u ro 

m u scu la r  jun c t io n
B. Is d irec tly  toxic to co n trac ti le  p ro te ins  o f  ca rd iac  

muscle
C. B locks inh ib ito ry  im pulses  o f  neurons  causing 

m u scu la r  spasm s
D. Functions as  a lecithinase
E. S tim ula tes  the level o f  adenyla te  cyc lase  in m a m 

m alian  cells
134. E n te ro tox in  plays a role in p roduc ing  clin ical m an i

fes ta tions o f  d isease  p ro du ced  by:
A. C lo str id iu m  p er fr in g en s
B. C lo str id iu m  d iffic ile
C. Both are  correc t
D. N either  is correc t

135. G as  g angrene  can  be caused  by:
A. C lo str id iu m  p er fr in g en s

B. C lo str id iu m  novyi
C. C lo str id iu m  sep ticum
D. C lo str id iu m  fa l la x
E. All o f  the  above

136. T h e  ag en t  for ar t if ic ia l  im m un iza t ion  aga ins t  C lo s
tr id iu m  te ta n i  cons is ts  of:
A. P uri f ied  c a p su la r  antigen
B. P uri f ied  cell-w all pro tein
C. A toxic p ro te in  t rea ted  w ith  fo rm a ld ehy de
D. An a ttenuated  live o rgan ism
E. О  and Vi an tigens

137. In w h ich  infection does  an o rg an ism  c o n s id e red  to be 
p art  o f  the  no rm al  f lora  beco m e  p a thogen ic?
A. N ocard ios is
B. M y co p la sm a l  p n eu m on ia
C. A c tin om y cos is
D. H is to p lasm o sis
E. T ubercu losis

138. A c t ino m yce tou s  bac te r ia  are:
A. G ra m -neg a tiv e  bacilli
B. G ram -p o s i t iv e  bacilli
C . G ram -n ega t ive  cocci
D. G ram -p o s i t iv e  cocci
E. G ram -neg a tiv e  cu rv ed  rods

139. W hich  o rg an ism  has a  p red i lec t ion  for bra in  t i ssue  in 
d is sem in a ted  d isease?
A. N ocard ia  a s te ro id es
B. C h la m yd ia  p s itta c i
C. Toxigenic s tra ins  o f  E scherich ia  co li
D. A ctin o m yces is ra e lii
E. C lo str id iu m  bo tu linum

H O . W hich  in fec tion ,  in a large n u m b er  o f  c a ses  (about 
75% ), m ay  be co n s id e red  op p o r tu n is t ic  in co m p ro 
mised  hosts?
A. A c tinom ycosis
B. E u m y c e to m a
C . N ocard ios is
D. A c t ino m yce tom a
E. C o cc id io id om y cos is

141. T h e  f o rm a t io n  o f  s inus  t r a c ts  f ro m  in fe c ted  a re a s  is 
a c h a ra c t e r i s t i c  o f  w h ich  o f  th e  fo l lo w ing  in f e c 
t io n s?
A. N ocardios is
B. A c tinom ycosis
C . Pelvic in f lam m ato ry  d isease
D. E ry th ra sm a
E. L isteriosis

142. W hich  o f  the following is not t ru e  abou t pa thogen ic  
spec ies  o f  N ocard ia?
A. N orm al soil inhabitan ts
B. Part ia l ly  ac id-fas t
C . G ra m -po s i t ive
D. C arry  a  lysogenic phage responsible for virulence
E. M ay be im plica ted  in m o re  than  one  d isease
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Answers

1. В T h e  pa thogen ic ity  o f  a m icro o rg an ism  is d irectly
re la ted  to its ab il ity  to cause  pa tho log ic  changes. 
T h e  v iru lence  o f  a b a c te r iu m  is w h a t  a llows it to 
be pathogenic .

2. A B ac te r ia  cause  d isease  by being  able to invade
a n d /o r  p ro d uce  toxins.

3. D A nsw ers  А , В , C ,  and  E  refer to bacte r ia l  v iru 
lence factors. A n sw e r  D is a  cell-wall s t ruc tu re ,  
not a v iru lence  factor.

4 .  D M ycobacterium  tubercu losis  can survive inside nor
mal m acrophages because it produces sulfatides 
that stop phagosom es from fusing with lysosomes. 
T h e  other o rganism s listed cannot do  this.

5. В T h e  b o tu l ism  toxin p rod uces  a flacc id  para lysis  in
patients . It does  this  by  v ir tue  o f  p reventing  the 
release o f  the  neuro transm it te r ,  acety lcholine.

6 . D C orynebac terium  d ip h th eria e  is the on ly  b ac te 
r ium  listed in th is  q ues t ion  that  p ro d u ces  a toxin 
th a t  inact ivates  EF-2 .

7 . В P seudom onas aeru g in o sa  p rod uces  exotoxin  A , a
toxin tha t also inact ivates  EF-2 .

8. A M uch  o f  the  d ia r rh e a  caused  by £ .  с о / / is a result
o f  the  p rod uc t io n  o f  the  toxin tha t causes  cyclic 
A M P  accum u la t ion  in the ep ithelia l  cells o f  the 
m ucosa l lin ing . T h is  cau se s  f luids to d if fuse  into 
the  gut.

9 .  D T he  toxicity  o f  en do tox in  can no t  be des troyed  by
autoclav ing . T h e  endo tox in  o f  g ram -neg a t iv e  b a c 
te r ia  is the  only p lace in nature  w h ere  k e tod eox 
yoctonate  is found.

10. В V ibrio  cho lerae  and E . co li  p ro du ce  tox ins that
activa te  adenyla te  cyc lase ,  resu lt ing  in an  a ccu 
m ula tion  o f  cyclic  A M P  in the  ep ithe lia l  cells  o f  
the  m ucosa l lin ing .

11. D C e r ta in  bac te r ia l  tox ins are called  “ su p e ran t i 
gens” because  they induce  an im m un e  response  
(T-cell p rolifera tion) in d oses  far  lower than  the 
“ ty p ic a l” antigen.

12. A D ip h th e r ia  toxin  kills  cells  by  inact ivat ing  EF-2 ,
w hich causes pro te in  syn thes is  to  stop.

13. A T h e  p seu d o m em b ra n e  seen in clin ical d iph the r ia
is c o m p o se d  o f  d ead  hos t  cells  (k illed  by  the 
d ip h th e r ia  toxin), f ib r in ,  and bac te r ia  (m ost no ta 
bly C. diph theriae).

14. С  O n ly  toxoids would  be inc luded  in a vaccine.
Toxins cau se  adv erse  react ions . T h e  th ird  port ion  
o f  the D T P  vacc ine  is agains t  B orde te lla  p e r tu ss is  
(w ho op in g  cough).

15. В T h e  cap su le  o f  B a c illu s  a n th ra c is  is the only
b ac te r ia l  capsu le  c o m p o sed  o f  am in o  ac id s  (d - 
g lu tam ic  acid).

16. D  B a c illu s  a n th ra c is  is unlike  M yco b a c ter iu m  tu 
b e rcu lo s is  in tha t  it can no t  live ins ide norm al 
m acrophages .

17. A zz20zzoc>’togezz^5 does  not p ro d uce  spores.
T h e  only im portan t  g ene ra  tha t  p rod uce  spores  are 
B a c illu s  and C lostr id ia .

18. В B a c illu s  cereus  is not associa ted  with in trau terine
or resp ira to ry  t rac t  in fec tion , o r venereal disease. 
It is an infrequently  recogn ized  cause  o f  food 
po ison ing  in the  U.S.

19. D T h e  s taphy lococc i p ro du ce  ca ta lase , w hile  the
strep tococc i  d o  not.

20. A  T h e  m o s t  im p o r ta n t  a n t ip h a g o c y t i c  s t ru c tu r e  o f
th e  g ro u p  A  s t re p to c o c c i  is th e  M p ro te in .  T h e  
g ro u p  A  c a rb o h y d r a te  has  n o  a n t ip h a g o c y t ic  
cap ab i l i ty .  T h e  h y a lu ro n ic  ac id  c ap su le  is an 
a n t ip h a g o c y t i c  s t ru c tu r e  bu t  is c le a r ly  o f  less 
im p o r ta n c e  th an  the  M  p ro te in .  T h e  g ro u p  A 
s t r e p to c o c c i  do  n o t  p ro d u c e  p ro te in  A o r  m y 
co lic  ac ids .

21. С  Staphylococcus aureus  produces coagulase; Staph.
ep id erm id is  d oes  not.

22. В T h e  exfolia tion  toxin is so  n am ed  because  it
causes  the sh edd ing  o f  skin.

23. D S ta p h y lo co ccu s  ep id erm id is  does  not p rod uce  the
sam e  v iru lence  fac tors  as  S taph , aureus.

24. С  P y ogenes  m ean s  p u s  form ation. A m o ng  the s t rep 
tococc i,  the  g ro up  A  strep tococc i cause  the  la rg 
est nu m b er  o f  s t rep tococca l d iseases  and are thus 
the m ost im po rtan t .  For this  reason ,  they were 
ass igned  the first le t te r  o f  the a lphabe t.

25. D A g a la c tia e  m eans  cessa tion  o f  milk production .
T h e  g ro up  В strep tococc i were first o b se rved  to 
cause  m as ti t is  in da iry  cattle , resu lt ing  in a d e 
c rease  in m ilk  p roduction .  T h e  G B S  were first 
o b se rv ed  to cause  bacte r ia l  neonata l  m en ing it is  in 
h um an s  in the 1970s.

26. С  Type 12 has  been m ost f requently  a ssoc ia ted  with
A G N  a f te r  p haryng i t is ,  with  the m a jo r i ty  o f  the 
o th e r  s t ra ins  be ing  a ssoc ia ted  with py oderm a.

27. С  T h e  v ir idans  s trep tococc i  are com m o n ly  found in
the nasop h a ry n x  and  m o u th .  F rom  these  s i tes  the 
organism s may invade the bloodstream after  chew
ing o r  dental m anipu la t ion .  O n ce  in the b lo od 
s t ream  they can  reach  defec t iv e  heart  valves.

28. С S ta p h y lo co ccu s  sa p ro p h y ticu s  o ccu rs  on norm al
skin and in the  per iu re th ra l  and ure thra l  flora .  It is 
second  only to E. co li as  a cause  o f  u r in a ry  tract 
infec tions in young ,  sexually  ac tive  females.

29 .  В V iruses ,  r icke t ts ia ,  and ch lam y d ia  are not free-
liv ing.

30 .  A T h e  te rm  L-form s  c om es  from  the  fact tha t they
w ere  d iscovered  at the  L is te r  Ins ti tu te  in the early  
1900s. T h ey  are  bac te r ia  w ith ou t  cell walls.
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31 .  В L eg io n e lla  p n eu m o p h ila  can  surv ive  inside nor
mal m acro ph ag es  bu t  the m ech a n ism  by w hich  it 
does  th is  is presen tly  unknow n.

32. A L eg ionna ires '  d isease  is n o rm ally  an up per  resp i
ra tory  tract infec tion  that can  develop  into p n eu 
m onia .  Its usual source  is the a ir -conditioning 
sys tem .

33. С C ord  fac to r  is 6 . б ' -d im yco ly l trehalose . C ord  fac
tor i t se l f  is toxic.

34. A Sulfa tides  p ro du ced  by M . tu b ercu lo s is  d o  not
allow lysosom es and phag osom es  to fuse, which 
m eans  tha t inside no rm al  m acrop hag es ,  this  o r
g an ism  is not ex posed  to the deg rada t ive  enzy m e s  
that w ould n orm ally  kill it.

35. В M yco b a c ter iu m  tu b ercu lo s is , M . bovis , and M .
a fr ica n u m  can  cause  tubercu los is  in hum ans.

36. С  M yco b a c ter iu m  leprae  has never been cult ivated
in vitro ,  w hile  M . tu b ercu lo s is  is eas i ly  cult ivated  
on L ow ens te in-Jensen  m ed ium .

37. В T h e  C h la m yd ia  p ro du ce  an in t race l lu la r  life form
(re ticu la te  body) and an extracellu lar ,  infectious 
part ic le  (e lem en tary  body).

38. A R icke tts ia  p ro w a zek ii can  infect bo th  the hum an
body louse (P ed icu lu s hum a n u s corporis) and the 
head louse (P ed icu lus hum a n u s cap itis ), the for
m er  be ing  the m ore  s ign if ican t vector.

39 .  E  B r i l l ’s d isease  is a  r ec rud escen ce  (reac tivation) o f
epidemic louse-borne typhus. No vector is involved.

40 .  A R ocky  M oun ta in  spo tted  fever a c cou n ts  for 95
percen t o f  the r icketts ia l d isease  in the  U.S.

4 1 .  С R ocha lim aea  q u in ta n a  can  be g row n on blood
ag a r  in the p resence  o f  10% C 0 2.

42 .  A D iseases  caused  by C. trachom a tis  include tra
chom a, inclusion conjunctivitis, LGV, and so forth.

43 .  A All T R IC  agents  belong to the spec ies  C. tr a 
chom a tis , w hich  causes  t r a c h o m a  and /nclusion 
conjunctiv itis .

44 .  D T h e  s tom ach  con ta ins  no res iden t flora. All o ther
reg ions  ha rb o r  anaerobic  bacte ria .

45 .  E  A ll o f  the  a c t iv i t ie s  l i s ted  ( A - D )  are  th o u g h t  to
in te r fe re  w ith  c o lo n iz a t io n  by  p a th o g e n ic  b a c te 
r ia .

46 .  A A lthough  ac tiv it ies  В th rough  D are involved with
p laque fo rm a tio n ,  only A is d irectly  responsible  
for dental ca r ies  product ion .

47 .  В T h ese  o rg an ism s  are p resent p r im ar i ly  in the hair
follicles.

48 .  В O f  the  activ it ies  listed. В is cons ide red  to be most
im portan t.

49 .  D  It is e s t im a ted  that the colon  con ta ins  a  to ta l o f  b e 
tw een  1013 and  1 0 14 o rgan ism s .  M ost are anaer
obes.

50 .  С  Transient o rg an ism s  are p resen t in the bronchi but
the  region conta ins  no  res iden t flora.

51. A T he  m on o sacch a r id e s  are hexoses tha t  o c c u r  in
repea t ing  units o f  three or four.

52 .  С  Purif ied  lipid A is toxic w hen in jec ted  in to  a n i
mals.

53 .  D
54 . В
55 . A
56 . С
57 . D
58. В P ro teus m ira b ilis  and  P. vu lg a r is  as  well as  Mor-

g a n e lla  m organ ii and P rovidenc ia  re ttg e r i p ro 
d u ce  urease.

59. D  Vibrio p a ra h a em o ly ticu s , w hich  inhabits  estu
aries and contaminates seafood, most likely caused 
the d ia rrhea .

60 .  A Sa lm onella  species  are m otile  and Sh ig e lla  s p e 
cies  nonmotile .  T h e  tw o  gen era  are  the  sam e 
rega rd ing  the  o th e r  charac te r is t ics .

61 .  В E g g s  so m etim es  h a rb o r  S a lm o n ella  spec ies  and
w hen  eaten raw are  a source  o f  g as t roen te r i t is .

62 .  С  T h is  o rg an ism  is found  in h u m a n s  only.
63 .  В V ibrio  cholerae, the cause  o f  cho le ra ,  is a noninva-

sive  toxin producer .  T h e  o th e r  d iseases  l is ted  are 
p ro du ced  by invasive o rg a n ism s  tha t induce  in
f lam m ation  and often  cause  u lcera tion  so that 
in f lam m ato ry  cells  are found  in the  stool.

64. D T h e  o th e r  o rg an ism s  p rod uce  d iseases  co n f in ed  to
th e  in testina l tract.

65. С
66. В
67 .  E
68 .  С
69 .  A
70 .  D In the co u rse  o f  this  sys tem ic  d isease , the  o rg a n 

isms qu ick ly  pass  from  the in tes t ina l  t rac t  to the 
b loo ds tream , a f te r  w hich  they p rod uce  infections 
in various  organs  o f  the body  and  eventua lly  
re in fec t  the in testine.

71 .  A U rease  breaks d ow n  the  urea  in th e  s to m ach ,
p rod uc ing  am m o n ia  and  causing  an increase  in 
pH . T h u s ,  the  o rg a n ism s  su rv ive  in a n o rm ally  
ac id ic  env ironm ent.

72 .  E
73. D A fte r  traversing  the  in testina l trac t ,  sa lm o ne l la

tha t are able to su rv ive  in p hagocy tic  cells  are 
d is sem ina ted  th ro u g h o u t  the body  to p ro d u ce  in
fec t ions  in various  organs.

74. D Sh ig e lla  species ,  responsib le  for bac i l la ry  d y se n 
tery, infect only h u m an s  and o th e r  p r im ates .  T h e  
school co ok ,  w h o  han d les  food , w as a m ore  likely 
source  o f  the  d isease  than  the  school gardener.

75 .  D  S e ru m , w hich  is heat sens it ive ,  can  be fi ltered.
76. С  T inc tu re  o f  iodine is an e ffec tive  skin an tisep t ic .
77. A A s long as  the  m ed iu m  is ex po sed  to the  s team
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(gauze  and  co tton  s toppered  flask) au toc lav ing  is 
the  bes t  m e tho d .

78. E  A utoc lav ing  is ineffective because  the tubes  are
cap ped .  97 .  В

79 .  В T h e  p las tic  catheter ,  w hich could  be dam age d  by
h ea t ,  c an  be s ter i l ized  w ith  e thy lene  oxide.

80. С
81. E  98 .  В
82. A
83. В Z eph ira n  is a  ca tion ic  su r face -ac t iv e  agent.
84. D T h is  is due  to h yp och lo rou s  ac id  form ation .  99. В
85. В S truc tu ra l  in teg r i ty  o f  the  be ta - lac tam  ring  is

e s s e n t ia l  fo r  th e  a n t im ic ro b ia l  a c t iv i ty  o f  the  
p en ic i l l in s .  P e n ic i l l in a s e s  (a lso  c a l led  be ta  la c 
ta m a s e s )  hydro lyze  the be ta - lac tam  ring .

86. E C lavu lan ic  ac id  is a  be ta - lac tam ase  in h ib ito r  that
ir revers ib ly  b ind s  to  and  inact iva tes  beta  lacta- 100. С
m ases. It has  very  litt le in tr ins ic  an tibac te r ia l  
ac tiv ity  and it is adm in is te red  s im ul taneously  
w ith  a  be ta - lac tam  an tim icrob ia l  agent.

87. С M etron idazo le  has  se lec tive  an tim icrob ia l  activ- 101. D
ity aga ins t  obligate  anaerobic  b ac te r ia ,  so m e  m i
c roaeroph il ic  bac te r ia ,  and  c e r ta in  a naerob ic  p ro 
to zoan  pathogens .

88. В T r im e th o p r im  is a  s t ruc tu ra l  ana log ue  o f  d ihy -  102. В
drofolic  ac id  that com pe t i t ive ly  inh ib its  bacte ria l 
d ihydrofo lic  ac id  reduc tase ,  resu lt ing  in an inh ib i
tion  o f  folic ac id  and u lt im ately  p ur ine  and DNA 103. D
syn thes is .  M am m al ian  cells  and bac te r ia  tha t use 
env ironm enta l  p re fo rm ed  folic ac id  for g row th  are 
not inhib ited  by t r im e th o p r im  (or the  su lfon
am ides) .  104. В

89. С  D iam inod ipheny lsu lfone  is used  only in the t r e a t
m en t  o f  leprosy.

90 .  D  C hlo ram ph en ico l  b ind s  reversibly to  the  50S r ib o 
som al subun i t  resu lt ing  in an inh ib it ion  o f  protein  105. D
synthesis .  S trep tom y c in ,  on the  o th e r  h an d ,  b inds 
to the  30S r ib o so m al subun it .  T h e  o th e r  an t i
m icrob ia l  agen ts  d o  not inhibit pro te in  synthesis .

91. D E ry th ro m y c in  inhibits  pro te in  syn th es is  by b in d 
ing to the  50S r ib o so m al subun it .  106. D

92 . С  M etro n idaz o le  is se lectively  ac tive  agains t  ob li
gate  anaerobic  b ac te r ia :  B ac tero id es fr a g il is  is the 
on ly  obligate  anae ro b e  listed.

93 .  E  R ifam pin  se lectively  inhibits  b ac te r ia l  DNA-de- 107. С
p enden t R N A  p o lym erase  w hile  hav ing  no effect 
on  m am m al ian  D N A -dependen t RNA  polym erase .

94. С N alid ix ic  ac id  b locks DNA syn thes is  by inh ib it ing
b ac te r ia l  D N A  gyrase.

95 .  F Two o f  the m o s t  se r iou s  adverse  reac t ions  assoc i-  108. С
ated  with am in o g ly co s id e  use are nephrotoxic ity  
and ototoxicity.

96 .  С  C l in d am y c in  is p r im a r i ly  used in the trea tm en t  o f  109. A
infec tions  caused  by anaerobic  bac te r ia .  It revers

ibly b inds  to the 50S  r ibo so m al subun i t  resulting  
in bac te r ios ta tic  inhib it ion  o f  suscep tib le  b a c te 
ria.
Su lfon am id es  are  s truc tu ra l  an a lo gu es  o f  PABA 
that com petit ive ly  inhibit te t rahydrop tero ic  acid 
syn thes is .  T h is  resu lts  in an inhibit ion  o f  folic 
ac id  synthesis .
Bacitrac in  is the  only an tim ic ro b ia l  agen t listed 
tha t is bac te r ic id a l .  A ll the  o th e r  an tim icrob ia l  
agen ts  are bacte r ios ta tic .
Passive t ransfe r  o f  m aternal an t ib od y  pro tec ts  the 
m a jo r i ty  o f  infants less than  6 m on ths  o f  age 
ag a ins t  m en ingococca l infection. T h e  inc idence  
o f  natural im m un ity  increases  w ith  age  and this  
a c cou n ts  fo r  the g rea te r  p revalence o f  d isease  in 
child ren  than in adults.
T h e  on ly  know n reservo irs  for N. g o norrhoeae  are 
sy m p tom atic  and asy m ptom atic  hum ans .  All the 
o th e r  m ic roo rga n ism s  listed in th is  ques t ion  are 
zo on oses  with an im al reservoirs .
V accination with puri f ied  m en ing oco cca l  c a p su 
lar po lysaccha r ide  is an effec tive  m eans  o f  p re 
ven ting  ep idem ics  o f  N. m en in g itid is  infection 
and reduc ing  the c a r r ie r  state.
N ine  se ro g ro up s  o f  N. m en in g itid is  have been 
identif ied  on  the  basis  o f  im m u no lo g ic  specific ity  
o f  c ap su la r  po lysaccharides .
T h e  m ost f requent clin ical m anifes ta tion  o f  the 
m en in g o co ccem ia  is a  pe techial skin rash w h ereas  
the  most f requent com plica t ions  o f  m en in g o co c 
cem ia  are a r th r i t i s  and m eningitis .
Six antigenically distinct capsular types have been 
d e sc r ib e d  for H . in fluenzae . V ir tua lly  all s tra ins  
o f  H . in flu en za e  isolated from invasive infections 
be long  to se ro type  b.
O f  the m ic roo rgan ism s  l is ted , on ly  H . in flu en za e  
and  B . p e r tu ss is  a re  g ram -nega t ive ,  sm all c o c c o 
bac il la ry  o rgan ism s .  B orde te lla  p e r tu ss is  is rarely 
a cause  o f  m ening it is  w h ile  H . in flu en za e  is the 
lead ing  cause  o f  m en ing it is  in young  children. 
B ruce llos is  in h u m a n s  is a zoonosis .  W ith in  the 
U.S.,  infection in h u m a n s  is p r im ar i ly  from  o c c u 
pational ex posure  e i th e r  th rough  inhala tion  of 
infected  drop le ts  o r  hand ling  o f  infected  tissue.
In bubonic  p lague the m ic roo rga n ism  en te rs  the 
hos t  th rough  the  skin  and  is ca r r ied  by the  ly m 
phatics to the lym ph nodes. In som e ind iv iduals  
Y. p e s tis  will en te r  the  b loods tream  and be carr ied  
to  the  lungs o r  meninges.
A live, attenuated strain o f  Ғ. tu larensis  is available 
to im munize both animals and hum ans against 
tularemia.
P asteurella  m u lto c id a  is a norm al in hab i tan t o f  
the  u p per  re sp ira to ry  tract o f  cats  and o th e r  lower
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anim als .  A pproxim ate ly  25 percen t  o f  ca t  bites 
b ecom e  infected  w ith  th is  m icroo rgan ism  and 
acute  onse t o f  ce llu li tis  is the  p r im a ry  clin ical 
m anifesta tion .

1 10. С  T h e  bac te r io log ic  d iag no s is  o f  per tu ss is  is m ade
by recover ing  the  o rgan ism  from  resp ira to ry  se 
cretions. B orde te lla  p e r tu ss is  rarely penetra tes  
the  m uco us  m em b ran es  o f  the resp ira to ry  tract.  
B orde t-G en go u  m ed iu m  is an enriched  m ed ium  
for isolation o f  B. pertu ssis .

111. В C o m m un icab i l i ty  o f  B. p e r tu ss is  is g rea tes t  du r
ing the  ca ta rrha l stage  o f  the  d isease  w hen  the 
patient is d isp lay ing  sy m ptom s o f  a m in o r  upper  
re sp ira to ry  tract infection.

112. В C a lym m a to b a c ter iu m  gran u lo m a tis  causes a ve
nerea l d isease  know n as g ranu lo m a  inguinale. 
D iagnosis  o f  g ranu lo m a  inguinale  d ep end s  on the 
dem ons tra t ion  o f  encap su la ted ,  oval bod ies  (D o n 
ovan bodies )  in the  cy to p la sm a  o f  large h is tiocytic  
endo the l ia l  cells.

113. В T he  p red i lec t ion  o f  b ruce l lae  for p lacental tissue
o f  an im als  is d ue  to the p resence  o f  a  g row th 
s t im u lan t ,  e ry th r i to l .

114. С  T h e  f lea  can  transm it  Y. p e s tis  from  infected
rodents  to h u m a n s  or from  person to person. 
T h e re  are no  o th e r  a r th rop od  vec to rs  for Y. pestis .

115. В B orrelia  recurren tis  is the  largest  o f  the sp i 
roche tes  and  can be seen u n der  o rd in a ry  light 
microscopy. Treponem a  species  and  L. in te rro 
g a n s  are too  sm all to  be v isualized  by  o rd inary  
light m icroscopy  and require  spec ia l  techniques  
(e .g . ,  dark-fie ld  m ic ro sco py )  to be  o b se rv ed  in the 
laboratory.

116. С  L ep to sp ira  species  are  the  only p a thogen ic  sp i 
roche tes  that can  be readily  g row n  on a variety  o f  
ar t if ic ia l media .

117. С  Both the p r im ary  chan cre  and  secon dary  lesions
o f  syphilis  con ta in  large n um b ers  o f  treponem es 
and are h igh ly  infec tious w hen located on exposed  
surfaces.

118. E  All the  pa thogen ic  trep on em es  are m o rp ho lo g i
cally  and im m unolog ica l ly  ind is tinguishable .  D if
ferences  in geograph ic  locations, w here  the d is 
eases  occur,  and clinical m anifes ta tions  perm it 
separa tion  o f  the  species.

119. С  B orrelia  recurren tis , the causa t ive  agent o f  ep i
dem ic  re laps ing  fever, is t ransm itted  from  person 
to  person  by the h u m an  b o d y  louse.

120. С  T h e  m os t  severe fo rm  o f  lep tosp iros is ,  re fe rred  to
as ic teric  lep tosp irosis ,  is charac te r ized  by im 
pa ired  renal and hepatic  function.

121. С  Both tes ts  de tec t  an t ibody  to T. p a llid u m  s u b 
spec ies  p a llid u m  an tigens  ra ther  than  to reagin.

122. D Following successfu l t rea tm en t ,  the nonspecif ic .

n o n t r e p o n e m a l  r e a g in ic  a n t ib o d y  te s ts  (e .g . ,  
V D R L )  b ecom e  negative  w hile  the  spec if ic  anti- 
treponem al an t ib od y  tes ts  (e .g .,  FT A -A B S) re 
m ain  positive.

123. С B ifid o b a c ter iu m  ad o lescen tis  is the  on ly  g ram -
posi t ive  n o n sp o re fo rm in g  bac il lu s  lis ted . O thers  
inc lude  L a c to b a c illu s , A c tin o m yces , A ra ch n ia ,  
E u b a c teriu m , and  P ro p io n ib a c te r iu m .

124. F  M o s t  spec ies  in bo th  P orphyrom onas  and Pre-
vo te lla  p ro du ce  brow n to b lack  co lony  p igm en t on 
b lood agar.

125. A  VkzV/ozze/Za is the  on ly  ob ligately  anaerobic  g ram -
negative  co ccu s  o f  c lin ica l  im portance .

126. В is a lso  m o re  res is tan t  to a n t i 
m icrob ia ls  than any o th e r  anaerobe.

127. D  R a cn es  is a  g ram -p o s i t iv e  bac il lu s  tha t is a
c o m m o n  co n tam in an t  o f  b lood and  o th e r  sp ec i
mens . However, it m ay  be a ssoc ia ted  w ith  in fec 
tions  involving im plan ted  p ros the t ic  dev ices ,  such 
as h ea r t  va lves ,  and  o r th o p ed ic  pros theses .

128. E  C. p e r fr in g e n s  is the  m os t  c o m m o n  clos tr id ia l
species  isolated from  infection . T he  exotox ins  it 
p rod uces  are responsib le  for the sy m p to m s  o f  gas 
g angrene  and the en te ro tox in  it p ro d u ces  is r e 
spons ib le  for the  sy m p to m s  o f  food po ison ing .

129. D A lthough  all the  bac te r ia  l is ted  p rod uce  e n te ro 
tox ins ,  only C . d iffic ile  cau se s  p se u d o m e m b ra 
nous  co li t is  a ssoc ia ted  with an tib io t ic  a d m in is t ra 
tion.

130. С  Tetanus n eo n a to ru m  results  f ro m  postnata l  in fec 
tion  o f  the  um b il icu s  o f  in fants  from  inadequa te ly  
im m unized  mothers. P roper immunization o f  m oth
ers w ill  t r an sfe r  p ro tec tive  a n t ibo d ies  to the in 
fants.

131. В C lo str id iu m  p e r fr in g e n s  e lab o ra te s  several exo
tox ins that des t roy  hea l thy  tissue. C lo str id iu m  
b o tu linum , on the o th e r  h an d ,  is not invasive in 
tissue.

132. В C lo str id iu m  b o tu linum  p ro d u ces  e igh t an t ig e n i
cally  d is t inc t  neuro tox ins.  However, the  phar
macologic action o f  these toxins is identical. C los
trid ium  tetani, on the o th e r  h a n d ,  p ro d u ces  only 
one  an tigen ic  type  o f  neuro tox in .

133. С  С /о м ч У ш т  ft-ra/zz neurotoxin interferes with neu
rom uscular  tran sm iss ion  by inh ib it ing  the  release 
o f  inh ib ito ry  t ran sm it te rs  (e .g . ,  g lyc ine)  at spinal 
sy napses .  T h is  resu lts  in excess  m o to r  ac tiv ity  
and  the  typ ica l  m usc le  sp a sm s  o f  te tanus.

134. С  T h e  en te ro tox in  p rod uced  by  C . p e r fr in g e n s  is
responsib le  for the  clin ica l  m an ifes ta t ion s  o f  food 
p o ison ing  w hile  the  en tero tox in  p ro d u ced  by C. 
d iffic ile  in part ia l ly  responsib le  for the clin ica l  
m an ifes ta tions  o f  p seu d o m e m b ra n o u s  colitis.

135. E  M o s t  c a ses  o f  gas  gangrene  are  cau sed  by C.
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perfr ingens .  However, several o the r  c los trid ia l  
spec ies  tha t can  be involved in gas gangrene  
include C. novyi, C . sep ticu m , C . fa l la x , C . 
h is to ly ticu m , and C. so rd e llii.

136 .  С T h e  only e ffec t iv e  m eans  to prevent te tanus is by
prophy lac tic  im m uniza tion .  Tetanus toxoid co n 
sists  o f  inact ivated  neuro tox in . In com bination  
with d ip h th e r ia  toxoid  and  per tu ss is  vaccine, it is 
usual ly  g iven  d u r in g  the  firs t year  o f  life.

137. С A ctinom yces israelii, A ctinom yces naeslundii, and
A ra ch n ia  p ro p io n ica , agen ts  o f  ac t inom ycos is ,  
a re  co m po nen ts  o f  norm al oral and  intestinal 
flora.

138. В Actinom ycetes are gram-positive bacilli with vary
ing tendenc ies  to fo rm  filaments.

139. A C lo str id iu m  b o tu linum  produces a n e m o to x ln  but
does  not i tself  p ropagate  in brain tissue. N ocard ia  
a stero id es  m ay  cause  abscesses  in the brain fol
lowing dissem ination .

140. С  Nearly  h a l f o f c a s e s  o f  n ocard ios is  o ccu r  in know n
co m p ro m ised  patien ts  while an o the r  25 percent 
o ccu r  in patien ts  with a su sp ec ted  defect  in host 
defense.

141. В A b scess  fo rm a tion  is cha rac te r is t ic  o f  a c t in o m y 
co tic  infections, and sinus trac ts  m ay  fo rm  ch a ra c 
ter is t ica l ly  in a c t in om y cos is  and ac tin o m y ce to m a  
but rare ly  in nocardiosis .

142. D  V iru lence  of/Vbcflzr/Zti spec ies  is not know n to be
a t t r ibu tab le  to a lysogenic  phage.
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Virology

General Characteristics
and Structure of Viruses_________

Earl M. Ritzi

V iruses  are the  sm alles t  infec tious agen ts ,  having a 20 -  to 
3 00 -nm  diam eter .  T h is  sm all size  led v iruses to be ch a ra c 
te r ized  in l igh t-m icroscopy  s tud ies  as subm ic rosco p ic  in
fec t ious  enti ties. O n ly  p oxv iruses ,  w h ich  are the  la rgest  o f  
the deo xyr ibonuc le ic  acid (DNA) v iru ses ,  proved to be 
exceptions to  th is  charac te r iza t io n .  T h e  te rm  f i l te ra b le  
ag en ts  has also been  applied  to v iruses .  S ince  v iruses are 
sm a lle r  than  bac te r ia ,  they  pass  th rough  0 .22-p .  filters that 
re tain  o th e r  m icrobes. L oeff le r  and  Frosch  d iscovered  that 
a bac te r ia - f ree  fi ltrate cou ld  transm it  fo o t -an d -m o u th  d is 
ease. T h is  f ind ing  led to the d iscovery  o f  the  foot-and- 
m o u th  d isease  virus. Similarly , fi ltra tes t ransm itted  leuk e 
m ia  in mice, tobacco  m osaic  v irus  (T M V ) d isease  in 
tobacco  plants, and  agents  responsib le  for lysis o f  bacte ria .  
T h ese  f ind ings ,  w hich  respec tive ly  led to the d iscovery  o f  
oncogen ic  m u r in e  re tro v iru ses ,  tobacco  m osa ic  v irus ,  and 
the  b a c te r io ph ages ,  co n tr ib u ted  to the  use o f  the term  
f i l te ra b le  agent.

O rganism ic  N a tu re  o f  V iruses

V iruses  can  be tho ug h t  o f  as gene tic  paras ite s  w hose  DNA 
o r  r ibonuc le ic  ac id  (R N A ) geno m es  invade cells. T he se  
g en o m es  replicate w ith in  cells , o ften  u ti l iz ing  a c o m b in a 
tion  o f  preex isting  o r  induced  ce l lu la r  en zy m e s  and unique 
viral g e n o m e-en cod ed  en zy m e s  tha t may be present within 
viral par t ic les  (v irion  associa ted),  or  may be sy n th es ized  de 
novo in v ira l-in fec ted  cells. T he  na tu re  o f  a v irus is fu r th e r  
revealed  as p rogeny  geno m es ,  encod ing  un ique  viral s t ru c 
tural p ro te ins ,  b ecom e  com p le te  v irus  par t ic les  (v irions) 
by  u ti l iz ing  ce l lu la r  ene rg y -p ro du c in g  sys tem s and ce llu la r  
p ro te in -syn th es iz ing  sys tem s to fo rm  p ro tec tive  protein 
shells. R a ther  than  a rgue  w h e th e r  v iruses  are living or 
d ead ,  v iruses  are  bes t  th o u g h t  o f  as b io log ica l ly  active 
d u r in g  in t race l lu la r  replication and inact ive  as  e x trace l lu 

lar viral partic les.  T h e  m edical im portance  o f  v iro logy has 
always been associa ted  with acu te ,  chron ic ,  and fatal 
h um an  diseases ;  however, in add it ion ,  the presen t-day  
study  o f  v iro logy  views viral genom es  con ta in in g  10 to 200 
g enes  as re la tively  s im ple m olecu la r  m odels  tha t  perm it  
new ins ights  into com plex bio logic  p rob lem s (such as 
c a n c e r  induction  o r  im m u ne  defic iency) and fu r th e r  add to 
o u r  basic know ledge  o f  life at the ce l lu la r  and  m olecu la r  
level.

Distinctive C harac te r is t ics  o f  Viruses

W hile  m any  p rop er t ie s  o f  v iruses  are com m on  o r  shared 
w ith  b ac te r ia ,  several charac te r is t ic s  d is t inguish  v iruses 
from  o th e r  m icroorgan ism s.  T h e  following are d is t inc tive  
charac te r is t ic s  o f  v iruses:

1. V iruses  con ta in  only a  single  type  o f  nucleic acid as 
the i r  genom e. T h e  type o f  nucleic ac id  present may 
be e i ther  DNA or RNA  but not both .

2 . V iruses  replicate from  th e ir  ow n genetic  materia l 
u ti l iz ing  d if feren t replication s tra teg ies ,  not by the 
p rocess  o f  b inary  fission.

3 .  V iru ses  are obligate  in t race l lu la r  paras ites  tha t are 
dep end en t  on  ce l lu la r  ene rgy  p roduc tion  and ce llu lar  
m ach in e ry  (e .g .,  r ib osom es ,  t ransfe r  R N A ) for p ro 
tein synthesis .

4 .  V iru ses  syn th es ize  the ir  par ts  separately  and then 
rely on sp on taneo us  m acrom olecu la r  in te rac t ions  for 
th e i r  maturation .

5 . V iruses  are no t  sens it ive  to the usual an tib io tics .

H ost R ange

Indiv idual v iruses  may dem ons tra te  a na rro w  species- 
specific  host range  for replication o r  even a t issue-specif ic  
trop ism ; however, as a g roup, v iruses  have a very broad 
host range, infec ting  h um an s ,  o th e r  vertebra tes ,  insects, 
plants, and bacte ria .
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Fig. 5-1 C o m p o n e n t s  o f  a c o m p le te  v irus pa r t ic le ,  o r  virion.

T heories  o f  Viral Evolution

T h e  o rig in  o f  v iruses ,  w hile  still u n kn ow n ,  has been the 
sub ject  o f  considerab le  specu la tion . T he  following are 
th ree  w idely  d iscussed  hypotheses :

1. V iruses  evolved from som e ce l lu la r  c o m po nen t  or 
s t ruc tu re  tha t becam e au ton om o us  or free o f  ce llu la r  
con tro l .  T hese  com ponen ts  m ay  have been ce llu lar  
regu la to ry  genes  o r  s t ru c tu res  such as m itoch on d r ia .  
S m a l le r  v iruses  and re trov iruses  a re  good  cand id a tes  
for evolution from ce l lu la r  com ponents .

2. V iruses m ay  have evolved from  prim it iv e  b ac te r ia ,  
by  re t rograde  evolution. W hile  there  is som e  suppor t  
for the evolution  o f  ch lam y d iae  and ricketts iae ,  there  
is litt le docum en ta t ion  to su p p o r t  viral evolution. 
T h is  hy po th es is  has been su gg es ted  for evolution of 
the  la rger viruses.

3 .  Viruses, while parasites o f  ancestral cell types, evolved 
tog e th e r  w ith  th em , m ain ta in ing  the  host-paras ite  
relationship. T h is  th eo ry  is sup po r ted  by the  non- 
lethal pers is ten t and latent infections caused  by many 
viruses.

S tru c tu re

T he  e lec tron  m icroscope  has perm it ted  a de ta i led  e x am in a 
tion o f  both the  size  and m orpho logy  o f  DNA and RNA  
v iruses  tha t infect eu ca ryo t ic  cells, as  well as  the b ac te 
r iophages  that infect b ac te r ia .  T h e re  is a s t r ik ing  d iversity  
in bo th  size and m orpho logy  am ong  m em b ers  o f  the  RNA  
and DNA virus fam ilies.  To ex am ine  these  s t ru c tu ra l  d iffer
ences  and define  s im ila r  o r  un ify ing  aspec ts  o f  s truc ture ,

v iro log is ts  have g enera ted  a n om en c la tu re  for the  various  
c o m po nen ts  o f  v irus  part ic le s  and  a m ean s  for def in ing  the 
sy m m e t ry  o f  v iru s  part ic les .  T h e  co m p o n en ts  o f  a c o m 
plete v irus  part ic le ,  o r  v ir ion , are p resen ted  in Fig. 5-1.

T h e  following d e sc r ip t io ns  o f  viral n om enc la tu re  p ro 
vide useful d ef in it ions  o f  these  te rm s  and expla in  the  basic 
func t ions  o f  these  viral s t ructures .

Core
T he  in n e rm o st  part  o f  the  viral part ic le ,  cons is t ing  o f  the 
viral nucleic  ac id  and assoc ia ted  p ro te ins ,  is the  core. T h e  
viral nucleic  ac id ,  o r  gen om e ,  en co d es  v ira l-specif ic  fu n c 
tions. T he  p ro te ins  a ssoc ia ted  w ith  viral nucleic  ac id s  in 
the  co re  m ay  be specific  en z y m e s  such as  D N A  o r  RNA  
p o lym erase ,  reverse  tran sc r ip ta se ,  o r  h is tone-l ike  proteins.  
In sm all v iruses  such  as the  papovav iruses ,  host-ce ll  nuc le 
a r  h is tones are incorpora ted  as co re  p ro te ins ,  w h ereas  in 
larger v iruses  such as  re t rov iruses ,  co re  p ro te ins  may be 
co d e d  by the viral genome.

Capsid
T h e  sy m m e tr ic  pro te in  shell th a t  su r ro u n d s  th e  viral nu c le 
ic acid in the  co re  is te rm ed  the  cap s id .  T h e  caps id  protec ts  
the  viral nucleic ac id .  In naked  caps id  v iruses ,  it is im por
tan t in adso rp t io n  to host-cell  recep to rs ,  th e reb y  deter
m in ing  the  hos t  range  o f  v irus  infection.

Capsomers
T h e  m orpho log ic  units  tha t  c o m p o se  the  caps id  are  cap- 
som ers.  T hese  are the  m orpho log ic  units  v isua lized  with
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the  e lec tron  m ic roscop e  on  the su r face  o f  naked  capsid  
viruses.  C a p so m ers  are c o m p o sed  o f  c lus te rs  o f  p o ly p ep 
tides,  o r  s t ruc tu ra l  units.

Structural Units

T he  chem ica l units  o r  single p o lypep tide  cha in s  tha t  ag g re 
gate to fo rm  cap so m ers  are re fe rred  to as  s truc tu ra l  units.

N ucleocapsid

T h e  s t ru c tu re  cons is t ing  o f  the  nucle ic  ac id  pro tec ted  by a 
pro te in  caps id  is the  n uc leocapsid .

E nvelope

A m em b rane- l ik e  o u te r  coa t,  o r  peplos, is te rm ed  the 
envelope. T h is  s t ru c tu re  is a  m em bran e- l ik e  lipid bilayer 
w ith  v ira l-coded  g lyco p ro te in s  and ce ll -d e r ived  lipids. 
W h ile  viral p o lypep tides  are vira l co d ed  and lip ids (with 
the  exception  o f  po xv iruses)  are  o f  ce l lu la r  o r ig in ,  the 
ca rbo hy d ra te  po r t ion s  o f  viral g lycop ro te in s  are  in f luenced  
by bo th  the  v ira l-encoded  p r im a ry  pro te in  s t ru c tu res  and 
the p a r t icu la r  hos t  c e l l ’s com plem en t  o f  e nzy m e s  such as 
g lycosy l t ransferases .  T h e  m e m bran e  may be obta ined  
from  host-ce ll  m em b rane ,  nuclea r  m em bran e ,  o r  cy to 
p lasm ic  m e m bran es ,  or, in the  case  o f  poxv iruses ,  it m ay  be 
sy n th es ized  de  novo in the cy top lasm . W ith  enveloped 
v iruses ,  the envelope  an t igens  play dec is ive  roles in deter
m in ing  the  host range  o f  infection and the specific ity  of 
host im m u ne  responses.

Tegum ent

Tegum ent is a te rm  used exclusively  in desc r ib in g  herpes 
viral partic les.  It is an am o rp h o u s  a sy m m e tr ic  layer o f  
materia l  rich  in v ira l-coded  g lobu la r  p ro te ins  tha t  is found 
betw een  the icosahedra l  n uc leocapsid  and the envelope  of 
herpesv iruses.

M em brane or M atrix Protein

A relatively hy d rophob ic  pro te in  located  on the  inside o f  
the viral envelope o f  m any  enveloped  R N A  viruses is 
re fe rred  to as the  m atr ix  p rote in . T h is  pro te in  is located 
beneath  the  ex ternal sp ike pro te ins  o f  the  viral envelope 
and beneath  the  p la sm a  m em b rane  o f  R N A  v i r u s -p r o d u c 
ing cells. T h e  viral nu c leocapsid  in terac ts  w ith  the  matrix  
p ro te in  in b u dd in g  th rough  the host-cell  m em brane.

Sp ike  Proteins
V ira l-coded  envelope g lycop ro te in s  tha t p ro jec t  from  the 
envelope su r face  are sp ike prote ins .  T h ese  pro te ins  may 
have spec ia lized  func t ions  such as hem agg lu t in a t ion  or 
n eu ram in idase  activity , o r  they may p ro m ote  ce ll -m em - 
b rane  fusion.

Virion

T h e  com ple te  o r  m ature  in fec tious  v irus  part ic le  is a virion. 
D epend ing  on the  v irus  in q ues t ion ,  the vir ion  may be a 
naked  o r  enveloped capsid .

Pseudovirion

A virus part ic le  that acqu ired  host-cell  genetic  material 
du ring  replication ra ther  than  viral nucleic  ac id  is a p seu 
dovir ion. T he se  part ic les  have the poten tia l  to transduce  
ce llu la r  genes  from  one host cell to another.

Viroid

T h e  viro id  is a  sm all  infec tious agent tha t  causes  d isease  in 
p lants and  poss ib ly  so m e  slow-virus infec tions o f  anim als .  
T h is  agen t is c o m p o sed  o f  nucleic  ac id  (c losed ,  c ircu la r  
RNA  m olecu les  o f  7 0 ,0 0 0 -1 2 0 .0 0 0  m o lecu la r  w eigh t)  
w ith ou t  a s t ruc tu ra l  protein  coat.

Types o f  S y m m e try

T h e  arch i tec ture  o f  a vir ion  is strongly  in f luenced  by the 
sy m m e try  o f  the viral capsid .  V irus  m orpho log ies  fall into 
one o f  the  following th ree  types  o f  sy m m etry :  he lica l,  
c u b ic ,  o r  complex.

Helical S ym m e try

T h e  nucleic ac id  o f  the  v irus  w ith  helical sy m m e try  has a 
spr ing like  o r  screw  like flexible configura t ion  (helical), and 
the pro te in  caps id  is co nd ensed  on the  helical nucleic  acid . 
T h e  p ro to type  o f  helical sy m m e try  is the p lan t v irus ,  
tobacco  m osa ic  virus. P rote in  s t ru c tu re  de te rm in es  the 
d iam ete r  o f  the  nuc leocap s id ,  w hile  length is d e te rm in ed  
by the nucleic  acid . M edically  im p ortan t  h um an  v iruses do 
not exis t as naked  helical nucleocapsids .  T h e se  nucleo- 
caps ids  are typ ica lly  co iled  w ith in  envelopes. Helical nu
c leoc aps ids  are  charac te r is t ic  o f  vir ion  s t ru c tu re  in the 
o rth o m y x o v i ru se s ,  pa ram yxov iruses ,  rhabd ov iru ses ,  bun- 
yav iruses,  f i lov iruses,  a renav iruses ,  and  coronaviruses .  
Helical nuc leo cap s id s  d if fe r  in leng th , w id th ,  periodicity ,  
and flexibili ty.

Cubic S ym m e try

All an im al v iruses  tha t u ti l ize  cub ic  sy m m e try  have cap- 
sids tha t  fo rm  an icosahedron. An icosahedron  is s im ilar  in 
s t ru c tu re  to a g eodesic  dome. T h is  s t ruc tu re  has  20  faces or 
facets,  each  c o m p osed  o f  an equila tera l tr iangle ,  12 ver
tices, and 30 edges. It is u n ique  in possess ing  th ree  types  o f  
ro tational sy m m etry :  f ivefo ld , th reefo ld ,  and twofold. The 
icosahedron  can  be assem bled  from  a sm all  n u m b er  o f 
repeat ing  identical subun i ts  (capsom ers )  to fo rm  a rigid 
pro te in  s tructure .  T h is  m ean s  tha t  on ly  a sm all  nu m b er  o f
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Fig. 5-2 Two different capsomer icosahedral patterns.

viral genes  are requ ired  to spec ify  capsid  s tructure .  In 
addit ion  to gen om e  econom y, icosahedra l  sy m m etry  p ro 
vides a  m in im al energy  design  for a  c losed-shel l  capsid  and 
a s truc tu re  w ith  a m a x im u m  volum e and m in im u m  surface  
area. As icosahedrons  increase  in size, the nu m b er  o f 
equila tera l t r iang les  on a face increases.  T h is  n u m b er  o f  
t r iang les  is re fe rred  to as  the  t r iangu la tion  n u m b er  T. The 
total n u m b er  o f  cap so m e rs  in a v irion a lso  increases  w ith  T, 
and the  following equation  can  be used to d e te rm in e  the 
total nu m b er  o f  c ap so m ers  i f  the t r iangu la tion  nu m b er  is 
know n: ca p so m e r  n u m b er  =  10T +  2 . Two very  differ
en t icosahedra l  pa tte rn s  o f  capsom ers  utilize 5 : 3 : 2-fold 
rotational sy m m e try  (Fig. 5-2). A denov irus  can  be though t 
o f  as the  p ro to ty pe  for one pattern  shared  by he rpesv irus  
and ir idov irus  capsids.  T h is  pa tte rn  consis ts  o f  12 penton 
capsom ers  (each having 5 ne ig hb o r ing  cap so m ers)  tha t are 
s i tua ted  at each o f  the 12 vert ices  and X  nu m b er  o f  hexon 
capsom ers  (each having 6 n e ighbors)  si tua ted  on edg es  and 
faces. A  second  ca p so m e r  pattern  (see Fig. 5 -2) is exem 
plified by  p ico rnav iru ses  such as  po lio  and  is shared  by 
papova- ,  parv o - ,  and b irnav irus  capsids .  In this  case , 
identical capsom ers  are spaced  equid is tan tly  from  a c o m 
m on cen te r  to yield a m ore  spher ica l  s t ruc tu re ;  however, in 
poliovirus sy m m e tr ic  g roups  o f  5 identical cap so m ers  at 
each o f  the  12 vert ices  m ain ta in  the  fivefold sy m m e try  of 
icosahedral structure. The  parvo-, papova-, adeno-, herpes-, 
p icorna-, calici-,  b irna-, reo-, hepadna-,  flavi-, and toga- 
viruses are examples o f  viruses with icosahedral symmetry.

C om plex S ym m etry

Viruses that cannot be categorized as helical or  cubic are 
complex. Viruses are considered complex if  they have co m 
plex structures, such as poxviruses, or  if they have two types 
of nucleocapsid sym m etry  (helical and cubic), such as retro

viruses; however, some authorit ies em phasize  the cubic c ap 
sid shell and place retroviruses in the icosahedral group.

M orpho logy

S y m m e try  is co m b in e d  with p resence  o r  ab sence  o f  an 
envelope to define  viral morphology. Table 5-1 a ssoc ia te s  
viral fam il ies  and h um an  viral rep resen ta t ives  o f  each with 
the ir  m orpholog ic  descr ip tions .

Classification___________________
Earl M. Ritzi

Despite  the d ivers ity  in m o rp ho lo gy  and  s t r ik ing  d iffer
en ces  in the size o f  bo th  RNA  and DNA v iruses ,  shared  
cha rac te r is t ic s  have been u ti l ized  to  c lass ify  h u m an  v i
ruses  into d if feren t g ene ra  and  fam ilies.  O v e r  the years , 
many d if feren t taxonom ic  g ro up ing s  have been  c rea ted . 
T h e  div is ion  o f  v iruses  into d if feren t fam il ies  have shared  
fea tures  has  relied on d if feren t se ts  o f  viral p roper tie s .  T h e  
presen t-day  c lassif ica t ion  schem e has, in large  pa r t ,  used 
morphology, physical composition of the virion, and replica
tion strategies to achieve an orderly classification scheme.

R ationa le  fo r  C lassification

T h e  following viral fea tures  have played im po rtan t  ro les  in 
c lass if ica t ion ,  w hile  sy m p tom ato log y  has a s su m ed  a sec 
o nd ary  role.

S ym m e try

T h e  p ro p e r ty  o f  sy m m e try  o f  viral s t ru c tu re  has  allowed 
bo th  DNA and  RNA  v iruses  to be d iv ided  into three 
d is t inc t  g roups: (1) he lica l,  (2) cub ic ,  and (3) com plex .
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Table 5-1 Morphology of Viral Agents and Families

Virus family Representative virus Morphology

D N A  v i r u s e s

P a r v o v i r u s P a r v o v i r u s - 1  i k e  a g e n t N a k e d

s t r a i n  B - 1 9 i c o s a h e d r a l

P a p o v a v i r u s H u m a n  p a p i l l o m a  v i r u s N a k e d

( H P V )  I - 5 8 i c o s a h e d r a l

A d e n o v i r u s H u m a n  a d e n o v i r u s N a k e d

( I - 4 2  s e r o t y p e s ) i c o s a h e d r a l

H e p a d n a v i r u s H e p a t i t i s  В v i r u s E n v e l o p e d

i c o s a h e d r a l

H e r p e s v i r u s H e r p e s  s i m p l e x  v i r u s E n v e l o p e d

i c o s a h e d r a l

P o x v i r u s V a c c i n i a C o m p l e x

R N A  v i r u s e s

P i c o r n a v i r u s P o l i o v i r u s  1 -3 N a k e d

i c o s a h e d r a l

C a l i c i v i r u s H e p a t i t i s  E  v i r u s N a k e d

i c o s a h e d r a l

T o g a v i r u s E a s t e r n  e q u i n e E n v e l o p e d

e n c e p h a l i t i s  v i r u s i c o s a h e d r a l

F l a v i v i r u s S t .  L o u i s  e n c e p h a l i t i s E n v e l o p e d

v i r u s i c o s a h e d r a l

C o r o n a v i r u s H u m a n  c o r o n a v i r u s E n v e l o p e d

H C V - 2 2 9 E h e l i c a l

R e o v i r u s M a m m a l i a n  r e o v i r u s N a k e d

d - 3 ) i c o s a h e d r a l

R h a b d o v i r u s R a b i e s v i r u s E n v e l o p e d

h e l i c a l

F i l o v i r u s M a r b u r g  v i r u s E n v e l o p e d

h e l i c a l

P a r a m y x o v i r u s P a r a i n f l u e n z a  v i r u s e s E n v e l o p e d

( t y p e s  I - 4 ) h e l i c a l

O r t h o m y x o v i r u s I n f l u e n z a  v i r u s  ( t y p e  A ) E n v e l o p e d

h e l i c a l

B u n y a v i r u s L a C r o s s e  v i r u s E n v e l o p e d

( C a l i f o r n i a  

e n c e p h a l i t i s  g r o u p )

h e l i c a l

A r e n a v i r u s L y m p h o c y t i c E n v e l o p e d

c h o r i o m e n i n g i t i s  

v i r u s  ( L C M )

h e l i c a l

R e t r o v i r u s H u m a n E n v e l o p e d

i m m u n o d e f i c i e n c y i c o s a h e d r a l

v i r u s  ( t y p e  I ) o r  c o m p l e x

( ? )

E nve loped  or N aked  Virion

T h e  p resence  or ab sen ce  o f  a viral envelope has been a 
useful feature  in c lass ify ing  bo th  DNA and  R N A  viruses. 
W h en  this p ro p e r ty  is co m b in e d  w ith  sy m m etry ,  the  fo l

lowing five d if feren t m orpho log ic  fo rm s o f  v iruses  are 
delineated : (I) naked  icosahedra l ,  (2) enveloped  icosah e 
d ra l ,  (3) naked  helica l,  (4) enveloped  helica l,  and (5) 
com plex .  Each m orpholog ic  type  is rep resen ted  by  one or 
m ore  an im al v irus family, with the  exception  o f  the  naked 
helical fo rm .  T h e  following viral fam il ies  are rep resen ta 
t ives  o f  these  four m orpho log ic  types : ( I )  P arvo- ,  P a po va- , 
A deno-,  P ico rn a - ,  and R eov ir idae  are naked  icosahedra l 
fo rm s; (2) H erpes- ,  H epadna-,  and Togaviridae are envel
o ped  icosahedra l  fo rm s; (3) O r th o m y x o - ,  P aram yxo- ,  
R h ab do - ,  C oro na- ,  A rena- ,  and B unyaviridae are  envel
o ped  helical fo rm s; and  (4) Pox- and Retrov ir idae  are 
com plex  forms.

Nucleic Acid

T he  nucle ic  ac id  o f  the  vir ion  has  a n u m b e r  o f  d is t inc t  
fea tures  tha t are useful in c lassif ica t ion . T he  first basic 
po in t c o n s id e red  in c lassif ica t ion  is the type  o f  nucleic 
ac id .  V iruses  are  o f  e i th e r  the  DNA type  o r  R N A  type. 
Secondly, the  s trand edn ess  and physica l na ture  o f  viral 
nucleic  ac id s  p e rm it  fu r th e r  d is t inc tions  to be made. T he  
DNA v iruses  are nearly  all d o u b le -s tran d ed ,  with  the 
exception o f  the  parvovir idae  family, w hich  con ta ins  s in 
g le -s trand ed  D N A , and the hep adnav ir idae ,  w hich  co n 
ta ins  two D N A  s t rands  o f  d if feren t length. T h e  s i tua t ion  is 
reversed  w ith  the  R N A  viruses ,  w hich  are  p redom inan t ly  
s ing le -s tran ded ,  w ith  the exception o f  the  reov ir idae  fam i
ly, w hich  con ta ins  doub le -s trand ed  R N A . In add it io n ,  the 
R N A  v iruses  may have seg m en ted  gen om es ,  as found  in 
O r th o m y x o - ,  R eo-,  Retro ,  A rena- ,  and  B unyaviridae fam i
lies, o r  gen o m es  may consis t  o f  a  single  R N A  molecule ,  as 
seen  in P ico rna- ,  Toga-,  F lav i- ,  C o ro n a - ,  R h a b d o - ,  and 
Param yxov ir idae  fam ilies.  T h e  p resence  o f  a c lo sed ,  c i r c u 
lar, dou b le -s trand ed  D N A  ge n o m e  in the  Papovavir idae  
fam ily  d is t ingu ishes  this  g ro up  f rom  A d eno - ,  H erpes- ,  and 
Poxvir idae , w hich  have linear, dou b le -s tran ded  DNA g e 
nomes. T he  m em b ers  o f  the  new DNA virus fam ily  te rm ed  
the  H epadnav ir idae  (e .g . ,  hepati tis  v irus  B) all share  a very 
un ique d o u b le -s tran d ed ,  c ircu la r-gapped  DNA geno m e  in 
w hich one s trand  has  a  cons tan t  length o f  3182 bases  and 
the  o th e r  s t rand  varies  betw een  1700  and 2800  bases. In 
each case, the  physica l na tu re  o f  the nucleic  acid provides 
d is t inc tions  b e tw een  c lassif ica t ion  groups . In add it ion ,  the 
s ize  o f  the  viral geno m e  (m o lecu la r  w eigh t o f  the  nucleic 
ac id)  has  p roved  usefu l in d is t ingu ish ing  d if feren t fam ilies 
and genera .  Lastly, the  location  o f  nucleic  ac id  replication 
and caps id  a ssem bly  (nuc lear  versus cy top lasm ic)  may 
d is tinguish  one family, such as  Poxvir idae , from  o the r  
nuc lea r  DNA viruses ,  such as papova- ,  aden o - ,  and her
pesv iruses .  Tables in the following replication section 
s u m m ar iz e  un ique  s truc tu ra l  d if fe rences  in g eno m es ,  si tes 
o f  nucleic  ac id  rep l ica t ion ,  and functional asp ec ts  o f  rep l i
ca tion  strategy.



1 6 6  5. V i ro lo g y

Replication S tra teg y

T h e  m olecu la r  b iology o f  gen om e  replication and the 
m ethods  for p roduc ing  viral m essenger  RNA  (m R N A ; +  
sense) d if fe r  s t r ik ing ly  for viral fam ilies.  Viral taxonom y 
has increasingly  recogn ized  that replication s tra tegy  is 
v e ry  fundam enta l  to the nature  o f  a v irus  an d ,  therefore ,  
has increasingly  u ti lized  s im ila r i t ie s  and  d is t inc t  differ
en ces  for g rouping  viruses.  For exam ple , the failure to 
de tec t  subgenom ic  m essages  d u r ing  f lav iv irus  replication 
con tras ted  w ith  ex is ting  know ledge  o f  o th e r  a lphav iruses  
o f  the togavirus  family. T h is  d is t inc t ion ,  at least in par t ,  led 
to the  es tab l ishm en t  o f  a separa te  family for the flavi- 
v iruses .  T h ese  d if fe rences  are deta i led  fu r the r  in the fo l
lowing replication section.

Virion D iam eter and  C apsom er N um ber

T h e  vir ion  d iam e te r  and  ca p so m e r  n u m b er  are  useful 
physical factors in cu rren t c lassif ication .

Site  o f  N ucleocapsid E nve lo p m en t

T h e  site o f  nu c leocapsid  envelopm ent has  been useful in 
d is t inguish ing  m em bers  o f  the a lphav irus  gen us  o f  the 
togaviridae, w hich  bud th rough  the  p la sm a  m em brane ,  
from mem bers o f  the flaviviridae family, which bud through 
in tracy top lasm ic  m em branes .

E nzym es

It is im po rtan t  in the  s tud y  o f  v irus-spec if ic  enzy m es  to 
d is t inguish  between en zy m e s  found  w ith in  the  v ir ion  (v i r i 
on-assoc ia ted  enzy m es)  and v irus-spec if ic  en zy m e s  that 
are expressed  by the viral geno m e  during  replication but 
tha t are not packaged  with in  the  viral particle. T he  p res 
ence  o f  specific  v ir ion -assoc ia ted  t ransc r ip ta ses  (RNA 
polymerases, DNA polymerases, and RNA-dependent DNA 
polym erases)  and o f  specific  functional spike pro te ins  such 
as  neu ram in idase  or m em b ran e  fusion protein  have p ro 
v ided  d is t inc tions  between g ene ra  and fam ilies.  Tables 
following the rep lication  section  indicate  the p resence  or 
absence  o f  v ir ion-assoc ia ted  enz y m e s  and  define  those 
u n ique to each v irus  family.

Ether S en s itiv ity

Sensi t iv ity  to viral inac t ivat ion  by e the r  is genera l ly  d e m 
onstra ted  in viral fam il ies  that p ossess  envelopes.

A n tigen ic  Cross-Reactivity

In gene ra l ,  an tigen ic  d e te rm in an ts  o f  viral p ro te ins  are 
shared  o r  c ross -reac t ive  w ith in  a genus or, in som e cases ,  a

family, w hile  de te rm in an ts  are d is s im ila r  o r  unreact ive  
betw een  d if feren t genera .  T h is  rule, however, is not un iver
sally  held , and  exceptions can  be found.

S y m p to m a to lo g y

T h e  use o f  sy m p to m s  has not been sa t is fac to ry  in d ev e lo p 
ing an in ternat ional c lass if ica t ion  sch em e  because  the 
sa m e  virus m ay  be found in several d isease  g rou ps  and 
s t ru c tu ra l ly  d is s im ila r  v iruses  m ay  cause  s im i la r  s y m p 
toms. However, th is  a p p roach  has proved  useful to  the 
c lin ic ian ,  and an a l te rnat ive  sys tem  o f  c lassif ica t ion  has 
uti lized affec ted  organs  and  sys tem s as  m eans  for c la s s i 
fication (e .g . ,  d e rm a trop ic  v iruses ,  n e u ro trop ic  v iruses ,  
v iruses  o f  the  re sp ira to ry  system).

C u rre n t  C lassification

T h e  schem e presen ted  in Figs. 5-3 th rough  5-7 is a cu rren t 
a ttem pt to s im plify  and o rde r  the  an im a l  v iruses .  T h e  five 
basic su b g ro up s  used to genera te  viral fam il ies  have been 
d e r ived  by co m b in in g  the  im portan t  c h a rac te r is t ic s  o f 
nucleic  ac id  type , sym m etry ,  and naked  versus enveloped 
morphology.

Fig. 5-3 Classification group I: DNA viruses w ith ico
sahedral symmetry and naked nucleocapsids.

Family 
Parvoviridae ©  
Parvoviruses:
B19 Virus: Erythema infectiosum 
AAV: Adenoassociated Virus

P apovaviridae 
Papovav iruses:
JC Virus: Progressive Multifocal Leukoencephalopathy 
BK Virus
Human Papillomavirus: Warts and cervical cancer 
Polyoma Virus: Tumors 
Simian Vacuolating Virus (SV40)

A denoviridae 
A denoviruses:
Pharyngitis-Respiratory tract infections
Eye infections
Gastroenteritis
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Family 
H epadnaviridae ^  
H epadnaviruses:
Hepatitis В Virus: Acute and chronic hepatitis

H erpesviridae 
H erpesviruses:
Herpes simplex: Fever blisters, genital herpes
Varicella-zoster: Chickenpox, shingles
Cytomegalovirus: Cytomegalic
inclusion disease
Epstein-Bam Burkitt's lymphoma,
mononucleosis
В virus: Ascending myelitis
Human Herpesvirus 6: Roseola
(Exanthem Subitum)
Human Herpesvirus 7

Poxviridae 
Poxviruses:
Variola: Smallpox
Vaccinia: Complications following vaccination 
Molluscum contagiosum: Benign skin nodules 
Orf: Milker's nodules 
Cowpox virus: Vesicular lesions 
Monkeypox virus: Smallpox-like

Fig. 5-4 Classification group II: DNA viruses w ith en
velopes or complex coats.

Replication
Earl M. Ritzi

Family 
Picornaviridae ©
Enteroviruses:
Polioviruses: Poliomyelitis, meningitis 
Coxsackieviruses: Aseptic meningitis, 
herpangina, pleurodynia, myocarditis and 
pericarditis, febrile illness
Echoviruses: Aseptic meningitis, febrile illness with or 
without rash, common cold 
Enterovirus 72: Hepatitis A virus
R hinoviruses:
Common cold

Caliciviridae
Norwalk Agent 
Hepatitis E Virus

Reoviridae
Reoviruses 
Orbiviruses
Colorado Tick Fever Virus: Biphasic fever 
Rotavirus: Nonbacterial infantile diarrhea.

Togaviridae
A lphaviruses:
Eastern and Western Encephalitis viruses
Rubivirus:
Rubella virus: German measles

Flaviviridae: ^
Flaviviruses:
Yellow Fever Virus: yellow fever 
Dengue: Bone-Break fever 
St. Louis encephalitis virus: Encephalitis 
Hepatitis С virus: Posttransfusion hepatitis

A lytic o r  p roduc t ive  viral infection will p roceed  if  the  cells 
o r  spec ies  o f  cells  infected  are perm iss ive  for the  infecting 
virus. T h e  te rm  p erm iss ive  w hen  used to d escr ibe  the  host 
cell  m ean s  tha t  bo th  a su i tab le  cell  recep to r  and in t race l lu 
lar  requ irem ents  such as host-ce ll  en zy m e s  are  sufficient 
for sup po r t ing  the replication o f  a p a r t icu la r  virus. The  
te rm s  n onperm issive  and nonproduc tive  in fec tion  are u t i 
l ized  to  descr ibe  the  co n tra s t in g  s i tuation  w here  cells  are 
tran sfo rm ed  in g row th  p ro p e r t ie s  bu t  viral replication is 
not su pp o r ted .  S y nch ron ou s  viral infec tions o f  cells per
m itt ing  a single  replication cycle  have given r ise  to  one- 
step grow th  curves .  W h e n  infectious units  are assayed 
during  sy nchronous  infection , it is found  tha t in fectiv ity  
d isapp ea rs  rap id ly  a f ter  adso rp t io n  o f  v irus  to cells  and that 
h ours  la ter  there  is a  single  rise in in t race l lu la r  infectivity

Fig. 5-5 Classification group III: RNA viruses w ith cu
bic (icosahedral) symmetry.

followed by a subsequen t rise in ex trace l lu la r  infectivity. 
T h e  per io d  from  uncoa ting  to the f irs t appea ran ce  o f  
in trace l lu lar  v irus  is te rm ed  the  ec l ip se  period .  A second  
pe r io d ,  f rom  uncoa ting  to  the appea ran ce  o f  ex tracellu lar  
v irus ,  is re fe rred  to as the  latent pe r iod .  For v iruses  that 
m ature  by  budd ing  th rough  the cell m em bran e  only ex tra 
ce llu la r  v irus  is infective; therefore ,  only a latent period 
can be defined .

T h ere  are six basic  steps in a viral replication cycle. In 
o rde r  o f  occu rren ce ,  these  are (1) ad so rp t io n ,  (2) pen e tra 
tion , (3) u ncoa ting ,  (4) b iosyn thes is ,  (5) m atura t ion ,  and
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Family 
Orthomyxoviridae
Influenza viruses: Influenza

Paramyxoviridae
Pneumovirus:
Respiratory syncytial virus: Pneumonia and 
severe bronchiolitis in infants, common cold 
in adults.
Paramyxoviruses:
Parainfluenza viruses 1-4: Croup and 
pneumonia in children.
Mumps virus: Mumps (epidemic parotitis) 
Morbillivirus:
Measles virus: Measles (Rubeola)

Rhabdoviridae
Rabies virus: Rabies

Filoviridae twwwww.wj
Marburg virus: Hemorrhagic fever 
Ebola virus: Hemorrhagic fever

Arenaviridae
A renaviruses:
Lymphocytic Choriomeningitis Virus (LCM): 
Influenza-like disease with meningitis. 
Lassa fever: Hemorrhagic fever

Coronaviridae
H um an C oronaviruses: Upper Respiratory Tract 
Infections:
Common colds

Bunyaviridae
Bunyaviruses: California Encephalitis Group, 
La Crosse Virus: Encephalitis

Fig. 5-6 Classification group IV: RNA viruses w ith heli
cal symmetry.

(6) re lease o f  p rogeny virus. T hese  s teps  are c o m m o n  to 
bo th  DNA and RNA  viruses;  however, the following d is 
cuss ion  o f  these  steps d e sc r ib es  im portan t  differences.

A dsorption
T he  a ttachm en t o f  a v irus to a cell involves specific  ce llu la r  
recep to rs  and viral reac t ing  s i tes  te rm ed  the viral a t tach
m ent protein(s). O ften ,  w ell-defined  host cell su r face  p ro 
teins with  know n ce l lu la r  funct ions  se rve  as v irus  recep-

Family 
Retrovirdae
R etroviruses:
Oncoviruses: Endogenous leukemia/leukosis 
viruses and defective sarcoma/ acute leukemia 
viruses of many nonhuman species 
Human T cell leukemia virus (HTLV-I):
Adult T cell leukemia; HTLV-II: Hairy cell 
leukemia.

Lentiviruses:
Human immunodeficiency virus
(HIV-1 and HIV-2): AIDS
Simian immunodeficiency virus (SIV):
A monkey disease virus.
Visna and Maedi virus of sheep.

S pum aviruses:
Human foamy virus: No symptoms 
Simian foamy virus: Monkey kidney cells

Fig. 5-7 Classification group V: RNA viruses of mixed 
or complex symmetry.

tors ; however, the  ce l lu la r  recep to rs  may be v irus  specif ic ,  
lead ing  to specific  viral cell and t issue  tro p ism s ,  as well as 
sp ec ies-spec if ic  host ranges . Po liovirus d em on s tra te s  this 
po in t  by infec ting  recep tor-pos it ive  h um an  cells  while 
fa iling  to infect recep tor-negative  m o use  cells. W ith  envel
op ed  v iruses ,  the viral g lyco p ro te in s  play a m a jo r  role in 
adso rp t ion ,  w hile  naked  caps id  v i ru ses  may have a single 
viral a t tachm ent p ro te in ,  such as  the  f ibe r  o f  adenov iruses ,  
o r  a m osa ic  o f  viral p ro te ins  fo rm ing  a si te  on the capsid  
surface , such as the p ico rnav iruses .  Generally ,  adso rp tion  
involves e lec tros ta tic  in terac t ions and is in f luenced  by pH; 
however, it show s litt le tem pera tu re  d ep end ence  o ccu rr ing  
in a s im ila r  m a n n e r  at 4°C  and 37°C.

P enetra tion
T h e  p rocess  by w hich  a v irus  en te rs  a cell is te rm ed  
penetra tion . N aked capsid  v iruses genera l ly  en te r  a cell  by 
phag ocy to s is  (v iropexis)  and  are initially  found  in vac
uoles. A seco n d ,  im p ortan t  m ech a n ism  u ti l ized  by envel
op ed  v iruses  such as param yx ov iru ses  en ta i ls  a  fusion of 
the viral envelope with the  ce l lu la r  m em bran e ,  resu lt ing  in 
the re lease  o f  the  nu c leocapsid  in to  the  cy top lasm .

A  m odif ica tion  o f  th is  m ech a n ism  is dem on s tra ted  by 
o r th o m y x o v iru se s ,  w hich  u n derg o  v iropexis  followed by 
vacuole  fusion w ith  a lysosom e. T h is  resu lts  in a lowered 
pH  and a release o f  the  n uc leocapsid  from  the  vacuole  into 
the cy top lasm . M ore  rarely, the  nucle ic  ac id  may be d ire c t
ly injected into a cell (e .g . ,  bac te r io ph age)  o r  re leased  into

http://www.wj
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the  cell upon a  confo rm at iona l  change  in the viral capsid  
(e .g . ,  poliovirus). T h e  p rocess  o f  penetra tion  is a  te m p e ra 
tu re -d epen den t  one and p ro ceeds  much m ore  rap id ly  at 
37°C than at 4°C.

U ncoating
T h e  rem oval o f  caps id  and co re  pro te ins ,  l ibera t ing  viral 
nucleic  ac id ,  is te rm ed  uncoa t ing .  W ith  the  exception  o f  
po xv iru ses ,  the  p rocess  u ti l izes  p reex is t ing  ce llu la r  p ro 
teases ,  nega ting  the  need  for de novo syn thes is  o f  these 
enzym es.  T h is  cy to p lasm ic  p rocess  may involve fusion o f  a 
lysosom e with the viral vacuole ( t rue  for many naked 
caps id  v iruses) ,  a  confo rm at iona l  ch ang e  in the  viral capsid  
(p ico rnav iruses  like polio), on ly  p art ia l  uncoa ting  to  leave 
a  nucle ic  a c id -p ro te in  co re  (reoviruses) ,  o r  removal o f  
p ro te ins  fro m  n uc leocapsids  a f te r  enve lopes  have been 
rem oved  by fusion with ce l lu la r  m em branes .

T h e  uncoa ting  o f  poxv iru ses  is un ique  and involves a 
tw o-s tage  uncoa ting  process .  F irs t,  the  ou te r  coa t  and 
lateral bodies  o f  poxv iruses  are rem oved ,  l ibera t ing  a core 
s tructure .  T h is  is accom p lished  by preex is t ing  ce llu la r  
en zy m e s  in a phagolysosom e. T h e  second  stage  o f  core 
uncoa ting  is dependen t on a unique viral enzy m e  in the 
p oxv irus  core ,  a  D N A -dependent R N A  polym erase . T h is  
v ir ion -assoc ia ted  enzy m e  t ran sc r ibes  a m essage  for a  new 
uncoa ting  pro te in  w hile  the poxv irus  co re  is stil l intact. 
T h e  new p ro te in  p rod uced  by trans la t ion  o f  this  m essage  
then  uncoa ts  the  co re  s t ruc tu re ,  l ibera ting  the  viral nucleic  
ac id .  Unlike m ost o th e r  v iruses ,  com ple te  poxvirus  un 
coa t ing  requires  the  syn th es is  o f  a new p ox v irus-coded  
protease.

T he  viral unco a tin g  p rocess  genera l ly  leads to a loss in 
infec tiv ity  and m ark s  the  t ru e  beg inn ing  o f  the  viral ec lipse 
period .

B iosynthesis o f DNA-Containing Viruses
T h e  b iosy n theses  o f  D N A  v iruses  have genera l ly  been 
d iv ided  into two phases: an ear ly  phase, those  events  that 
o ccu r  before  D N A  replica t ion , and  a late phase , those 
events  tha t follow the  initia tion  o f  DNA replication. W ith 
the  exception  o f  p oxv iruses ,  w hich  replicate in the  c y to 
p lasm , DNA v iruses  b eg in  the  b io syn th es is  phase  w hen 
viral nucleic  ac id  m ig ra te s  into  the nuc leus  th rough  nuclear 
po res  and host-cell  D N A -dependent R N A  po ly m erase  t r an 
sc r ibes  selec tive  early  reg ions  o f  the  viral genom e. Viral 
messenger RNA  is then processed (polyadenylated, capped, 
a n d /o r  sp l iced) in a s im ila r  m an n e r  as ce llu la r  m R N A  and 
transpo r ted  to the  cy to p la sm  w here  host-cell  r ib osom es  
and transfe r  RNA  (tRN A ) m olecu les  syn thes ize  viral p ro 
teins. T h e  new ly sy n thes ized  viral p ro te ins  move to the cell 
nuc leus  o r  ce l lu la r  m em b ranes .  M any o f  the  ear ly  viral

p ro te ins  en te r in g  the  nucleus are non s t ru c tu ra l  p ro te ins  
such as the  T  an t igens  ( tu m o r  an t igen s)  o f  papova- or 
adeno v iru ses  o r  the  E p s te in -B arr  nuc lea r  an tigen  (E B N A ) 
o f  herpesv iruses .  D u r in g  the early phase  o f  replication, 
host-cell  m acro m olecu la r  p rocesses  such as DNA replica
tion  m ay be s t im ula ted ,  as  noted  for papovaviruses ,  or  
inh ib ited ,  as  noted  for adeno- and herpesv iruses.

In gen e ra l ,  the  rep lication  o f  viral DNA p ro ceeds  on  a 
d o u b le -s tran d ed ,  l inear DNA tem pla te  and is charac te r ized  
as b o th  sem iconserva tive  and b id irec t ional .  A denovirus 
DNA ap pea rs  to be an exception  and  is syn th es ized  in a 
un id i rec t iona l ,  a sy m m e tr ic  fashion. T h e  papovaviruses 
also presen t an exception to this  rule  by replicating viral 
D N A  bid irec t ional ly  on a c lo sed ,  c i r cu la r  DNA template. 
D u r in g  and  subsequen t to nucleic  ac id  repl ica t ion , the  late 
phase o f  p ro te in  syn thes is ,  w hich  is responsib le  for s t ru c 
tural pro te in  p rod uc t io n ,  occurs .  T he  capsid  pro te ins  p ro 
duced  migra te  to the  nucleus for caps id  assembly.

T h e  p r inc ipa l  exception to the  genera l  DNA virus rep l i
ca tion  schem e  is the  poxv irus  cyc le  o f  cy top lasm ic  rep l ica
tion. T h e  p resence  o f  a D N A -dependent RNA  po lym erase  
in the  p oxv irus  vir ion  e lim ina tes  the requ irem en t for nu c le 
ar  host-cell  t ranscr ip t ion  o f  the viral genome. T he  two- 
stage  uncoa ting  p rocess  provides for an ex tended  period  o f  
ear ly  viral m R N A  synthesis .  F eu lgen-s ta in ing  cy top lasm ic  
fac tor ies  for D N A  syn th es is  are d e tec ted  in the cy top lasm , 
and a un ique  de  novo syn thes is  o f  the  p oxv irus  coa t  occurs  
in the  cy top lasm . T h is  coa t  is the only viral envelope that is 
not ob ta in ed  by budd ing  and is not an a lte red  host-cell 
mem brane.

B iosynthesis o f RNA-Containing Viruses
T he  m a jo r i ty  o f  R N A  v iruses  replicate  in the cy top lasm  
ra th e r  than in the  nucleus . T he  tw o  exceptions to this  rule 
are the o r th o m y x o v i ru se s  and re trov iruses ,  w hich  have a 
nuclea r  phase  in the ir  rep lication  cycles.  S ince  t r a n sc r ip 
tion  o r  replication o f  viral RNA  relies on the  p resence  of 
specific  en zym es ,  the  absence  o f  R N A -dependen t RNA  
po ly m erase  ac tiv ity  in the  host cell  has  im posed  a  need  for 
d if feren t replication s tra teg ies  to deal w ith  this  deficiency. 
I f  the  un ique  re trov irus  s tra tegy is exc luded ,  RNA  viruses 
can  be cons id e red  to be plus (encaps ida t ing  messenger- 
sense form), negative  (encaps ida t ing  messenger- tem plate  
fo rm ), o r  doub le -s trand ed  (encaps ida t ing  the replicative 
fo rm  o f  th e i r  genom es).  Four d if feren t ty pes  o f  viral RNA 
rep lication  are rec o g n ized .  T h e  ty p e  o f  replication is deter
m ined  by the physical na ture  o f  the  viral gen om e  and  the 
p resence  o r  absence  o f  v ir ion -assoc ia ted  enzym es. The 
R N A  v irus fam il ies  and represen ta t ive  agents  are separated  
in Fig. 5-8 into four replication groups . Each g ro u p  shares 
one o f  the  following replication strategies:
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(1) d s  RNA

R eoviridae
(Rotavirus)

(3) s s  (+) RNA

P ico rn av irid ae  Caliciviridae 
(Poliovirus) (Norwalk Agent)

T ogav iridae C oronav iridae  
(Sindbis) (H um an C orona)

(2) Retrovirus (+) RNA
(DNA -  In term ediate)

R e trov iridae
(HIV-1)

(4) s s  (-) RNA

#  P aram yxoviridae  
(M um ps)

O rthom yxoviridae
(Influenza) ..............

R habdo v irid ae  
(Rabies)

B unyaviridae 
(California en cep h a litis )  

(La C rosse)

A renaviridae 
(Lym phocytic choriom ening itis)

Fig. 5-8 Replication strategies of RNA viruses.

D ouble-S tranded  RNA

T h e  R eoviridae  family, the on ly  dou b le -s tran ded  RNA 
v iruses ,  possesses  a v ir ion-associa ted  transcr ip tase  and 
exemplif ies the first type o f  viral replication strategy. 
T hese  v iruses replicate th e i r  dou b le -s tran ded  R N A  in a 
unique conserva tive  and asy m m etr ic  manner. S ince  the 
viral co re  never com ple te ly  uncoats ,  the  seg m en ted  d o u 
b le-stranded gen om e  rem ains  p ro tec ted  ag a ins t  ce llu lar  
nucleases during  replication.

Retrovirus-RNA Replication  
Via a DNA In term ed ia te

S ing le-S tranded  Plus (+ ) RNA

A  third replication s tra tegy  is exh ib i ted  by the  s ing le
s tranded  R N A  v iruses  tha t  have g en o m es  o f  posi t ive  p o 
lar i ty  (s im ila r  to m R N A ). T he  p ico rn a - ,  toga- ,  flavi- ,  and 
co ronav iruses  are exam ples  o f  s ing le -s tranded  R N A  vi
ru se s  w ith  posi t ive  (m essen ger )  polarity . T h e  en te r ing  
gen om e  o f  these  v iruses  ac ts  d irec tly  as genom e-leng th  
po lyc is tron ic  m R N A  and is u ti lized  to syn th es ize  an RNA- 
dep end en t  R N A  po lym erase  and  cap s id  pro te ins .  T he  poly
m erase  genera tes  a com p lem en ta ry  nega tive  s trand  that can 
be re leased  from  the  tem pla te  and encap s id a ted  as gen om es  
in p rogeny  v irus  part ic les  or u ti l ized  as po lycis tron ic  
m essages  for viral pro te in  syn thesis .  T h e  pos i t iv e -s t rand ed  
RNA  viruses d o  not requ ire  v ir ion -asso c ia ted  enzym es; 
there fo re ,  nucleic  ac id  alone, ex trac ted  from  vir ions, acts 
as  m R N A  and is infective in perm iss ive  cells. T h e  po ly
c is tron ic  m R N A  o f  po s i t iv e -s t ran ded  v iruses  is trans la ted  
into a g ian t po lypep tide  tha t is sub jec ted  to post trans la t ion -  
al c leavage to obta in  s t ruc tu ra l  and  non s t ruc tu ra l  proteins.

S ing le-S tranded  M inus ( - )  RNA

A  fourth  s tra tegy  em ployed  by  s ing le -s tranded  R N A  v i
ruses  o f  nega tive  po la r i ty  d iffers  s ign if ican tly  from  that of 
p o s i t ive -s t rand ed  v iruses .  T he  o r th o m y x o - ,  p a ram y xo - ,  
and rhabdo v iru ses  are exam ples  o f  nega tive -s tran ded  RNA  
viruses.  T h e se  v iruses  have g en o m es  that a re  com p lem en 
ta ry  to m R N A  and are ch a rac te r ized  as n ega tive-po la r i ty  
genom es. S ince  the g en o m e  cann o t  ac t  as m R N A , these 
v iruses  all m u s t  p ossess  v ir ion -assoc ia ted  tran sc r ip ta se s  to 
syn thes ize  m ono c is t ron ic  m essages  (sm a lle r  than  genom e 
size) upon en te r in g  the host cell .  A  po ly m erase  and s t ru c 
tural p ro te ins  are syn th es ized  fro m  m on oc is t ro n ic  m es 
sages ,  and a repl ica t ive  in te rm ed ia te  with  g row ing  n e g a 
tive RNA  s t rands  is fo rm ed  to g enera te  p rogeny  viral 
genom es .  T h e  neg a tive -s trand  v iruses  d if fe r  f ro m  positive- 
strand  RNA  v iruses  by  u ti l iz ing  m on oc is t ro n ic  m R N A s ,  by 
having po ly m erase  encap s id a ted  in p rogeny  vir ions, by 
packag ing  negative R N A  strands ,  and by  hav ing  viral 
nucleic  ac id  tha t is n on in fec t ive  w hen  ex trac ted  from  the 
virion.

A second  replication s tra tegy  (replia tion involving a  DNA 
in term edia te)  is un ique  to the re trov irus  family. Viruses 
con ta in  an R N A -dependent DNA p o lym erase  (reverse t r an 
scr ip tase)  tha t ca ta lyzes the syn thes is  o f  d oub le -s tranded  
DNA from the  s ing le -s tranded  R N A  genome. T he  viral 
DNA c ircu la r izes  and in tegra tes  into ce l lu la r  nuclear  DNA. 
T h e  in tegrated  DNA provirus is t ranscr ibed  by host-cell  
D NA -dependent R N A  po lym erase  to yield viral R N A  ge
no m es  and polycis tronic  m R N A s. T h e  ex trac ted  RNA  
gen om e  o f  the re trov iruses  is not infec tive  desp ite  its 
pos i t ive  po la r i ty ;  however, the  DNA provirus  o f  t r an s
form ed cells is infective.

M aturation
For naked  caps id  v iruses ,  the  p rocess  o f  m atura t ion  refers 
to the  aggrega tion  o f  viral p o lypep tides  in to  c a p so m ers  and 
the su bsequen t se lf-assem bly  o f  the  cap so m e rs  into a 
cap s id .  T h e  m atu ra t ion  o f  naked  caps id  DNA viruses 
o ccu rs  in the  nucleus , w hile  all R N A  virus m atu ra t ion ,  
w ith  the  exception  o f  o r th o m y x o v iru se s ,  o ccu rs  in the 
cy top lasm . T h e  enveloped  v iruses  on ly  com ple te  the ir  
m atu ra t ion  during  o r  a f te r  budd ing  from  an a ltered  h o s t 
cell  m em brane .
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R elease o f P rogeny Virus
T h e  re lease  o f  naked  caps id  v iruses  such as papova- ,  
ad en o - ,  o r  p ico rn av iru ses  o ccu rs  by  a  p rocess  o f  cell death  
and p la sm a  m e m bran e  d is in tegra tion . T h e  enve loped  v i
ru se s  a re  re leased  from  cells  by budd ing  th rough  a  ce llu la r  
m em brane .  T h e  h e rp esv iru ses  bud  th rough  the  inn e r  layer 
o f  the  n uclear  m em b rane  and are  re leased  e i ther  by  passage  
th rou gh  the  endop lasm ic  re t icu lum  o r  in vacuoles  fo rm ed 
f rom  the  ou te r  layer o f  the  n uc lea r  m em brane.  T h e  m ost 
prevalent fo rm  o f  R N A  virus budd ing  occ u rs  at the  p lasm a 
m em bran e  o f  the  host cell .  Release o f  p rogeny  v irus  by 
b udd ing  th rough  the su rface  m em bran e  o f  in fec ted  cells  is 
cha rac te r is t ic  o f  the o r th o m y x o - ,  p a ram yx o- ,  rhab do - ,  
a rena- ,  re tro - ,  and  togaviruses .  A third type  o f  viral b u d 
d ing  is cha rac te r is t ic  o f  co ro n a - ,  bunya- ,  f laviviruses. 
V iru ses  o f  these  fam il ies  bud th rough  in t racy top lasm ic  
m em branes .

Unique M olecular A spects 
o f G enom e S tructu re  and  Replication
Terminal Redundancy

T h e  p resence  o f  te rm ina l  repeats  in nuc leo t ide  sequence  is 
noted  at the  en d s  o f  viral genom es .  A  te rm ina l ly  redun dan t  
base  sequence  such as  А, В . C ,  D. . . . X ,  Y, A is revealed  
in DNA v iruses  by show ing  that endo nu c lease  t rea tm en t 
followed by  m elting  and reann ea l in g  p rodu ces  DNA cir
cles. T erm inal red un dan cy  (w ithou t sequence  inversion) is 
a ssocia ted  with h e rpesv iru s  and  re trov irus  genom es.

In ver te d  Terminal R epea ts (ITRs)

Reversed o r  inverted  co m p lem en ta ry  sequ ences  are found 
at the  ends  o f  adenov irus ,  poxv irus ,  parvov irus ,  rh abd ov i
rus ,  bunyavirus,  and  a renav irus  genom es .  T h e se  IT R s  are 
dem o ns tra ted  by “ p anh and le "  fo rm ation  on m elting  and 
reann ea l in g  o f  ad enov irus  genom es.

Protein Linkage to  Viral G enom es

P ro te in s  are  covalently  coup led  to g eno m es  o f  selected 
viral families. P ico rn av iru ses  (l ike polio) have a  V pg 
p rote in . A denov irus  DNA has  a 55 kD  p ro te in ,  and  hepa t i
tis B , ca l ic iv i ruses ,  and parvo v iru ses  have p ro te ins  at
tached  as replication p r im ers  o r packag ing  signals.

Cross-Linked Viral DNA

V accin ia  v irus and o th e r  ds poxv iru ses  are un ique  in being 
covalently  c ross- l inked  at gen o m e  ends.

Viral Enhancers

T h ese  are  g en o m e  s tru c tu res  such as the 72bp  repeats 
found in the SV 40  gen om e  that po ten t ia te ,  activate , and 
may, in g ene ra l ,  en han ce  t ran sc r ip t ion  even w hen located 
th o u san ds  o f  bases  away. Viral en h an ce rs  are usual ly  
located  u p s t ream  o f  key viral p ro m ote r  e lem en ts  and play 
im po rtan t  ro les in transc r ip t ion a l  con tro l .  W hile  present in 
m any  v iruses ,  enhan ce rs  o f  papovav iruses  (such  as s imian 
v irus  40 )  and re t rov iruses  are well s tud ied .

Transactivators o f  Transcription

M any v iruses  have im po rtan t  m ulti func t iona l p ro te ins  that 
se rve  as  t ransac t ive  transc r ip t ion a l  regulators.  T h ese  p ro 
te ins  (e .g . ,  s im ian  v irus  40  T  an tigens ,  ad enov irus  El A and 
El В prote ins ,  he rpes  a lpha- trans in du c t ion  fac to r  [alpha- 
T IF ]  and h u m an  im m u no def ic iency  v irus  I |H IV - l]  ta t 
p ro te in) tu rn  on and regula te  viral t ranscr ip t ion  program s.

mRNA Splicing

T h is  p h e no m en on ,  w hich  o ccu rs  in euca ry o t ic  ce lls ,  was 
d iscovered  in ad enov irus  t ranscr ip t ion  studies.  In adenov i
rus  o ne  large late m R N A  from the late p ro m o te r  is spliced 
in to  d ifferent sm aller-s ized  m R N A s to p rod uce  a  com plete  
a sso r tm en t  o f  adenov irus  late pro te ins .  Sp lic ing o f  m R N A  
contro ls  the  ab u n d ance  o f  each late p rote in . W h ile  m R N A  
splic ing m ay o ccu r  d u r ing  express ion  o f  o th e r  v iru ses ,  it is 
m ost n o ted  in ad enov irus  replication.

H erpes Transcription Cascade

R athe r  than em ploying  DNA replication as a s im ple d iv i
sion betw een  early  and late t ranscr ip t ion  p rog ram s,  her
p esv iruses  induce  transcr ip t ion  o f  a lp ha  genes  with alpha- 
T1F (in the  a bsence  o f  pro te in  synthesis) .  T h ese  a lpha  
g enes  induce  transcr ip t ion  o f  beta-1 and be ta -2  genes. 
T hese  beta  g enes  allow DNA rep lication  and the su b se 
quent induction  o f  g a m m a  g enes ,  thereby  fo rm ing  a t r an 
scr ip tion  ca scad e  o f  a lpha ,  be ta ,  and  g a m m a  genes  w here 
gene  produc ts  induce  su bsequen t steps and do w nregu la te  
p r io r  steps.

Sum m ary o f Viral S tructure  
and  Replication R elationships

Tables 5 -2  and 5-3 associa te  gen om e  s t ru c tu res  o f  DNA 
and R N A  v iruses  w ith  pert inen t  replication concepts .  T a 
bles 5 -4  and  5-5 d e sc r ibe  e n z y m e  ac tiv it ies  that have been 
a ssoc ia ted  with v ir ions  o f  DNA and RNA  viruses.  Table 
5 -6  d e sc r ib es  hos t-ce ll  su rface  p ro te ins  tha t w ere  found  to 
se rve  as  recep to rs  for an im al viruses.
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Table 5-2 Nucleic Acid in DNA Virus Families

Family Type o f genom e
M olecular 
w t. x  10- ®

Virion-
associated
transcriptase

Site o f nucleic acid 
replication and  
capsid assembly

P a r v o v i r i d a e S i n g l e - s t r a n d e d  l i n e a r  D N A .  +  o r  -  p o l a r i t y 1 . 2 - 1 . 8 N o N

H e p a d n a v i r i d a e D o u b l e - s t r a n d e d  c i r c u l a r  D N A  w i t h  a  s i n g l e - s t r a n d e d  

r e g i o n  ( l i n e a r  d s D N A  w i t h  c o h e s i v e  e n d s )

1 . 6 - 2 . 1 Y e s N

P a p o v a v i r i d a e D o u b l e - s t r a n d e d  c i r c u l a r  D N A ,  s u p e r c o i l e d 3 . 0 - 3 . 5 N o N

A d e n o v i r i d a e D o u b l e - s t r a n d e d  l i n e a r  D N A 2 3 - 2 6 N o N

H e r p e s v i r i d a e D o u b l e - s t r a n d e d  l i n e a r  D N A 1 0 0 - 1 5 0 N o N

P o x v i r i d a e D o u b l e - s t r a n d e d  l i n e a r  D N A ,  c r o s s - l i n k e d 1 5 0 - 2 0 0 Y e s С

K ey: N  =  n u c l e u s ;  С  =  c y t o p l a s m .  Yes in d i ca t e s  t h e  p r e s e n c e  o f  a  t r a n s c r i p t a s e ,  w h e r e a s  no  i n d i c a t e s  th e  a b s e n c e  o f  one.

Table 5-3  Nucleic Acid in RNA Virus Families

Family
Structure of 
genome

No. of 
segments

Polarity
(mRNA
sense)

Transcrip
tase in 
virion

Genomic
RNA
infectious

Sub
genomic
messages

Polyprotein
precursors
(posttrans-
lational
cleavage)

Site
of
N.A.
repli
cation

Picornaviridae Single
stranded

1 + No Yes No Yes С

Caliciviridae Single
stranded

1 + No Yes No Yes С

Togaviridae Single
stranded

1 + No Yes Yes Yes С

Flaviviridae Single
stranded

1 + No Yes No Yes С

Coronaviridae Single
stranded

1 + No Yes Yes No С

Paramyxoviridae Single
stranded

1 — Yes No Yes No С

Rhabdoviridae Single
stranded

1 — Yes No Yes No С

Arenaviridae Single-
stranded

2 — Yes No Yes No С

Bunyaviridae Single
stranded

3 — Yes No Yes No С

Orthomyx
oviridae

Single
stranded

8 — Yes No Yes No N

Retroviridae Single
stranded

2 (diploid) + Yes No Yes Yes N

Reoviridae Double
stranded

10-12 + Yes No Yes No С

K ey: N . A .  =  n u c le ic  a c id ;  N  =  n u c l e u s ;  С  =  c y t o p l a s m .  No m e a n s  t h a t  t h e  c h a r a c t e r i s t i c  d o e s  n o t  a p p ly  to  a fam ily , w h e r e a s  yes  m e a n s  th a t  th e  c h a r 
a c t e r i s t i c  d o e s  apply.
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Table 5-4 V irion-A ssoc ia ted  Enzym es of DNA Families

DNA virus groups Enzyme activity

D N A  v i r u s e s  ( s s )

P a r v o v i r u s N o t  p r e s e n t

D N A  v i r u s e s  (d s )

H e p a d n a v i r u s D N A -  a n d  R N A - d e p e n d e n t  D N A  

p o l y m e r a s e  ( r e v e r s e  t r a n s c r i p t a s e )

P a p o v a v i r u s N o t  p r e s e n t

A d e n o v i r u s N o t  p r e s e n t

H e r p e s v i r u s N o t  p r e s e n t

P o x v i r u s D N A - d e p e n d e n t  R N A - p o l y m e r a s e  

m R N A  c a p p i n g  e n z y m e s  

P o ly  ( A )  p o l y m e r a s e  

N i c k i n g - j o i n i n g  e n z y m e  

P r o t e i n  k i n a s e  

T o p o i s o m e r a s e  

D N A - d e p e n d e n t  n u c l e o t i d e  

p h o s p h o h y d r o l a s e

Viral Genetics
Earl M. Ritzi

T h e  use o f  m uta tions  in specific  viral genes  has  perm it ted  a 
m o re  deta i led  unders tand ing  o f  viral an tigen ic  variation , 
viral p rocesses  tha t m ay  be am enab le  to antiv ira l therapy, 
m ec han ism s  tha t regu la te  viral repl ica t ion , and m e c h a 
n ism s  o f  viral oncogenesis .  W ith  the  exception o f  re t ro 
v iru ses ,  viral gene tics  has  dealt w ith  gen om es  that are 
haploid . T h e  absence  o f  duplica te  a lle les fo r  vital func t ions  
leads to the conc lus ion  tha t  many m uta tions  in vital fu nc 
tions will be lethal (n on perm iss iv e  for viral replication); 
therefore ,  condit iona l lethal m utan ts  have played a  central 
role in viral genetic  studies.

T h e  co d in g  cap ac i ty  (genetic  com plex ity )  o f  viral g e 
n om es  has been es tab lished  by a ssu m in g  that 1500 nu c le 
o t id es  or nuc leo t ide  pairs  will co d e  for a 5 0 0 -am ino  acid 
po lyp ep t id e  o f  5 0 ,0 0 0  mol.  wt. U sing  th is  m olecu la r  
w eigh t as the  average for a  viral p ro te in ,  e s t im a tes  for 
cod ing  capac i ty  range from 3 p ro te ins  in the  papovavirus 
fam ily  to 160 p ro te ins  in the  p oxv irus  family. V iru ses  that 
con ta in  RNA may co d e  for 5 p ro te ins  in the  p ico rnav irus  
fam ily to 15 p ro te ins  in the  reov irus  family. Such es t im ates  
o f  gene tic  com plex ity  are m in im a l  e s t im a tes  o f  gene  n u m 
ber, s ince  som e v iruses  uti lize  the sam e seq uence  to obtain  
m ore  than  one gene  p rod uc t .  T h is  may be accom plished  by 
a d isp laced  read ing  o f  the  no rm al tr ip le t  read ing  fram e 
(e .g . ,  ФХ174 phage)  o r  ex tens ive  m essen ger  R N A  splicing.

Viral gen om es  c an  now  be physica lly  m app ed  by re s tr ic 
tion endonuclease cleavage analysis and subsequent nucleic

Table 5-5 V irion-A ssocia ted  Enzym es of RNA Families

RNA virus groups Enzyme activity

R N A  v i r u s e s  (d s )

R e o v i r u s  

R N A  v i r u s e s  ( +  s s  d ip l o i d )

R N A - d e p e n d e n t  R N A  p o l y m e r a s e  

m R N A  c a p p i n g  e n z y m e s  

N u c l e o t i d e  p h o s p h o h y d r o l a s e

R e t r o v i r u s  

R N A  v i r u s e s  ( +  s s)

R N A - d e p e n d e n t  D N A  p o l y m e r a s e  

( r e v e r s e  t r a n s c r i p t a s e )  

R i b o n u c l e a s e  H 

I n t e g r a s e  

P r o t e a s e

P i c o r n a v i r u s N o t  p r e s e n t

C a l i c i v i r u s N o t  p r e s e n t

T o g a v i r u s N o t  p r e s e n t

F l a v i v i r u s N o t  p r e s e n t

C o r o n a v i r u s  

R N A  v i r u s e s  ( — s s)

A c e t y l  e s t e r a s e

O r t h o m y x o v i r u s R N A - d e p e n d e n t  R N A  p o l y m e r a s e  

N e u r a m i n i d a s e  o r  a c e t y l  e s t e r a s e

P a r a m y x o v i r u s R N A - d e p e n d e n t  R N A  p o l y m e r a s e  

N e u r a m i n i d a s e

R h a b d o v i r u s R N A - d e p e n d e n t  R N A  p o l y m e r a s e

B u n y a v i r u s R N A - d e p e n d e n t  R N A  p o l y m e r a s e

A r e n a v i r u s R N A - d e p e n d e n t  R N A  p o l y m e r a s e

Table 5-6 H ost Cell S urface
Pro te ins  as  A n im al Virus R ecep to rs

Virus Cell surface molecule

P o l i o v i r u s N C A M  

( n e u r o n a l  c e l l u l a r  a d h e s i o n  

m o l e c u l e )

R h i n o v i r u s I C A M s

( i n t r a c e l l u l a r  a d h e s i o n  m o l e c u l e s )

H e p a t i t i s  A  v i r u s A l p h a - 2  m a c r o g l o b u l i n

R a b i e s v i r u s N e u r o n a l  a c e t y l c h o l i n e  r e c e p t o r

R e o v i r u s  t y p e  3 B e t a - a d r e n e r g i c  r e c e p t o r

H u m a n  i m m u n o d e f i c i e n c y  

v i r u s  t y p e  1

C D 4  p r o t e i n  ( T  h e l p e r  c e l l s )

H e r p e s  s i m p l e x  v i r u s  

t y p e  1

F i b r o b l a s t  g r o w t h  f a c t o r  r e c e p t o r

E p s t e i n - B a r r  v i r u s C 3 d  c o m p l e m e n t  r e c e p t o r  o f  В 

l y m p h o c y t e s

acid sequenc ing .  For  R N A  viruses ,  C D N A s (D NA  m ole
cu les  tha t  are co m plem en ta ry  base  sequences  o f  RNA 
genom es) ,  have been u ti lized  for m app ing .  Alternatively, 
viral geno m es  m ay be genetica lly  m ap p ed  by tw o-fac tor
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and th ree -fac to r  crosses.  Such m ap p in g  relies on  the basic 
fac t  that recom bina t ion  frequenc ies  are d irectly  p ropor
tional to the  d is tance  betw een  mutations.

A mutation  is a  basic requ irem en t for viral genetic  
s tud ies  and m ay be ob ta ined  as a  spon taneous  m uta tion ,  
one that a r ises  by  no rm al replication e rro rs ,  o r may be 
induced  in viral genes  with specific  m utagens .  A  mutation  
is a change  in the  g eno ty pe  (nucleic  ac id)  o f  the  v irus ,  
w hile  its e ffec t  on a ch arac te r is t ic  o f  the  v irus  is re fe rred  to 
as the  viral phenotype. C o m m o n  viral p heno types  that have 
been  o bserved  inc lude  chang es  in d rug  res is tance , neu tra l 
ization e scape ,  e n zy m e  deficiency, v iru lence , p laque size, 
an tigen ic  s t ruc tu re ,  host range, and sensit iv ity  to inact ivat
ing substances. Point m uta tions resu lt ing  from  single  base 
subs t i tu t ions  have genera ted  bo th  m issense  m uta tions  ( in 
se r t ion  o f  the  w rong  am in o  acids) and non-sense  m utations 
(early  te rm ina tion  o f  the  po lypeptide  chain). Deletion 
m utan ts  result in defec t ive  in te rfe r ing  viral par t ic les  and 
o ncogene  ( “ onc” )-conta in ing  R N A  tum or  v iruses.

D efective  In te r fe r in g  (Dl) Viral Particles

O ften ,  de le t ion  m utan ts  w ith  gen o m es  sho r te r  than  wild- 
type (wt) v iru s  accum ula te  in viral stocks. T h e se  m utan ts  
only replicate in cells  tha t are s im ul taneously  in fec ted  with 
a he lper  virus. W hile  som e defec t ive  part ic les  do  not 
in terfe re  with w t v irus repl ica t ion , the m a jo r i ty  o f  these  
deletion  m utan ts  in terfe re  with  the  replication  o f  h o m o lo 
g o u s  w t v irus  ( thus ,  the  na m e  D I p a rtic le s). T h ese  DI 
part ic les  express  norm al caps id  pro te ins ,  have t runca ted  
gen om es ,  in f luence  host-cell  p rocesses ,  and  in terfe re  to 
produce  low er yields o f  hom o lo go us  w t virus. T h is  p h e 
nom enon was d iscovered  by von M ag nu s  in in f luenza  v irus 
studies. In f luenza  and v es icu la r  s tom atit is  v irus  (V S V )  are 
especia lly  n o ted  for D I-part ic le  accum ula t ion .  O ften ,  DI- 
partic le  in terfe rence  results  w hen shor tened  RNA  geno m es  
con ta in ing  p o lym erase  recogn ition  s i tes  replicate faster 
than  w t geno m es ,  thereby  co m pe t in g  and  rem oving  RNA  
p o lym erase  m olecu les  from the pool o f  rep licating  wt 
genomes.

C ondit iona l Lethal M u ta t io n s

T h e  m ost useful condit iona l lethal m utan ts  are tem p e ra 
tu re-sens it ive  m utan ts ,  o r  ts m utants .  T h ese  m utan ts  are 
usually  m issense  m utan ts  that can replicate at a p erm iss ive  
tem pera tu re  but lose th e ir  ab il ity  to replicate at a  h igher  
n on perm iss iv e  tem perature .  W ith a ts m u tan t ,  the  loss o f  a 
viral function  at the elevated tem pera tu re  n o rm ally  results  
from  an alteration in the funct ional con f i rm a tio n  o f  a viral 
protein.

A second  g rou p  o f  condit iona l lethal m utan ts  are  host- 
dependen t m utants .  Generally , these  m u tan ts  are non-sense

m utan ts  tha t  c an  be su pp ressed  and  p e rm it ted  to  g row  in 
host cells  that have transfe r  RNA  m utan ts .  T h ese  m utan ts  
can  replicate in host cells  that prevent ear ly  te rm ina t ion  o f  
mutan t gene products .  T h e  host -d epen den t  m u tan ts  are  of 
p r inc ipa l  im po rtance  in g ene t ic  s tud ies  o f  bac te r io p h ag e  in 
bacte r ia l  host cells.

H ost- range  m utan ts  o f  an im a l  v iruses  are a lso  co n s id 
ered  to  be cond it iona l  lethal m utan ts .  T h e  m u tan ts  will 
replicate and fo rm  p laques  in one k ind  o f  cell  (p e rm iss ive )  
and u n d ergo  abo r t ive  infection in o th e r  cell  ty p es  (nonper
missive).

G en e tic  In te ra c tio n s

M ixed infections in w hich  m ore  than one  type  o f  v irus 
en te rs  the sam e cell at the  sam e t im e  o c c u r  c o m m o n ly  in 
nature  and have been rou t ine ly  s im ula ted  in the  research  
laboratory. D uring  m ixed  in fec tions, gene tic  (nucleic  ac id)  
in te rac t ions  occur. T h e se  gene tic  in terac t ions result in the 
p roduc tion  o f  som e p rogeny  v iruses  tha t d if fer  f rom  pa ren 
tal v iruses .  T h e se  alte red  p rogeny  v iruses  have heri tab le  
chan ges  in the ir  viral geno m es ,  and new ly  acqu ired  c h a ra c 
ter is t ics  are gene tica lly  stable in su bse q u en t  replication 
cycles.  T h e  following gene tic  in te rac t ions  are  o f  p r inc ipa l 
im po rtance  in viral gene tic  studies.

Classic Recombination
V iru ses  m ust be c lose ly  re la ted  to recom b in e ;  generally, 
on ly  v iruses w ith in  the  sam e gen us  will u n d ergo  re c o m 
bination. Two ty p es  o f  viral recom bina t ion  are  recog n ized .  
The first, in tramolecular recombination, occurs by a break
age and  exchange (re -un ion)  o f  nucleic  ac id  s trands. T his  
type o f  recom bina t io n  m ay be in tergenic  (betw een  two 
d if feren t genes) ,  o r it may be in tragenic  (w ith in  the  sam e 
gene). In gene ra l ,  the d o u b le -s tran ded  g en o m es  o f  DNA 
v iruses  and the  d ip lo id  re t rov iruses  have the  h ighes t  f re 
quencies  o f  in t ram o lecu la r  recom bina t ion .  T h is  f inding 
can  be con tra s ted  with the  s ing le -s tran de d  RNA  virus 
fam il ies ,  w h ich ,  w ith  the  exception  o f  co ron av iru ses  and 
p ico rnav iru ses ,  like po liov iruses,  expe r ien ce  little o r  no 
in tram o lecu la r  recom binat ion .

G en e tic  R e a s s o r tm e n t

A second  type  o f  recom bina t ion  (genet ic  rea s so r tm en t )  is 
un ique  for v iruses  w ith  se g m en ted  g en o m es  and  o ccu rs  by 
a re a sso r tm en t  o f  indiv idual viral gene  seg m e n ts  in w hich  
p rogeny  viruses acquire  gen om e  seg m en ts  from tw o differ
en t parental v iruses  (Fig. 5-9). H ig h e r  reco m b in a t io n  f r e 
q uenc ies  are  ob ta in ed  by gene tic  rea s so r tm en t  than  by 
c lassic  in t ram o lecu la r  recom bina t ion .  T h e  o r th o m y x o - ,  
reo - ,  a rena- ,  and bunyav iruses  are  sub jec t  to gene tic  reas 
so r tm en t .  T h e  p an d em ics  and  m a jo r  an t igen ic  sh ifts  o f
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VIRUS #1 +  VIRUS #2
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( P o o l e d )

A B C  ( S e g m e n t s )  A B C
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W i l d  -  T y p e  
R e a s s e r t e d  G e n o m e  

E X A M P L E S :  I N F L U E N Z A ,  R E O ,  B U N Y A ,  A N D  A R E N A V I R U S E S

Fig. 5-9 G e n e t ic  r e a s s o r t m e n t  o f  v iruses  w i th  s e g 
m e n t e d  g e n o m e s .

in f luenza  v irus  are, at least in par t ,  a t t r ibu tab le  to the 
p rocess  o f  gene tic  reasso r tm en t .

Marker Rescue
M ark er  rescue  has also been te rm ed  c ross  reactivation  
because  the  gen om e  o f  an ac tive  vir ion  reco m b in es  with 
the g en o m e  o f  an inactive v irus ,  resu lt ing  in viable  p rogeny 
that have acqu ired  new gene tic  m arkers  from  the  in ac t i
vated virus. T h ese  p rogeny  are  genera l ly  stable, and re s 
cu ed  m arke rs  are m a in ta in e d  th rough  subsequen t rep l ica 
tion cycles. T h is  technique  has  been u ti l ized  with in f luenza  
v iruses  to rescue  m arke rs  with d es i red  an tigen ic i ty  for new 
vaccines.

Multiplicity Reactivation
W h en  two inactiva ted  viral g e no m es  reco m b in e  in the 
sam e cell to p rod uce  active , viable, and  genetica lly  stable 
progeny, this  p rocess  is re fe rred  to as m ultip lic ity  reac t iv a 
tion. T h e  p robab ili ty  o f  the occ u r ren ce  o f  m ultip lic ity  
reac t iva t ion  increases with m ultip lic ity  (n u m b er  o f  inac
tive part ic les  per cell).  T h e  ph enom enon  has p rinc ipa l ly  
been noted  w ith  d o u b le -s tran ded  DNA v iruses  such as 
vaccin ia .  T h is  in te rac t ion  w as no ted  w hen  v iruses were 
de liberately  inact ivated  for use as test vaccines.  If  grea te r  
deg rees  o f  inactivation  o f  viral nucleic  acid were u ti l ized , 
then  h ig h e r  multip lic i t ies  o f  inactivated  v iruses  w ere  re 
qu ired  to obtain  reactivation.

N o n g e n e tic  In te ra c tio n s

N ongenetic  in terac t ions do  not involve an exchange of 
nucleic ac id  and d o  not result in heri tab le  chang es  in 
p rogeny  virus. A lternatively , nongene tic  in terac t ions g e n 
erally  refer to the  sha r ing  o f  viral gene produc ts  du ring  
mixed infections. T h e  following nongene tic  in terac tions 
are o f  p r inc ipa l interest .

Complemen ta tion
W hen two viral m utan ts  tha t have m uta tions  in different 
viral genes  infect a cell u nd er  n on p e rm iss iv e  condit ions ,  
com plem en ta tion  is said to occ u r  w hen g o o d  functional 
gene  p rod uc ts  are shared  and p rogeny  v irus  is p roduced .  
T h e  p rogeny  p ro du ced  still have one o f  the o r ig ina l pa ren 
tal gen om es  and therefore  cann o t  replicate w ithou t fu r th e r  
com plem enta tion .  Viral m utan ts  can  only com plem en t  each 
o th e r  i f  m u ta tions  are in d if feren t genes  (in tergen ic  c o m 
plem entation) .  Two d ifferent m uta tions  w ith in  the  sam e 
gene (in tragenic)  do  not com plem ent .  T h is  p r inc ip le  has 
allowed viral m uta tions to be subd iv ided  in to  com p lem en 
tation groups . M utan ts  f rom  each g ro up  may com p lem en t a 
m u tan t  from  an o the r  g roup ,  but com plem enta t ion  does not 
o ccu r  w ith  m utan ts  o f  the sam e com plem en ta tion  group. 
Each com plem enta tion  g ro up  therefore  defines  a required  
s truc tu ra l  o r  n on s t ruc tu ra l  gene  o f  the virus. C o m p lem e n 
tation also occurs  w hen a rep l ica t ion -com peten t he lper 
v irus ,  such as  avian  leukem ia  v irus ,  supplies  a functional 
gene  p rod uc t  fo r  a defect ive  strain  o f  avian sa rco m a  virus. 
C om plem en ta tion  by a rep l ica t ion -com peten t v irus is r e 
spons ib le  for the p roduc tion  o f  p rogeny  by m os t  o f  the 
defective sarcoma viruses; therefore, complementation may 
o ccu r  be tw een  an active and inact ive  v irus  o r  between 
v iruses  w ith  tw o  d ifferent defects.

Phenotypic Masking and Mixing
P heno ty p ic  m asking  and m ixing are special exam ples  o f 
com plem en ta tion  in s truc tura l  genes. W hen  the  g en o m e  of 
one v irus  is en capsida ted  w ith in  the capsid  o f  an o th e r  
v irus ,  this  p rocess  is referred  to as t ranscaps ida t ion  or 
p heno typ ic  m ask ing .  T h e  p rogeny  v irus  p rod uced  has  the 
g en o typ e  o f  one o f  the parental v iruses  and the antigenic  
reac t iv i ty  o f  the other. If  the m asked  gen o m e  o f  the 
p rogeny  virus is to ta lly  func t ion a l ,  the  o r ig ina l  parental 
g en o typ e  will d e te rm in e  and a lter  the an t igen ic i ty  o f  the 
caps id  on su bsequen t ro u n d s  o f  replication. I f  the genom e 
o f  a viral m utan t is m ask ed ,  fu r th e r  com plem en ta t ion  will 
be requ ired  for su bsequ en t  rounds  o f  replication. E n ve l
op ed  v iruses a lso  dem on s tra te  p heno typ ic  m ask in g .  With 
v iru ses ,  such as the  re t rov iruses ,  mixed infec tions yield 
part ic les  with the  g en o m e  o f  one v irus  ( typ ica l ly  a d e fe c 
tive sa rc o m a  v irus)  w ith in  the  envelope o f  an o the r  rep l ica
t ion -com peten t  virus. T hese  enveloped  viral par t ic les ,  re 
fer red  to as p seu do typ es ,  are also exam ples  o f  s t ruc tura l  
p ro te in  com plem enta tion  and p heno typ ic  m ask ing .

W h ile  pheno typ ic  m ask in g  is a  special fo rm  o f  p h e 
no typ ic  m ix in g ,  the  te rm  m ixin g  has  m ore  accura te ly  been 
used to d e sc r ib e  a  m ixed  infection in w hich  p rogeny  v irus  
part ic les  are p rod uced  that have a  single  g eno ty pe  and a 
m osa ic  o r  mixed caps id  co m p osed  o f  s truc tu ra l  p ro te ins  
sy n th es ized  from  two d ifferent viral genom es .  A d iag ram -

v i r u s  # i  -
L i k e  P a r e n t a l

V I R U S  # 2  -  

L i k e  P a r e n t a l
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Fig. 5-10 P h e n o ty p ic  m ixing a n d  m ask in g  o f  s im u l ta 
n e o u s  ce llu la r  infec tion .

matic view o f  phenotypic  m ask ing  and p heno typ ic  m ix ing  
is d ep ic ted  for the s im ul taneo us  infec tion o f  a cell by  two 
poliovirus s tra ins  in Fig. 5-10. A pheno typ ica lly  mixed 
capsid  may have the un ique  p rop e r ty  o f  being  neu tra lized  
by sera  d irec ted  aga ins t  two d if feren t v iruses ;  however, this  
p roper ty  is lost upon fu r th e r  replication w hen  caps ids  
hom olo go us  to the g eno type  are p roduced .

Genotypic Mixing
W h en  a single v irus  part ic le  replicates to fo rm  two differ
en t parental types ,  this  is re fe rred  to as gen o typ ic  m ix ing . 
T h is  is a rare  and unusual ph enom enon  that has only been 
noted  with param y xo v iru ses  and m ay result from  the en- 
capsidation  o f  two gen om es  in one particle. T h is  p roper ty  
is not heri tab le  and is lost w hen the  p rogeny  v irus  rep l i
cates.

V iruses a s  Foreign  G e n e  Vectors

D etailed  know ledge  o f  viral genom es  has  been com bined  
with m o dern  m olecu la r  genetic  eng in ee r in g  techn iques  to 
perm it  the following applica tions: (1) Fore ign  genes  for 
an t igens  tha t are v iru lence  factors, tu m o r  an tigens ,  o r  
inducers  o f  neu tra liz ing  an t ibod ies  have been  inser ted  into 
v iruses  w ith  pow erfu l p rom oters  such as  vacc in ia  v irus  to 
c rea te  new p ro tec tive  vacc ines ;  (2) foreign genes  have been 
p laced  into bacu lov irus ,  a high-level expression  vector, to 
p roduce  large am o u n ts  o f  ce l lu la r  o r  viral p ro du c ts  that , 
unlike  bacte r ia l  sys tem s ,  are g lycosy la ted  and  can  be used 
in research; and (3) re trov iruses  have been eng inee red  to

ca r ry  and  to inser t  fo re ign  genes  in to  the ce l lu la r  genom e 
for gene  rep lacem en t  the rap y  in ind iv idu a ls  w h o  su ffe r  
f rom  disease  d ue  to specific  gene tic  deficits .

Host Responses to  Viruses_______
Stan ley S. L e fko w itz

M ost viral i l lnesses  are  se lf- l im it ing  an d ,  there fo re ,  d is 
ease  is even tua lly  followed by  recovery  o f  the  host .  Host 
r e sp on ses  to  viral infec tions con s is t  o f  b o th  spec if ic  and 
nonspecif ic  responses.  Im m unity ,  as  used in this  sec t ion ,  
e n com p asses  all o f  the  m e cha n ism s  by w hich  a host may 
e i ther  specif ica lly  o r  n onspec if ic a l ly  recog n ize  fore ign 
viral su bs tan ces  and  u lt im ate ly  respond  d irec tly  o r  ind i
rectly  to e l im inate  these  fore ign invaders. It should  be kept 
in m ind  tha t the  im m un o log ic  re sponse  o f  a host to  an 
invading v irus m ay  be im p o r tan t  not on ly  for p ro tec t ion  of 
that host ,  but a lso for the  p a tho gen es is  o f  the  d isease  itself.

N onspecific  D e fen se  
M ech an ism s  A g a in s t  Viruses

Anatomic Barrier
It is know n tha t cells  o f  the ep id e rm is  res is t  viral p en e 
tration. In add it ion ,  m uco sa l  su r faces  prevent invading 
v iruses  from  pene tra ting  cells. T h e re  are a lso  in ternal 
ce l lu la r  barr ie rs ,  tha t  is, the  b lood-b ra in  barr ier ,  and the 
layer o f  endo the l ia l  cells tha t separa te  b lood from  tissue. 
T hey  n orm ally  prevent the  e s tab l ish m en t  o f  viral infec tions 
unless  a very  h igh  level o f  v irem ia  occurs .

Nonspecific Inhibitors
A n u m b er  o f  viral inh ib ito rs  are  p resent in body  fluids. 
T h is  is esp ec ia l ly  true  in the  gas t ro in tes t ina l  trac t ,  w here  
m any v iruses  are inact iva ted  by a c id ,  bile salts , and  certa in  
enzym es.  In ce r ta in  cases ,  the  g ly co p ro te in s  and l ip o p ro 
teins,  and  a n u m b er  o f  o th e r  viral inh ib ito rs ,  ex is t tha t may 
func tion  by preventing  v irus  a ttachm en t  to ce lls ,  d irectly  
inact iva t ing  v irus ,  o r  by  inh ib it ing  v irus  replication . T hese  
inh ibitors  m ay  be  lipids , p o ly saccha r id es ,  p ro te ins ,  li
pop ro te in s ,  o r  g lyco p ro te in s  c on ta in ed  in the  m u cu s  layer 
tha t are capab le  o f  co m b in in g  w ith  ce r ta in  v iruses  and 
render in g  th em  noninfectious.

Phagocytosis
It is genera l ly  co n s ide red  tha t p h ag o cy to s is  m ay  be less 
e ffec tive  agains t  viral in fec tions  than  ag a ins t  bacte ria l 
infections. N evertheless ,  p h ag ocy to s is  by  m acrophages ,
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w ith  o r  w ith ou t  specific  an tibod ies ,  and to a  lesser extent 
g ran u lo cy tes ,  seem  to  play a  role in con tro l  o f  viral in fec 
tions. However, in o th e r  in s tances  rep lication  o f  a  v irus 
oc cu rs  w ith in  the p hagocy te ,  a l lowing fu r th e r  sys tem ic 
sp read  o f  the  viral infection.

Fever and Inflammation
A  m odes t  increase  in tem p era tu re  can  cause  a very  strong 
inhibit ion  o f  v irus  replication . T h is  has been o b se rved  in 
v itro  and  a lso  occurs  in vivo d u r in g  infections. Therefore ,  
the developm ent o f  fever as  a host  response  p lays an 
im portan t  role in l im iting  viral infection. It has  been show n 
re trospec t ive ly  tha t the  sever ity  o f  para lys is  from  po lio 
virus  infec tions was s ign if ican tly  g rea te r  in pa tien ts  trea ted  
with an tipy re t ic  d ru g s  than  in un trea ted  patients . It is also 
know n that co m p on en ts  o f  in f lam m ation  such as edem a ,  
c ircu la to ry  changes ,  and leukocytic  accum ula t io n  result in 
a ltera t ions that affec t  viral infection. Som e o f  these 
chan ges  cau se d  by in f lam m ation  are elevated local te m 
pera ture ,  chang es  in oxygen  tens ion , a ltered  cell m e tab o l
ism , and increased  acidity , w hich u lt im ately  may result in a 
reduc t ion  o f  v irus  replication. It is c lea r  that bo th  febrile 
and in f lam m ato ry  re spo nses  m ay  be ve ry  im po rtan t  in 
v irus  infec tion  by l im iting  spread  o f  the v irus  to  cer ta in  
ta rge t  organs.

Interferons
T h e  in te rfe rons  p robab ly  rep resen t the m o s t  im portan t  
ea r ly -p ro tec tion  inducible  sys tem  affec ting  viral in fec
tions. T h e i r  role in defense  is u n d ersco red  by a n u m b e r  o f  
observations :  (1) T h e re  are co rre la t io ns  betw een  in terfe ron  
p roduc tion  and recovery  from  viral in fec tions, (2) inh ib i
tion o f  in terfe ron  p roduc tion  o r  action resu lts  in a more 
severe infec tion , and (3) t rea tm en t with  in te rfe ron  seem s to 
p ro tec t  an im als  ag a ins t  a n u m b er  o f  d ifferent viruses.

In te rfe ron s  are p ro te ins  that inhib it viral replication. 
T h ey  have a m o lecu la r  w eigh t o f  a pprox im ate ly  17,000 in 
the  m o n om eric  fo rm  but may exis t as la rger  m olecu les  and 
can  be sy n th es ized  in hours  by  v ir tua l ly  any nuclea ted  cell. 
T hese  substances are usually host-specific with little cross
species p ro tec tion .  T h e y  are induced  by invading v iruses ,  
par t icu la r ly  d ou b le -s tran ded  R N A s assoc ia ted  with ce rta in  
stages o f  viral replication. O the r  inducers  o f  d iverse  orig in  
ex is t  inc lud ing  bo th  natural su bs tan ces  such as  lipopoly- 
sacch a r id e  (L P S )  and ce r ta in  syn th e t ic  molecules .

T h e re  are th ree  m a jo r  c lasses  o f  in terfe ron: (1) leukocyte  
o r  a lpha  in terfe rons, (2) f ib rob las t  o r  b e ta  in terfe rons, and 
(3) im m u n e  o r  g a m m a  in terfe rons. T h e re  are m ore  than  15 
d if feren t g en es  tha t co d e  for a lpha  in te rfe rons  and only one 
gene  that cod es  for b e ta  in terfe rons. T h e  fo rm er  are usually  
p ro du ced  by leukocytes  and the  la t ter  by f ib rob las ts  a l
th ou gh  th is  d is t inc tion  is not absolute. C ollec tive ly  these

in te rfe rons  are  te rm ed  type  1. T h e re  is one gene  that  codes  
for ga m m a  in te rfe ron ,  w hich  has a lso  been  ca lled  type  2. 
T h e  la tter  is p ro du ced  by T  lym p ho cy tes  in re sponse  to 
e i th e r  lectins  o r  an tigen  to w hich  they have been previously 
sensit ized .

In te rfe rons  d o  not affec t  viral replication d irec tly  bu t  act 
by b in d ing  to specific  cell  su r face  recep tors ,  w hich  in turn 
induces antiv ira l pro te ins .  A nu m b er  o f  these  new  pro te ins  
func t ion  by  in terfe r ing  with viral pro te in  transla t ion . In 
terferon causes  the  induct ion  and  phosph o ry la t ion  o f  a 
6 7 ,0 0 0 -k d  p ro te in  k inase , w h ich ,  in the p resence  o f  d o u 
b le -s trand ed  R N A , p ho sp ho ry la te s  the  a lph a  subun i t  o f  
protein  initia tion  fac tor e lF-2  and  inactivates  it. In terferon 
a lso  ind uces  the  syn th es is  o f  2 ' ,  5 ’-o l igo  (A ) syn the tase ,  
w h ich ,  in the p resence  o f  ds R N A , converts  adenos ine  t r i 
p hospha te  (ATP) to 2 ' ,  5 '- l inked  o ligo  (A ) molecules . 
T h e se  m olecu les  in tu rn  ac tiva te  an endon uc lease  R N A ase  
L ,  w h ich  cu ts  viral m R N A s, thereby  inh ib it ing  viral p ro 
tein synthesis .

In add it ion  to its antiv ira l  p rop e r t ie s ,  in te rfe ron  has 
o th e r  cell regu la to ry  func t ions  and  may tu rn  on a cascade 
o f  reac t ions ,  inc lud ing  en h a ncem en t o f  p hagocy tos is ,  inh i
b it ion  o f  cell  d iv is ion ,  alteration  o f  im m u n e  re sponses ,  and 
increased  expression  o f  c e l l -m em bran e  an tigens. G a m m a  
in terfe ron  is far  m ore  im m u n o re g u la to ry  than  a lp ha  or be ta  
interferon.

T h e ra p e u t ic  use o f  in te rfe rons  has a lready  p rogressed  
beyond the ex p e r im en ta l  state. In te rfe rons  are  cu rren tly  
approved  for the trea tm en t  o f  ha iry-cell leukem ia; n on-A , 
non-B  viral hepati t is ;  co n dy lo m a  acum ina tum ; K a p o s i’s 
sa rcom a; and  chronic  g lanu lo m ato us  d isease. A  n u m b e r  o f  
o th e r  d iseases  have been trea ted  with in te rfe rons;  however. 
F ood  and D ru g  A dm in is t ra t ion  (FD A ) approval is cur
rently  pend ing .  Toxic side e f fec ts  have been no ted  w hen 
h igh  d oses  o f  in te rfe ron  have been used for an t i tu m or  
therapy. T h ese  toxic e ffec ts  and the assoc ia tion  o f  inter
ferons w ith  au to im m u n e  d iseases ,  such as  rheum ato id  
a r th r i t is  and sys tem ic  lup us  e ry th e m a to su s ,  dem ons tra te  
that in te rfe rons  may play d e tr im en ta l  as  well as beneficia l 
roles in d isease  processes .

Specific D e fe n se s

Spec if ic  im m unolog ic  re sponses  to  v iruses  can  be  elic ited  
by bo th  В ly m ph ocy tes  (bursal d ependen t)  and  T  ly m p ho 
cy tes  ( thy m u s  dependent).

Humoral Immunity (B Lymphocytes)
T h e  im m un og lob in  c la s ses  IgM , IgG , and IgA  are a sso c i
ated w ith  antiv ira l  activity. T hey  are p ro du ced  in response  
to bo th  natural infec tion  and ac tive  im m uniza tion .  Im m u 
nog lobu lins  o f  the  IgG  c lass  are a lso involved in tr a n sp la 
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centa l t ransfe r  and pro tec tion  o f  the  new b orn  for the  first 6 
to 8 m on ths  o f  life. A n tibod ies  o f  the  IgG  c lass  m ay  persist 
for the  life o f  the ind iv idual following sys tem ic  or viremic 
viral infections. T h e  half-life  o f  IgG  in the b lo od s tream  is 
approxim ate ly  21 days. Im m u no g lob u lin  M an tibod ies ,  
w hich are p rod uced  first ,  have a shor te r  half-life  o f  about 5 
days. A n tibod ies  o f  the  IgG  c lass  are d is t ing u ish ed  from 
an tibod ies  o f  the  IgM  c lass  by  readily  c ross ing  the  p lacen
tal barrier, by being  m ore  avid, and by more t ightly  b inding 
virus. In  ce r ta in  viral infections, local p roduc tion  o f  se c re 
to ry  IgA  may be m ore  im portan t  than  h igh  levels o f  
c ircu la t ing  IgG. T h is  is f requently  t ru e  with upper  re sp ira 
to ry  infec tions as  well as gas tro in tes t ina l  infections. T h e  
p resence  o f  secre to ry  antiv ira l IgA in the  resp ira tory  
ep i the l ium  c learly  p lays an im portan t  role  in host defense 
by bo th  p ro tec t ing  against and l im i t ing  the  sp read  o f  
in f luenza  v irus  infections.

The m echanism  o f  protection by antibodies falls into sev
eral ca tegories .  A n tibod ies  can  neu tra lize  a v iru s  o r  render  
it n on in fec tious  by  (1) in te rfe r ing  with the pene tra tion  o f  
the v irus  by coating  the  viral surface , thus preventing  
uptake by the host cell; (2) opsonizing and causing clumping 
o f  the v irus ,  w hich  renders  it m ore  suscep tib le  to phag ocy 
tosis; (3) preventing  uncoa ting  o f  a v irus  af ter  it has been 
ph ag o cy tized  by a cell; o r  (4) m ak in g  the v irus  more 
suscep tib le  to lysosom al d iges tion . In addit ion  to direct 
b ind ing  to the v irus ,  an t ibod ies  can  in terac t w ith  Fc rec ep 
tors  on phagocy tic  cells  o r  ce r ta in  lym p ho cy tes  and cause 
ta rget-ce ll  des t ruc t ion  (an t ibo dy -d ep end en t  ce ll-m edia ted  
cytotoxicity).

Cell-Mediated Immunity
In add it ion  to hum ora l responses ,  ce ll -m ed ia ted  im m un ity  
(delayed h y persensit iv i ty )  a lso  is involved in host d e 
fenses. Delayed h ypersens i t iv i ty  is o f  p r im e  im po rtance  in 
recovery  from ce r ta in  viral infections. T h is  type  o f  hyper
sens itiv ity  is m ed ia ted  p r im ar i ly  th rough  the  T  ly m p ho 
cyte. T h e  effec ts  o f  delayed hypersensi t iv i ty  m ay  be direct 
w hen cy totoxic  T  lym phocy tes  reco gn ize  viral an tigens  
present on cell su rfaces  o r ind irec t  w hen m edia ted  th rough  
the p roduc tion  o f  specific  lym phok ines  tha t function as  the 
p r inc ipa l “ a n t iv i r a l”  m ate r ia l  (i .e.,  in te rfe ron ,  inter
leuk ins,  e tc .) .  T  cells respond  to viral an tigen  th rough  
su rface  recep tors ,  resu lt ing  in a ser ies  o f  ce l lu la r  m or
phologic  and b iochem ical changes. T h ese  chan ges  result in 
d irec t  cy to tox ic i ty  to  cells express ing  foreign an tigens ,  o r 
in the e labora tion  o f  lym p ho k ines  and cyto tox ins .  In a d d i 
tion , k il le r  cells bearing  Fc recep to rs  to w hich are attached 
specific  an t ibod ies  may des troy  target cells  th ro ug h  a n t i 
b od y-dependen t ce ll -m ed ia ted  cy to tox ic i ty  (A D C C ).  A n 
o the r  c lass  o f  leukocytes ,  te rm ed  natural k il le r  cells  (null 
cells), w hich  also lack recogn ized  B- and T-cell m arkers ,  
may func t ion  by des troy ing  v irus- in fec ted  “ ta rge t"  cells 
w ithou t p r io r  sensitization .

Significance o f  H ost R esp o n ses

It is c lea r  that people  genera l ly  su rv ive  the ravages o f  viral 
infec tions as  they d o  o th e r  types  o f  infections. T h e  host 
resp on ses ,  both spec if ic  and nonsp ec if ic ,  co m bine  to fo rm  
a se r ies  o f  b arr ie rs  tha t the  v irus  m u s t  ov ercom e in o rd e r  to 
cause  infection. It ap pea rs  that su bs tan ces  such as the 
in te rfe rons  play a  very  ear ly  role in the recovery  from virus 
infec tions and an t ibod ies  and  fac tors  re la ted to cel I-m ed i
ated im m u n i ty  co m e  into play la ter  d u r ing  viral infection. 
M ax im al  ce ll -m ed ia ted  re sponses  may o ccu r  by day 6 
w hereas  an t ibody  re sp on ses  m ay  not peak for w eeks. In 
ce r ta in  viral infections, such as  in f luen za ,  o th e r  upper  
resp ira to ry  in fec tions, and  polio, the  hum ora l re sponse  
seem s to be m ost im po rtan t ,  w h ereas  in in fec t ions  such as 
varice lla ,  m u m p s ,  and  m eas les ,  c e l l -m ed ia ted  im m u n ity  
plays the d o m inan t  role. Both “ a rm s” o f  im m u n i ty  are 
im p ortan t ,  not on ly  in recovery  but a lso  in p revention  of 
repeated  infections.

Poxviruses_____________________
Stanley S. L e fkow itz  

G enera l C harac teris tics

T he  poxv iru ses  are relatively  large, “ b r ic k - sh a p e d "  viral 
par t ic les ,  w hich  m ay be vis ib le  u nd er  the light m icroscope. 
T hey  are the la rges t ,  m o s t  com plex  o f  the true  v iruses,  
be ing  approxim ate ly  230  by 4 0 0  nm . T h e  viral DNA is a 
linear,  do ub le -s trand ed  fo rm ,  w hich  has a m olecu la r  
w eigh t o f  130 x  240  x  106 daltons. T h is  v irus  co n ta in s  a 
nu m b er  o f  d if feren t e n zy m e s ,  inc lud ing  a D N A -dependent 
RNA  p o lym erase  and  as m an y  as  100 polypeptides .  A l 
th o ug h  these  v iruses  are enve loped ,  they are e th e r  re s is 
tant. At least 20 d if feren t viral an t igen s  c an  be identif ied  by 
im m unod if fus ion .  All poxv iru ses  share a c o m m o n  nucleo- 
pro te in  (N P) an tigen .  In ad d it io n ,  a heat- lab i le  (L) antigen 
and a hea t-s tab le  (S) antigen m ay form the LS com plex .  A 
h em ag g lu t in in ,  w hich is not a s t ruc tu ra l  c o m p o n en t  o f  the 
v ir ion , is found in infected  cell cu ltu res .  O ne  o f  the m ore  
unusual aspec ts  o f  the po xv iru ses ,  unlike o th e r  DNA v i
ruses ,  is tha t  they  replicate in the  c y to p la sm , fo rm ing  large 
in tracy top lasm ic  inclusion bodies  ca lled  G u a rn ie r i  bodies . 
D ifferen tia tion  betw een  v iruses  can  be ach ieved  by r e s t r ic 
tion en zy m e  cleavage o f  viral DNA and an a lys is  o f  po ly
pep tides  in infected  cells. T h e  v irus  can  su rv ive  in a d ried  
cond it ion  and rem ain  infective on  c lo thes  and  o th e r  m a te 
ria ls  and in dust .  T h e  v irus  m ay  pers is t in the env ironm ent ,  
but there  are no  an im al re se rv o irs  tha t can  lead to h u m an  
infection.

T h e  p oxv irus  g ro u p  c o n ta in s  a n u m b er  o f  d if feren t 
v iruses  tha t  infect both h u m an s  and an im a ls .  T h e  most
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im p o r tan t  o f  these  is the ag en t  tha t  causes  sm allpox ,  
var io la  major. A  m ild e r  fo rm  o f  the  d isease  is cau se d  by 
vario la  minor. V acc in ia  v irus  is a  p oxv irus  tha t  has  been 
s tud ied  in g rea t  de ta i l  and has  been used as  the  vaccine  
v irus for p revention  o f  sm allpox .  O the r  c lose ly  related 
v iruses inc lude  the  cow pox  v irus ,  m onkey  pox, orf ,  m i lk 
e r 's  n odu le  v irus ,  and m o l lu scu m  co n tag io su m . T h e  latter 
c auses  w artl ike  tu m ors  on the face, a rm s ,  and body.

P a th o g e n e s i s  a n d  D isease

Exposure to variola virus is primarily  by inhalation and pas
sage through the m ucous m em branes o f  the upper respiratory 
trac t .  A f te r  u ti l iz ing  a resp ira to ry  p o r t  o f  entry , the v irus  
m ul tip lies  in the  lym pho id  t issue  d ra in ing  th is  site. The  
incuba t ion  per iod  o f  sm allpox  is ap prox im ate ly  12 days. A 
transient viremia develops, and infection o f  the reticuloendo
thelial cells that move throughout the body occurs. A second 
phase o f  multiplication then occurs in these cells, leading to a 
secon dary  and  m ore  in tense  v irem ia  resu lt ing  in sm allpox .  
Skin  lesions, from  w hich  the v irus  can  be  iso la ted , su b s e 
quently  a p p ea r  following the  secon dary  v irem ia . T h e  rash 
f irs t app ea rs  on the face  and  a rm s  as m acu lo p ap u le s  and 
then on the  t ru n k  and legs. T h e  les ions beco m e  vesicu lar  
w ith in  24  to 48  hours  and  then b eco m e  pustu lar,  followed 
by  d ry in g  and  scabb ing .  All o f  the lesions presen t are in the 
sam e  stage  o f  deve lopm ent.  T h is  cha rac te r is t ic  differs 
s ign if ican tly  from  ch ickenpox , w here  lesions may be  found 
in va r ious  s tages.  A m o d if ie d ,  less severe fo rm  o f  the 
d isease  has  been  ev iden t w h ere  there  was part ia l  immunity.

L a b o ra to ry  D iagnosis

In add it ion  to the  c lin ica l  picture ,  w hich  is qu ite  ch a rac 
te r is t ic ,  sm ears  m ad e  from  the  lesions can  be s ta ined  for 
the  ch a rac te r is t ic  inclusion  bod ies  (G ua rn ie r i )  tha t are 
found  in the  cy to p la sm  o f  infected  cells. In  ad d it ion ,  the 
v irus  can  be read i ly  cu ltu red  in eg g s ,  and the  charac te r is t ic  
lesions can  be d is c r im in a ted  from  les ions caused  by  vac
c in ia  and o th e r  re la ted  v iruses .  V accinia  pock s  are large 
w ith  necro t ic  cen te rs ,  w h ereas  vario la  pocks  are smaller.

Clinically, it may be d iff icul t to d is t ing u ish  the les ions of 
sm allpox  from those  o f  ch ickenpox . D ifferen tia tion  may be 
accom p lished ,  however, by  v iew ing the  ch a rac te r is t ic  in
t racy to p lasm ic  p oxv irus  part ic le s  o r  in tranuc lear  ico
sahedra l  he rpesv irus  part ic le s  o f  varice l la -zos te r  v irus 
u nd er  the  light o r  e lec tron  m icroscope . S crap ing  o f  cells 
f rom  lesions followed by s ta in ing  reveals e i ther  the  c y to 
p lasm ic  inclusion  b od ies  o f  poxvirus  o r  the  ch arac te r is t ic  
in tran uc lea r  inclusion  bodies  o f  h e rpesv iru s  such as var
icella-zoster . A n tig en s  from  skin  lesions may a lso  be iden
tified readily  using  f luo rescen t  an t ibody  o r  com plem ent-  
f ix ing  techniques.

P re v e n tio n  a n d  T re a tm e n t

It has  been know n since  1798 that sm allpox  can  be  p re 
vented  by  vaccination  w ith  live vacc in ia  virus. T h is  p ra c 
tice was in effec t  until 1979, w hen  sm allpox  w as dec la red  
erad ica ted .  E rad ica tion  was poss ib le  because  h u m ans  are 
the only natural hosts. V accin ia  is ad m in is te red  intrader- 
m ally  by  punc tu re ,  scar if ica tion ,  o r  a ir  je t .  A p r im ary  re 
sponse  results  in a papu le  by  the  th ird  o r  fourth  day, p ro 
gress ing  to a  pustu le  in 8 to  10 days. A f te r  abou t 3 w eeks, 
the scab  falls  o f f  leaving the  ch arac te r is t ic  p o c k m a rk .  A 
vacc ino id  or acce le ra ted  reac t ion  is c o m m o n  in part ia l ly  
im m un e  hosts.  R isk  o f  com plica t ions  from  vaccination  now 
ou tw e ig hs  the poss ib i l i ty  o f  co n trac t in g  the disease.

A  n u m b er  o f  p rob lem s have followed vaccination . As 
m any as 1 in 1000 p r im a ry  vacc ina tions  result in co m p lica 
tions. A pprox im ate ly  1 o f  each 10 mill ion p r im ary  v acc in a 
tions result in dea th .  O th e r  com plica t ions  inc lude  g ener
a lized  vacc in ia  resu lt ing  in a se r io us  sys tem ic  infection . In 
child ren  w ho  have rashes, eczem a  v ac c in a tu m , a sp read  o f  
les ions in the  eczem a to u s  areas ,  m ay  develop. Vaccinia 
nec ro su m  is a  p rogress ive  sp read  o f  lesions tha t resu lts  in a 
n ecros is  o f  the  skin and  muscle. It o ccurs  in ind iv iduals  
w h o  are im m u n osup p ressed .  P ostvaccin ia l  encepha li t is  is 
a  fatal dem yel ina t ing  d isease  o f  the  cen tra l  n e rv ou s  sys tem  
that o ccurs  ab o u t  12 days a f te r  vaccination .  In addit ion  to 
these  com plica t ions ,  fetal vacc in ia  c an  o c c u r  i f  w om en are 
exposed  to th e  vacc ine  d u r in g  pregnancy. Fetal infection 
leads to s t il lb ir th .

In add it ion  to p revention , the  d ru g  m e th isazo ne  (Mar- 
b o ra n )  can  pro tec t  an ind iv idual ag a ins t  infection if he or 
she is t rea ted  shor tly  a f te r  ex posure  to  the virus. T h is  d rug  
seem s to play a role in b lock ing  replication at an ear ly  stage. 
In ad d it io n ,  v acc in ia  im m u n e  g lobulin  (V IG ) fro m  p a 
tients h y p e r im m u n iz e d  to the  v acc in ia  v irus can  be used 
for the  t rea tm en t  o f  gene ra l ized  v acc in ia  and vacc in ia  
necrosum .

A  relatively new  use for vaccin ia  is as  an e ffec tive  vector 
for the  express ion  o f  o th e r  viral genes. A n u m b er  o f  viral 
genes ,  as well as  c o m bina t ion s  o f  g enes ,  have been inserted  
into the  vaccin ia  gen om e  and ap pea r  to be effective. T hese  
include hepa ti t is  B , he rpes  s im plex ,  a nd  rab iesv irus .  O th e r  
poxv iruses  have also been used as vectors.

Herpesviruses__________________
Stanley S. L e fkow itz

T h e  h e rp esv iru ses  o f  h u m an s  have been d iv ided  in to  two 
g roups . O ne g ro up  consis ts  o f  he rp e s  simplex v irus  (H SV ) 
type  1 and type  2 and  varice l la -zo s te r  v irus  (V Z V ). The 
o th e r  g ro u p  con ta ins  at least four d is t inc t  v iruses:  c y to 
m egalov irus  (C M V ),  E p s te in -B arr  v irus  (E B V ),  and two



1 8 0  5. V i ro lo g y

recently  d iscovered  herpesv iru ses  that have not been  c o m 
pletely ch a rac te r ized .  H erpesv irus  rep resen ts  a very  im 
p ortan t g ro up  o f  h u m an  p a tho gen s  that are charac te r ized  
by la tency with a  low percen tage  o f  app a ren t  infections. 
T hey  tend to recu r  and the i r  associa tion  w ith  the  im m u 
n o co m pro m ised  m akes  them  d ifficul t to treat and contro l .  
T h e ir  associa tion  with m a l ign ancy  also u nd erscores  the ir  
im p ortan ce  as  h um an  pathogens .  M any o th e r  types  o f  
herpesv iru ses  in fec t  low er anim als .  В -v irus  infec tion  of 
h um ans  is an acute , f requently  fatal encephal i t is .  A l though  
n orm ally  a latent v irus  o f  m onkeys ,  it has o c cu r re d  in 
h um ans  following bites by infected  m onkeys  as well as 
con tac t  with con tam in a ted  cell cultures.

G enera l C harac teris tics

H erpesv iruses  a re  a fam ily  o f  large, enveloped  v iruses  that 
m easure  120 to 200  nm  in d iam eter .  N onenveloped  form s 
are unstable  w ith  low infectivity. T h e  dou b le -s tran ded  
DNA has  a m olecu la r  w eigh t rang ing  from  85 to  150 x  106 
daltons. T hese  v iruses  sp read  from  cell to cell ,  replicating 
in the cell nucleus , w h ere  they  form  cha rac te r is t ic  inc lu
sion bodies . T hey  are charac te r ized  by bo th  latent and 
recurren t infections, with  an a ff in ity  for skin and nerve  
cells  o r  for lym phocy tes .  T h e re  is no  c o m m o n  fam ily 
an t igen ,  but all are m orpho log ica lly  identical .

H erp es  S im plex Virus Type 1 a n d  Type 2

H erpes simplex v iruses  type  I and type  2 replicate in the 
nucleus , fo rm in g  in tranuc lear  inc lus ions  (C o w d ry  type  A). 
T hey  will readily  c ross  the  spec ies  b a r r ie r  and replicate in 
o th e r  an im als  and  on the chorioa l lan to ic  m em bran e  o f  hen 
eggs  (C A M ). T h e re  is approx im ate ly  50 percen t hom ology  
betw een  the nucle ic  ac ids  o f  type 1 and  type  2 ,  which 
accoun ts  for so m e  serologic  cross-react iv i ty .  T hese  v iruses 
can  be d is t ing u ish ed  by antigenicity ,  tem pera tu re  sens i
tivity, and ce l lu la r  re s tr ic tions  in host range.

Pathogenesis and Disease
Seroprevalence  rates to type 1 range  to 90  percen t o r  more 
in ce r ta in  populations . T h e  m a jo r i ty  o f  infections caused  
by H SV  type  1 and type  2 are subc lin ica l .  T h e  v irus 
replicates at the site  o f  en try  and m ay pass th rough  the 
reg ional lym ph nodes, en te r  the b loo ds tream , and pro l if
erate  in the sk in  o r  m u cou s  m em branes ,  o r  it may travel up 
the  sensory  nerves  to the co rresp o n d in g  sensory  ganglia .  
T h e  v iru s  is readily  transm it ted  by touch ing ,  k iss ing , 
in tercourse ,  fom ites ,  and so fo r th .  Generally , d irec t  contac t 
with  infected  secre tions  is requ ired . T h e  v irus  m ay  rem ain 
in the  latent s tage  at the  site  o f  the p r im ary  ex posure  and be 
ac tivated  by factors such as sun l igh t ,  m en s tru a t io n ,  fever, 
o r stress . T h e  a lm os t  universal p resence  o f  an t ibod ies  to 
H SV  seem s to have little effec t  on recu r ren t  herpes.

Specif ic  les ions o f  the  skin and  m u co u s  m em b rane  
include herpet ic  s tom atit is  (g ing ivos tom at i t is )  and  herpes 
labialis . T h e  fo rm er  is p r im ar i ly  a  d isease  o f  child ren  aged 
1 to 5 years  and is ch a rac te r ized  by a painfu l ves icu lar  
u lceration  o f  the  buccal m u cosa  and tongue ,  as  well as 
m u c o cu tan eo u s  b o rde rs  o f  the  m o u th ,  co up led  with fever. 
H erpes lab ia lis  rep resen ts  the  c lassic  fever b lis ters  (cold 
sores), w hich  tend to recu r  at the  sam e  site. T h e  pe rm an en t  
site o f  latent infection is the t r ig em in a l  ganglion . In a d d i 
t ion , h erpes  co rn ea l is ,  o r  kera tocon ju nc t iv i t i s  (eye), a p 
p ears  as  d endr i t ic  kera t i t is  o r  co rn ea l  u lcers  that m ay  lead 
to b lindness.  H erpetic  w hitlow  (f inger)  and he rp e s  g e n i 
ta lis  (vu lvovagin i t is  o r  p rogen i ta l is )  a re  a lso  associa ted  
w ith  herpet ic  infection. H erpes  gen i ta l is  is p r im a r i ly  a sso 
c ia ted  with H S V  type  2 , w hich  f requently  p resen ts  as 
infec tions “ below  the  w a is t .”  T h e  p resence  o f  type  2 is 
co rre la ted  with sexual activity. Its incubation  per iod  is 2 to 
7 days, and  re cu r rence  is c om m on .  L es ions  m ay be m ost 
severe d u r in g  the  p r im ary  episode.

In add it ion  to these  ty p es  o f  d isease ,  o th e r  c lin ica l  
sy n d ro m es  inc lude  e c z e m a  h e rp e t ic u m , o th e rw ise  know n 
as  K ap os i 's  var ice ll ifo rm  eru p t ion .  T h is  d isease  occurs  
p r im ar i ly  in child ren  w ith  ec zem a  and  rep resen ts  a c u ta n e 
ous form  o f  the disease. Finally, a d is sem ina ted  herpes  o r 
neonata l h e rpes  can  occ u r  w hen  the  n ew b o rn  is e x po sed  to 
the v iru s  d u r in g  passage  th rou gh  the  b ir th  can a l .  O pen 
lesions in the  m o th e r  may necess ita te  de l ive ry  by cesarean  
sect ion ,  as  m or ta l i ty  in the  new b orn  c an  range  from  50  to 
80 percen t .  L es ions  o f  the cen tra l  n e rv ou s  sys tem  include 
aseptic  m en ing it is ,  encepha l i t i s ,  o r  bo th .

Laboratory Diagnosis
E x am in a tion  o f  in fec ted  cells  in t i ssues  o r  sm ears  reveals 
giant cells  w ith  ch a rac te r is t ic  in tranuc lear  conc lus ions  
(C ow dry  type  A). In add it ion ,  the v iru s  m ay  be d irectly  
isolated from  lesions, vesicle f lu id ,  the  th roa t ,  sa l iva ,  o r  
co rn ea l  sc rap ings  using  cell cu l tu re  and m ay be identif ied  
using  co lo r im e tr ic ,  f luo rescen t ,  o r  rad ioac tive  indicators.

Treatment
T h e  p ur ine  an a lo g u e  v idarab ine  inhibits  viral DNA poly
merase. It was the  first antiv ira l  agen t for h e rp es  e n cep ha
li tis and neonata l  herpes .  A cyc lov ir  ta rgets  H SV-infected  
cells  and is p ho sp ho ry la ted  by H S V -encoded  thym id ine  
k inase. A cyclov ir  is sub sequen tly  conv er ted  to the  t r i 
phosphate  fo rm  and b eco m e s  incorpora ted  in to  viral DNA 
cha in s  by the  viral DNA po lym erase  resu lt ing  in chain  
te rm ina t io n .  Fortunately , this c o m p o u n d  inhibits  the  viral 
DNA po lym erase  m ore  than  host DNA polym erases .

A cyclov ir  is available  for in travenous, o ra l ,  o r  topical 
adm in is tra t ion .  For  se r iou s  infections, paren tera l  a d m in is 
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tration  is favored p a rt icu la r ly  for im m u no com p rom ised  
patien ts  and  those  w ith  severe p r im ary  genita l herpes. For 
treatment o f  herpes encephalitis o r neonatal herpes, acyclovir 
is favored ov e r  v idarabine . Oral acyc lov ir  is effec tive  
agains t  p r im a ry  and  recu r ren t  genita l herpes .  It reduces 
viral shedd ing ,  p ro m otes  h ea l ing ,  and redu ces  pain. Use o f  
acyclov ir  for t rea tm en t o f  h erpes  lab ia lis  is not as well 
de f ined .

H erpes  kera t it is  can  be trea ted  top ica lly  with idox- 
u r id ine ,  tr i f lu r id ine ,  o r deo x y th y m id in e  analogues. Idox- 
u r id ine  and  t r i f lu r id ine  are bo th  inco rpora ted  into viral 
DNA; however, the  fo rm er  a lso  inhibits  thy m id ine  kinase. 
A n u m b e r  o f  o th e r  co m p o u n d s  are  cu rren tly  being  tested 
for e f fec t iveness  aga ins t  h e rpes  infections inc lud ing  iso- 
p r inosine  and  foscarnet.

V aricella-Zoster Virus 

General Characteristics
V arice l la -zoste r  v irus  is s trongly  ce l l -assoc ia ted  and  is not 
re leased  d u r in g  replication. T h e  v irus  d o e s  not infect 
labora to ry  an im als ,  and  is not in fec tious  for em bryona ted  
eggs.

Pathogenesis and Clinical Features
V arice l la -zos te r  is the cause  o f  ch ickenpox in the nonim - 
m une  child  and recurs  as  shing les  in the prev iously  infected 
adult .  P r im a ry  exposure  to this  h igh ly  con tag io us  v irus  is 
u sua l ly  th rough  the  re sp ira to ry  trac t .  T h e  incubat ion  p e r i 
od  is approx im ate ly  2 weeks. T he  v irus  rep licates  in itially 
in the  m u co sa ,  a f te r  w h ich  v irem ia  develops and the v irus  
loca l izes  in the  skin. A person is infec tious I day before the 
appea ran ce  o f  the  rash and d u r in g  the w eek  af te r  rash 
onse t .  T h e  rash  app ea rs  on the t run k  first ,  then  the scalp, 
and then sp reads  to  the  ex trem ities .  T h e  rash is followed by 
the  developm ent o f  m acu les  tha t develop  into papu les  and 
eventua lly  into vesicles. T h is  p rocess  paralle ls  a fever o f  38 
to 39°C . It is im po rtan t  to unders tand  tha t there  are 
d if feren t s tages o f  lesions present at any one t ime, which 
d is t ingu ishes  ch ickenpox  clin ica l ly  from  sm allpox .  The 
developm ent o f  ch ickenpox  in the  im m u n o su p p re ssed  in d i
v idual is severe and  frequently  fatal.

T h e  o th e r  d isease  associa ted  with V Z V  is zoster, or 
shingles. T h e  d isease  m an ifes ta t ions ,  p r im ar i ly  seen in 
e lderly  and im m u n o su p p re ssed  patients ,  represen t an ac t i 
vation o f  latent v irus  that has rem ained  d o rm a n t  in the 
senso ry  ce lls  o f  the dorsa l  roo t ganglion. A ctivation  can  be 
t r ig g e re d  by  altera t ions in im m unity , ag ing ,  o r co ncu rren t  
infections. T h e  exac t m ec h a n ism  is not know n. Active 
zos te r  les ions in pa tien ts  are in fec tious  and m ay cause  
ch ickenpox in n o n im m u n e  child ren  w h o  are  in c lose  c o n 
tact .  Typical zo s te r  les ions a p p e a r  p r im ar i ly  on the  trunk

and ches t  and  occas iona lly  on  the  fo reh ead ,  face, and neck . 
T h e  e ru p t ion  is charac te r is t ica l ly  un ila tera l ,  a ssocia ted  
w ith  a specific  spinal nerve  d e rm a to m e ,  and  is quite 
pa inful.

Laboratory Diagnosis
In m os t  cases ,  the  d isease  p ic ture  is qu ite  cha rac te r is t ic ,  
and  d iag n o s is  can  be m ade  clinically. However, it may be 
n ecessa ry  to d is t ingu ish  the d isease  from  herpes  s im plex, 
vacc in ia ,  and sm allpox  infections. S ince  herpesv iru ses  
replicate in the nucleus , sc rap ings  from  les ions show char
ac te r is t ic  in tranuc lear  inclusions. T he  de tec tion  o f  antigen 
o r  v irus  part ic le s  in vesicle f lu id  and lesions m ay be 
d e te rm in e d  by  im m unofluorescence .

Prevention and Treatment
Varicella is usual ly  t rea ted  w ith  su p p o r t ive  m easures .  Both 
v idarab ine  and acyc lov ir  are licensed for trea tm en t  o f 
zo s te r  in im m u n o co m p ro m ised  patients . A live attenuated  
vaccine, w hich  was deve loped  in Jap an ,  is cu rren tly  being 
tested . Results  indicate  that it is e ffec tive  in p ro tec ting  
ag a ins t  d eve lopm ent o f  ch ickenpox .  However, quest ions 
rem ain  as to bo th  the ex ten t and longevity  o f  p ro tec tion .  It 
is an tic iap ted  that it will be  available  soon.

In child ren  w h o  are rece iv ing  im m u n o su p p ress iv e  th e ra 
py, a lethal infection can  develop following ex posure  to this 
virus. Z o s te r  im m u ne  g lobulin  (Z IG ) o b ta in ed  from conva
lescing zo s te r  patients is very  e ffec tive  in l im iting  the 
sp read  and sever ity  o f  the d isease  in im m u n o co m p ro m ised  
patients . H ig h -d ose  in te rfe ron  trea tm en t  has  a lso  proved 
efficacious in reducing viral replication and disease severity.

C y to m eg a lo v iru s  

General Properties
C ytom eg a lo v iru s  causes  severe  congenita l  ano m alie s  in 
abou t 10,000 in fants  in the  U nited  S tates each year; how 
ever, it is a lso found  in n o rm a l ,  hea l thy  individuals .  T h is  
v irus  replica tes  in h um an  cells  only and d o es  not infect 
labora tory  an im als .  A n u m b er  o f  o th e r  C M V s  infect differ
en t spec ies  o f  an im als  but are not pa thogen ic  for hum ans.

Pathogenesis and Disease
Latent infection is c o m m o n ,  as  80 percen t  o f  adu lts  have 
an t ib od y  to th is  v irus .  T h e  v irus  is local ized  in the sa l ivary  
g land  and has been te rm ed  “ sa l ivary  g land  v iru s .” In 
add it ion  to sa l iva , v irus  m ay  be found  in o th e r  body  fluids 
inc lud ing  urine ,  sem en ,  breas t  m ilk ,  vaginal secre tions, 
and is a ssoc ia ted  with sexual tran sm iss io n  in adults . It is a 
h igh ly  n ecro t iz ing  v irus  tha t  u lt im ate ly  k ills the cells  tha t  it
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infects. C y tom eg a lic  inclusion d isease  (C M ID )  is cau sed  
by congenita lly  acqu ired  v irus tha t passes  th rough  the 
placenta. Manifestations o f  C M ID  include premature birth, 
jaundice, hepatosplenomegaly, hepatitis, and mental retarda
tion in survivors .  Infection o f  adults  is usual ly  inapparen t 
except in im m u n o c o m p ro m ised  or t ransp lan t  patients. C y 
tom egalov irus  m ononucleosis  (h e te roph i le -nega t ive)  may 
o ccur  a f te r  op en  h ea r t  su rge ry  o r  following frequent blood 
transfus ions. C y tom eg a lo v iru s  infec tions are also a sso c i
a ted  with late s tages  o f  acqu ired  im m un od ef ic ien cy  sy n 
d rom e (A ID S )  and m ay result in li fe-th reaten ing  co m p l ica 
tions.

Laboratory Diagnosis
G enera lly  the  v irus  is recovered  by inoculation  o f  materia l 
f rom  the nasop haryn x  o r  u r ine  in to  t issue  culture. F lu o re s 
cen t an t ibody  techn iques  can  be used to localize  an tigen  in 
in fec ted  cells  and  tissues .  S ta in ing o f  urine  sed im en ts  may 
indicate  the  p resence  o f  the  large “ owl eye” in tranuc lear  
inclusions tha t  are cha rac te r is t ic  o f  this  virus. T h e  m e a 
surem ent o f  com plem en t-f ix ing  a n t ibo d ies  is a lso o f  d ia g 
nostic  value.

Treatment and Prevention
The antiviral agents ganciclovir and foscarnet are the most 
useful for treating C M V  disease. The use o f  high-titered anti- 
C M V  immunoglobulin  in combination with ganciclovir has 
also proved efficacious. Two live attenuated C M V  vaccines 
have been developed and may offer some protection.

Epste in-B arr Virus 

General Properties
E pste in -B arr  v irus  d oes  not g row  readily  in t issue  culture. 
It is not as h igh ly  cy top a th ic  as  o th e r  h e rp esv iru ses  and 
replicates in В lym pho id  cells. M ost infec tions are in a p 
paren t o r  subc lin ica l ,  p ar t icu la r ly  in infants and  ch ild ren , 
and an t ibod ies  can  be found in m ore  than 90  percen t o f  the 
adult population .

Transmission and Clinical Features
T h e  v iru s  is readily  t ransm itted  from  person to person by 
the o ro p hary ng ea l  route, probably  th rough  saliva. T h e  
v irus  ap pea rs  to replicate  in the paro t id  g land  and is 
d issem ina ted  by v irem ia . T h e  incuba t ion  period  o f  E B V  is 
approx im ate ly  4 to  7 w eeks ,  and the p r inc ipa l d isease  
m anifesta tion  is infectious m ononucleos is .  T h e  clinical 
fea tures  inc lude  h eadaches ,  fever, chil ls ,  sore  th roa t ,  and 
swollen cerv ica l  lym ph nodes. T onsil lopharyngit is  is c o m 
m on and  is acco m pan ied  by a th ick  exudate . Sp lenom egaly  
occurs  in abou t 50  percen t o f  patients. A skin rash  m ay also 
be a ssoc ia ted  with the  d isease. A m a jo r i ty  o f  patients

recover  com plete ly  in 1 to  4  w eeks. B lood-cell analys is  
indicates a leukocy tos is  o f  up to 4 0 ,0 0 0  pe r  cu b ic  m i l l im e 
ter, o f  w hich  5 0  to  9 0  percen t are  m on on uc lea r  cells. H a lf  o f  
the leukocytes  (m o s t  o f  w hich  are  T  cells) a re  p resen t as 
a typical forms.

Complications in the norm al host are rare; however, neu ro 
logic complications that result in death  include the Guillain- 
Barre syndrome, meningit is , and encephalitis. O ther  com pli
cations o f  infections include spleen rupture ,  anem ia , 
agranulocytosis, and th rom bocytopenia .  T his  virus has also 
been associated with a poorly defined chronic syndrome that 
has been termed “ chronic fatigue syndrome.”

W ith  severe im m u n o c o m p ro m ised  patients ,  E B V  may 
reactivate ,  resu lt ing  in a severe  “ m on on uc leos is  s ta te .” 
T h is  v irus  is a ssoc ia ted  with several В -cell lym phopro lif-  
e ra t ive  d iseases ,  inc lud ing  Burkit t 's  ly m p h o m a ,  Hodgkin 's  
ly m p ho m a,  and В -cell ly m p h o m a  in im m u n o co m p ro m ise d  
hosts. In addition, nasopharyngeal carc inom a (NPC), which 
is a m align an t  tu m o r  found  in the o r ien t  and  o th e r  p a r t s  o f  
the  w orld ,  a lso  co rre la te s  w ith  E B V  infection . Specif ic  
E B V  D NA s as well as  an t igens  and a n t ib od ies  se rv e  as 
m ark e rs  for these  m al ign an t  d iseases.

Treatment
T rea tm en t for E B V  infection is usual ly  su p p o r t iv e  since 
infec tions are genera l ly  se lf-l im ited .

Laboratory Diagnosis
D iagnosis  cons is ts  o f  a posi t ive  heterophil  agg lu t ina t ion  
test.  In ap prox im ate ly  80  percent o f  infected  patients ,  
an t ibod ies  to sheep  e ry th ro c y te s  develop. A n u m b e r  of 
s l ide  agg lu t ina t ion  k its  are  available  that a lso de tec t  h e te ro 
phil an tibodies .  O th e r  ind ica tions  o f  in fec tious  m o n o 
nucleosis  are a leukocy tos is  o f  1 0 ,0 0 0 - 2 0 , 0 0 0  pe r  cu . ml. 
w ith  10 to 40  percen t a typica l ly m ph ocy tes ,  as well as the 
elevation o f  a n u m b er  o f  liver func t ion  tests. O n e  o f  the  first 
an t igens  to a p p ea r  is the  viral caps id  or s t ruc tu ra l  an tigen  
(VGA). Early  an t igens  (E A ) p ro du ced  by the v irus  are 
n onst ruc tu ra l  an t igens  fo rm ed  early  in viral replication but 
do  not pers is t .  A n o th e r  g ro u p  o f  an t igens  are  the m e m 
b rane  an t igens  (M A ), w hich  ap pea r  in the cell  m e m bran es  
o f  infected  lym p ho cy tes  d u r in g  acu te  infections. A n t i 
b od ies  to E p s te in -B arr  nuc lea r  an t igen  (E B N A ) app ea r  
d u r in g  the  convalescen t phase  and  are not usual ly  found 
unti l  1 o r  2 m o n th s  a f te r  acute  infection . T h e se  an t igens  
may be de tec ted  by im m unof luo rescence .

H u m an  H erp esv iru s  6 (HHV-6)

T his  h e rpesv iru s  was isolated from  patien ts  w ith  lym pho- 
pro liferative d iso rd e rs  in 1986. Infection  ap p ea rs  to be 
w idesp read ,  with  at least 75 percen t o f  the popula t ion
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having an t ibod ies  to  this  v irus .  At p resen t,  th is  he rpesv irus  
is a ssoc ia ted  with the  d eve lopm ent o f  roseo la  exan them  
su b i tu m , a d isease  o f  in fants  and children. T h is  d isease  is 
ch a rac te r ized  by the  d eve lopm ent o f  a m acu lo pap u la r  rash 
on  the  t ru nk  and neck  following several days o f  fever and 
u p p e r  re sp ira to ry  sym ptom s. P r im ary  infection o f  adults  is 
assoc ia ted  w ith  a m ononucleos is - l ike  syndrom e.

H u m an  H erp esv iru s  7 (HHV-7)

T h is  v iru s  w as isolated from  h u m an  T  ly m phocy tes  in 
1990. Its associa tion  with d isease  rem ain s  o bscure  to date.

Adenoviruses___________________
Stanley S. L efkow itz  

G en era l  C harac teris t ics

A d enov iruses  w ere  first iso lated  from  h u m an  adeno id  tis
sues. T h ey  have a s trong aff in ity  for lym ph nodes  and a 
p re d i le c t io n  fo r  la tency. A d e n o v i ru s e s  have  a d o u b le 
s t r a n d e d ,  l inear  DNA w ith  a m o lecu la r  w eigh t o f  20 to 25 
X  to 6  daltons. Viral c a p s id s  are 70 to 90  nm in d iam eter ,  
ico sahed ra l ,  and nonenveloped .  T h e re  are m ore  than  46  
su b typ es  o f  h u m an  aden ov iru ses ,  w h ich  are d iv ided  into 7 
g roups . T h e  d is t inc tion  betw een  the various  adenov irus  
types  involves very m in o r  an tigen ic  d ifferences . T he  sur
face  s t ru c tu re  o f  the v iru s  is c o m p o sed  o f  252 capsom ers  
tha t  consis t  o f  three d if feren t types  o f  subunits :  the fiber, 
pen ton ,  and hexon. Both the  fiber and the hexon units  have 
type-specific antigenic de term inants  and can be neutralized 
w ith  se ro typ e -spec if ic  an t ise ra .  All adeno v iru ses  share  a 
co m m o n  an tigen  that is p resent on the  hexon unit.  T h e re 
fore, de tec tion  o f  th is  an tigen  by com plem en t  f ixation is 
indicative o f  an adenov irus  infection. T he  su b un i ts  are 
m ad e  in excess d u r in g  viral replication . M any o f  the 
ad enov irus  ty p es  have h em ag g lu t in in s  as  p a r t  o f  the virion 
or as  separa te  s t ruc tu res .  In addit ion  to being  associa ted  
w ith  latent infections, ad enov irus  ty p es  12, 18, and  31 have 
been  show n to cause  tum o rs  af te r  in jection  into new born  
ham ste rs .  Both tu m o r  cells  and cells tran sfo rm ed  by a d e 
nov iruses  in v itro  con ta in  “ T ” an tigens ,  w hich  play a  role 
in cell transform ation .  A l though  “ early"  T  an t igens  are 
exp ressed  in tran s fo rm in g  in fections, p rogeny  v irus  is not 
p rod uced .  A sm all ,  defec t ive  pa rvov irus  tha t has been 
ca lled  adeno asso c ia ted  v irus  (AAV) has  frequently  been 
found  in ad enov irus- in fec ted  cells. A d enov iruses  are he lp 
e r  v iruses  for AAV.

P a th o g e n e s i s  a n d  D isease

A denov irus  in fec tions  are p redom inan t ly  u p per  resp ira tory  
infec tions tha t a ffec t  cells  o f  m u cou s  m em b ranes ,  the

c o rn e a ,  and  o th e r  organ sys tem s.  T hey  are also associa ted  
with gas t ro in tes t ina l  sy m p to m s  and infection o f  the g en i
to u r in a ry  trac t .  T ransm iss ion  p r im ar i ly  involves person- 
to -person  sp read  by resp ira to ry  and p ha ry ng ea l  d rop le ts  o r 
by direc t  con tac t  with con tam in a ted  objects. T h e  fecal-oral 
route has also been show n to be im p ortan t  in the t r a n sm is 
sion o f  ce rta in  se ro ty p e s  part icu la r ly  in children. T he  
p redo m in an t  feature  o f  adenov irus  infec tions is the i r  unap- 
parent o r  subcl in ica l  nature. Few ind iv iduals  develop  c l in i
cal sym ptom s. S y m p to m s  range from  very  m inor  re sp ira 
to ry  il lness,  s im i la r  to  the  c o m m o n  co ld ,  to  m uch  more 
com plex  clin ica l  syndrom es.  A denov irus  type 8  is a sso c i
ated with ep idem ic  k e ra tocon junc tiv i t is ,  w hich  has  been 
ca lled  “ shipyard  eye" because  o f  its oc cu r re n c e  in sh ip 
yards d u r in g  World W ar II .  O th e r  types  m ay also cause 
o cu la r  infections. Phary ng i t is  is a  c o m m o n  sy m p to m  a sso 
c ia ted  with infection. More com plex  clin ica l  syndrom es 
include pharyngoconjunctival fever. T his  syndrom e is char
acterized by a  high fever w ith  b o th  ph a ryn g i t is  and c o n 
junc t iv i t i s .  A clin ica l  sy n d ro m e  ca lled  acu te  resp ira to ry  
d isease  (A R D )  is a f lu like il lness  tha t  o ccurs  p r im ar i ly  in 
m il i ta ry  rec ru i ts  d u r in g  the  first few days o r  w eeks  o f  basic 
t ra in ing . It is caused  by types  3, 4 ,  7 ,  14, and 21 and is o f  
m a jo r  con ce rn  to the  military. In several stud ies ,  it was 
noted  tha t 1 0  percen t o f  recru its  in basic  tra in ing  were 
h osp i ta l ized  for adenov irus  infection . U p  to 72  percen t  of 
all resp ira to ry  il lness in the  w in te r  is cau sed  by  th is  g rou p  
o f  v iruses .  A denov iruses  have also been assoc ia ted  with 
severe p n e um on ia  and sys tem ic  d isease ,  par t icu la r ly  in 
n ew b o rn s  and infants,  and  can  result in a le thal infection 
d u r in g  this  s tage  o f  deve lopm ent.  G as tro in te s t in a l  in fec 
tions inc lud ing  infant d ia r rh e a  are  caused  by the fas tid ious 
en te r ic  aden ov iru ses  types  40  and 41. A cu te  hem orrhag ic  
cys t i t is  has  been associa ted  w ith  types  1 1  and  2 1 .

L ab o ra to ry  D iagnosis

V irus infection can  be readily  d iag no sed  sero log ica lly  by  a 
fourfold rise in antibody titer between acute and convalescent 
sera using complement-fixation o r  neutralization methods. 
D irec t viral isolation from  infected  t issue  sc rap ings  o r  stool 
sp ec im en s  is done  by  inocula tion  o f  cell cu ltu res .  C h a ra c 
ter is t ic  in tranuc lear  inc lusions can  be seen in infected  cells 
s ta ined  with hem atoxylin  and eosin . F luo rescen t  an t ibody  
techn iques  are a lso  frequently  used to de tec t  v iral-specif ic  
an t igens  in infected  cells. Ind irec t  im m un of lu o rescence  
using  a m onoclona l an tibody  to the  c ro ss -reac t ing  hexon 
an tigen  can  be used for rapid  viral d iagn os is  by  d e m o n 
s tra ting  c o m m o n  an tigens  in infected  cells. E n zy m e  im m u 
noassays  are a lso used to de tec t  so luble  viral an t igens  in 
feces or n a so ph ary ng ea l  secre tions. T he  noncultivatable  
en te r ic  adenov iruses  can be identif ied  from fecal sp e c i
m en s  by im m u ne  e lec tron  microscopy.
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P rev en tio n  a n d  Control

A single a ttack  usually  results  in long- te rm  im m u n i ty  to a 
g iven v irus  type. A denov irus  infections do  not const i tu te  a 
suffic iently  im portan t  health  problem in the genera l  po p u 
lation to w arran t  the  use o f  a  vaccine; however, th is  is not 
t rue  in the military. T he  m ili ta ry  has tes ted  several e x p e r i 
m ental vaccines. Prob lem s in vaccine  safety  developed 
when adenoviruses hybridized with simian virus 40 (SV40), 
an oncogenic  v irus  c o n tam in a n t  o f  m onkey  kidney cell 
cu ltu res ,  were used to sup po r t  g row th  o f  vaccine  virus. 
T hese  h yb r id s  con ta ined  bo th  adenov irus  and all o r  par t  o f  
an S V 40  gen om e  with in  an adenov irus  capsid .  A vaccine  
has been  p repared  for the  m ili ta ry  ag a ins t  types  4  and 7 
using live v irus  g row n  in h u m an  dip lo id  cells. It is a d m in is 
tered ora lly  in a capsu le  to l iberate the v iru s  in the  in tes
tine. T h e re  is also a subunit  vaccine  tha t is available to the 
military. T h is  vaccine  consis ts  o f  adenov irus  protein  su b 
units  and has been  found  to be relatively safe.

Papovaviruses__________________
Stanley S. L efkow itz  

G enera l C harac teris tics

Papovaviruses are icosahedra l  nonenveloped  v iruses  from  
45 to 55 nm  that have a d s  c i r cu la r  DNA gen om e  w ith  5000 
to 8000  base  pairs . T hey  are c lassif ied  into tw o su b 
fam ilies.  P o lyom a v iruses  are in one subfam ily  and pap il lo 
m a  v iruses  are in the  other. A n u m b er  o f  an im al v iruses  are 
in each group.

P olyom a V iruses

T h e  po lyom a v irus  S V 4 0 ,  w hich  was d iscovered  in norm al 
rhesus m onkey  cells  d u r in g  the early  s tud ies  with  poliovi
rus , is the  bes t  cha rac te r ized .  At the present t im e ,  two 
h um an  polyom a v iruses  have been d e s ign a ted ,  the JC and 
BK v iruses  a f te r  the  in itials o f  the patients from w hom  they 
were o r ig ina l ly  isolated. It is likely tha t  p r im ary  infection 
o ccu rs  by  the re sp ira to ry  route. T h e  JC  v irus  w as isolated 
from  bra in  tissue  from  a patient with progress ive  m ul t i fo 
cal leukoencepha lopa thy  (PM L). T h e  BK v irus has been 
isolated from  the u r ine  o f  im m u n o su p p re sse d  patients 
following kidney transplantation and has subsequently been 
isolated from a nu m b er  o f  im m u n oco m p rom ised  patients . 
Latent infection appears  to be c o m m o n  with bo th  agents  
(approxim ate ly  80%), with reac t iva t ion  and  d isease  o ccur
ring  following im m uno sup p ress ion .  Both v iruses are on 
cogenic  in new born  ham s ters ,  h em agg lu t in a te  h u m an  О 
cells, and reac t  sero log ica lly  with SV 40 .

Treatm ent

T h ere  is no  trea tm en t  for PM L; however, leukocyte  inter
feron has  been used to treat BK and JC  v irus  in fec tions  in 
patien ts  w ho  have un dergone  transp lan ta tion .

Papillom a V iruses

P ap il lom a v iruses  are the  etio log ic  agen ts  o f  w arts  in 
h um ans  and o th e r  anim als .  Inabi li ty  to  p ropaga te  these  
v iruses in vitro  has  in terfe red  with rapid  p rog ress  toward 
o u r  u nd e rs tan d in g  o f  the ir  ch arac te r is t ics .  In add it ion  to 
s tr ic t species  specific ity  these  v iruses  have a specific  
t rop ism  fo r  sq u a m o u s  ep ithe lia l  cells  and m a tu ra t ion  of 
v irus occ u rs  in the te rm ina l ly  d if fe ren t ia ted  layers. To date 
m ore  than  70 v iru s  types  infec ting  h u m an s  have been 
c lass if ied  on the  basis  o f  DNA duplex  fo rm ation  with all 
know n types  in a liquid reassocia t ion  k ine t ics  reaction 
u nd er  s t r in gen t  conditions .

W art v iruses  are  usual ly  acq u ired  th rough  m echan ica l  
injury such as m in o r  ab ras ions  and  many have a long 
incubation  p er iod  o f  several m onths .  A n u m b e r  o f  types  are 
a ssoc ia ted  with c o m m o n ,  plantar, o r  flat warts . E p ider
m o d y sp las ia  v e r ru c ifo rm is ,  a  fam ilia l d isease  that is a s s o 
c ia ted  with depress ion  o f  ce ll -m ed ia ted  im m unity ,  may 
result in m alig nan t  convers ion  o f  w arty  lesions. Virus 
types  6  and 11  are a ssoc ia ted  with co n d y lo m a ta  acu m in a ta ,  
o r  genita l w arts ,  w hich  are  transm it ted  sexually. T h ese  
sam e virus ty p es  also cause  juv en i le  la ryngea l p ap i l lo m a
tosis. V irus  ty pes  16 and  18 and to a lesser ex ten t types  31, 
33 ,  35, and 39 are  usual ly  found  in assoc ia tion  with 
cerv ica l  n eop las ia  and are con s ide red  as  co fac to rs  in the 
e tio logy  o f  ce rv ica l  cancer.

Treatm ent

Removal o f  w arts  is the m ost frequently  used m odality  o f 
t rea tm en t .  T h is  can  be im plem en ted  by the  applica tion  o f  
caust ic  agen ts ,  such as  podop hy ll in ;  su rg e ry ;  c ry o su rg e ry ;  
and  laser therapy. A lph a  in te r fe ro n ,  ad m in is te red  both 
in tra lesional ly  and systemically , has also been used with 
so m e  success.

Parvoviruses___________________
Stanley S. L e fko w itz  

G eneral Characteristics

Parvoviruses are small,  linear ssDNA v iruses  18 to 26  m m  in 
d iam e te r  that are nonenveloped  with icosahedra l  s y m m e 
try. Both p lus and m inus  DNA s t ran ds  may be e n c a p s i 
da ted .  T h ere  are  tw o g enera  associa ted  with h u m an  in fec
tions. O ne  genus, the D epend ov iru s ,  cons is ts  o f  defec t ive
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agents  tha t replicate in the p resence  o f  adenov iruses  and 
are also know n as  adenoassoc ia ted  v iruses.  T hey  are  not 
p resen tly  know n to cause  disease. T h e  o th e r  genus, 
E ry th ro v iru s ,  is associa ted  with d iseases  in bo th  h um an s  
and an im als .  T h e  v irus ,  d es igna ted  В 19. is the cause  of 
e ry th e m a  in fec t io su m , o r  fifth  disease.

P a th o g e n e s i s  a n d  D isease

T h e  resp ira to ry  tract is the usual port  o f  en try  o f  В 19; 
however, the v irus  can  a lso  be t ransm itted  by blood or 
b lood products .  In vo lun teers  ex posed  to this  v irus ,  a 
v irem ia  developed  that w as a ssoc ia ted  with fever, malaise ,  
m yalg ia ,  and  a  headache . T h is  w as followed by a  rash with 
o r w itho u t  su bsequ en t  a r th r i t is  and a r th ra lg ia .  A te m p o 
rary  fall in hem o g lo b in  also developed  in these  volunteers.  
T h e  v irus  appears  to replicate  in rap id ly  d iv id ing  e ry th ro id  
p recu rso r  cells. Patients with  hem oly tic  anem ia  are at risk 
for an aplas tic  cris is .  O n  the basis  o f  these  observa tions  it is 
logical to a s su m e  that  these  agents  are the cause  o f  e ry th e 
ma infections.

Natural infec tions m ay result in a rash on the face 
d e sc r ibed  as  “ a s la p p e d -c h e e k "  appearance . T h e  rash  may 
involve the  u p per  and  low er ex trem it ies  and m ay pers is t  for 
several days. T he  a r th r i t i s  and a r th ra lg ia ,  w hich  are u su 
ally trans ien t ,  m ay  o ccu r  more co m m o n ly  with adults . The 
m ost se r io us  con seq uen ces  o f  pa rvov irus  infection include 
ap las tic  cr is is  in pa tien ts  with anem ia  and  hyd rop s  fetalis 
in p regnan t  w om en w hen  the  v irus  has  c rossed  the  p lacen
ta. P revious infection pro tec ts  aga ins t  subsequen t in fec
tions.

D iagnosis

P arvov irus  has been de tec ted  in sera by im m u ne  e lec tron 
m icroscop y  and rad io im m u no assays .  C u rren t ly  the  use o f  
do t-b lo t hybrid iza t ion  involving c loned  viral DNA is the 
m ost sens it ive  test.  Sero log ic  d iag no s is  is accom plished  by 
m easu r in g  IgM -spec if ic  a n t ibod ies  and is  the  test available 
th rough  the  C en te rs  for D isease  C ontro l .

T re a tm e n t  a n d  P rev en t io n

N o specific  trea tm en ts  o r preventive  m easu res  are available 
for th is  disease.

Orthomyxoviruses (influenza)
Stanley S. L e fkow itz  

G e n e ra l  C h a ra c te r is t ic s

O rth o m y x o v i ru s e s  are  s in g le - s t r a n d e d  R N A  v i ru se s  a p 
p ro x im a te ly  100 nm  in d iam ete r .  In f lu e n z a  v iru se s  are

sp h e r ic a l  o r  p le o m o rp h ic ,  s u r ro u n d e d  by a  l ip o p ro te in  
enve lope .  Two ty p e s  o f  g ly c o p ro te in  p ro je c t io n s  p ro 
t ru d e  f ro m  th e  env e lo p e ,  w h ich  fu n c t io n  as  h e m a g 
g lu t in in s  o r  have  n e u ra m in id a s e  ac tiv ity .  T h e  f o r m e r  is 
a s s o c ia te d  w ith  a t ta c h m e n t  to  sp ec i f ic  r e c e p to r s  on  ce lls  
and  a g g lu t in a t io n  o f  e ry th ro c y te s ;  th e  la t te r  is an  e n z y m e  
a s s o c ia te d  w ith  th e  d ig e s t io n  o f  n e u ra m in ic  ac id  r e s i 
d u es  ( r e c e p to r s )  on  h o s t -c e l l  s u r f a c e s  and  is invo lved  in 
v ira l  re lease. T h i s  in te rac t io n  is im p o r t a n t  in v ira l  p a th o 
g e n e s is  as  well as  rep l ic a t io n .  T h e  g e n o m e ,  a l th o u g h  
s in g le - s t r a n d e d ,  is m a d e  up o f  e ig h t  p iec e s  o f  R N A  w ith  
a m o le c u la r  w e ig h t  o f  3 . 9  x  106  d a ltons .  E ach  p iece  
co d e s  fo r  a  d is t in c t  p ro te in .  In a d d i t io n ,  a  sp e c i f ic  RNA  
p o ly m e ra se  is p re sen t  in a s s o c ia t io n  w ith  th e  geno m e .  
T h e  p ro d u c t io n  o f  la rg e  n u m b e r s  o f  d e fe c t iv e  v ira l  p a r t i 
c les  tha t  in te r fe re  w ith  in f e c t iv i ty  is k n o w n  as  th e  von 
M a g n u s  p h e n o m e n o n .  T h is  o c c u rs  u n d e r  c e r t a in  c o n d i 
t ion s  o f  v ira l  rep l ica t ion .

An in te rn a l  an t ig e n  (n u c le o c a p s id ) ,  a lso  k n o w n  as 
“ so lu b le” a n t ig e n ,  id en t i f ie s  the  g ro u p  a n t ig e n ,  d e s i g 
n a ted  A , B . o r  C .  Type  С d i f fe r s  f ro m  ty p e s  A and  В and  
is not an im p o r ta n t  h u m an  p a th o g e n .  E x te rn a l ly ,  the  
h e m a g g lu t in in  (H A )  and  n e u ra m in id a s e  (N A ) sp ikes  
have been  te rm e d  th e  viral o r  V an t ig e n .  C h a n g e s  in the 
V a n t ig e n s  (p r im a r i ly  H A ) are  r e s p o n s ib le  fo r  c h a n g e s  
a s s o c ia te d  w ith  in f lu e n z a  a n t ig e n ic i ty  tha t  ev en tu a l ly  
lead  to e p id e m ic s  and  p a n d e m ic s .  T h e re  are  so m e  12 
d is t in c t  H A  s u b ty p e s  and  9 N A  s u b ty p e s ,  m o s t  o f  w h ich  
are  not a s s o c ia te d  w ith  h u m an  in fec t ion s .

P a th o g e n e s i s  a n d  D isease

T h e  v iru s  is t r a n s m i t t e d  rea d i ly  by  d ro p le t  s ec re t io n s  
th ro u g h  the  u p p e r  r e s p i ra to ry  t r a c t .  V ira l  rep l ica t ion  
o c c u rs  in th e  ep i th e l i a l  c e l ls  o f  th e  u p p e r  re s p i ra to ry  
t r a c t .  V ire m ia  is n o t  a s s o c ia te d  w ith  in f lu e n z a .  S y s te m ic  
s y m p to m s  o f  in f lu e n z a  are  d u e  to  the  p re s e n c e  o f  v ira l  
an t ig e n s ,  w h ich  are  to x ic ,  to  the  l ibe ra t io n  o f  e n d o g e 
n ou s  p y ro g e n s ,  and  to the  p ro d u c t s  o f  h o s t  c e l ls  in c lu d 
ing  in te r fe ro n .  T h e  in c u b a t io n  p e r io d  is v e ry  sh o r t ,  
u su a l ly  1 to 2 d ays .  C h a ra c t e r i s t ic  s y m p to m s  a re  ch i l ls ,  
r h in i t i s ,  and  bo d y  ach es  an d  p a in s ,  p a r t ic u la r ly  he ad -  
a c h e s  w ith  c h a ra c te r i s t i c  re t ro o rb i ta l  p a in .  H ig h  fev e r  is 
f r eq u en t ly  a s s o c ia te d  w ith  in f lu e n z a ,  u l t im a te ly  fo l
low ed by w e a k n e s s  and  a len g th y  co n v a le scen ce .  T h e  
d is e a se  is m o re  severe  in the  e ld e r ly  an d  th o s e  w h o  have  
o th e r  u n d e r ly in g  m ed ica l  p rob lem s .  C o m p l ic a t io n s  such  
as  b ro n c h ia l  p n e u m o n ia  m ay o c c u r  and  m ay be  a s s o c i 
a ted  w ith  s e c o n d a r y  b a c te r ia l  in fec t ion s .

A n u m b e r  o f  d is e a se  s y n d r o m e s  m ay  fo l low  in f lu en za  
in fec t io n  o r  v a cc in a t io n .  T h e s e  inc lu d e  G u i l l a in -B a r re  
s y n d ro m e ,  w h ich  is an a sc e n d in g  p a ra ly s is  tha t  re su l ts  in 
a d e m y e l in a t io n  o f  the  p e r ip h e ra l  n e rv o u s  sy s te m .  T h is
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disease  has been  s ta tis tica lly  associa ted  with mass vacc in a 
tion p ro g ram s,  such as  the “ sw ine  flu” vaccination  o f  I976. 
A n o th e r  d isease  tha t m ay  follow inf luenza  o r  ch ickenpox ,  
and cer ta in  o th e r  viral in fections, is Reye's syndrom e, 
w hich o ccu rs  in infants and adolescents .  T h is  is a  ser ious 
d isease , charac te r ized  by vom iting ,  le thargy, and p rog res 
sive m ental de ter io ra tion .  Reye’s sy nd rom e  can  ult imately 
lead to death  in 50  percen t  o f  a ffected  individuals.

L ab o ra to ry  D iagnosis

Precise  d iag no s is  o f  in f luenza  is im possib le  w ithou t lab o 
ratory  tests. D iagnos is  may be accom plished  th rough  iso la
tion o f  the virus. Isolation involves the  inocula tion  o f  throat 
w ash ings  or nasal  sw abs  into cell cu ltu re  o r  hen eggs. A fte r  
appro p r ia te  incubat ion ,  tes ting  for the hem ag g lu t in in s ,  
w hich identify the viral an tigens ,  is d iagn os t ic  o f  in f luenza  
infection. Spec if ic  identity  o f  the v iru s  can  be a c c o m 
plished by using hem agg lu t in a t ion  inhibit ion  (HI) assays 
with know n an tise ra .  In add it io n ,  sero log ic  m ean s  can  be 
used to c o n f i rm  the  d iagn os is  o f  in f luenza . E ither  com ple-  
m ent-fixa tion  o r  HI techn iques  are used. In gene ra l ,  a 
fourfo ld  r ise  in an t ib od y  t i te r  in the  convalescen t se ru m ,  as 
co m pared  with acu te  s e ru m , is cons ide red  positive. F ina l
ly, conf i rm a tion  can  be m ade  by  im m u n o f luo rescen ce  o f  
infected  cells from the  n aso ph ary nx .  A f luo resce in -co n ju 
gated an t ise ra  d irec ted  agains t  in f luenza  v irus  is used.

E pidem io logy

Historically , e p idem ics  have o c c u r red ,  resu lt ing  in natural 
disasters.  D ur ing  the pan dem ic  o f  1918 to  1919, m ore  than 
2 0 ,0 0 0 ,0 0 0  people  d ied . O u tb rea k s  o f  in f luenza  result 
from chan g es  in an t igen ic i ty  o f  the in f luenza  v irus .  A 
m a jo r  change  in an t igen ic i ty  o f  e i th e r  the hem ag g lu t in in  or 
n euram in idase ,  o r  b o th ,  is ca lled  a n tig en ic  sh ift . T h is  shift 
can  o ccu r  by  the  dua l infection o f  two d if feren t s tra ins  o f  
v irus in a single  host .  T h is  results  in a “ genetic  reasso rt -  
m en t"  o f  the various  subun i ts  o f  R N A . resu lt ing  in a high 
recom bina t ion  frequency. G ene tic  re a sso r tm en t  o f  the var
ious subun i ts  can  result in the form ation  o f  a new virus. 
M any o f  these  chan g es  o ccu r  in the O rien t  and  arise  in 
duck s  o r  o th e r  b irds tha t live “ close” to hum ans .  A ntigen ic  
sh ifts  with type  A inf luenza  m ay o c c u r  approxim ate ly  
every  10 to  11 years . M ajo r  changes  in type В o c c u r  less 
frequently.

M in o r  an tigen ic  chan ges ,  w hich  oc cu r  frequently  in 
in f luenza  v iruses ,  may result from only  one o r  two am ino  
ac id  subs ti tu tions .  T hese  poin t m uta tions  in the gen om e  
o ccu r  sporadically. M in o r  chan ges  o f  this type have been 
te rm ed  a n tig en ic  d r ift . T h ey  o ccu r  frequently  in the  h e m 
agg lu t in in .  A n tigen ic  d r i f t  o ccurs  in re sponse  to ch an g es  in 
im m un ity  o f  the popula t ion  (herd  im m unity) .  A s  the n u m 

b er  o f  suscep tib le  ind iv iduals  d ec rea se s ,  new antigen ic  
v arian ts  b eco m e  the  do m in an t  v i ru ses  in the  po pu la t ion ,  
and  the popu la t ion  again  beco m e s  suscep tib le  to in fec 
tion.

T h e re  a p p ea r  to be  a finite n u m b er  o f  an tigen ic  variant 
p oss ib il i t ies ,  s ince  varian ts  tend to recu r  periodically . 
T h ere  is ev idence ,  for exam ple ,  tha t the  Н 2^  A sian  strain 
o f  1957 shared  an t igens  with v iruses  p revalent d u r ing  1889. 
T h e  “ d oc tr in e  o f  o r ig in a l  an tigen ic  sin” is a ssoc ia ted  with 
the  im m u ne  react ion  o f  ind iv iduals  to in f luenza  v irus  
infection. T h is  d oc tr in e  refers  to the res t im u la t io n  o f  
an t ibod ies  to the  o rig ina l  o r  f irs t in f luenza  v iru s  infection 
following seco nd ary  ex p osu res  to d if feren t s tra ins  o f  the 
v irus.

V iruses  are  des ig na ted  by  the  m a jo r  g roup ,  location  o f  
f irst iso la t ion , and year o f  iso la t ion , followed by a ch a rac 
te r iza t ion  o f  the  h em a g g lu t in in  and n eu ram in id ase ,  for 
exam ple , A /P h i l ip p in e s  82  (H 3 N 2 ).

T re a tm e n t  a n d  P rev en t io n

A m an tad in e  hyd roch lo r ide ,  i f  a dm in is te red  ora lly  shortly  
af ter  exposure  to the v irus ,  will prevent pene tra tion  o f  
in f luenza  A into cells  and limit v irus  rep l ica t ion ,  resulting  
in m ilder  infec tions and reduced  d is sem ina t io n  o f  the 
virus. T rea tm en t w ith in  48  hours  o f  onset is r e co m m en ded .

S tandard  vaccines cons is t  o f  inact ivated  v iru s  and  are 
fo rm ula ted  each  sp r in g  d ep end in g  on the an tic ipa ted  viral 
st ra ins  in the  popu la t ion .  T hey  are p resen tly  tr iva len t 
an t igens  from  A /H , N , ,  A / H 3 N 2 , and В stra ins .  T h e  v ac 
c ine  is in jected  su b cu taneo us ly  and is e ffec tive  fo r  about 
60 to 80  percen t  o f  the  popula t ion  for up  to 6  m onths. A 
lib rary  o f  re co m b in an t  s tra ins  has been p repared  should  the 
v iruses  be needed  for p repara tion  o f  new vaccines.  A llergy 
to egg  pro te ins  is a  co n tra ind ica t ion  to use o f  the vaccine. 
In add it ion ,  fever, local in f lam m atio n ,  and  sys tem ic  tox 
ic ity can  o c c u r  following vaccination . In gen e ra l ,  the 
vaccine  is reco m m en d ed  for the  elderly, those  w ith  h igh- 
risk  m edica l p roblem s, and  those  ind iv iduals ,  such  as 
health  care  prov iders ,  w ho  are in f requent co n tac t  with  
in f luenza  patients.

In add it ion  to  the s tan dard  w ho le -v iru s  vacc ine ,  o ther  
p repara tions are being  em ployed  for im m uniza t ion .  For 
exam ple , viral subun i t  vacc ines  (sp lit  v irus)  con ta in ing  
purif ied  n eu ra m in id a se  and h em ag g lu t in in  are u sed  p a r t ic 
u lar ly  in ch ild ren  un der  13 years  o f  age. A n tibo dy  to 
h em ag g lu t in in  subun i ts  can  neu tra lize  v irus ,  com ple te ly  
inh ib it ing  infection. A n tibo dy  to n eu ra m in id a se  results  in 
reduction  o f  v irus  repl ica t ion , a d ec rea se  in tran sm iss ion ,  
and a reduc tion  o f  sym p to m s. In add it ion  to viral subun its ,  
a n u m b er  o f  ex p e r im en ta l  a t tenua ted ,  l ive-v irus  vacc ines  
can  be ad m in is te red  by aeroso l.  T h e se  are  frequently  
tem pera tu re-sensi t ive  m utan ts  tha t  do  not replicate beyond
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the su perf ic ia l  ep ithelia l cells  in the  n asop haryn x .  B ecause  
o f  the high recom bina t io n  frequency  o f  inf luenza  v irus  and 
the po ten t ia l  d an g e r  o f  an a ttenuated  virus rever ting  to 
v iru lence , l ive-v irus  vacc ines  have not been adop ted  for 
general use. T h e re  is, however, a m a jo r  e ffor t  to develop 
re co m binan t  vacc ines  and  gene tica lly  eng inee red  s tra ins  of 
v irus  tha t will p ro tect agains t  the  disease.

Paramyxoviruses_______________
Earl M. Ritzi 

G enera l C harac teris tics

T h e  p a ram yx ov iru ses  are  la rger  than  the  o r th o m y x o v i
ru se s  and are  ch a rac te r ized  by a  nuc leoc aps id  d iam e te r  o f  
18 nm  and a vir ion  d iam e te r  o f  120 to 150 nm . T h e  R N A  
gen om e  o f  param y xo v iru ses  is a  s ingle  m olecu le  o f  n e g a 
t ive polarity. T h is  geno m e  is not infective alone and must 
be a ssoc ia ted  with the vir ion  R N A -dependen t R N A  poly
m erase  for infectivity. T h e  genom e, w hich  does  not fun c 
tion as a m essage ,  is t r an sc r ibed  by the  v ir ion-assoc ia ted  
polymerase into shorter-than-genome-length messages upon 
en te r in g  the  hos t  cell .  T h e  p a ram yx ov iru ses  are  enveloped ,  
helical v iruses .  A m atrix  pro te in  lies u nd er  the  l ipid bilayer 
o f  the envelope , and two funct ional g lyco p ro te in s ,  H N  and 
F, are inser ted  into the  lipid b ilayer  as sp ike pro te ins .  T he  
H N  g lyco p ro te in  has bo th  hem ag g lu t in in  and n e u ra m in i
dase  ac tiv it ies ,  w h ereas  the F g lycopro te in  is a hem olysin  
and p rom o tes  fusion o f  cell m em branes .  T he  F p ro te in  has 
been  useful in p rom oting  ce l lu la r  fus ions and has  a ided  in 
the s tu dy  o f  som atic  cell genetics .  W ith  respect to g ly 
cop ro te in  func t ion ,  m easles  and re sp ira to ry  syncy t ia l  v irus 
(R S V )  have so m etim es  been re fe rred  to as p seudom yxov i-  
ru se s  because  m easles  lacks n eu ra m in id a se  activity, while 
R SV  lacks h e m agg lu t in in  and n eu ram in idase  activit ies . In 
gen e ra l ,  the  pa ram yxov irus  g ro u p  can  estab lish  persistent 
noncy toc ida l infec tions o f  cell cu ltu res  and provide  inter
es t ing  m odels  for s tu dy in g  d iseases  such  as  subacu te  sc le 
ros ing panencepha l i t i s  (SSPE).

T he  para in f lu enza  v iruses (P IV s  types  1-4), m um ps,  
m eas les  (rubeola) ,  and R S V  are the p a ram y xo v iru ses  most 
c o m m o n ly  a ssoc ia ted  with h u m an  disease. F u r th e r  d iv i 
sion indica tes  tha t the  P IV s 1 to 4  and  m u m p s  are in the 
P aram yxovirus  genus; R S V  is the  only h um an  pa thogen  in 
the P n eu m o v iru s  genus and m eas les  v irus  is in the Mor- 
b illiv iru s  genus.

P ara in f lu en za  V iruses

P IV s 1 to 3 m ost com m on ly  cause  croup . Four vital s e 
ro types  o f  para in f luen za  were isolated betw een  1955 and 
1958. Para in f luenza  v iruses p ro d uce  m in im al cy topa th ic

effec t  in cell cu ltu res  and p ro du ce  localized  resp ira tory  
infec tions o f  hu m ans  in w hich  v irem ia  is rare ly  de tec ted .  
P ara in fluenza  v irus  type  1 is m ost co m m o n ly  associa ted  
with croup (laryngotracheobronchitis) in children 6  months 
to 3 years  o f  age. In fec ted  adults  genera l ly  have only a 
febrile  il lness s im ila r  to the  c o m m o n  co ld . V ira l- induced  
c ro up  in child ren  may be life th rea ten ing  d ue  to  ed em a  and 
b lockage  o f  the  w indpipe . T h e  co ug h  often  sou nd s  like a 
bark ing  seal. W hile  c ro up  is the p r inc ipa l m anifes ta tion  o f  
type  1 v iru ses ,  the  full range  o f  sy m p to m s  (pharyngit is ,  
b ronch i t is ,  b ronchio li t is ,  o r  pn eu m o n ia )  may be  no ted .  
Sendai v irus  and hem adsorp t ion  v irus  type  2 (H A -2) are 
PIV 1 representatives .  T h e  HA-2 v irus  is m ore  com m only  
isolated fro m  patients with croup . P ara in fluenza  v irus  type
2  is also associa ted  with c rou p  (in fact , a  type  2  r ep resen ta 
tive is n am ed  c ro u p -a sso c ia ted  virus). Second  only to RSV, 
PIV  type 3 is m o s t  co m m o n ly  a ssocia ted  with bronchioli tis  
and p n eu m o n ia  in infants less than I year  old. C hild ren  I to
3 years  o f  age infected  by type 3 m ay exper ience  croup. 
Para in f luenza  v irus  type  4 is less frequently  iso lated , has 
only been associa ted  with m in o r  co m m o n  cold  sym ptom s,  
and is not a  se r ious  d isease  th reat.  T h e  H N  pro te in  m ed i
ates  PIV  a t tachm ent  to cell m e m b ran es  w h ereas  the F 
protein  m ed ia tes  fusion o f  the viral envelope  and the 
p la sm a  m em brane .  H ost-cell p ro teases  cleave the F  g ly
co p ro te in .  d e te rm in in g  su scep tib i l i ty  and  t issue  t rop ism .

M u m p s

In fec tion  by the  m u m p s  v irus  p rodu ces  sys tem ic  d isease  
w ith  en la rg em en t  o f  one  o r  bo th  paro t id  g lands  (ep idem ic  
parotit is) .  M u m ps  v irus  infec tions are  a lso charac te r ized  
by  g la n d u la r  or n ervous  t i ssue  involvem ent.  Two theo r ie s  
exis t for the developm ent o f  v irem ia  d u r ing  m u m p s  virus 
infections. O ne  sugges ts  tha t  the v irus  travels from the 
m ou th  th rough  Stensen's duc t to the paro t id  g land ,  w here  it 
und ergo es  p r im ary  m ultip lica tion  in the  paro t id  g land .  
Secondarily ,  the v iru s  infects o th e r  o rgans  as  a  resu lt  o f  a 
gene ra l ized  v irem ia . T h e  second  theory  p laces  m ore  e m 
phasis  on resp ira to ry  drop le t  infection and places p r im ary  
m ultip lica tion  in the  resp ira to ry  ep i th e l ium . T h is  co u rse  o f  
viral infection a rgues  for a s im ul taneous  infec tion  o f  sa l i
vary  g lands  and o th e r  o rgans  as a  result o f  genera l ized  
v irem ia . A fte r  an incubat ion  per iod  o f  16 to 18 days  and 
ear ly  sym p to m s o f  fever, an o rex ia ,  and unila teral o r  b ila t
eral paro t i t is ,  gene ra l ized  v irem ia  m ay secondar i ly  lead to 
infec tion  o f  the tes tes ,  ovaries ,  pan c reas ,  and brain . A 
v iru r ia  frequently  develops d u r ing  m u m p s  v iru s  infections. 
T h e  following are possib le  m u m p s  v irus  complica t ions:

1. O rch it is  (a trophy  o f  the testis) is the m ost co m m on  
seco nd ary  e ffec t  o f  m u m p s  v irus  infection . O rch it is  
occurs  in 20  to 35 percen t o f  m en  past the  age  o f  puberty  
but is usual ly  unila teral and therefore  d oes  not gener
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ally result in steril ity. In fec tions  o f  the ovary  never lead 
to secon dary  s te r i l i ty  in women.

2 . A sep tic  m en ing it is  results  f rom  infection o f  the  m e n in 
ges  o f  the brain . A bou t  10 to 15 percen t o f  aseptic 
m en in g it is  c a ses  are  a tt r ibu ted  to m u m p s  v irus  in fec
tion.

3 .  M en ingoencepha li t is  is a m ore  severe infection o f  the 
centra l n e rv ou s  sys tem  but p e rm an en t  d am ag e  is rare. 
O n ly  2 to 5 cases  pe r  1000 m u m p s  v irus  infec tions lead 
to asep t ic  m en ing it is  o r  m eningoencephali t is .

4 .  O th e r  less co m m on  m anifes ta tions  are  unila teral nerve  
dea fn ess ,  thy ro id i t i s ,  and nephritis .

A lthough  in f lam m ation  o f  the testes, b ra in ,  o r  o ther 
o rgan s  leads to secon dary  com plica t ions  in m u m p s  infec
t ion ,  uncom plica ted  m u m p s  with associa ted  paro t i t is  p ro 
d uces  litt le tissue  d am ag e  and few p e rm an en t  effects.

M easles  (R ubeola)

D isease  following m eas les  infection is ch a rac te r ized  as an 
acute , h igh ly  in fec tious, ex an them atou s  d isease  with fever 
and resp ira tory  sym ptom s. A l tho ug h  the  m eas les  v irus 
might app ea r  to be a d e rm a tro p ic  v irus  localized  to the 
sk in , m eas les  v irus  is a  sys tem ic  infection ch a rac te r ized  by 
v irem ia . T h e  v irus  en ters  the body  and first replicates in 
cells  o f  the  u p per  re sp ira to ry  trac t  o r  the con junct ival  sac o f  
the eye. A genera l ized  v irem ia  follows, and  vesicles form 
in the buccal m u co sa  (K oplik 's  spots)  before  appea rance  of 
a rash. T h e  v irus local izes  and causes  charac te r is t ic  m e a 
sles m ultinuclea te  g ian t cells  in the  sk in , lym ph nodes, 
sp leen, tonsils, lungs , and  kidneys. In approxim ate ly  1 case 
pe r  1 0 0 0 , m eas les  will localize  in the  cen tra l  n ervous  
sys tem  causing encephalitis .

T h e  prodrom al per io d  o f  a m eas les  v irus  infec tion  is 
charac te r ized  by fever, co ug h ing ,  c o ry za ,  con junctiv i t is ,  
K oplik 's  spo ts ,  and lym ph op en ia .  T h e  rash o f  m eas les  is 
d is t inguishab le  from  that o f  rube l la  v irus  by  being  a darker  
red in color, less d iscre te ,  and m ore  co a le sc in g .  The 
m acu lo pap u la r  rash o f  m eas les  b eg ins  as a d iscre te  pink 
rash  tha t rapid ly  bec o m e s  red  and  coa le sc in g ,  spread ing  
over the  en tire  body  in 2 to 4  days. T h e  rash  finally  
beco m e s  brow nish  and desquam ative .

T h e  following seco nd ary  com plica t ions  o f  m eas les  v irus 
infection are o f  p r inc ipa l concern :

1. E ncephalom yeli t i s  (1 : 1000 cases )  m ay  o ccu r  d u r in g  
o r  im m edia te ly  following the rash. A 10 to 30  percent 
m or ta l i ty  is no ted ,  and 4 0  percen t o f  surv ivors  have 
sequelae such as  se izure  d iso rde rs  o r  psychoses.

2 .  S ubacu te  sc lerosing  panencep ha l i t i s  is only de tec ted  
in ind iv iduals  previously  infected  by m eas les  virus.

D isease  is m ost c o m m o n  in child ren  5 to 10 years  o f  
age. It is believed to be the  result o f  a pe rs is ten t m eas les  
infection . T h is  p rogress ive ,  dem yel ina t ing  disease  
w hich  results  in m enta l  de te r io ra tion  and  d e a th ,  is 
usual ly  de tec ted  5 o r  m ore  years  a f te r  a m eas les  v irus 
infection. M easles  v irus  nuc leopro te in  an tigen  is found 
in n erve  cell inclusion bodies ,  and  m eas les  v iru s  has 
been g row n  by  cocu lt iva t ion  o f  H eLa  cells  w ith  S S PE  
bra in  b iopsy  m ater ia l .  S S P E  is c o n f i rm e d  by  f inding 
m eas les  v irus a n t ib od ies  in c e reb rosp ina l  flu id , while 
e levated levels are d e tec ted  in se rum .

3 . S eco nd ary  infection o f  the  re sp ira to ry  trac t ,  p r inc ipa l ly  
by hem oly tic  s t rep toco cc i ,  o ccu rs  in 15 pe rcen t  o f  
cases . T h e se  infec tions lead to p n eu m o n ia ,  bronchitis ,  
and o ti tis  m edia .

R esp ira to ry  Syncytial Virus

R S V  is the  single  m ost c o m m o n  infectious cause  o f  death  
in the firs t year  o f  life and the  single  m os t  s e r iou s  cause  o f  
b ronchio li t is  and  p n eu m o n ia  in in fants  less than  6  m on ths  
o f  age. A bou t  4 0  percen t o f  in fants  less than  6  m on th s  of 
age  with bronchio li t is  and 2 0  percen t w ith  p neu m o n i t i s  
yie ld R SV  w hen cu ltu red ;  however. R S V  is rare ly  isolated 
from  healthy  infants. R esp ira to ry  syncy t ia l  v irus  is e x 
trem ely  fragile and  difficult to  isolate in cell  cu ltu re ,  bu t  it 
p rod uces  a ch a rac te r is t ic  sy n cy t iu m  w ith  cy to p lasm ic  in 
c lus ion bodies .  C u ltu res  in fec ted  w ith  R S V  ch a ra c te r i s t ic 
ally lack h em adso rp t io n  proper tie s .  T h e  t r an sm em b ran e  
v irion su rface  F  g ly cop ro te in  p ro m otes  ce ll- to-cel!  fus ion , 
w h ereas  bo th  F  and  G g lyco p ro te in  ca rb o h yd ra te  side 
cha in s  are  requ ired  for R SV  infectivity. T h e  in fection  of 
R SV  is ch a rac te r ized  by  a shor t  incuba tion  per io d  (1 -4  
days), a  very  local ized  infection o f  the  c il ia ted  ep i the l iu m  
o f  the airw ays , and  an absence  o f  v irem ia . S y m p to m s  o f  
fever, le thargy, and apn ea  result as  s lough ing  o f  ep i the l ium  
and  exudate  occ lu d e  the lum en  o f  a irw ays . C ro u p  is less 
c o m m on  with R S V  infec tions but is seen  in child ren  1 to 3 
years  o f  age. Repeat R S V  infec tions are the ru le  but are 
typica lly  less severe and acco m p an ied  by an an am n es t ic  
im m un e  response. P r im a ry  ho s t  im m un e  re spo nses  are not 
com ple te ly  pro tec tive .  H istorica l ly ,  m ate rna l  R S V  a n t i 
body  and im m u ne  re sponses  to  inact iva ted  vacc ines  d id  not 
p ro tec t  infants and ac tua lly  may have exace rb a ted  the 
d isease. T he  im m un e  com plexes  fo rm ed  by an t i -R S V  and 
infec ting  v iru s  m ay  induce  in f lam m a to ry  re sponses  that 
lead to clin ica l  d isease  in yo ung  infants. W hile  h igh  levels 
o f  R SV -IgE  and h is tam ine  signal m o re  severe d isease , 
som e s tud ies  sug ges t  that n eu tra liz ing  a n t ibo d ies  are  b en e 
ficial and h igh - t i te r  im m u n e  g lobulin  may be u sefu l;  how 
ever. fu r th e r  s tud y  is requ ired .  In hosp i ta l ized  in fan ts ,  a 
m or ta l i ty  o f  ab o u t  2 to 5 percen t  is no ted .  O ti t is  m ed ia  is 
a lso  a poss ib le  com plica t ion  o f  R S V  infection.
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E pidem io lo g y

T he  p a ra in f lu en za  v iruses  are transm it ted  by aeroso ls  o f  
resp ira to ry  droplets .  Type I v irus  infec tions occ u r  in fall 
ep idem ics ,  w h ereas  type  2  infec tions are m ore  sporadic .  
W h ile  child ren  and adults  may be re in fec ted ,  p roduc ing  
co lds ,  m ost ch ild ren  have a n t ibo dy  to all th ree  se ro ty pes  by 
age  1 0 .

H um an s  are  the  only rese rvo ir  o f  m u m p s  v irus ,  and 
m u m p s  in fec tions  occ u r  p redo m in an t ly  in ind iv iduals  b e 
tw een  the  ages  o f  5 and  15 years . M u m p s  v irus  is not as 
con tag io us  as varice lla  o r  m eas les  and is tran sm it ted  by 
d irec t  c o n tac t ,  resp ira to ry  drop le ts ,  sa l iva , and  possibly 
urine. M u m p s  v irus  is tran sm i t ted  from  abou t 4 days before 
to I w eek  af te r  sy m p to m s  occur. Inapparen t  infections 
o c c u r  in 30  to  4 0  percen t  o f  cases .

M eas les  v irus  is h igh ly  con tag iou s  and causes  ep idem ics  
w hen  suffic ient n um bers  o f  suscep tib le  ind iv iduals  a c c u 
mulate. M eas les  is endem ic  w orldw ide  and o ccu rs  ch ief ly  
in n o n im m u n e  ch ild ren  in late w in ter  and spr ing ; however, 
suscep tib le  persons  o f  any age  m ay be infected . W hile  
m eas les  vaccine  caused  a dec rease  in in d igenous  m easles  
in the  U nited  States, p resen t-day  m eas les  o u tb re ak s  of 
u n im m u n iz ed  young  in inner  c it ies ,  o lder s tuden ts  in high 
schoo ls  and  co llege  cam p u s e s ,  and  c a ses  im ported  from 
fore ign co u n tr ie s  have been typ ica l .  M eas les  is sp read  by 
nasal o r  p haryngea l  d rop le ts ,  p rod uced  by sn eez ing  or 
co u g h in g ,  and sp read ing  may o c c u r  d u r ing  the interval 
f rom  I to 2  days before the rash  to a  few d ays  a f ter  the rash 
fades. Measles can also be transmitted through the placenta.

R esp ira to ry  syncy t ia l  v irus  sp read s  in infants and young  
child ren  d u r in g  the w in te r  m onths. N urse r ie s  and hospi ta ls  
are s i tes  o f  nosoco m ia l  infections. A ttack  rates for R SV  are 
high in families.

L a b o ra to ry  D iagnosis

T h e  p a ra in f lu enza  v iruses  can  be isolated in p r im a te  or 
h um an  cell cu ltu res  and  de tec ted  by  the  hem adsorp t ion  
m e th od .  Im m u n o flu o re sc en ce  or enzy m e-l in ked  im m u 
noso rben t  assay (E L IS A ) can  be used to detec t  PIV a n t i 
g en ,  w h ereas  c o m p lem en t  f ixation (CF), hem agg lu t ina t ion  
inh ib it ion ,  neu tra l iza t ion ,  and  ELISA  tes ts  can  be used for 
an tibody  ti ters.

M u m p s  v irus  can  be isolated fro m  sa l iva , ce reb rosp ina l 
f lu id ,  o r  u r ine  w hen  inocula ted  into m onkey  k idney  cells. 
T h e  v iru s  p ro d u ces  m ul t inuc lea ted  giant cells  in culture  
and c an  be iden t if ied  by h em adsorp t ion  inhibit ion with 
m um ps-spec if ic  an tisera .  In add it ion ,  com plem en t f ixation 
can  be u ti lized  to  de tec t  a  fourfo ld  r ise  in an t ibody  t i te r  to 
m u m p s  v irus .  A delayed hypersen s i t iv i ty  test is available

for m u m p s  virus;  however, it is less re liable  than o th e r  
serologic  tes ts  for d e te rm in in g  im m u ne  status.

M eas les  infec tions are genera lly  c lin ica l ly  d iag no sed  by 
the p resence  o f  K oplik 's  spo ts  and the d is t inc t ive  m easles 
m acu lop apu la r  rash. A v arie ty  o f  sero log ic  techn iques  such 
as E LISA  and im m un of luo rescence  assays can  be u ti lized  
to d iagn ose  the  5 percen t o f  infec tions tha t lack Koplik 's  
spots.  T h e  v iru s  may be isolated from  the  b lood o r  na
sop hary nx  from  I day before  sy m p to m s  to I day a f te r  the 
rash  occurs .

T he  resp ira to ry  syncytia l  v iru s  can  be isolated in hum an  
o r  p r im a te  cell  cu ltu res ,  w h ere  it p rod uces  a charac te r is t ic  
syncytia l  e f fec t ,  and  can  be d if fe ren t ia ted  from  pa ra 
in f luenza  v iruses  by the  absence  o f  hem adsorp tion .  An 
indirect im m un of iuo rescen t  test o r  ELISA is used to detec t 
R SV  an tigen  in exfolia ted cells  o f  nasal washes. Fourfold 
rises  in R S V  an tibo d ies  can  a lso d iagn ose  R S V  infection in 
C F  tests , neu tra liza tion  assays, p laque reduc t ion  assays, 
and ELISA.

P rev en tio n  a n d  T re a tm e n t

Infection  by PIV does  not con fe r  im m un ity  to  re infection . 
W hile  seroconvers ion  has been achieved w ith  form alin-  
inact iva ted  para in f luen za  v irus  vacc ines ,  no  vaccine  is 
p resen tly  reco m m en d ed  or p ro tec ts  aga ins t  para in f luen za  
v irus  infections. N eutra l iz ing  sec re to ry  IgA p lays a cri tical 
role in p ro tec tion  agains t  para in f luen za  v irus  infec tions as 
well as R S V  infections. T h e  t rea tm en t  o f  v ira l-a ssoc ia ted  
d isease  is su p po r t iv e  and m ay involve deco ng es tan ts  o r 
m echan ica l  m eans  o f  open ing  a  ch ild 's  airway, such as 
s team , v ap orizers ,  or, less com m only , a  tracheostomy. 
O xy g en  can  also be used for dy sp ne ic  infants.

U nlike p ara in f luenza  v irus  cases ,  the  n u m b er  o f  m u m p s  
v irus  and m eas le s  v irus  cases  has been greatly  redu ced  by 
the  use o f  tw o live, a ttenuated  v irus  vaccines.  In the  United 
States, the  m eas les  vaccine  has ad d it iona l ly  reduced  SSPE 
from  20 to 40  cases  p e r  year to a rarely  de tec tab le  case. A 
second  dose  o f  m easles  vaccine  has  been rec o m m en d e d  to 
reduce  the  p r im ary  vaccination  fa i lu res ,  thereby  reducing  
o u tb reaks  in co llege -ag ed  indiv iduals .  M u m p s ,  m easles ,  
and rub e l la  m ay  be present in a co m b in ed  vaccine, o r  
m eas les  c an  be used as a m onovalen t vaccine. In e i ther  
case , m easles  im m uniza tion  should  not o ccu r  before 15 
m o n ths  o f  age  to  prevent m ate rna l  an t ibod ies  f rom  interfer
ing w ith  the  induction  o f  im m u n i ty  by  the  live-virus 
vaccine. M eas les  v irus  infec tions in n o n im m u n e  ind iv idu
als can  be trea ted  with im m u n e  h um an  g a m m a  g lobulin  
ear ly  in the  incubation  period .  A sm all  dose  o f  im m u 
noglobulin  reduces  the sever ity  o f  d isease  and  perm its  
im m u n ity  to develop, w hereas  a large dose  pro tec ts  agains t  
d isease  but leaves the  ind iv idual w ithou t las ting  immunity.
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Im m u ne  h u m an  g a m m a  g lobulin  is not effec tive  in the 
t rea tm en t o f  m u m p s-assoc ia ted  orchitis.

T h e  sever ity  o f  R S V  infec tions has crea ted  an urgent 
need  for an e ffec tive  vaccine; however, k il led  R S V  vac
cines have been m ore  d e tr im en ta l  than  benefic ia l  and  live- 
v irus  R SV  vacc ines  have failed to p rotect agains t  RSV, 
a l though  a subun i t  vaccine  agains t  the  F  g ly cop ro te in  is 
being  tes ted . T h e  F  g ly cop ro te in  elicits  n eu tra liz ing  an t i
bodies . T h e  antiv ira l  ag en t  r ibav ir in  is u ti l ized  in an 
aerosol fo rm  to treat infants hosp i ta l ized  with RSV-in- 
duced  b ronchioli tis  o r  p n eum o n i t is ,  but its e ff icacy  for PIV 
infections is not d ocu m en ted .  A n tiv i ra ls  are  not re co m 
m en ded  for m u m p s  o r  m easles  v iruses .

Corona vi ruses__________________
Stan ley S. L efkow itz  

G enera l C harac teris t ics

C oronav iru ses  are  s ing le -s tran de d ,  p leom orph ic  R N A  v i
ru se s  with helical nucleocapsids .  T h ey  range  from 80 to 
130 nm  in d iam e te r  and possess  an unsegm en ted  genom e 
with a m olecu la r  w eigh t o f  7 x  Ю6  daltons. T h e  v irus  is 
enveloped with cha rac te r is t ic  2 0 -nm petal- o r  c lub -shaped  
pro jec tions  on its su r face  (so lar corona). T h is  v iru s  is fas
tid ious as  well as  labile. Routine  isolation is d ifficul t except 
in c e r ta in  types  o f  o rgan  cu ltu res .  O p tim a l  tem pera tu re  for 
cu lt ivation  is be tw een  33 and 35°C. A h em ag g lu t in in  is 
associa ted  with the  su rface  o f  the  v irus .  A nu m b er  o f  viral 
sub types  ex is t ,  but th e i r  exac t  n u m b er  is unknow n.

P a th o g e n e s i s  a n d  D isease

C o ronav iruses  are tran sm it ted  by aerosol and resp ira tory  
drop le ts  and  cause  com m on  colds in adu lts  as well as 
febrile u pp er  resp ira to ry  trac t  il lness. A s  many as  20 
percen t o f  c a ses  o f  the “ c o m m o n  c o ld "  have been  a t t r ib 
uted to co ronav iruses ,  par t icu la r ly  in winter. A cquired  
im m un ity  develops poorly, and re in fec t ion  w ith  the  sam e 
sub type  is co m m o n .  T h e  v irus  is a lso a ssoc ia ted  with lower 
resp ira to ry  tract d isease  in hosp i ta l ized  ch ildren. T h e  p res 
ence  o f  large n u m b ers  o f  co ron av iru s  part ic les  in fecal 
spec im ens  as well as the ir  f requent associa tion  with g a s t ro 
en te r i t is  and d ia r rh ea  sugges ts  the ir  po ten t ia l  im po rtance  
in o th e r  d iseases.

L a b o ra to ry  D iagnosis

D iagnosis  is m ade  p r im ar i ly  by sero logy  using  com ple-  
m ent-f ixa tion  o r  viral neu tra liza tion  tes ts  w ith  pa ired  sera. 
A s no ted ,  v irus  isolation is difficult and  is not rou tinely  
done.

Picornaviruses and Caliciviruses
Earl M. Ritzi

Picornav iruses  

General Characteristics
T h e  p ico rnav iru ses  are  sm a ll ,  naked  caps id  v iruses  with  
cubic  sym m etry .  T h e  s in g le -s trand ed  R N A  geno m e  o f  
these  v iruses  consis ts  o f  a  single  m olecu le  w ith  positive 
(m essen ger  R N A ) polarity. T h is  po s i t iv e -s t ran d ed  viral 
R N A  geno m e  is infec tive  w hen  ex trac ted  from  the  vir ion  
and acts  as  m essen g e r  R N A  upon en te r in g  the  hos t  cell .  A 
single g ian t po lypro te in  o f  2 0 0 , 0 0 0  da ltons  is sy n th es ized  
and subsequen tly  c leaved by p ro teases  to genera te  four 
s t ruc tu ra l  p ro te ins ,  V p  1 to 4  and  a replicase. V irion- 
a ssoc ia ted  po lym erase s  are not found in p ico rnav iruses .  
T h e  p ico rnav ir idae  family is c o m p o sed  o f  two m a jo r  g e n 
e ra  o f  im p o rtance  to hum ans : the  en te ro v iru s  g roup ,  w hich  
grow s in the  in testine, and  the rh in ov iru s  g roup ,  which 
grow s in the up per  re sp ira to ry  trac t .  O th e r  gen e ra  of 
in terest inc lude  the  ap h th ov iru s  ( fo o t-and -m ou th  d isease  
v irus  o f  catt le)  and  the  ca rd iov iru s  (encepha lo m y ocard i t i s  
v irus  [E M C ]) ,  a roden t  v irus  occas iona lly  a ssoc ia ted  with 
asep tic  m en ing it is  in h u m an s .  In add it ion ,  the  v irus  o f  
infec tious hepa t i t i s  (hepa ti t is  A v irus)  is a p ico rnav irus .  
T h e  en te rov irus  g ro u p  tha t  typ ica lly  infects h u m a n s  in 
c lu d es  the v iruses  d e sc r ib ed  in Table 5 -7 .  T h e  en te ro 
v iruses  are s table  in ac id  (pH  3 . 0 - 5 . 0 )  for 1 to 3 ho u rs  and 
are d is t ing u ish ed  from the rh inov iruses ,  w hich  are acid 
labile and d if fe r  in buoyant density . T he  h um an  rh in o 
v iruses  consis t  o f  113 d if feren t se ro types .  T h e  following 
en te ro v iru ses  are involved in h u m an  disease.

Poliovirus
A typica l co u rse  o f  poliov irus infec tion  b eg ins  w ith  inges
tion o f  se ro typ e  1 o r  3 and is followed by initial replication 
o f  the v irus  in the  o rop h a ry n g ea l  m u co sa  and in testinal 
m ucosa .  T he  v iru s  is then  found  in the  th roa t  and shed in 
feces. T h e  v irus  sp reads  th ro ug h  the  lym ph sys tem  (tonsils

Table 5-7 Medical l y I m p o r t a n t  H u m a n  
Ent erovi ruse s  of  t h e  P icornavi r i dae Family

Enteroviruses
No. of 

serotypes Serotypes

P o l i o v i r u s e s 3 1, 2 ,  a n d  3

C o x s a c k i e v i r u s  A 2 3 1 - 2 2 ,  2 4

C o x s a c k i e v i r u s  В 6 1 - 6

E c h o v i r u s e s 3 2 1 - 9 ,  1 1 - 2 7 ,  2 9 - 3 4

H u m a n  e n t e r o v i r u s e s 4 6 8 - 7 1

H u m a n  h e p a t i t i s  A  v i r u s 1 7 2
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and Peyer 's  patches) to the  b lo o d s tream , fo rm ing  a t r an 
sient v irem ia .  O th e r  suscep tib le  ex traneura l  t i ssues  be
co m e  infec ted ,  and suffic ien t v irus  may be p rod uced  to 
estab lish  a p e rs is ten t  v irem ia .  T h is  p e rs is ten t  v irem ia  is 
responsib le  for hem atog eno us  sp read  to the  cen tra l  nervous 
sys tem  (CNS). W hile  the  p r inc ipa l route  o f  C N S infection 
ap pea rs  to be th rou gh  the  b lo od s tream , po l iov irus  may also 
spread  th rough  periphera l  nerves  to the CNS. T h e  m a jo ri ty  
o f  poliovirus infec tions (9 0 - 9 5 % )  as  well as  o th e r  en te ro 
v irus  in fec tions  are subclin ica l  an d  are dem on s tra ted  only 
by seroconversion . A sm all percen tage  o f  c a ses  (4 - 8 % )  are 
abo r t ive  infec tions w ithou t C N S  involvem ent,  and  only 1 to 
2  percen t o f  infec tions may be c lin ically  recog n ized  as a 
C N S  illness.  C lin ica l d isease  may be m an ifes t  as aseptic  
m en ing it is  (nuchal r ig id i ty  and  back  pain) o r  more ser ious 
d isease  fo rm s ,  inc lud ing  spinal poliom yelit is  leading to 
para lys is  (due  to  infec tion o f  the  an te r io r  h o rn  cells  o f  the 
spinal cord), bu lba r  po liom yelit is  leading to fatal ca rd iac  or 
p u lm o n a ry  failure (due  to lesions in the  m edu l la  and brain 
stem), and  encepha l i t ic  poliom yelit is  (due  to lesions in the 
m o to r  cortex). T h e  para ly tic  fo rm  o f  d isease ,  as op p o sed  to 
a m ild  o r  subc l in ica l  infec tion , is favored d u r in g  infection 
by surgica l t rau m a  (e .g .,  tons il lec tom y), in jec tion ,  fatigue, 
p regnancy , o r  increased  age  o f  the  patient.  T h e  im m une  
re sponse  agains t  v irus- in fec ted  neurons  in the C N S is 
responsib le  for n eu ron op hag ocy to s is ,  w hich  con tr ib u tes ,  
in large pa r t ,  to neuron  d e s t ru c t ion ,  brain lesions, and  the 
developm ent o f  a sy m m e tr ic  para lys is ,  which affec ts  lower 
ex trem ities  m ore  than  upper.

Coxsackie viruses
T h e  s ing le  m ost c o m m o n  coxsack iev irus  d isease  sy ndrom e 
( type  A o r  B) is asep t ic  m eningitis .  O ften  m eningit is  is 
a cc o m pan ied  by a mild pares is  that , unlike  polio, p roduces  
no  p e rm an e n t  paralysis . G ro u p s  A and В also produce  
febr ile  su m m e r  o r  fall il lnesses. Table 5-8 d e sc r ib es  co x 
sack iev irus  m an ifes ta tions  o f  d isease.

Som e  d iseases  are ch ief ly  a ssoc ia ted  with only one o f  the 
coxsackievirus groups. The principal manifestation of group 
A coxsack iev iru ses  is he rp an g in a  (ves icu la r  pharyngitis) .  
T h e  ch a rac te r is t ic  sy m p tom  o f  he rp ang in a  is the  fo rm ation  
o f  1 0  to 2 0  g ray-w hite  vesicles  with a  red  a reo la  su r ro u n d 
ing them . Vesicles app ea r  in the p o s te r io r  part o f  the  oral 
cavity  on the tons il la r  p il la rs  and proceed  to  form punched- 
ou t  u lcers w ith  an intense e ry th e m a .  G ro up  A coxsack iev i
ru se s  (par t icu la r ly  A16) have also been associa ted  with 
h an d -fo o t-and -m ou th  d isease. T h is  d isease  m anifes ta tion  
is c h a rac te r ized  by oral and  p haryngea l  u lcers as  well as a 
v es icu la r  rash on the  pa lm s and  soles that sp reads  to the 
arm s  and legs. Uniquely, vesic les  heal w ithou t c rus t ing .  
T h is  d isease  results  f rom  a hu m an  co xsack iev irus  infection 
and is d is t in gu ished  from  the foo t-and -m ou th  d isease  o f  
catt le ,  w hich  is occas iona lly  t ransm itted  to h u m an s  by an

Table 5-8 Coxsackievi rus  M an i f e s t a t i o n s  o f  Disease

Differences
Similarities 
between 
Type A and ВType A Type В

H e r p a n g i n a P l e u r o d y n i a A s e p t i c  m e n i n g i t i s

( B o r n h o l m  d i s e a s e . ( m o s t  c o m m o n )

e p i d e m i c  m y a l g i a )

H a n d - f o o t - a n d - M y o c a r d i t i s M i l d  p a r e s i s

m o u t h  d i s e a s e T r a n s i e n t  p a r a l y s i s

A c u t e P e r i c a r d i t i s U p p e r  r e s p i r a t o r y

h e m o r r h a g i c D i a b e t e s  ( m i c e ) t r a c t  i n f e c t i o n s

c o n j u n c t i v i t i s ( h u m a n s ? ) ( c o l d s )

S e v e r e  s y s t e m i c  i l l n e s s S u m m e r  o r  fa ll

o f  n e w b o r n s f e b r i l e  i l l n e s s

R a s h

aphthovirus .  A  n u m b er  o f  the  g ro u p  A co xsack iev iruses  
have a lso  been associa ted  with an acute  u pp er  resp ira tory  
infection s im ila r  to the  c o m m o n  cold.

Disease-specific relationships have also been documented 
for d if feren t se ro types  o f  the g ro up  В coxsack iev iruses .  
P leu ro dy n ia ,  a lso re fe rred  to as ep idem ic  m yalg ia  o r  B orn 
ho lm  d isease ,  is an acute  d isease  caused  by g rou p  В 
coxsack iev iruses .  T he  charac te r is t ic  sy m p to m  o f  th is  u n 
c o m m o n  infection is a  severe paroxysm al chest  pain  tha t is 
felt over the r ib s  o r  s te rn u m , or substernally ,  and  is 
a c cen tu a ted  by deep breath ing  or m ovem en t.  In fec tions o f  
g ro u p  В coxsack iev iruses  are  also m an ifes t  as  a  general 
d isease  o f  the new bo rn .  D u r in g  the  first w eek  o f  life, an 
infant may experience  loss o f  appe ti te ,  co u g h ,  vom iting , 
and  m yocard i t is  or  per icard i t is .  C a rd iac  and  resp ira tory  
p rob lem s m ay rapid ly  lead to d ea th ,  o r  the infant may 
recover  completely . T h e  g ro u p  В coxsack iev iruses  have 
m os t  recently  been im plicated  in p r im ary  m yocard ia l  d is 
ease  o f  adults. T h e se  v iruses  m ay  affec t  the en d o ca rd iu m , 
p e r ica rd iu m , m y o ca rd iu m , or all three. A pprox im ate ly  5 
percen t o f  sym p tom atic  g ro u p  В infections p ro du ce  heart  
d isease. A w eaker  assoc ia tion  with h e a r t  d isease  has  been 
n o ted  for g ro up  A coxsack iev iruses  and echoviruses .  S tu d 
ies have also sugg es ted  tha t coxsack iev irus  B4 infection 
m ay  p red ispo se  ind iv iduals  to the ab ru p t  onse t o f  d iabe tes  
m elli tus .  In add it ion ,  a  varian t o f  co xsack iev irus  A 24 
(en te rov irus  70) has  been im plicated  as  o ne  o f  the e tio log ic  
agen ts  o f  acute  h em orrhag ic  conjunctiv i t is .

Echoviruses (Enteric Cytopathogenic 
Human Orphan Viruses)
Initially, echo v iru ses  were d is t in gu ished  from  coxsack iev i
ruses  by th e i r  fa i lu r e  to p roduce  a coxsack iev irus- l ike  
para lys is  in new born  mice; however, th is  p r incip le  d oes  not 
hold true  for all echo v iru ses  and coxsack iev iruses .  D ue to
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th is  co n fu s io n ,  new v irus  iso lates  are c lassif ied  as n u m 
b ered  en te rov iruses  ra ther  than  echov iru ses  o r  cox sa ck ie 
v iruses.  T he  echov iru ses  have com m o n ly  been associa ted  
w ith  ex an th em ato us  febrile  il lnesses  and aseptic  m e n 
ingitis  w ith  or w itho u t  rash . In fact, echov iru ses  are  a 
leading cause  o f  a scep t ic  (viral) m eningitis .  T h e  c o m m o n  
rashes o f  type  9 and 16 have been referred  to as Boston 
e x a n them a .  In  addit ion  to aseptic  m en ing it is  and rashes, 
w hich are  m ost c o m m o n  in ch ild ren ,  echov iru ses  (p a r t ic 
u lar ly  18) are associa ted  w ith  infanti le  d iar rhea .

Hepatitis A Virus (HAV; Enterovirus 72)
T his  v irus  is a  m a jo r  cause  o f  viral hepati tis  and jaundice . It 
is t ransm itted  like po liov iruses  by  the  feca l-ora l  route 
(con tam ina ted  food). It causes  acu te  d isease  and not ch ron 
ic liver d isease  as noted  with hepa ti t is  В v irus .  T his  
p ico rn av iru s  is d iscussed  fu r th e r  in the hepa ti t is  v irus 
section.

Rhinoviruses
T h e  p a thogenesis  o f  the rh inov iruses  d iffers  markedly  
from  that o f  the en te rov irus  group. R h inov iruses  p roduce  
v e ry  local ized  infec tions o f  the upper  re sp ira to ry  tract 
w ithou t any de tec tab le  v irem ia . T h e  v irus  is com m only  
found in the throat and nose  but is not isolated from feces. 
T h e  lower tem pera tu re  and  pH o f  the up per  resp ira tory  
t ract favor rh inovirus  replication. T h ese  v iruses  are  acid 
labile and grow best  at 33°C in cell cu ltu re  ra th e r  than 
37°C. T he  rh inov iruses  have a shor t  incubation  per io d  (2 - 4  
days), typica l o f  a local ized  infection , and  h is topatho log ic  
chang es  are only noted  in the  su r face  ep i the l ium  and 
su b m u co sa  o f  the u p per  resp ira to ry  trac t .  T h e  rh in o 
v iruses ,  as well as o th e r  v i ru ses  such as  the  co ro nav iruses  
and para in fluenza  v iruses ,  cause  colds; however, the rh in o 
v iruses ,  inc lud ing  113 se ro types ,  are genera l ly  considered  
the m a jo r  cause  o f  the “ co m m on  co ld ."  Ind iv idua ls  are not 
m ade  m ore  suscep tib le  to infection by being  chil led or 
w earing  wet c lo th ing ; however, chil ls  a re  a sy m p to m  o f  
rh inovirus  infection. Natural im m u n i ty  deve loped  during  
rh inovirus  infec tion is dependen t on sec re to ry  IgA  and is 
on ly  f lee ting . T h is  m ay  explain  w hy  ind iv iduals  with 
se ru m  an tibody  d irec ted  agains t  a  rh inovirus  m ay  be re in 
fec ted .  R h inov irus  infec tions are genera l ly  app aren t  (3 : 2 
ratio) as com pared  to  m os t  en te rov irus  infections, which 
are  in apparen t  and subclin ica l.

Epidemiology
T h e  en te rov iruses  such as  polio  are tran sm it ted  by  the 
fecal-oral route ,  and a suffic ien t n u m b er  o f  suscep tib les  are 
required  for ep idem ics .  W hile  vaccines have greatly  r e 
d u ced  the  inc idence  o f  poliov irus cases  in the  U nited  
States, poliovirus m ay  stil l p ro du ce  ep idem ics  in under

developed  cou n tr ie s  w here  a suffic ien t n u m b er  o f  su sc ep t
ibles exist.  A s  hygiene  and san i ta t ion  m e th o d s  im prove in 
develop ing  cou n tr ie s  w h ere  w id esp read  vaccination  is not 
p rac t iced ,  o lder  ind iv iduals  ra th e r  than  yo ung  child ren  are 
infec ted , and a g rea te r  n u m b e r  o f  m o re  se r ious  poliovirus 
cases  will be de tec ted .  T h e  co x sack ie - ,  echo - ,  and po liov i
ru se s  are more frequently  de tec ted  in the  su m m e r  and 
au tu m n  m onths. E n te rov irus  infec tions are m o re  typ ica l  in 
the  young  than  in the o ld ,  and fam il ia l  ex p o su re  is co n s id 
e red  im p ortan t  in the sp read  o f  echo-  and  coxsack iev iruses .

T h e  rh inov iruses  d if fe r  from  en te ro v iru ses  by causing  
la te -au tum n , winter, and ear ly -sp r ing  o u tb reak s  o f  colds. 
R h ino v iru ses  are sp read  m ore  eas i ly  by ch ild ren  than  by 
adults ,  and transm iss ion  can  o c c u r  by tw o m odes .  R esp ira 
to ry  drop le ts  were  fo rm erly  con s id e red  m o s t  im po rtan t  but 
now han d  co n tam in a t io n  from  v irus  on ob jec ts  o r  o ther  
hands followed by se lf- inocu la t ion  is the  m ost likely n a tu 
ral route  o f  t ransm ission .

Laboratory Diagnosis
E n te ro v iru se s  replicate  well in cell  cu l tu re  and m ay be 
recovered  from  th roa t sw abs ,  rectal sw abs, o r  c e reb ro sp i
nal flu id . Poliov iruses,  unlike coxsack ie -  and  e chov iruses ,  
are d iff icul t to recover  from ce reb ro sp in a l  fluid. R ises  in 
t i te r  o f  neu tra liz ing  and com plem en t-f ix ing  a n t ibo d ies  are 
useful in poliov irus in fec tions; however, sero logy  is gener
ally im prac t ica l  in co xsack iev irus  and echo v iru s  in fec tions  
un less  an tigen  has been isolated f rom  a p a r t icu la r  ep idem ic  
serotype. T h e  coxsack iev iruses  are c las s if ied  as  g ro u p  A or 
В d ep end ing  on the  induct ion  o f  f laccid  o r  spas tic  para lys is  
in suck ling  mice.

Prevention and Treatment
Passive im m un iza t ion  o f  suscep tib les  w ith  im m u n o g lo b u 
lin is e ffec tive  in the  prevention o f  po liov irus  para ly tic  
d isease ;  however, bo th  a k il led  poliov irus vacc ine  (Salk) 
and a  l ive-v irus  vaccine  (Sabin) are available  for induct ion  
o f  lasting  im munity. T h e  k i l led -v iru s  vacc ine  is p ro tec tive  
ag a ins t  d isease  and  induces  se ru m  im m u n o g lo b u l in  p ro 
d uc tion ; however, it d o e s  not induce  sec re to ry  nasal  o r 
d uodena l  IgA ,  and it does  not p revent viral m ultip lica tion  
in the gut on expo su re  to the  v irus .  T h e  live oral polio  
v accine , w h ich  is a  tr iva len t vacc ine  tha t  co n ta in s  all three 
serotypes, replicates in the recipient, is disseminated among 
ind iv iduals  in the  com m u n ity ,  and  ind uces  a com ple te  
sp ec t ru m  o f  antiv ira l  im m u n i ty  inc lud ing  sec re to ry  IgA 
that will prevent re in fec t ion  o f  the  gu t.  T h e  attenuated  
p o liov iruses  used for vaccine  m ay in ex trem ely  rare  cases  
(1 p e r  3 mill ion) m uta te  upon rep lication  and rever t  to 
v iru lence. Table 5 -9  su m m a r iz e s  key d if fe rences  betw een  
kil led and live polio  vaccines.
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Table 5-9 S u m m a ry  of  Key D i ff e r ences  in Polio Vaccines

Salk
(killed)

Sabin
(live)

I n d u c e s  s e c r e t o r y  Ig A N o Yes

P r e v e n t s  v i r a l  r e p l i c a t i o n  in  t h e  g u t N o Yes

I n t e r r u p t s  t r a n s m i s s i o n  in  c o m m u n i t y N o Yes

V a c c i n e  s p r e a d s  t o  i m m u n i z e  o t h e r s N o Yes

U s e f u l  fo r  i m m u n e  c o m p r o m i s e d Yes N o

( o r  u n i m m u n i z e d  a d u l t s )

R e f r i g e r a t i o n  in  t r o p i c s N o Yes

E n t e r o v i r u s  i n f e c t i o n  c a n  i n d u c e N o Yes

i n t e r f e r e n c e  ( m u l t i p l e  d o s e s  g iv e n )

R o u t e  o f  a d m i n i s t r a t i o n I n j e c t i o n O r a l

L e n g t h s  o f  i m m u n i t y S h o r t e r L o n g e r

P r e v e n t s  p a r a l y s i s Yes Yes

I n d u c e s  h u m o r a l  Ig G Yes Yes

N o te : V a c c in e s  a re  n o t a v a ila b le  fo r  c o x s a c k ie v iru s e s ,  e c h o v iru s e s ,  o r  
rh in o v iru s e s  b e c a u s e  th e  la rg e  n u m b e r  o f  s e ro ty p e s  m a k e s  v a c c in e  
d e v e lo p m e n t im p ra c t ic a l .  E c h o v iru s  in fe c tio n s  a re  b e s t  p re v e n te d  by 
a v o id in g  c o n ta c t  w ith  f e b r i le  p a t ie n ts , p a r t ic u la r ly  th o s e  w ith  a  ra s h .

Caliciviridae 

General Characteristics
T hese  are naked  capsid  icosahedra l  v iruses  s l igh t ly  la rger 
than p ico rnav iru ses  ( 3 5 - 4 0  nm  d iam eter) .  T h ey  are posi- 
t ive-po la r i ty  s ing le -s tranded  R N A  v iruses  tha t are tr an s 
m itted  by the  fecal-ora l route. T he  s tra tegy  o f  genom e 
express ion ,  however, d iffers  f rom  that o f  p ico rnav iruses .  
Two v iruses  tha t  infect h u m a n s  are p robable  ca lic iv iruses .  
O ne is the N orw alk  agent and the o th e r  is the  hepa ti t is  E  
v irus  (H E V ).

Norwalk Agent
T h is  is a  g ro up  o f  m orpho log ica l ly  s im ila r  but antigen ical-  
ly d if feren t v iruses  tha t cause  ep idem ic  gas t roen te r i t is ,  
co n s is t ing  o f  vom it in g ,  ab do m in a l  c ra m p s ,  and d ia r rh e a  in 
schoo l-aged  ch ild ren ,  family con tac ts ,  and  adults. Adult 
m anifes ta tion  o f  d ia r rh ea  c lea rly  d iffers  f rom  ro tav irus ,  the 
cause  o f  infanti le  d ia r rh ea .  T h e  inabili ty  to  g row  these 
v iruses  in t i ssue  cu ltu re  has p revented  ex tens ive  study.

Hepatitis E Virus
H E V  is a v iru s  found  ou ts ide  the  U nited  States in d eve lop
ing coun tr ies .  It is en te r ica l ly  transm it ted  n o n -A ,  non-B 
(N A N B ) hepa ti t is  tha t is responsib le  for ep idem ic  o u t 
b reaks ,  o ften  due to co n tam in a ted  water; there fo re ,  it is 
a lso  called  w ater-borne h ep a titis . T h is  v irus  is d iscussed  
fu r th e r  in the  sec t ion  on hepa ti t is  viruses.

Laboratory Diagnosis
Im m u n e  e lec tron  m icroscopy  ( IE M ) o f  stool sam ples  has 
been u ti lized  to de tec t  bo th  o f  the  ca lic iv iruses .

Togaviruses, Flaviviruses, 
Bunyaviruses, and Arenaviruses

Earl M. Ritzi 

G enera l C harac teris t ics

T h e  togav iruses  and f lav iv iruses are s ing le -s tranded  RNA 
viruses w ith  gen o m es  o f  pos i t ive  (m esseng er  R N A ) p o 
larity. Both v irus  fam il ies  have an enveloped  icosahedra l 
s t ru c tu re ,  replicate in re t icu loendo the l ia l  cells, and p ro 
duce  v irem ia  in hosts. T h e  togav irus  fam ily  cons is ts  o f  two 
im po rtan t  g ene ra ,  the a lphav iruses  and ru b iv iru s  (rubella). 
T h e  f lav iv iruses are a separa te  family. Som e dif ferences 
be tw een  togav iruses  and f lav iv iruses are p resen ted  in Table 
5-10. Form erly , the  a lphav iruses  and  f lav iv iruses  were 
respective ly  te rm ed  the g rou p  A and g ro up  В arboviruses .

T h e  bunyav iruses  are a lso a rbov iruses ,  and all replicate 
in a r th ro p o d s ;  however, the v ir ion  s t ru c tu re  and rep l ica
tion  s tra tegy  o f  bunyaviruses d if fe r  m arked ly  from  those 
o f  togaviruses .  B unyaviruses have a s ing le -s tranded  RNA  
g en o m e  c o m p o se d  o f  th ree  segm ents .  T h is  geno m e  is o f  
negative po la r i ty  and requ ires  a v ir ion-assoc ia ted  tran
scriptase for replication. Bunyaviruses possess helical sym 
metry, bud  into cy to p lasm ic  vacuoles ,  and hem agg lu tina te  
goose  cells  w ith  sp ike  pro jec tions  c o m p o sed  o f  tw o dis tinc t  
viral g lycopro te ins .

T h e  arenav iruses  a lso  possess  a un ique virion s tructure .  
T hese  s ing le -s tranded  RNA  v iruses  have a  segm en ted  
g en o m e  o f  negative  po la r i ty  w ith  tw o c i rcu la r  n uc leoc ap 
sids. T h e  m ost un ique  charac te r is t ic  o f  a renav iruses  is the 
p resence  o f  e lec tron -dense  granules  (host-cell  r ib osom es)  
w ith in  the  p leom orph ic  enveloped  part ic les .  A renav iruses  
fo rm  pe rs is ten t infec tions o f  a single  rodent host that 
d if fe rs  from v irus to v irus ,  and  only occas iona l sp read  to 
o th e r  m am m als  o r  h u m an s  is no ted .  Table 5-11 lists the 
im p o r tan t  d iseases  caused  by these  four v irus  families.

Table 5-10 Co mp ar i son  of  
Togavirus a n d  Flavivirus Cha ract er i s t ics

Togavirus Flavivirus

L a r g e r  in  s i z e ,  6 0 - 7 0  n m S m a l l e r  in  s i z e ,  4 5 - 5 5  n m

B u d d i n g  f r o m  p l a s m a B u d d i n g  i n v o lv e s  c y t o p l a s m i c

m e m b r a n e m e m b r a n e s

E x p r e s s i o n  in v o lv e s S u b g e n o m i c  m R N A  is  n o t

s u b g e n o m i c  m R N A  s p e c i e s d e t e c t e d
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Table 5-11 S u m m a ry  of  
Im p o r t a n t  H u m a n  Viruses by Family

Togaviridae Flaviviridae Bunyaviridae Arenaviridae

E a s t e r n S t .  L o u i s C a l i f o r n i a L y m p h o c y t i c

e q u i n e e n c e p h a l i t i s e n c e p h a l i t i s c h o r i o 

e n c e p h a l i t i s c o m p l e x

( L a C r o s s e

v i r u s )

m e n i n g i t i s

( L C M )

W e s te r n P o w a s s a n B u n y a m w e r a L a s s a  f e v e r

e q u i n e a g e n t

e n c e p h a l i t i s

V e n e z u e la n Y e l lo w  fe v e r H e m o r r h a g i c

e q u i n e fe v e r

e n c e p h a l i t i s v i r u s e s

( j u n i n ,

M a c h u p o )

R u b e l l a D e n g u e  fe v e r  

H e p a t i t i s  С

Togaviruses

T h e  a lphavirus  gen us  o f  the togavir idae  inc ludes  the im por
tant m o sq u ito -b o rn e  agents  o f  eas te rn  eq u ine  encephali t is  
(EEE), w este rn  equ ine  en cepha l i t is  (W E E ),  and V enezue
lan eq u ine  en cepha l i t is  (V EE). D isease  is m os t  severe 
following E E E  infection and may be charac te r ized  by 
gene ra l ized  il lness,  fever, h eadache ,  d if fu se  encephal i t is ,  
co m a ,  convuls ions, and res idual C N S  dam age .  M orta li ty  is 
high (5 0 - 7 0  percen t)  and mental re ta rda t ion ,  epilepsy, or 
para lys is  is c o m m o n  in surv ivors .  A h ig he r  d isease  inc i
dence  is noted  in ch ild ren ,  and few infections are  inap
parent in nature. E as te rn  eq u ine  encephali t is  is transm it ted  
along the eas te rn  A tlantic  C oast and G u lf  C oas t  by the 
A edes  mosquito.

W estern  eq u ine  encephali t is  may also p ro du ce  en ceph a
litis; however, the d isease  is genera l ly  less severe, with  
m orta l i ty  o f  2 to  3 percent .  D isease  following W E E  infec
tion is p redom inan t ly  found  in the  w este rn  port ion  o f  the 
United S tates  and is m ore  severe  in ch ildren . Fewer in fec
tions o f  child ren  are inapparen t in na tu re  as c o m p a red  to 
infections o f  adults.

T h e  cha rac te r is t ic s  o f  the  V enezuelan  eq u ine  e n ce p h a 
litis infection d if fe r  m arked ly  from  those o f  E E E  or W E E . 
T h e  d isease  is genera l ly  mild o r  in f luenza- like , e n cep h a 
litis is rare, and  sequelae  are unknow n. E nceph a li t i s  is 
genera lly  only seen in horses.

T h e  gen us  R u b iv iru s  represen ts  rube l la  v irus. T h is  is the 
only togavirus  tha t does  not have an an im al re se rv o ir  and 
does  not uti lize  m o squ ito  o r  tick vectors  in transm ission . 
R ubella  v irus  is the  agent o f  G e rm an  m eas les  and the 
congenita l rub e l la  syndrom e. R ubella  is d iscussed  fu r the r  
in the following section.

Flaviviruses

T h e  F lav iv ir idae  are m o sq u ito -b o rn e  o r  t ic k -b o rn e  v iruses 
and include the following three g ro up s  o f  d iseases :  (I) 
en cepha l i t i s ,  (2 ) sys tem ic  d iseases  o f  the  v iscera  (hem or
rhagic  fevers), and  (3) m ild  sys tem ic  d iseases  with  rash and 
ar th ra lg ia .  T he  St. L ou is  en cepha l i t is  v iru s  (S E E ) is a 
m o sq u ito -b o rn e  f lav iv irus  and  one o f  the  m ost co m m on  
etio log ic  agen ts  o f  en cepha li t is  in the  U n ited  States. St. 
L ouis  en cepha li t is  p rod uces  a h igh e r  inc idence  o f  d isease  
in the e lderly  than  in young  children . M or ta l i ty  o f  5 to 10 
percen t has  been n o ted ,  as  well as m ental and em otiona l 
sequelae. T h e  Pow assan  agen t ,  a  t ick -b o rn e  encepha li t is  
agen t,  is the only f laviv irus  related to R uss ian  spr ing-  
su m m e r  encephal i t is  v irus  tha t has  been isolated in the 
U nited  States.

A second  g ro up  o f  f lav iv iruses ,  the  h em o r rh ag ic  fever 
v iruses ,  is rep resen ted  by a h is to r ica lly  im po rtan t  p ro to 
type , the  yellow fever  v irus .  Yellow fever  is a sys tem ic 
d isease  o f  the v iscera  in w hich  h em o r rh ag ic  fever, h ep a t i
tis, and nephri t is  develop. S y m p to m s  include liver-cell 
inclusion bodies (Councilman bodies),  gastrointestinal black 
vom it,  ex tens ive  hem o r rh ag es ,  jaun d ice ,  and  p ro te inuria .

A th ird  g ro up  o f  f lav iv iruses  ca uses  undif feren t ia ted  
fever, a r th ra lg ia ,  and  rash. T h e  p ro to ty pe  for th is  g ro u p  is 
the dengue  fever virus. T h e re  are fou r  c lin ica l ly  im portan t 
se ro ty pes  o f  dengue virus. T h is  d isease  sy n d ro m e ,  ty p 
ically re fe rred  to as  b reakb on e  fever, is cha ra c te r iz ed  by 
headache,  lym phadenit is ,  and pa ins  in the  back ,  m uscles ,  
and  jo in ts .  C ovalescence  is p ro longed  following infec tion , 
and  a seco nd ary  exposure  may lead to  dengue  shock  
syndrom e, w hich  is c h a rac te r ized  by g as t ro in te s t ina l  h e m 
o rrh ag es  tha t are often  fatal.  D engue  shock  sy n d ro m e  is 
h y po th es ized  to result f rom  an im m u ne  hypersensi t iv i ty  
reaction.

T h e  agent o f  p ost transfus ion  hepa ti t is  (P T H ),  hepa ti t is  С 
v irus  (H C V ),  has been d e sc r ib ed  as  a flavil ike v irus .  This  
v irus  is fu r th e r  d iscussed  in the  hepa ti t is  v irus  section.

B unyav iruses

T hese  w ere  form erly  the g ro up  С  a rbov iruses .  T h e ir  m e d i 
cally  im portan t  v irus  is often  called  the  C a l i fo rn ia  en ce p h 
ali tis  v irus;  however, 14 d if feren t an tigen ica l ly  related 
m osq u ito -b o rn e  v iru ses ,  inc lud ing  a  m ore  v iru len t stra in  
te rm ed  the  L a C ro sse  v iru s, co m po se  the C a l i fo rn ia  e n 
cepha l i t i s  com plex .  Presently, C a l i fo rn ia  encep ha l i t i s  is 
one o f  the  m o s t  c o m m o n  US encepha li t is  agen ts ;  however, 
d isease  d is tr ibu t ion  has  sh if ted ,  and  il lness  now  o ccurs  
m ore  frequently  in the G rea t L akes  region and  eas te rn  
United  S tates than  in C a li fo rn ia .  C a l i fo rn ia  en cepha l i t is  is 
ch a rac te r ized  by a  severe frontal h eadache ,  fever, le thargy.
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d iso r ien ta t ion ,  and convuls ions. A l though  conva lescence  
is g enera l ly  p ro longed ,  fa tali ties and neuro log ic  sequelae 
are rare.

A ren a v iru se s

W h ile  the a renavir idae  family inc ludes  the hem orrhag ic  
fever v iruses  (A rgen t in ia n  h em orrhag ic  fever [junin] and 
Boliv ian  h em o r rh ag ic  fever [M ach u p o ]) ,  the  lassa  fever 
virus and the  lym p ho cy tic  ch o r iom en in g it is  v irus  (L C M ) 
are o f  g rea te r  in terest  in the U nited  States. T h e  lassa fever 
v irus  is h igh ly  con tag iou s  and h um an  co n tac t  is the  mode 
o f  t ransm iss ion  in the  hosp i ta l  setting . T he  lassa fever 
v irus  p rodu ces  very  h igh  fever, skin rash , severe h em or
rhages ,  en cepha l i t i s ,  and d am ag e  to several o rgan  sys tem s. 
M or ta l i ty  from  lassa  fever ranges  from  36 to 67  percen t .  
T he  second  a renav irus  o f  im p ortance  is L C M . T h is  v irus  
no rm ally  ex is ts  as a lifelong, pe rs is ten t infection o f  mice; 
however, un der  c ro w d ed  co nd it ions ,  the u r ine  and o th e r  
excre t ions o f  dense  m o use  popu la t ions  will tran sm it  L CM  
to  hum ans .  L ym phocy tic  c ho r io m en ing it is  in fec tions  of 
hu m ans  are associa ted  w ith  aseptic  m en ing it is  and  in f lu 
enza-l ike  sym ptom s.

E pidem io lo g y

A rbov iru ses  ob ta ined  by ingestion  o f  b lood from  a viremic 
verteb ra te  replicate in m osq u ito  o r  t ick  vec to rs  and are 
transm it ted  to o th e r  ve rteb ra tes ,  w hich act as an im a l  reser
voirs. Generally ,  h u m an s  are an acc iden ta l  o r  d ead-end  
host in the natural t ransm iss ion  cycle. Yellow fever and 
dengue fever are excep tions, having u rban  transm iss ion  
cy c le s  that involve hum ans .  W ith  E E E , W E E ,  and S L E , 
wild b irds  se rve  as  reservo irs ,  and  m o squ itoes  a re  vectors. 
H u m an  ep idem ics  genera l ly  paralle l horse  ep izo o t ic s ,  and 
the  horse  can  be c o n s id e red  a sen t inel  for infection. Horses 
are  not involved in no rm al viral t ransm iss ion  cyc les  with 
the exception  o f  V enezuelan  equ ine  encepha l i t i s ,  for which 
horses  b ec o m e  an im po rtan t  re se rv o ir  d u r in g  ep idem ic  
ou tb reaks .  T h e  C a l i fo rn ia  en cepha li t is  v irus  is a lso  a 
m osq u ito -b o rn e  v irus;  however, it d iffers  from  togaviruses  
by  using  rabbits  and sm all  m am m als  ra ther  than  b irds  as an 
an im al reservoir . A rbov irus  infec tions genera l ly  occ u r  in 
the  su m m e r  months.

L a b o ra to ry  D iagnosis

Viral iso lation  is d ifficul t in togav irus  or f lav iv irus  in fec 
tions, s ince  v irem ia  only o ccu rs  early  in the  infection , 
before  the  ap p ea ran ce  o f  sym ptom s. In fatal cases ,  the 
v irus  m ay  be isolated from  bra in  tissue  by inocula tion  o f  
suck ling  m ice  o r  o f  vero  cells. N eutra l iz ing  (N ) and HI 
an t ib od ies  pers is t  for m any  years  af ter  infec tion , while C F  
an tib od ies  m ay  b eg in  to dec rease  in 6  m onths .  All three

serologic  tes ts  (N ,  H I .  and C F )  can  be u ti l ized  w ith  paired 
b lood sam ples.  Lassa  v irus  has  been  isolated in vero  cell 
cu ltu res  from  patients '  b lood.

P re v e n tio n  a n d  T re a tm e n t

An attenuated  vaccine  for yellow fever v irus  (17D stra in) 
has been  u sed  for m any  years ,  but h um an  vacc ines  for the 
encep ha l i t i s  v iruses  are not available. An attenuated  V E E  
vaccine  has  been  successfu l ly  u ti lized  on eq u ines  to  limit 
the  spread  o f  d isease. Vector con tro l ,  sp ray ing  m osqu itoes  
w ith  m ala th ion ,  has also been e ffec tive  in con tro ll ing  
a rbov irus  disease. No specific  trea tm en ts  are  available  for 
toga- ,  flavi-, bunya- ,  o r  a renavirus infections.

Rubella (German Measles)_______
Stanley S. L e fkow itz  

G en era l  C harac teris tics

T h e  ru b e l la  v irus  is a  s ing le -s trande d  R N A , enveloped 
part ic le  ap prox im ate ly  60 nm  in d ia m e te r  w ith  a 30-nm  
dense  core. It is the  only m e m b e r  o f  the  R u b iv iru s  genus in 
the fam ily  T ogaviridae. A  h em ag g lu t in in  for som e avian 
e ry th ro c y te s  is p resent as  p ro jec tions  on  the  su r face  o f  the 
virion. T h e  v irus  is e th e r  sensitive, uns tab le  at room 
tem pera tu re ,  and  suscep tib le  to inactivation  by a n u m b er  o f  
chem ica l and physical agents . Its recogn ition  as a c ause  of 
congenita l  defec ts  was c red i ted  to an o p h th a lm o log is t ,  Sir 
N o rm an  G reg g ,  in 1941.

P a th o g e n e s i s  a n d  D isease

T ransm iss ion  o f  th is  v irus  is p r im ar i ly  by drop le t  infection 
th rough  the  u pp er  resp ira to ry  trac t .  T h e  incubat ion  period  
is approx im ate ly  2 weeks. R ube lla  replication in the  c e rv i 
cal lym ph node leads to a v irem ia .  T h is  occurs  ap p ro x 
im ately  7 to 14 days af te r  exposure  and  is subsequently  
fo llowed by a rash tha t  las ts  2 to 3 days. R u be lla  can  also 
o c c u r  w ith ou t  a rash . T h e  v irus  m ay  be found in the urine  
and feces d u r in g  the v irem ia  and can  be isolated from  the 
nasop h a ry n x  a f te r  d eve lopm ent o f  the  rash. T h e  d isease  is 
ch a rac te r ized  as  a 3-day rash w ith  a gene ra l ized  lymph 
no de  involvem ent.  Following the  rash , t rans ien t ep isodes  
o f  a r th r i t is  and jo in t  pain  are f requently  experienced .

T h e  effec ts  o f  viral repl ica t ion , a l though  rela tively  b e 
nign  in adu lts ,  a re  very  se r ious  in the fe tus.  T ransplacental 
infection can  cause  a nu m b er  o f  p rob lem s,  inc lud ing  abor
tion , m isca r r iag e ,  s t i l lb i r th ,  and fetal anom al ies  a sso c i
ated  with rub e l la  syndrom e. T h e  m ost f requen t  anom alies  
assoc ia ted  with congenita l  rub e l la  sy n d rom e  are ophthal
mologic (cataracts, g laucom a, chorioretinitis), cardiac (pat
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ent duc tus  a r te r io sus ,  p u lm on ary  a r te ry  s tenosis ,  and vari
ous septal defects) ,  aud ito ry  (sen so r ineu ra l  deafness) ,  and 
neuro log ic  (m enta l  re ta rda t ion ,  m en ingoencepha li t i s ,  m i
crocephaly). O th e r  p rob lem s include g row th  re ta rda t ion ,  
hepatosplenom egaly , and th ro m b o cy to p en ia  purp u ra .  D a n 
ge r  to the fetus occurs  p r im ar i ly  d u r in g  the first tr im ester .  
I f  infection o f  the fetus  occurs  d u r in g  the first m onth ,  
approxim ate ly  80 percen t o f  the child ren  will have abnor
malities . By the  third  m onth  o f  the  first tr im ester ,  abnor
m alit ies  m ay  develop  in approxim ate ly  15 percen t o f  those  
exposed .

T h e  v iru s  c ircu la tes  in the b lood ,  c ro sses  the  p lacen ta ,  
and localizes in the em b ryo n ic  cells. M ultip lica tion  o f  the 
v irus  causes  ab no rm al  developm ent o f  fetal cells  th rough  
alteration o f  the g row th  rate. T h e  v irus  pers is ts  in the fetus 
and  is found  in the  n ew b o rn ,  from  w h om  it may be excreted 
in the  feces and u rine  for 1 2  to 18 m onths.

L ab o ra to ry  D iagnosis

C lin ica l  d iag no s is  o f  rub e l la  is unre liable  and shou ld  be 
followed by a d efin it ive  labora tory  d iagnos is .  T h e  p r in c i 
pal labora to ry  m etho d  m easu res  an increase  in an t ibody  
t i ter  to rub e l la  v irus using hem agg lu t in a t io n  inh ib it ion ,  or  
E LISA . Inhib it ion  o f  hem agg lu t in a t ion  at an an t ibody  
dilution o f  1 : 8  indica tes  immunity . O the r  labora to ry  m e th 
ods used include latex ag g lu t ina t ion ,  f luo rescence  im 
m unoassay, pass ive h e m ag g lu t ina t io n ,  hem olysis  in gel,  
com plem en t f ixa tion , and  neutra liza tion . Before  the d ev e l
op m en t o f  these  m e th o d s ,  an in te rfe rence  test for rubella  
v irus  w as used. In th is  tes t ,  m onkey  kidney cells  infected  
w ith  a possib le  rub e l la  isolate w ere  subsequen tly  infected  
w ith  a cy topa th ic  v irus  such as echov irus  11. In terference  
o f  cy topa tho logy  by echov irus  1 1  indicates p r io r  infection 
with rubel la .  W hile  this  assay is based  on  rubella 's noncyt-  
opath ic  interaction with monkey k idney  cells , there  are 
som e cell cu ltu res  tha t develop  cy top a th o log y  a f te r  direct 
infection with rub e l la  virus.

In terpre ta tion  o f  sero log ic  events  may be required  to 
m ake  a defin it ive  d iagnosis .  N onpaired  sera  m ay  be tested 
to d e te rm in e  the suscep tib i l i ty  o f  a  patient.  In som e cases ,  
it is n ecessa ry  to d e te rm in e  the  c lass  o f  an t ibody  p resen t  to 
d e te rm in e  if  there  is a  cu rren t  infection. In congenital 
rub e l la ,  the fetus  p ro d u ces  IgM . T h erefo re ,  the p resence  o f  
Ig M , specific  for rub e l la ,  is indicative o f  rub e l la  infection 
in the new born .  T h e  absence  o f  specific  IgM  in co rd  blood 
a rgues aga ins t  d iag no s is  o f  congenita l  rubel la  infection. 
P resence  o f  rube l la -spec if ic  IgG  at b ir th  followed by its 
dec line  in abou t  6  m on ths  indicates an t ibod ies  o f  m aternal 
o r ig in .  Pers is tence  o f  an tibody  th rou gh ou t  th e  first year  o f  
life, inc lud ing  frequent shedding  o f  v irus  in the  urine  and 
feces,  is indicative o f  congenita l  rubel la  infection.

P re v e n t io n  a n d  T re a tm e n t

A live vacc ine  g row n in h um an  dip lo id  ce lls  is a d m in is 
tered as a  s ingle  su b cu tan eo u s  injection. T h e  cu r ren t  vac
c ine  o f  cho ice ,  R A  2 7 /3  was licensed in 1979. It can  a lso be 
used in com b ina t io n  with m eas les  and m u m p s  vaccine. 
M ultip lica tion  o f  the  vacc ine  v irus  may be sy m p to m less  o r 
m ay  cause  t rans ien t  a r th r i t is ,  ly m phadenopathy ,  headache,  
and fever. A sm all  am ou n t  o f  v irus  m ay  be sh ed ,  but the 
v irus  does not read ily  sp read  to con tac ts .  A n u m b er  o f  
congenita l  infections have o ccu rred  in p regnan t  w om en 
inadver ten t ly  im m u n ize d  with vacc ine  stra ins .  T h e  v irus  
appears  to sp read  to the  fe tus ,  but no  m a lfo rm atio ns  have 
resu lted . In spite  o f  its app a ren t  safety, rube l la  vaccine 
should  not be adm in is te red  to p reg nan t  fem ales .  A n tibody  
develops in 95 percen t o f  vacc ina ted  ind iv iduals ,  but the 
an t ibody  t i ters  a re  lower than tho se  p ro du ced  in a natural 
infection. P ro tec tion  is so lid  for a n u m b er  o f  years  but 
even tua lly  declines.

In the U nited  States, it is reco m m e n d ed  that all p reschool 
child ren  be im m un ized  in o rd e r  to red u ce  o r  eradicate  
rube l la .  Infants  less than  1 year  old shou ld  not be im m u 
n ized .  However, in o th e r  parts  o f  the world  only the 
p repuber ta l  and p o s tp a r tu m  fem ales  are im m un ized .  The 
ad van tages  o f  the la tter  policy  are  that na tura lly  acqu ired  
im m un ity  is g rea te r  and  longer  las ting .  Im m u n iz in g  all 
ch ild ren  dep r iv es  w om en o f  the  na tural b ooste rs  o f  the 
w ild - type  v irus ,  w h ich  are m ore  effective. A rou t ine  two- 
d ose  vaccination  schedule  m ay  be im plem ented .

T h e  adm in is tra t ion  o f  im m un e  se ru m  g lobu l in  to rube l la  
con tac ts  to  achieve p rop hy lax is  has  been  d is ap p o in t in g .  In 
som e  cases ,  d isease  is p reven ted ,  but rubel la  infec tion  is 
not. T h is  t r e a tm en t  is cons id e red  unreliable  and u np re d ic t
able.

Reoviruses, Rotaviruses,
and Orbiviruses_________________

Earl M. Ritzi 

G enera l C harac teris t ics

Each o f  the th ree  genera  o f  the  R eov ir idae  family (o r th o -  
reo - ,  ro ta - ,  and o rb iv iru ses )  have d o u b le -s trand ed  RNA  
g en o m es  c o m p o sed  o f  10 to 12 segm ents .  T h e  nam e re  о  is 
an acronym  o f  re sp ira to ry  en te r ic  o rp h an ,  s ince  reoviruses  
were not a ssoc ia ted  with any disease. T h e se  v i ru ses  c o n 
ta in  a v ir ion -assoc ia ted  t ransc r ip ta se  but lack  a tru e  envel
ope. T h e  caps id  s t ru c tu re  is instead a double  pro te in  shell 
o f  w hich  the inner  shell has icosahedra l  sy m m e t ry  and the 
o u te r  shell is ind is t inc t .  T h e  caps id  o f  ro tav iruses ,  as 
viewed in e lec tron  m ic rographs ,  has  a  w hee l- l ike  appear
ance  with spokes  rad ia ting  inward to a  hublike  core , w h e re 
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as the  o rb iv iru ses  have la rger  c i rcu la r  cap so m e rs  that have 
a  r ing like  appearance .  V iruses  o f  the R eov ir idae  family 
replicate in the  cy to p la sm ,  strongly  induce  the  form ation  of 
in te rfe ron ,  and sy n th es ize  a single  po lypep tide  from  each 
gen om e  seg m en t .  T h e  reov iruses  and ro tav iruses  are acid 
s table  (pH 3 .0 )  and  are transm it ted  by the fecal-ora l  route, 
w hereas  the o rb iv iru ses  are  ac id- lab i le  a rboviruses .

P a th o g e n e s i s  a n d  D isease

T he  th ree  se ro ty pes  o f  h um an  reoviruses  have been easily  
d e tec ted  in the  bowel and are found  in sewage. Reovi
ruses  are recovered  in the  resp ira to ry  and en te r ic  trac ts  o f  
healthy  child ren  as  well as  child ren  with m ild  resp ira to ry  
and g as t ro in tes t ina l  p roblem s. To date ,  an etio log ic  re la 
t ionsh ip  be tw een  reoviruses  and h um an  il lness  has  not 
been dem o ns tra ted .

S ince  the  d iscov ery  o f  ro tav irus  in 1973 in du odena l  
b iopsies  o f  ped ia tr ic  patients ,  it has been associa ted  with a 
large share o f  c a ses  involving severe, nonb ac te r ia l  infanti le  
d ia r rhea .  In fact , ro tav iruses  are cons id e red  to be the  single 
m os t  c o m m o n  agent o f  ep idem ic  d ia r rh ea  in in fan ts  6  to 24 
m on ths  o f  age. In develop ing  co u n tr ie s ,  the ro tav irus  
sy n d rom e  o f  vom iting ,  s ign if ican t dehyd ra t ion ,  e lec tro ly te  
im balance ,  and d ia r rh ea  is life th rea ten ing  and is a  m ajor  
cause  o f  in fan t dea th .  T h e  h u m an  ro tav iruses  have been 
d iff icu l t  to grow in tissue cu ltu re ;  however, gene tic  reas 
so r tm en t  o f  the  1 1  seg m en ts  o f  h um an  and an im al ro tavi
ru se s  has  a llow ed new reasso r tan t  v i ru ses  to be form ed.  
A n im al ro tav iruses  and reas so r tan t  ro tav iruses  (con ta in ing  
h um an  and an im al RNA  gen om e  segm ents)  can  be grow n 
easily  in tissue  cu ltu re  and are po ten tia l ly  useful for vac
cines.

T h e  o rb iv iru ses  cause  a n u m b er  o f  an im a l  infections, 
such  as b lue tongue  v irus  infec tion  o f  sheep, but the  d isease  
o f  p r inc ipa l  in terest  to h u m an s  is C o lo rad o  tick fever. 
D isease  is t ran sm it ted  by the  w ood tick (D erm a cen to r  
a n d e rso n i) , w hile  the  g ro u nd  squ irre l  se rv es  as a  v e r te 
brate  rese rv o ir  for the C o lo rad o  tick  fever  v irus .  Infection 
o f  h u m a n s  tends to oc cu r  d u r ing  m on ths  o f  tick  infestation 
(A pri l  to  Ju ne )  in C o lo rado  and  the  n o r th w es te rn  U nited  
States. C o lo rado  t ick  fever is ch a rac te r ized  by a d iphasic  
fever, headache ,  m usc le  and jo in t  p a ins ,  anorex ia ,  nausea ,  
vom iting ,  and leukopenia .  D isease  is u sual ly  se lf- l im it ing ,  
and  recovery  is com plete .  In  a sm all percen tag e  o f  cases ,  
th is  m ild  febrile  il lness may lead to  encephalitis .

E pidem io logy

T h e  reo v iru ses  are ub iqu i to us  but show litt le association  
w ith  d isease. T h ey  may be involved in v e ry  m ild  re sp ira 
to ry  o r  gas t ro in te s t ina l  d isease. R otavirus d ia r rh e a  is l im 
ited to infants. A du lts  have an  an am n es t ic  im m u ne  re 

sponse  bu t  d o  not have d ia r rhea .  R otav irus  an tibody  is 
present in 90  percen t o f  in fan ts  by 24 m o n ths  o f  age. Breast 
feeding and breas t  m ilk  o ffe r  g rea te r  p ro tec tion  du ring  
ep idem ics  than d oes  fo rm u la  feed ing .  In tem pera te  c l i 
m ates  such as the  U nited  States, ro tav irus  infec tions in 
nurseries  and ped ia tr ic  w ards peak  d u r in g  cold  m onths  
(D ec em b er  to M arch) w h ereas  infec tions o ccu r  year-round 
in the tropics.

L a b o ra to ry  D iagnosis

R otavirus infec tions have been d iagn osed  by the use of 
e lec tron  m icroscopy  and  IE M  to de tec t  the  v irus  in stool 
specim ens .  F as t id ious  h u m an  ro tav iruses  can  be isolated in 
cu l tu re  from clin ical sp ec im ens  using  e m b ryo n ic  rhesus 
m onkey  k idney  cells  (M A 104  cells). A n  E LISA  and a  latex 
agg lu t ina t ion  test have been  developed  and are co m m er
cially  available  for viral an tigen  detec tion  and quanti ta t ion  
in stool spec im ens .  Reovirus infec tions can  be de tec ted  by 
ELISA  for IgG , Ig A ,  and IgM .

C olo rado  t ick  fever is d iag no sed  by a h is to ry  o f  tick 
exposure ,  a  fourfo ld  an t ibo dy  rise ,  isolation o f  the v irus 
from  a patien t’s b lood sam ple , o r de tec tion  o f  viral an tigen  
in red b lood cells.

P re v e n t io n  a n d  T re a tm e n t

R otav irus  vacc ines  are being  developed  and sub jec ted  to 
clin ical tr ia ls .  O ra l vacc ines  o f  bovine and m onkey  o r ig in ,  
as well as reasso r tan t  v iruses  con ta in in g  the h u m an  VP7 
gene  and 10 an im al v irus g enes ,  are be ing  te s te d . T he  VP7 
h um an  gene  is believed to be responsib le  for p ro tec tive  
immunity . A  bovine ro tav irus  vacc ine  has  been  show n to be 
im m u n og en ic  in hum ans ;  however, ro tav irus  vacc ines  are 
not yet licensed o r  in genera l  use in the U nited  States. 
R otav irus  in fec tions  may be con tro lled  by im proving  san i
ta t ion m e th o d s  and  l im iting  exposure  and poss ib le  n o so co 
mial infec tions in ped ia t r ic  hosp ita l  se ttings. Antiviral 
trea tm en ts  for ro tav irus  are not available. T rea tm ent o f  
ro tav irus  infec tions genera l ly  involves flu id  rep lacem ent 
and m a in tenan ce  o f  p ro p e r  e lec tro ly te  balance. No specific  
trea tm en t is available  for C o lo rado  t ick  fever virus; how 
ever, infection is p revented  by avoiding areas in fested  with 
w ood ticks.

Rhabdoviruses (Rabies)__________
Stanley S. L e fkow itz  

G en era l  C harac teris t ics

R abiesv iru s  is bu l le t- shaped  and 130 to 240  nm  by 65 to 80 
nm  in size. It is su r ro u n d e d  by  an envelope  w ith  6 - to 7-nm
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projections. T h e  geno m e  is a  negative sense ssR N A  with a 
m olecu la r  w eigh t o f  4 .6  x  106  daltons. V irions con ta in  an 
R N A -dependent RNA  po ly m erase  and are ex trem ely  s t a 
ble. O nly  one se ro type  is known.

P a th o g e n e s is  a n d  D isease

T h e  rab iesv irus  is t ran sm it ted  e i th e r  by a bite o f  a w a rm 
b looded an im a l  or by inhalation . T ransm iss ion  has  o c 
cu r re d  by inhala tion  o f  aeroso lized  bat feces in caves and 
through transplantation of corneal grafts. All warm-blooded 
an im als  are  suscep tib le  to infection with this  virus. Bats are 
sym ptom less  reservo irs .  T h e  v irus  m ultip lies  slowly in 
m usc le  or connec tive  t i ssue  and sp reads  th ro ug h  p e r ip h 
eral ne rves  to the C N S. Following fu r the r  replication o f  the 
v irus in the  C N S . cen tr ifuga l  sp read  along  n e rves  leads to 
infection o f  the sa l ivary  g land .  V irem ia  is rare  in rabies 
infections.

In d o g s ,  the incubation  per iod  lasts from  10 days to 2 
m onths. D u r in g  the p rodrom e, the an im al f requently  devel
ops chan ges  in tem p eram en t .  T h is  is followed by an excita
ble phase  du ring  w hich the  an im al may be ir r itable ,  re s t
less, o r  very  active. Subsequently ,  a para ly tic  phase  ensues , 
and the an im al b eco m e s  im mobile .  In h um an s ,  the incu ba
tion period  can  be as  shor t  as  2  w eeks  o r  as  long as 1 year. 
T h e  ear ly  p rodrom al phase inc ludes  sy m p to m s  o f  m ala ise ,  
headache,  and fever and is followed by a sen so ry  phase 
d u r in g  w hich  the  individual bec o m e s  qu ite  n ervous  with 
specific  sensa tions a t the  site o f  exposure. T h is  is followed 
by an excitem ent phase, w ith  sym pa the t ic  overact iv i ty  and 
excess ive sa l ivary  secre tions. Finally, the para ly tic  phase 
develops and is ch a rac te r ized  by halluc inat ions  and se i
zures.

L a b o ra to ry  D iagnosis

D iagnosis  is m ade  by find ing  specific  Negri b od ies  in the 
cy to p la sm  o f  cells  f rom  the an te r io r  h o rn  o f  the  suspect 
a n im a l ’s brain . A sm e a r  is m ade  from the A m m o n ’s horn 
and s ta ined  with S e l le r ’s stain. In rab ies  in fections, cha ra c 
ter is t ic  N egri b od ies  approx im ate ly  2 to 10 (x in d iam ete r  
o ccu r  that are red  w ith  b lue granules.  F luo rescen t an tibody  
techniques  are frequently  used and are far m ore  sensitive. 
F luo resce in -con juga ted  specific  an tibody  to rab ies  antigen 
is incuba ted  with an im press ion  sm e a r  from  the a n im a l ’s 
b ra in ,  and .  in an im a ls  posi t ive  for rabies, specific  f lu o re s 
cence  can  be o b se rved  using  a  f luo rescen t  m icroscope. 
A n o the r  m e th od  that  can  be  used is d irec t  iso lation  o f  v irus 
from the  b ra in  or sa liva  o f  the su sp ec ted  an im a l .  T he  v irus  
is d e tec ted  a f te r  in tracerebra l  inocula tion  in mice. T hese  
an im a ls  are then o b se rv ed  for several days fo r  the d ev e lo p 
ment o f  paralysis .

E pidem io lo g y

B ecause  o f  the  sever ity  o f  this  d isease ,  it is ex trem ely  
im portan t  to u nders tand  its epidem io logy . T he  risk  o f  death  
following the developm ent o f  sy m p to m s  d ue  to rab ies  is 
v ir tua l ly  100 percen t .  In the  United  S tates, on ly  a few cases 
oc cu r  annually. W orldwide there  m ay  be as  m any  as 1000 
cases. E very  year  in the U nited  States, approx im ate ly  
2 5 .0 0 0  person s  rece ive  p rophy lac t ic  t re a tm e n t  fo r  rabies. 
O n ly  abou t 150 cases  o f  rab ies  in d og s  o ccu rred  in 1982; 
however, the d isease  in wildlife, espec ia l ly  sk u n k s ,  foxes, 
raccoons ,  and bats, acco u n te d  for m ore  than  85 percen t o f  
an im al rabies. B ites  by wild an im als  shou ld  be trea ted  as if  
the a n im a ls  were rab id  until they  are proved  negative  by 
labora tory  tests. D og s  and  cats that have been previously  
im m u n ized  and  have m in im al chance  to  c o n trac t  rabies  
should  be o b se rv ed  for a t  least 1 0  days before a d m in is t ra 
tion o f  postexposure  p ro p hy lax is  to the  bite v ic t im .

P re v e n t io n  a n d  T re a tm e n t

Historically ,  a n u m b e r  o f  vacc ines  have been used . The 
Pasteur  vaccine  was a  n e rv e - t is su e  vacc ine  tha t  consis ted  
o f  d r ied  spinal co rd s  from  infected  rabbits . Later, the 
S em ple  or phenol inact iva ted  v irus  w as used as  a vaccine. 
T h ere  w as always the d an g e r  o f  a llerg ic  encep ha l i t i s  r e su l t 
ing from  its use. T he  du ck  e m b ry o  vacc ine  (D E V ) has been 
used until recently. T h is  w as an inact iva ted  v iru s  g row n  in 
duck  e m b ry o  cells. T h e  cu rren t ly  used vaccine  is an inac t i
vated  v irus  p repara tion  g row n in h u m an  dip lo id  cells. It is 
m uch  safer, and an t ibo dy  t i ters  following its use are h igh e r  
than those  p ro du ced  w ith  o th e r  vaccines.  Term s found  in 
the  li te ra ture  re fe rr in g  to rabies inc lude  s t ree t  v iru s  and 
fixed virus. S tree t v irus  is u sed  to ident ify  any recent 
c lin ica l  isolate, w h ereas  fixed v irus  refers  to an a ttenuated  
v irus  o f  low v iru lence  ob ta ined  by passage  in an im als .  T h e  
F lu ry  rabies v irus  is a live, a ttenuated  v irus  used in many 
v e te r ina ry  vaccines.

Today two types  o f  p rod uc ts  are  used for im m uniza tion : 
vacc in es  that induce  an ac tive  im m u n e  re sponse  and g lo b u 
lins tha t p rovide  rapid  but pass ive  pro tec tion .  In the  U nited  
States, h um an  d ip lo id-ce ll rab ies  vaccine  (H D C V )  is an 
inactiva ted  v irus  vacc ine  p repared  f rom  rabies v iru s  g row n  
in W I-38  o r  M R C -5  h u m an  dip lo id  cells. G lob u lin s  include 
rab ies  im m un e  g lobulin  (R IG ) from  h y p e r im m u n ize d  h u 
m an donors .

For  p reexposure  p ro ph y lax is ,  th ree  in t ram u scu la r  in jec
tions o f  H D C V  are adm in is te red .  T h is  t re a tm en t  is ind i
ca ted  for persons  at high risk o f  co n tac t  w ith  rab id  an im als .  
For postexp osu re  p rop hy lax is ,  im m ed ia te  and  th o rough  
w ash ing  o f  all bite w ou nd s  with soap  and  w ate r  is essen tia l .  
Both a n t ibo dy  (R IG ) and vacc ine  should  be ad m in is te red .  
O ne h a lf  o f  the R IG  is ad m in is te red  into the w ound  area
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and the  ba lance  is g iven  in tram uscular ly .  T h is  shou ld  be 
followed by five 1-ml in t ram uscu la r  do se s  o f  HDCV. The 
first dose  shou ld  be adm in is te red  im m edia te ly  and  the 
ba lance  on days 3 , 7 ,  14, and  28.

O th e r  rhabdo v iru ses  may also be associa ted  with hum an  
disease. V esicular s tom atit is  v irus ,  usual ly  a ssoc ia ted  with 
catt le ,  p igs ,  and h o rses ,  can  a lso  infect hum ans. In labora
to ry  em ployees  w h o  w ork  w ith  the  agen t,  an acu te  febrile 
i l lness  a ssoc ia ted  w ith  fever, m y a lg ia ,  and  m ala ise  may 
develop.

A  fam ily  o f  agen ts  kn ow n  as Filovir idae has  been sepa
ra ted  from  the  rhabdov iruses .  T h ey  are associa ted  with 
severe h em o r rh ag ic  shock  and  b leed ing . T h e  M arburg  
agen t  (A frican  h em o rrhag ic  fever) has been  found in green 
monkeys. Cell cu ltu res  p repared  from  these  an im als  have 
been  a source  o f  v irus ,  causing  se r ious  d iseases  in anim al 
h and le rs  and  labora tory  workers .  E bola  is a n o th e r  v irus  in 
th is  g ro u p  tha t has caused  considerab le  m or ta l i ty  during  
several m a jo r  o u tb reak s  in A frica .  T h e  v iruses  o f  rabies, 
M arb u rg ,  and  E bola  have a  h igh  case-fa ta l i ty  ratio , which 
may approach  1 0 0  percen t .

Slow Virus Infections____________
S tan ley S. L efkow itz

A n u m b er  o f  v iruses  o r  "v i ra l - l ik e” agents  have been 
l inked to chronic  degen era t ive  d iseases  o f  the  C N S. T hese  
d iseases  are ch a rac te r ized  by ( 1 ) long incubation  periods ,
(2 ) a  reg u la r  p ro trac ted  course  tha t u sual ly  results  in dea th ,
(3) involvement o f  a  single host species ,  and  (4) pathologic  
lesions lim ited  to a single  organ  o r  t issue  sys tem .

It has been sugges ted  that ce r ta in  d iseases  o f  h um ans  
may be  associa ted  w ith  chronic  v irus  infec tions with or 
w i th o u t  an au to im m u n e  co m p on en t .  T hese  inc lude P a rk in 
son’s d isease , am yotroph ic  lateral sc lerosis ,  m ultip le  sc le 
rosis ,  and  sys tem ic  lupus  e ry th em ato su s .  Two re trov iruses  
tha t p ro d uce  slow-virus d iseases  o f  sheep are  v isna and 
p rogress ive  p n eu m o n ia  (maedi) .

S p o n g ifo rm  E n c e p h a lo p a th ie s

T h e  spo ng ifo rm  encep h a lo pa th ie s  are slow infections of 
the centra l n e rv ou s  sys tem  that have a n u m b er  o f  features  
in co m m o n . T h e se  inc lude  incubation  periods  ranging 
from  m onths  to  years  and  the  transm iss ion  o f  the  agent by 
in jection  o f  infected  t i ssue  in to  an im als .  P a tho logy  is 
res tr ic ted  to the  b ra in ,  w hich  develops ch a rac te r is t ic ,  in- 
t racy top lasm ic  vacuoles  in the  axonal and dendr i t ic  p ro 
cesses  o f  neurons ,  resu lt ing  in co a le scence  o f  vacuoles  and 
d e s t ru c t ion  o f  cells. T h e  d iseases  u lt im ately  p rogress  to

d eath  o f  the  host .  T h ey  are  caused  by a new type  o f  
in fec tious  agen t ,  w h ich  has been  te rm ed  p rio n  o r  pro te in  
in fec tious a g en t. No recogn izab le  viral par t ic les  are  a sso c i
ated w ith  the in fec tious  agent.  Infection  is caused  by a 
un ique 27 to 30 kD pro te in  tha t has been te rm ed  P rP  2 7 -  
30 . Interestingly, the  gene  cod ing  for th is  pro te in  has  been 
found in bo th  n o rm a l  and in fected  anim als .  It is specu la ted  
that a post trans la t iona l e r ro r  m ay  convert  the  no rm al  
pro te in  to  the in fec tious  P rP  2 7 - 3 0 .  T h is  pro te in  is a s s o c i
ated with host cell m em b rane  s t ru c tu res  but not with 
specific  nucleic acids .  It is ex trao rd ina r i ly  res is tan t to heat,  
10% fo rm ald eh yd e ,  nuc leases ,  and ultraviolet l ight.  In fec
tivity  is des troyed  by pheno l,  ether, so d ium  hypoch lo r ite ,  
and o th e r  p ro te in -d is rup t in g  agents . T h e re  is no  m easur
able host ce l lu la r  o r  h um ora l im m un ity  to this agen t.  A 
n u m b e r  o f  na tura lly  o c cu r r in g  d iseases  are cau sed  by  the 
agen t,  inc lud ing  in h um ans ,  k u ru ,  C reu tz fe ld t-Jakob  d is
ease , and G ers tm ann -S trauss le r -S ch e in ke r  syn d rom e , a 
fam il ia r  var ie ty  o f  C reu tz fe ld t-Jakob  disease. In an im als ,  a 
n u m b e r  o f  d iseases  have been d esc r ib e d ,  inc lud ing  scrapie  
in sheep, t ransm iss ib le  m ink  encephalopathy , bovine sp o n 
g ifo rm  encephalopathy , and chronic  w asting  d isease  in 
c ap tive  m ule dee r  and elk.

Kuru
K uru  is a fatal d isease  tha t o ccurs  on ly  in the Fore  tr ibe  in 
New G u inea .  It is a degenera t ive  d isease  o f  the  C N S  that is 
s im i la r  to scrapie ,  and cons is ts  o f  p rogress ive  cerebe l la r  
a tax ia ,  t rem ors ,  and u lt im ately  dea th .  It has  o c cu rred  more 
f requently  in w om en and is a ssocia ted  with ri tua l  c an n ib a l
ism. It is believed to have been  transm it ted  from  co n ta m i
nated  bra in  t issue  th rough  cu ts  o r  sores  d u r in g  " p r e p a ra 
tion .” T h e  incubat ion  period  ranges from  4 .5  to over  30 
years. S ince  can n ib a l ism  is not cu rren tly  p rac t iced  by this 
g roup, the  d isease  has all but d isap pea red .  K u ru  can  be 
read i ly  t ransm itted  to exper im en ta l  an im als ,  and  titers o f  
g rea te r  than  to 9  in fec tious  d o se s  pe r  g ram  o f  bra in  tissue 
have been repor ted .

Creutzfeldt-Jakob Disease
C reutz fe ld t-Jakob  d isease  (C JD ) is a  su bacu te  p resenile  
d em en t ia  th a t  w as first repor ted  in 1920. Its pa tho logy  is 
s im i la r  to  tha t o f  k u ru .  O n se t  is g radua l  with progressive  
dem e n t ia ,  a tax ia ,  and  som nolence  tha t leads to dea th .  This  
d isease  is read i ly  t ran sm it ted  to ch im p an zees  and  has been 
transm it ted  acciden ta lly  from  person to person  th rough  
co rnea l  t ransp lan ta tions  and con tam in a ted  e lec trodes  fol
lowing bra in  surgery. It has also been transm it ted  th rough  
the  use o f  co n tam ina ted  h um an  g ro w th  horm one .  T h e  
d isease  may o c c u r  sporad ica l ly  o r tend  to rec u r  in cer ta in  
fam il ies ,  w hich  ca r ry  spec if ic  gene tic  a lterations o f  these 
proteins.
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T a b le  5*12 R eco g n ized  H ep a ti t is  Viruses

Virus Family Nucleic acid

Routinely 
cultivated 
successfully 
in vitro

Identified 
principally 
through viral 
gene cloning

Genomes 
cloned or 
sequenced

Identified 
by electron 
microscopy

Tests for 
antigen о 
antibody

H AV P i c o r n a v i r i d a e  

( e n t e r o v i r u s  7 2 )

+  s s R N A Yes No Yes Yes Yes

H B V H e p a d n a v i r i d a e  

( h e p a d n a v i r u s  t y p e  I )

d s  c i r c u l a r  

D N A  w i th  a 

s s D N A  g a p

N o N o Yes Yes Yes

H C V F l a v i v i r i d a e +  s s R N A N o Yes Yes N o Yes

H D V D e f e c t i v e  R N A  v i r u s - s s R N A N o N o Yes Yes Yes

H E V C a l i c i v i r i d a e +  s s R N A N o Yes Yes Yes Yes

Scrapie

Scrap ie  is a  d isease  o f  sheep tha t  has  been know n for 
hu ndreds  o f  years . In sheep, the incubation  period  is from  I 
to 3 years. S uscep tib i l i ty  is dep end en t  on  the b reed ,  which 
can  be com ple te ly  res is tan t or m ore  than 80 percen t su sc ep 
tible. T h e  d isease  can  be readily  transm itted  to m ice, with 
an incubat ion  p er iod  o f  several m onths. A n u m b er  of 
d if feren t s tra ins  have been recog n ized .  Early  sym p to m s 
include t rem o rs  and  lack  o f  coord ination . T h e  d isease  
progresses  to spastic ity ,  paralysis ,  and u lt im ately  death .

A disease  in ca tt le  ca lled  bovine spong ifo rm  e n cep h a 
lopathy w as first recogn ized  in the  U nited  K ingdom  in the 
middle  1980s. T h e  patho logy  and clin ical m anifes ta tions  
are s im ila r  to those  o b se rv ed  in scrapie , inc lud ing  a tax ia ,  
excitability, and aggress iveness ,  followed by  progressive  
w asting  and u lt im ately  dea th .  T h e  source  o f  infection is 
believed to be sc rap ie - in fec ted  sheep  ca rcasses  used in 
catt le  feed . Isolation o f  PrP  2 7 - 3 0  pro te in  from infected 
cattle reveals an am in o  acid sequence  that d iffers  in only 
one am in o  acid betw een  the m ou se  and C JD  prote ins .  T h is  
pro te in  is not found  in healthy  cattle.

Hepatitis Viruses________________
Earl M. Ritzi 

G enera l C harac teris tics

Five types  o f  viral hepati tis  have now been recogn ized ; 
however, addit ional v iruses  m ay  stil l be ch a rac te r ized  from 
the old non-A , non-B  c lassif ication . O ne c lassic  type o f  
d isease , infectious hepati t is ,  o r  shor t- incuba tion  hepati tis ,  
has been a t t r ibu ted  to HAV infection. T h e  second  c lassic  
d isease , s e ru m  hepati t is ,  or  long- incubation  hepati t is ,  is 
associa ted  w ith  hepati tis  В v irus  infection (H B V ). The 
recognition  that hepatic  d isease  could  be t ransm itted  by 
b lood p roduc ts ,  con ta in ing  ne i th e r  type  A nor  type  В virus ,

led to the  des igna tion  o f  N A N B  hepati t is .  O ne o f  the  m a jo r  
v iruses  responsib le  for th is  N A N B  paren tera l  tran sm iss io n  
is HCV. T h is  flavil ike v irus  was d e tec ted  th rough  clon ing  
o f  a viral gene  for its p r inc ipa l  im m u n o reac t iv e  viral 
peptide. T h is  use o f  c lon ing  to detec t  an u n ch arac te r ized  
p a thogen  is un ique  and can  be cons ide red  a first in pa th o 
gen identif ication . H epati t is  С v irus  is the  m a jo r  cause  o f  
P T H .  In addit ion  to these  th ree  viral fo rm s,  a  fourth 
defec t ive  R N A  virus ,  referred  to as the  delta  agen t or 
hepa ti t is  D v irus  (H D V ), was d iscovered  in hepati tis  В 
su rface  an t igen  (H B sA G )-posit ive  individuals.  T h is  v irus  
replicates in the p resence  o f  H B V  and therefore  has s im ila r  
t ransm iss ion  routes .  A fi f th  v irus  to be defined  from  the 
n o n -A .  non-B  g roup ing  is hepa ti t is  E  v iru s  (H E V ). T h is  
calic il ike  v irus  is cons ide red  to be  responsib le  for en ter
ically t ran sm it ted  N A N B  hepati tis  and th is  agen t has also 
been re fe rred  to as  w ater-borne  hepati tis .  T h e  hepati tis  
v iruses  and their  p r inc ipa l  cha rac te r is t ic s  are found  in 
Table 5-12.

H epati t is  A Virus

H epatit is  A v irus  is responsib le  for abou t  67 percen t  o f 
acute  hepa ti t is  cases .  T h e  p hysicochem ica l charac te r is t ic s  
o f  HAV are identical to those  o f  p ico rn av iru ses  such as 
polio- and  coxsack iev iruses .  For th is  rea so n ,  HAV has  been 
classif ied  in the p ico rnav ir idae  fam ily  as en te ro v iru s  72. 
T h e  en tire  HAV has  a lso  been  referred  to  as  the HA 
antigen . T h is  an tigen  is p resent in liver and stool p rep a ra 
tions.

H epati t is  В Virus

H epatit is  В v iru s  is m ore  s t ru c tu ra l ly  com plex  than  HAV 
and has  been  p laced  in the  h ep ad n av iru s  family. S im ila r  
v iruses  o f  the  w o o dch uck ,  squ irre l ,  and d uck  belong to this  
family. T h ree  d if feren t m orpholog ic  fo rm s o f  H B V  have 
been identif ied  in patient sera .  T h e  com ple te  4 2 -n m  infec
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tious part ic le  con ta in ing  a DNA geno m e  is least abundan t  
and is re fe rred  to as the  D ane  part ic le .  T h e  o th e r  two 
m orpholog ic  fo rm s,  a 2 2 -nm  sphere  and a 2 2 -nm  fi lam ent 
(1 0 0 -7 0 0  nm  long), a re  very  a b u n d an t ,  lack  a D N A  g e 
nom e, and  are c o m p o se d  o f  H B SAG. T h e  envelope o f  the 
D an e  part ic le  is also c o m p o sed  o f  H B sA g (previously  
re fe rred  to as A u s tra l ia  antigen),  w hereas  the co re  antigen 
is te rm ed  H B cA g. H B SAG has one g roup-spec if ic  de ter
m inan t (a) and  two se ts  o f  m utua lly  exclus ive sub type  
d e te rm in an ts  (d and y, r and w). T h is  leads to four se 
r o ty p e s — ad w, adr, ayw. and a y r— w hich can  be u ti lized  in 
ep idem io log ic  studies.  A h idden  antigen ic  d e te rm in an t  o f 
the  H B V  core  is re fe rred  to as  H B eA g . T he  e an tigen  is 
ex po sed  in s e ru m ,  and H B eA g pers is tence  becom es  a 
useful d iagnos tic  m ark e r  co m m on ly  a ssocia ted  with ch ro n 
ic o r  pers is ten t infections. T h e  D ane part ic le  possesses  a 
u n ique  circular, dou b le -s tran ded  DNA gen om e  w ith  a s in 
g le -s trand ed  gap. A DNA po ly m erase  a ssoc ia ted  with the 
D ane part ic le  is capab le  o f  bo th  R N A  and D NA -directed  
DNA po ly m erase  activity. H B V  is un ique in being  able to 
reverse  t r an sc r ibe  its ( + )  s t rand  DNA from  an RNA  
tem plate  sugges t ing  a s im ila r i ty  to the  re trov iruses.  A n t i 
body  d irec ted  agains t  H B SAG will agg lu t ina te  all three 
H B V  m orpho log ic  fo rm s that c ircu la te  in b lood . A n t i -H B S 
is involved in viral neu tra liza tion  and the d eve lopm ent o f  
im m un e  pro tec tion ; however, an t ibod ies  to co re  protein  
(an t i-H B c) o r  e an tigen  (a n t i-H B e) have not been asso c i
a ted  with im m u ne  protec tion.

H ep a ti t is  С Virus; P a ren te ra l ly  
T ran sm itted  Non-A, Non-B H epati t is

T he  p resence  o f  d ifferent viral s t ru c tu re s  in e lec tron  m ic ro 
g raph s  o f  N A N B  agen ts ,  v ar iance  in the  length o f  viral 
incubation  periods ,  m ultip le  re cu r rences  in h u m an s ,  and a 
failure in an im al challenge ex p er im en ts  for one N A N B  
agen t  to c ross -p ro tec t  im m unolog ica l ly  against a n o the r  
have led to the  conc lus ion  tha t a  n u m b er  o f  N A N B  hepati tis  
agents  exis t.  H epati t is  С v irus  (a f lavilike v irus) has been 
c loned  and identif ied by an an t ib od y  test for anti-HCV. 
H C V  is the leading cause  o f  P T H .

H ep a ti t is  D Virus, D e lta -A ssoc ia ted  A g e n t

T his  is a defec t ive  ssR N A  virus defined  by the delta 
an tigen  and delta  an t ibody  sys tem . It has  an R N A  core  with 
delta  an tigen  that is found enveloped  in b lood by the 
H B sAG o f  HBV.

H ep a ti t is  E Virus; Enterically 
T ran sm itted  Non-A, Non-B H epati t is

H epatit is  E v irus  is not found  in the U nited  States, but this 
ca lic il ike  v irus  m ay  be the  m a jo r  w orldw ide cause  of

Table 5-13 Missing Fea tu r e s  of
Viral Hepat i t i s  in Hepat i t i s  A Virus Infect ions

1. E x t r a h e p a t i c  m a n i f e s t a t i o n s

a.  A r t h r a l g i a s ,  a r t h r i t i s

b .  P o l y a r t e r i t i s  n o d o s a

c .  N e p h r i t i s

d .  I m m u n e - c o m p l e x  d i s e a s e s  ( s e r u m  s i c k n e s s - l i k e )

2. C h r o n i c  h e p a t i t i s  i n f e c t i o n s

3 .  L o n g - t e r m  v i r a l  c a r r i e r  s t a t e

4 .  C i r r h o s i s

5 .  P r i m a r y  h e p a t o c e l l u l a r  c a r c i n o m a

h ep a ti t i s .  It is an im p o r ta n t  c a u se  o f  w a te rb o rn e  
ep idem ics  in the Far East .  It is d e tec ted  by IE M  o f  stool 
specim ens.

P a th o g e n e s is  a n d  D isease

T h e  hepa ti t is  v iruses  p ro du ce  an acu te  in f lam m ation  and 
necros is  o f  liver cells. T he  sym p to m s (fever, chil ls ,  nausea ,  
vom iting ,  anorex ia ,  abdom ina l  d isco m fo r t ,  and jaund ice)  
as well as the h is topa tho log ic  lesions o f  acu te  infections 
can no t  be d is t ingu ished  from one an o th e r  with  respect to 
v irus  type. It should  also be noted  that 30  to 80  percent o f 
acute  HAV, HBV, and H C V  infections are  asym ptom atic .  
In a d d i t io n  to  an  ac u te ,  s e l f - l im it in g  v ira l  in fec t io n ,  
HBV, HCV. and  H D V  viruses m ay  also cause  chronic  h ep a 
titis.

Hepatitis A Virus
A lth ou gh  hepati tis  A is the  m os t  co m m o n  cause  o f  an acute  
clin ica l  d isease  syndrom e, HAV is d is t ing u ish ed  from 
o ther  hepati tis  v iruses  because  it lacks cer ta in  fea tures  o f 
o ther  hepa ti t is  v irus  infections. T h e  im portan t missing  
features  are  p resen ted  in Table 5-13.

Unlike HBV, HAV has an ab rup t  c lin ical onse t ,  a  short 
incubation  period  (average  4 weeks),  a short elevation of 
l iver t r an sam inases  (1 -3  weeks), and a com ple te  recovery  
in nearly  all cases  with  the  lowest m or ta l i ty  case  rate 
( < 0 . 5 % )  for the  hepa ti t is  v irus  group. T he  v iru s  is present 
for a shor t  per iod  in the b lood , but this  d oes  not develop 
into a  pers is ten t v irem ia  as noted  in H B V  infections; 
therefore ,  b lood is not a m a jo r  route  o f  transm iss ion .  T he  
v irus  is m ost easily  t ransm itted  ju s t  before  sy m ptom s of 
jaund ice ,  w hen  the  v irus  is de tec ted  at its h ighes t  c o n ce n 
tration  in feces. Anti-HAV an tigen  app ea rs  first in the IgM  
frac tion  d u r in g  acute  infection and la ter d u r ing  convales
cen ce  in the  IgG  fraction. T h e  IgG  anti-HAV that results  
f rom  natural infection is p ro tec tive  agains t  re in fec t ion  and 
pers is ts  for m any  years .



2 0 2  5. V i ro lo g y

Table 5-14 Fea tu r e s  Typically 
Assoc ia ted  w i th  Hepat i t i s  В Virus Infect ions

1 . E x t r a h e p a t i c  m a n i f e s t a t i o n s

a .  A r t h r a l g i a s ,  a r t h r i t i s

b .  P o l y a r t e r i t i s  n o d o s a

c .  G l o m e r u l o n e p h r i t i s

d .  S e r u m  s i c k n e s s - l i k e  d i s e a s e  ( s k i n  r a s h  a n d  u r t i c a r i a )

2 .  C h r o n i c  c a r r i e r  s t a t e  [ a s y m p t o m a t i c ,  H B sA g  ( +  ) ]  ( i n f e c t e d  

n e w b o r n s ,  i m m u n o s u p p r e s s e d ,  a n d  n o n  w h i t e s  >  l ik e l ih o o d )

3 .  C h r o n i c  d i s e a s e  ( l i v e r  in ju r y .  H B sA g  a n d  H B cA g  p e r s i s t  >  

6  m o n t h s )

4 .  C h r o n i c  a g g r e s s i v e  d i s e a s e  ( s a m e  a s  3 ,  v e r y  h i g h  a n t i -  

H B cA g  t i te r ,  l y m p h o c y t e  i n f i l t r a t i o n ,  a n d  b r i d g i n g  n e c r o s i s )

5 .  C i r r h o s i s

6 .  P r i m a r y  h e p a t o c e l l u l a r  c a r c i n o m a  ( H B V  D N A  is i n t e g r a t e d  

in to  t u m o r - c e l l  D N A )

7 .  H i g h  i n c i d e n c e  o f  p e r i n a t a l  i n f e c t i o n s  w h e n  m o t h e r s  a r e  

H B eA g  ( +  )

( 9 5 %  a t  t i m e  o f  b i r t h ,  5 %  t r a n s p l a c e n t a l )

( 9 0 %  o f  i n f e c t e d  b e c o m e  c h r o n i c  i n f e c t i o n s )

Hepatitis В Virus
H epatit is  В v irus  is responsib le  for on ly  25 percen t  o f  acute  
infections but plays a m a jo r  role in chron ic  liver d isease  
and its associa ted  im m unolog ic  com plica t ions . T h e  in c u 
bation period  is ex tended  for HBV. averag ing  10 w eeks ,  and 
the  clin ical onset o f  d isease  sy m p to m s  is very  g radual .  
Infection w ith  H B V  m ay be acute  and se lf- l im it ing ,  o r  in a 
sm all  percen tage  o f  cases ,  in fec tions  may lead to pers is tent 
v irem ia , p roduc ing  c a ses  o f  chron ic  liver d isease  or c h ro n 
ic c a r r ie r  states. Table 5-14 lists im p ortan t  features  o f 
hepati tis  infections often  associa ted  with H B V  o r  a c c o m 
panying  H D V  infection.

Hepatitis С Virus
HCV  may produce both acute and chronic hepatitis; however, 
HCV  infection causing P T H  becomes chronic in 54 percent 
o f  cases. Therefore, this leading cause o f  P T H  also causes the 
highest frequency o f  chronic disease. HCV  is also associated 
with cirrhosis but an association with liver cancer  is still 
questionable. Manifestations of the HBV- and HCV-mediated 
disease may be accentuated when the im m une status o f  sup
pressed patients improves, thus indicating that the im mune 
system plays a  role in the pathology o f  these infections.

Hepatitis D Virus
H D V  infection has  m o s t  o f  the features  o f  H B V  infection 
since it only exis ts  as a co infec tion  o r  super in fec t ion  o f  
H B sA g ( +  ) indiv iduals.  H epatit is  D v iru s  infec tion is 
found with m ore  severe H B V  infections and m ore  often 
leads to chronicity.

Hepatitis E Virus
H E V  is a  m a jo r  food- o r  w ate r-borne  ep idem ic  v irus  o f  
underdeve loped  p o o re r  co un tr ies .  L ittle  is kn ow n  about 
th is  v irus;  however, to date ,  it has not been  found  to be 
associa ted  w ith  ex trahepa tic  m an ifes ta t ions ,  chron ic  in fec 
tions, c ir rhos is ,  o r  cancer.

E pidem io lo g y

T h e  rou tes  o f  t ransm iss ion  and  persons  at r i sk  differ  
m arked ly  w ith  regard  to v irus  type. H epati t is  A v irus  
infec tions are t ran sm it ted  b y  the  feca l-ora l  rou te  (blood 
p ro d u c t  t r a n s m is s io n  is rare) .  T h e  m a jo r i ty  o f  HAV 
in fe c t io n s  a re  s u b c l in ic a l ,  and  p e a k  in c id e n c e s  a re  no ted  
in a u tu m n ,  p a r t ic u la r ly  in c ro w d e d  h o u s e h o ld s  o r  i n s t i 
tu t io ns .  T h e  c o n ta m in a t io n  o f  c la m s  by  s ew ag e  has  a lso  
im p l ica ted  she l lf ish  in ty p e  A  in fec t io n s .  A  h ig h e r  in c i 
d en ce  o f  in fec t io n  in h o m o s e x u a ls  has  s u g g e s te d  th a t  
HAV m ay be sex ua l ly  t r a n s m i t t e d ;  how ever ,  th is  t r a n s 
m iss io n  is m ore  likely fe c a l -o ra l  d u e  to o ra l -a n a l  in t e r a c 
tions.

T h e  m od e  o f  tran sm iss io n  for H B V  is p redom inan t ly  
paren tera l  ( involving b lood  p ro du c ts  o r  in jec tions) ;  how 
ever, seco nd ary  rou tes  o f  tran sm iss io n  a lso  exis t.  Sexual 
con tac t  is an im portan t  seco n d a ry  rou te  o f  infection . Per- 
son - to -person  transm iss ion  can  o ccu r  th ro ug h  co n tac t  with  
bodily  p rod uc ts  such as saliva, tears ,  sem en ,  vaginal sec re 
tions, co rd  b lood ,  o r  b reas t  m ilk .  T ransp lacen ta l  infection 
by H B V  is rare, but neonata l infection fro m  H BV -infec ted  
m o the rs  d oes  occ u r  w ith  h igh  frequency. M other-to -ch ild  
transm iss ion  plays a m uch  g rea te r  role in the  sp read  of 
d isease  in areas  o f  the world  ou ts id e  the  U nited  States. T he  
ind iv iduals  at h ighes t  r isk  by  H B V  infec tion  are  per
cu tan eo us  d rug  users ,  h em odia lys is  pa tien ts ,  b lood bank  
labora tory  person ne l ,  and  hom osexua ls .  S c reen ing  blood 
has  nearly  e lim ina ted  the  risk  o f  H B V  infec tion  in b lood 
transfus ion  recipients.

S ince  the  delta  agent only rep licates  in H B sA g (4 - )  
individuals ,  H D V  coinfec tion  or su pe r in fec t ion  involves 
the  sam e  rou tes  o f  tran sm iss io n  as  HBV.

H epati t is  С v irus  is paren tera l ly  t ran sm it ted  by t r a n s fu 
sion and in travenous  d rug  use. T h e  availabil ity  o f  a se 
rologic  screen ing  test should  g reat ly  red uce  H CV -m edia ted  
P T H  in the  n ea r  future.

H e p a t i t i s  E  v iru s  is e n te r ic a l ly  t r a n s m i t t e d  N A N B  
h ep a t i t i s .  C o n ta m in a te d  w a te r  in c o u n t r i e s  o u ts id e  the  
U n i te d  S ta te s  o f ten  is r e s p o n s ib le  fo r  th e  fe c a l -o ra l  
spread  o f  th is  v irus  in ep idem ics .  Table 5-15 su m m ar ize s  
p r inc ipa l  rou tes  o f  t ransm iss ion  for the  five know n h epa t i
tis  v iruses .
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Table 5-15 Rou te s  of  Hepat i t i s  Virus Transmiss ion

HAV HBV HCV HDV HEV

F e c a l - o r a l P a r e n t e r a l P a r e n t e r a l P a r e n t e r a l F e c a l - o r a l

S e x u a l B lo o d T r a n s f u s i o n B lo o d ( n o  o t h e r  k n o w n  r o u t e )

H o m o s e x u a l s ’ o r a l - B l o o d  b y - p r o d u c t s IV  d r u g  u s e B l o o d  b y - p r o d u c t s

a n a l  i n t e r a c t i o n s IV  d r u g  u s e O c c u p a t i o n a l IV  d r u g  u s e

O c c u p a t i o n a l  ( w o r k i n g O c c u p a t i o n a l  ( w o r k i n g

w i t h  b l o o d  o r w i th  b l o o d  o r

i n f e c t e d  p a t i e n t s ) i n f e c t e d  p a t i e n t s )

S e x u a l S e x u a l

V e r t i c a l  i n f e c t i o n  o f V e r t i c a l  i n f e c t i o n  o f

n e w b o r n n e w b o r n

S a l iv a S a l iv a

L a b o ra to ry  D iagnosis

Tests for ab no rm al  liver function such as s e ru m  t ran s
am inase  levels and b il irub in  levels are used extensively  for 
d iagn os is  o f  hepati tis .  A sharp  rise in se ru m  alanine 
am in o tran sfe rase  (A LT) at the tim e o f  fever onse t d is t in 
gu ishes  HAV infection from  H B V  and N A N B  virus  in fec 
tions. T h e  la tter  viral infec tions are c h a rac te r ized  by a 
g radu a l ,  p rolonged elevation in ALT. A second  t r an s
am inase  tha t may be elevated d u r ing  acu te  d isease  is se rum  
aspar ta te  t r an sam inase  (AST; form erly  s e ru m  g lu tam ic  
oxa loace tic  t r a n sam in ase  [S G O T J ). Levels o f  A ST are 
genera l ly  low er than A LT d u r in g  acute  viral hepati tis .

S pec if ic  viral m arkers  de tec ted  by rad io im m u n oassay  
(R IA ) or ELISA  have been useful in the d iag no s is  o f  both 
type  A and type  В hepati tis . Type A infection p ro du ces  an 
elevation in IgM  (g rea te r  than H B V  o r  N A N B  infections) 
and is best d iag no sed  early  d u r ing  d isease  onse t by an R IA  
specific  for IgM  anti-HAV antigen. T h is  specific  IgM  is 
shor t- l ived  and d isappears  in 2 months. Short ly  a f te r  the 
first ap p ea ran ce  o f  Ig M .  IgG  anti-HAV an tigen  beco m e s  a 
d iagnos tic  m a rk e r  tha t  pers is ts  for m any  years . T he  d e te c 
tion o f  specific  IgM  is indicative o f  cu rren t HAV infection 
w hereas  specific  IgG is a m ark e r  o f  p r io r  infection but not 
n ecessar i ly  a cu rren t  infection.

T h e  use o f  vira l d iagnos tic  m arkers  is m ore  com plex  for 
HBV, s ince  the n u m b er  o f  m ark e rs  is g rea te r  and  the uti li ty  
o f  a d iagnos tic  m arke r  is dep end en t  on the s tage  o f  in fec
tion and the na tu re  o f  the infec tion  (acu te  versus chronic). 
D u r in g  acu te  se lf- l im it ing  infection , viral an t igens  can  be 
de tec ted  ear ly  in the  b lood. D u r in g  the incubation  periods  
before d isease  o nse t ,  H B sA g ,  H B eA g ,  D ane  part ic les ,  and 
DNA p o lym erase  are  p resent in the b lood; however, H B sAg 
(detec ted  by  R IA ) is g enera l ly  m ost abu nd an t  and u ti lized  
in d iagnos is .  At the  t im e o f  c lin ical o nse t ,  an t i -H B c a p 
pears  and is used  as a marker, in addit ion  to H B sA g . T h e  
de tec tion  o f  IgM  an ti -H B c o f  high t i te r  a rgues  fo r  acute  
infection. A t this t im e ,  H B sA g and H B eA g may stil l be

de tec ted  but an tigen  concen tra tions  in the acute  se l f- l im it
ing in fec tions  have begun  to dec line  in the b loods tream . 
T h e  period  o f  convalescence  in se lf- l im it ing  in fec tions  is 
m arked  by the a p p ea ran ce  o f  an t i -H B e and  an t i -H B s, 
d isap p e a ran ce  o f  H B sA g, and  con tinued  high levels o f  
a n t i -H B c. In ear ly  convalescence , IgM  a n t i -H B c is a useful 
marker, w h ereas  in la ter  conva lescence  both IgG  an ti -H B c 
and a n t i -H B s act as d iagn os t ic  m arkers .  T he  behav io r  of 
viral m arkers  and the t im e  course  o f  approp r ia te  tes ts  are 
p resen ted  for a se lf- l im it ing  H B V  infection in Fig. 5-11.

In chronic  infections (chronic  active liver d isease  o r  a 
chron ic  ca r r ie r  state), H B eAg and H B sA g pers is t in the 
b lood for p rolonged pe r io d s ,  and a n t i -H B s is not de tec ted  
in the chronic  c a r r ie r  state. S ince  H B eA g  is the  f irs t an tigen  
to d is app ea r  in self- l im it ing  infections, the con tin ued  or 
p rolonged p resence  o f  H B eA g  has  been used as an ind ica
tion  o f  increased  infectiv ity  and the e s tab lishm en t o f  a 
chron ic  infection. In chronic  ca rr ie rs ,  H B eA g may be 
replaced over  a period  o f  years  by a n t i -H B e.

D iag n o s is  and prevention  o f  N A N B  d isease  were se 
verely lim ited  by the  com ple te  lack o f  a rel iable viral 
d iagnos t ic  test tha t cou ld  be used on b lood or b lood by
p roducts ;  however. HCV. one  o f  the p r inc ipa l  N AN B 
v iruses  and m ain  cause  o f  P T H ,  can  now  be  de tec ted  by a 
serologic  test for an t i -H C V  an tibod ies .  T h is  test for HCV  
can  be used to screen b lood along w ith  o th e r  N A N B  
surrogate  m ark e rs  (such as A LT  >  75 l U / m l ,  h is to ry  of 
h igh-r isk  ac tiv it ies .  H IV  an tibod ies ,  o r h is to ry  o f  hepa ti
tis). A n t i -H C V  may indicate  a p r io r  H C V  infection ra ther 
than a  cu rren t  infection and may be  d iff icul t to de tec t  in 
H IV - l - in fe c te d  im m u n o su p p re sse d  patients .

T h e  p resence  o f  hepa ti t is  de lta  an tigen  (H DA g) in w o o d 
chuck  livers has  p e rm it ted  deve lopm ent o f  so l id -phase  
R IA  and E LISA  assays for de tec tion  o f  an tihepa ti t is  delta 
an tigen  (an t i-H D A g) in se rum . An an t ibody  c lass  cap tu re  
R IA  has been  developed  to specif ica lly  de tec t  IgM anti- 
H D A g. An early  sharp  r ise  in t i te r  o f  IgM  an ti -H D A g is
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Incubation Prodrome, Convalescence
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Fig. 5-11 Serologic  a n d  clinical p a t t e r n s  ob se r v ed  du r i ng  a c u t e  HBV inf ect i on .  ALT, 
a l a n in e  a m i n o t r a n s f e r a se ;  SGPT, s e r u m  g l u t a m ic  pyruvic t r a n s a m i n a s e .  (From F. B. 
Ho l l inger  a n d  J. L. D ienst ag .  Hepat i t i s  Viruses.  In E. H. L en ne t t e ,  A. Balows,  W. J. 
Hausler,  Jr., e t  al. ,  M anual o f  Clinical M icrobiology  (4th ed.).  W a s h i n g to n ,  DC: A m er 
ican Society fo r  Microbiology,  1985. Pp. 813-835 .  Re p r in t ed  w i t h  permiss ion . )

d iagnos tic  o f  acu te  H D V  infection in bo th  H B V  acute ly 
infected  ind iv iduals  and  in H B V  carr ie rs .

A sero log ic  test fo r  an t i -H E V  has  also been developed  to 
de tec t  H E V  in stool spec im ens .  T h is  en te r ica l ly  t r a n sm i t
ted  N A N B  virus has been  de tec ted  by IE M . Table 5-16 
su m m ar ize s  key results  o f  hepa ti t is  sero logy  and their 
d iagnos tic  implications.

D iagnos is  o f  undefined  N A N B  v iruses  is es tab lished  by 
e lim ina ting  o th e r  agen ts  such as  HAV. HBV. HCV. HDV. 
HEV, E pste in -B arr  v irus ,  and cy tom egalov irus .

P rev en t io n  a n d  T re a tm e n t

T h e  p rev en t io n  o f  HAV in fec t io n s  invo lves  a ca re fu l  
co n tro l  p ro g ra m  to p reven t  fe ca l  c o n ta m in a t io n  o f  food 
o r  w a te r  su p p l ie s .  In  a d d i t io n ,  th e  sp re a d  o f  HAV to 
s u s c e p t ib le s  c an  be b lo c k e d  in b o th  p re -  and  p o s te x 

p o su re  s e t t in g s  by  the  a d m in is t r a t io n  o f  n o rm a l  im m u n e  
s e ru m  g lo b u l in  (IS O ).  B efo re  e x p o s u re .  IS G  sh o u ld  be 
g iv en  w h e n  t r a v e l in g  to  an  e n d e m ic  a re a .  In  p o s t e x 
p o su re  s e t t in g s ,  IS G  sho u ld  be  a d m in i s te r e d  to  s u s c e p t 
ib les  in d a y -c a re  c e n te r s ,  in s t i tu t io n s ,  a n d  h o sp i ta l s ,  and  
to  h o u se h o ld  c o n ta c ts ,  sexu a l  c o n ta c ts ,  ex p o se d  p r im a te  
h a n d le r s ,  and  th o s e  k itch en  p e rs o n n e l  a s s o c ia te d  w ith  a 
c o m m o n -s o u r c e  o u tb r e a k  such  as  c o n ta m in a t e d  foo d .  In 
c o m m o n -s o u r c e  fo o d - re la te d  o u tb r e a k s ,  IS G  m u s t  be 
a d m in i s t e r e d  be fo re  the  o n se t  o f  c l in ic a l  s y m p to m s  to 
ach iev e  p ro p h y lax is .

Inactivated hepatitis A vaccines are currently being devel
oped. One vaccine for hepatitis A virus is a  formalin  inacti
vated alum-adjuvanted preparation o f  the HM175 hepatitis A 
strain. These  inactivated viral vaccines, while prom ising, are 
not yet licensed and available for routine use.

W hile  standard ISG is effective in HAV prophylaxis,  ISG 
is only recom mended for nonparenteral exposure and
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Table 5-16 I n t e r p r e t a t i o n s  o f  S e r o d i a g n o s t i c  T e s t s  f o r  H e p a t i t i s

Interpretation Marker(s)

A cute  hep a t i t i s  A in fec t ion A nti-H A V  IgM  ( +  )

H epa t i t is  С  v irus  infec tion A n t i - H C V  ( +  ) [ o th e r  v i ru se s  ( — ) ]

H epa t i t is  E  v i ru s  in fec t ion IE M  ( +  ) fo r  a n t i -H E V  [o the r  v i ru ses  ( - ) ]

HBsAg HBeAg A nti-H B C A nti-H B e A nti-H B $

H B V  v a c c i n e  r e s p o n s e  o r  p a s s i v e  h e p a t i t i s  В ( - ) ( - ) ( - ) ( - ) ( +  )
h y p e r i m m u n e  g l o b u l i n  t r e a t m e n t

E a r l y  in  a c u t e  H B V  i n f e c t io n ( +  ) ( - ) ( - ) ( - ) ( - )
H B V  c h r o n i c  c a r r i e r  [e ( +  ) >  i n f e c t i v i t y ] ( +  ) ( + )  or ( - ) (  +  ) ( - ) ( - )

A c u t e  H B V  i n f e c t i o n  or c h r o n i c  H B V  i n f e c t io n (  +  ) ( +  ) ( +  ) ( - ) ( - )
w i th  h i g h  i n f e c t i v i t y  ( e  + )

A c u t e  H B V  i n f e c t i o n  ( H B cA g  c l e a r e d )  or c h r o n i c ( +  ) ( - ) ( +  ) ( +  ) ( - )
H B V  w i t h  l o w  i n f e c t i v i t y  ( e - )

C o n v a l e s c e n c e  a f t e r  H B V  in f e c t i o n ( - ) ( - ) ( +  ) ( ± ) ( +  )

M ore  likely acu te  H B V  th an  c h ro n ic  H B V  infec tion

M ore  likely to  b e c o m e  c h ro n ic  H B V  than  acute  
H B V  infection  

S t ronge s t  ind ica t ion  o f  c h ro n ic  H B V  infec tion

H epa t i t is  D v i ru s  (de lta  a g e n t )  infec tion

H ig h - t i t e r  a n t i - H B c IgM  d e te c te d  and  R I A  o f  p a i re d  sa m p le s  over  
t im e  s h o w s  H B sA g  decline 

H ig h - t i t e r  a n t i -H B v. IgM  d e te c te d  and  H B sA g  d o e s  not de c l in e  over  
2 - 3  m o

H B sA g  ( + )  tha t  p e r s is t s  for m o re  than  4  to  6  m o n th s  a f te r  c l in ica l  
o n se t  o f  i l lness ,  H B eA g  m ay  be  ( +  ) o r  ( -  )

H B sA g  ( +  ) in d iv idua l  tes ts  ( +  ) for IgM  a n t i -H D A g

does  not play a m a jo r  role in the prevention  o f  H B V  
infections. However, hepa ti t is  В h y p e r im m u n e  g lobulin  
(HBIG), w hich has a  high a n t i -H B s titer, is indicated  for 
p roph y lax is  a f te r  expo su re  to b lood o r  sa liva  o f  an H B sAg- 
posi t ive  patien t,  a f te r  transfus ion  o f  H B sA g ( +  ) b lood , 
a f te r  in t im ate  sexual con tac t  with  an H B sA g ( +  ) in
d iv id ua l ,  o r  im m edia te ly  af ter  b ir th  o f  a  neona te  from 
an H B sA g-po s i t ive  mother.  T h e  inc idence  o f  p os t t ran s fu 
sion H B V  infections has  been m arked ly  dec reased  by 
screen ing  b lood for H B sA g. T h e  g reat  a b u n dan ce  o f  the 
H B sAg in the  p la sm a  o f  ca r r ie rs  prov ided  a source  o f  viral 
an tigen  for vaccine  d eve lopm ent .  T he  use o f  inactivated  
h um an  p lasm a  (con ta in ing  H B sA g) w as un ique to  the 
m anufac tu re  o f  H B V  vacc ine  and  p rom p ted  ex tensive 
safe ty  tes ting . T h e  o r ig in a l  H B V  vaccine , know n as Hep- 
tavax-B , has been bo th  e f f icac ious  and lacking in undesir
able s ide  effects.

T h is  vaccine  has been sup e rseded  by two vaccines c r e 
ated by recom binan t DNA technology. T hese  vaccines,  
R ecom bivax  HB and E n g er ix -B ,  bo th  con s is t  o f  purif ied  
H B sA g . P reexposure  re com m end a t io ns  for vacc ine  use 
include health  care  w orkers ,  m edica l s tudents ,  s ta f f  of 
m ental ins ti tu t ions, hem od ia ly s is  patients , ac tive  h o m o 
sexual males ,  ac tive  IV d rug  users ,  ind iv iduals  with  m u l t i 
ple sexual co n tac ts ,  rec ip ien ts  o f  cer ta in  b lood p roducts .

househo ld  and sexual co n tac ts  o f  H B V  ca rr ie rs ,  and ind i
v iduals  in con tac t  w ith  endem ic  H B V  popula t ions . T h ese  
vacc ines  are a lso  be ing  cons ide red  as a  genera l  vaccination 
for all new b o rn  infants. In a  po s texposure  se t t ing ,  H B V  
vaccine  is reco m m e n d ed  for new bo rns  o f  H B sA g ( +  ) 
m o th e rs ,  for sexual exposure  with an H B sA g ( +  ) partner,  
o r  for p e rcu tan eou s  exposure  to b lood o f  an H B sAg ( + )  
patient.  B ooster  im m un iza t ion s  for H B V  are not r e c o m 
m en d ed  in no rm al  hosts  for at least 7 years . Pro tec tive  
im m u n i ty  induced  by natural infec tion  o r  vacc ines  res ides 
solely in the  a n t i -H B sA g response. V accinat ion  against 
H B V  should  also aid in reduc ing  the inc idence  o f  HBV- 
associa ted  hep a toce llu la r  c a rc in om a .  In add it ion ,  the  use 
o f  H B V  vacc ines  e l im ina tes  the p oss ib il i ty  o f  defect ive  
H D V  infection.

V acc in e s  d o  no t  e x is t  fo r  H C V  and  HEV. No sp e c i f ic  
a n t iv i r a l  th e r a p y  is r e c o m m e n d e d  for a c u te  hep a t i t i s .  
C o r t i c o s t e ro id s  such  as  p re d n i so n e  have  b een  u sed  w ith  
h u m a n  in te r fe ro n  to  im p rov e  t r e a tm e n t  o f  ch ron ic  
hep a t i t i s .  In  c h ro n ic  h ep a t i t i s  d u e  to HBV, p o s i t iv e  
r e s p o n s e s  have  b een  re p o r te d  w ith  v id a ra b in e ,  a z ido -  
th y m id in e  (A Z T ) ,  d id e o x y c y t id in e  (d d c ) ,  an d  acy c lo v ir  
w i th  o r  w i th o u t  in te r fe ro n ;  how ever ,  th e s e  t r e a tm e n ts  are 
s t i l l  e x p e r im e n ta l  and  fu r th e r  p ro o f  o f  e f f ic a c y  is 
n e e d e d .
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Tumor Viruses and Oncogenes
Earl M. Ritzi

T h e  oncogen ic  v iruses  can  be d iv ided  into two groups ,  the 
DNA tu m o r  v iruses  a nd  the  R N A  tu m o r  v iruses.  M em bers  
o f  papova- ,  aden o - ,  he rpes - ,  hepadn a- ,  and p oxv iruses  
co m po se  the  D N A  tu m o r  v irus  g roup ,  w h ereas  only m e m 
bers  o f  the R etrov ir idae  fam ily  are au then tic  R N A  tum or 
viruses.

DNA Virus Associations 
w ith  Animal and  H um an Cancers
T h e  po lyom a v irus  gen u s  o f  the  Papovavir idae  family 
inc ludes  agents  such as S V 4 0  and  po lyom a virus. T h ese  
agents  p ro d u ce  tu m ors  w h en  in jected  into n ew b o rn  m ice  or 
ham s te rs  and  have been ex tens ively  s tud ied  as anim al 
m odels  for v ira l- in du ced  ce llu la r  t ransfo rm at ion  and tu m o r  
induction . T he  h um an  polyom a v iruses ,  JC  and  BK v i
ru ses ,  can  transfo rm  h um an  f ib rob las t  cu ltu res ,  but have 
not been associa ted  with h u m an  cancers .  Both BK and  JC 
v iruses are neuro trop ic  and  cause  tu m o rs  in an im als ;  
however, only JC  v irus  is associa ted  with progress ive  
multifocal leuk oencepha lopa thy  (PM L). In con tra s t  to the 
polyom a v irus  genus ,  the  m em b ers  o f  the pap il lom a virus 
genus are  strongly  associa ted  with h u m an  tum ors .  Shope 
pap il lom a v irus  p ro du ces  pap il lom as and  ca rc ino m as  in 
rabbits ,  w h ereas  h u m an  p ap il lom a v iruses  (H PV s),  exis t
ing in m ore  than 50  types ,  may p ro d uce  genita l warts  
(con dy lo m a  acum ina ta )  tha t lead to  sq u am o u s  cell car
c ino m a  o f  the  penis  o r ce rv ica l  ca rc in om a . H um an  p ap i l lo 
ma v irus  gen om es  have six open  read ing  fram es  (O R F s)  for 
encod ing  regu la to ry  prote ins .  T h e  O R F s ,  E 6  and  E 7 ,  
toge th e r  c o m p r ise  the  pap i l lom a  v irus  “ o n co gen e ,” these  
two pro te ins  tog e th e r  can  t ransfo rm  cells in culture .  W hile  
these  oncogene  p rodu c ts  t ran sfo rm  cells  in cu ltu re ,  co fac 
tors (such  as h e rpes  simplex v irus  type  2 [H SV -2])  may 
still be involved in na tural tu m o r  causa t ion .  H P V s  o f  
d if fe r ing  se ro type  are associa ted  with co rresp o n d in g  d is 
ease  m an ifes ta tions  in Table 5-17.

T he  adeno v iru ses  have not been associa ted  w ith  hum an  
c a nce rs  but p ro du ce  tu m o rs  in ne w b o rn  ham sters .  A d e
novirus se ro typ es  have been su b g ro up ed  as h igh ly  on 
cogenic  (types 12, 18, and 31), w eakly  oncogen ic  ( types 3, 
7 ,  14, 16, and  21), and  n on oncogen ic  ( types  2 and 5). 
A denoviruses  have also been u ti l ized  in m odel sys tem s for 
s tudy in g  viral t ransfo rm ation  o f  cells.

T h e  neop las tic  d iseases  o f  an im al herp esv iru ses  include 
chicken lym phom atos is  (M a re k ’s d isease  virus), frog renal 
ad en o ca rc in o m a  (L ucke  virus), and  m onkey  lym phom a 
(herpesv iru s  Saim iri). H u m an  neop las tic  d iseases  are asso-

Table 5-17 B e n i g n  a n d  M a l i g n a n t  
H u m a n  P a p i l l o m a  V i r u s  M a n i f e s t a t i o n s

HPV Types* M anifestations

16, 18 S trong ly  a s so c ia ted :  C e rv ic a l  in t raep i th e l ia l  
n e o p la s ia  (C1N) a n d  c e rv ic a l  c a n c e r  
( c o n d y lo m a ta )

3 1 ,  3 3 ,  35 . M o d e ra te ly  a s so c ia ted :  C IN  and  c e rv ica l
4 5 ,  5 1 ,  5 2 ,  56 c a n c e r

6 ,  11 G e n i ta l  w ar ts  ( c o n d y lo m a ta  ac u m in a ta ) ,  
la ry n g e a l  p a p i l lo m a s  in  ch i ld ren

7 M e a t -h a n d le r s ’ w ar ts

5 ,  8 ,  9 ,  12 E p id e rm o d y s p la s i a  v e r ru c i fo rm is  ( sk in  c a n c e r  
w ith  u lt rav io le t  ex p o s u re )

1 , 2 ,  3,  4 B en ign  w ar ts  ( c o m m o n ,  plantar ,  f la t ,  and 
b u t c h e r ’s)

*Only  a part ia l list o f  the most  typica l H PV  ty pes  is presented .

c ia ted  with EBV, H SV-2, and h um an  cy tom eg a lo v iru s  
(H C M V ). E B V  is associa ted  w ith  A fr ican  B urk it t’s lym 
phom a and n a so ph aryn gea l  c a rc ino m a .  T h is  v iru s  also 
t ransfo rm s  h um an  В ly m ph ocy tes  and has  been  u sed  to 
c rea te  im m or ta l ized  lym p ho cy te  cell  lines. E pste in -B arr  
v irus is the  only t ru ly  onco gen ic  h u m an  h e rpesv iru s  since 
it possesses  a  viral oncogene ,  LM P1. E B V  ca u se s  rapid 
fatal lym phopro l ife ra t ive  d isease  in im m u n o su p p re ssed  
patients ,  and E B V -induced  pap il lom atous  prol ifera tion  o f  
ep ithe lia l  cells  in pa tien ts  w ith  A ID S  is re fe rred  to as  oral 
ha iry  leukop lak ia .  E B V -induced  tu m o rs ,  such as  B urk it t’s 
ly m p ho m a,  are  a ssoc ia ted  w ith  the  p resence  o f  E B N A , the 
p resence  o f  ep isom al c lo sed  c irc les  o f  E B V  D N A , and 
elevated express ion  o f  the  c -m y c  pro tooncogene .

Unlike EBV, the  h erpes  sim plex  v irus  type  2 and  hum an  
c y tom eg a lo v iru s  apparen tly  lack  viral on cogenes .  HSV-2 
and H C M V  are a ssoc ia ted  w ith  h u m an  cerv ica l  c a rc in om a; 
however, the ev idence  is p r im ar i ly  ep idem io log ic  in nature. 
T h e se  v iruses ,  w hen inactivated  w ith  ultraviolet (uv )  r ad ia 
t ion , t ran sfo rm  cells  in culture .  HSV-2 and H C M V  may 
induce  o r  p red isp ose  cells  to m a l ig n an cy  by  acting  as 
insertional m u tag ens  o r  by acting  as a b n o rm a l  ac tiva to rs  o f 
t ran sc r ip t io n  for no rm al ce l lu la r  genes.

T h e  p roxv iruses ,  not g enera l ly  th o u g h t  o f  as tu m o r  
v iruses ,  can  induce  hyperp las tic  g row th  o f  ce lls  and t i s 
sues, p roduc ing  f ib rom as  o r  m y x o m ato s is  in rabbits .  T he  
Yaba v irus  p ro d u ces  ben ign  skin tu m o rs  in rhesus  m o n 
keys; however, poxv iru ses  have not been associa ted  with 
h um an  cancers .

T h e  h epad nav iru s ,  HBV, is strongly  a ssoc ia ted  with 
increased  inc idence  o f  p r im ary  liver c a n c e r  (hepa tom a)  in 
chron ica lly  infected  patients. In 75 to 85 percen t  o f  hep a to 
m a  cells , H B V  DNA is found  in tegra ted  in host-ce ll  DNA .
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H epati t is  В v iru s  d o e s  no t  con ta in  a know n oncogene  or 
cause  o nco gen e  activation and  ch ro m o so m a l t rans loca tion  
as d oes  EBV. H B V  m ech an ism s  o f  tu m o r  induct ion  are still 
u n d e r  s tudy; however, H B V  may act as a d irec t  insertional 
m utagen  o r  as  an indirect m utagen  that g enera tes  oxidants 
as  b y -p ro du c ts  o f  chron ic  in f lam m ato ry  infection.

Transform ation by DNA Tumor Viruses
T he  p rocess  by w hich  a DNA tum or  v irus  induces  a 
heri tab le  chan g e  in the  ce l lu la r  p rop e r t ie s  o f  an infected  
cell w ithou t b r ing ing  abou t cell dea th  is re fe rred  to as 
t ransfo rm at ion .  S im ian  v irus  4 0  has been  u ti lized  as a DNA 
tu m o r  v irus  p ro to typ e  for de ta i l ing  the t ransfo rm ation  
process .  DNA tu m o r  v i ru ses  will genera l ly  replicate well in 
perm iss iv e  cells  o f  the natural host and  fail to replicate in 
n on p e rm iss iv e  cells  o f  o th e r  spec ies  tha t they  transfo rm . 
S im ian  v irus  4 0  rep licates  in m onkey  cells , leading to cell 
d ea th ,  but it t ran sfo rm s  m ouse  cells , lead ing  to the  ex p re s 
sion o f  a lte red  cell p roper t ie s ,  w hich  are  re fe rred  to as  the 
tran sfo rm ed  phenotype .  P erm iss ive  cells  can  only be t r ans
fo rm ed  if  a po lyom a v irus  deletion  m utan t (defec tive  
p art ic le )  o r  U V-inactiva ted  v irus  is u ti l ized  for infection. 
T here fo re ,  viral m ultip lica tion  m us t  be  s topped  in a cell to 
allow for polyoma virus transformation. T h e  “ early" events 
o f  a n o np rod uc t iv e  t ransfo rm ing  infection are s im ila r  to 
those  o f  a  lytic infec tion  in p e rm iss ive  cells. Viral tem p e ra 
tu re -sens i t ive  m u tan ts  ex is t  tha t  cann o t  t ran sfo rm  cells; 
there fo re ,  a  single  viral gene  and its gene produc t can 
contro l  t ransfo rm ation .  In gen e ra l ,  only one o r  two viral 
g enes  are involved in ce l lu la r  tran s fo rm a t io n ,  even when 
la rger  DNA viruses such as adenov iruses  are  involved. A 
cen tra l  feature  o f  viral t ransfo rm at ion  (e i the r  DNA or 
R N A ) is the in tegration  o f  a shor t  segm en t o f  DNA or a 
gen om e- leng th  seg m en t  o f  D N A  into  the  host-cell  genome. 
In DNA virus  in fec tions, the  in tegra ted  port ion  o f  the  viral 
g en o m e  c o n ta in s  a viral o nco gen e  tha t  is n ecessa ry  for the 
initia tion  a n d /o r  m a in ten ance  o f  ce llu la r  t ransfo rm ation .  
T h e  po lyom a v iruses ,  pap i l lom a  v iru ses ,  and ad enov iruses  
have ear ly  viral gene  produc ts  tha t  funct ion  to  im m or ta l ize  
a n d /o r  t ran sfo rm  cells. O n e  o f  the  m o s t  im p ortan t  m e c h a 
n ism s  em ployed  by these  v iruses  involves the  b ind ing  o f  a 
viral on cog ene  p rod uc t  to a tu m o r  sup p re sso r  gene  p roduc t 
(fo rm erly  re fe rred  to as  an an t ioncogene  product) .  T um or 
sup p re sso r  gene  produc ts  such as  p53 and pR B  ( re t i 
nob las tom a  gene  p roduc t)  funct ion  to  m ain ta in  norm al 
ce l lu la r  g row th .  W h en  b o u n d  to a viral o nco gen e  p roduc t ,  
the  func t ion  o f  p53 or p R B ,  o r  b o th ,  nam ely  to  m ainta in  
hom eo s tas is ,  is lost and  cell t ransfo rm at ion  ensues. Poly
o m a  v irus  and E B V  are exceptions to  these  m echan ism s.  
Table 5-18 details  so m e  o f  these  im po rtan t  viral oncogene  
p roduc ts ,  the ir  func t ions ,  and im po rtan t  p ro te in -p ro te in  
interactions.

In t ran sfo rm in g  cells, these  ear ly  viral pro te in  in te rac
tions  are  o f  p r im ary  im p o rtan ce  s ince  n o n p rod uc t ive  t r an s
fo rm ing  infec tions o f  m os t  DNA v iruses  are a lso  ch a rac 
te r ized  by a failure to ex p ress  “ late" (caps id )  p ro te ins  o r  to 
p rod uce  p rogeny  virus. Ins tead  o f  p rogeny  p roduc tion  and 
cell dea th ,  DNA sy n thes iz ing  and  prol ifera ting  cells  with 
altered  ce llu la r  p rop e r t ie s  em erge  from  infection . T hese  
stable t ran sfo rm an ts  have m any a ltered  p rop e r t ie s ,  which 
are know n as the  transfo rm ed  phenotype.  Table 5-19, 
details  w ell-s tud ied  cha rac te r is t ic  a l te ra t ions o f  viral tr a n s 
fo rm ed  cells.

W h at Are Tumor Suppressor Genes?

A g ro u p  o f  genes, ca lled  tum or su p p resso r genes (T S G s),  
have been d iscovered  that express  p ro te ins  tha t  exert a 
negative  contro l  on cell g row th  and  pro liferation . T hese  
g enes  have the  op po s i te  effec t  o f  o n cog enes ,  w h ich ,  w hen 
ac tiva ted ,  posit ive ly  in f luence  cell g row th  and  p rom ote  
tum or  form ation .  For th is  reason ,  these  genes  w ere  first 
ca lled  an tioncogenes .  T h e  T S G  produc ts  func t ion  to m a in 
tain n o rm a l  cell g row th ; however, w hen  these  genes  are 
m uta ted  or d e le ted ,  o r  w hen the  function  o f  the ir  gene 
p rod uc ts  is ab roga ted  by pro te in  b in d in g  o r  complex for
m at ion ,  the lo ss  o f  these  T S G  func t ions  m ay resu lt  in cell 
t ransfo rm at ion  o r  tu m o r  induction . T he  following are  some 
o f  the  im portan t tu m o r  su p p re sso r  genes: re t inob las tom a 
(RB), p53, Wilms’ tum or (WT-1). neurofibromatosis (NF-1), 
D C C  (dele ted  in colorecta l  ca rc inom a) ,  and  A RC (familia l 
aden om a tou s  po lypos is  coli). A s  ind ica ted  in the  p reced ing  
sect ion ,  the viral on cog enes  o f  m any  D N A  tu m o r  v iruses 
b ind  R B ,  p 53 ,  o r  bo th  T S G  prod uc ts  resu lt ing  in a loss o f 
T S G  pro d uc t  function  and  the  induction  o f  ce l lu la r  t r an s
form ation . T h e  d iscovery  and u nd ers tand in g  o f  T S G s  have 
not on ly  prov ided  insight into the m ech an ism  o f  transfor
mation  for m ost DNA tu m o r  v iruses ,  but also have p ro 
vided  a g rou p  o f  " a n t io n co g en es” tha t help  to explain  the 
ro les  o f  ce l lu la r  onco gen es  (c-oncs) tha t have been t r a n s 
duced  by the R N A  tu m o r  v iruses.  T h erefo re ,  T S G s  and 
the i r  pro te in  p rod uc ts  are cen tra l  in the  u nd ers tan d ing  of 
m ec h a n ism s  o f  t ran sfo rm at ion  by DNA and  R N A  tum or  
v iruses .  In add it ion ,  kn ow led ge  o f  T S G s  helps to explain  
the  fa ilures  in o pp os ing  o nco gen e  and tu m o r  su pp resso r  
gene  contro ls  tha t result in h um an  cancers .

General Characteristics 
of RNA Tumor Viruses
T h e  re t rov iruses  have a 70S R N A  geno m e  tha t is d ip lo id ,  
b e ing  co m po sed  o f  two identical 35S R N A  subunits  ( 3 5 0 0 -  
9 0 0 0  nucleotides).  T h e  g en o m e  is a s ing le -s tranded  RNA 
o f  posi t ive  polarity, but ex trac ted  vir ion  RNA  is not in fec
tive. T h e  re trov irus  par t ic le  is un ique am ong  R N A  viruses
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Table 5-18 DNA Viral Oncogenes and Cell Transformation

Virus Gene product Function(s)
Protein bound or 
associated

S V 4 0 L a r g e  T  a n t i g e n 1. S t i m u l a t e s  h o s t - c e l l  D N A  s y n t h e s i s p R B

2. I n i t i a t e s  v i r a l  D N A  r e p l i c a t i o n p 5 3
3. T r a n s c r i p t i o n a l  t r a n s a c t i v a t o r ( t u m o r  s u p p r e s s o r  g e n e

4 . I m m o r t a l i z e s  p r i m a r y  c e l l s p r o d u c t s  [ T S G P ] )

5. T r a n s f o r m s  c e l l s

S m a l l  T  a n t i g e n 1. C a u s e s  lo s s  o f  c o n t a c t  i n h i b i t i o n

2. C a u s e s  i n c r e a s e d  p l a s m i n o g e n  a c t i v a t o r  p r o d u c t i o n

3. C o m p l e m e n t s  l a r g e  T  a n t i g e n  in t r a n s f o r m a t i o n

P o l y o m a  v i r u s M i d d l e  T  a n t i g e n 1. A l o n e  it t r a n s f o r m s  c e l l  c o m p le t e l y  ( a c u t e  t r a n s f o r m i n g  p ro te in ) p p 6 0  c - S R C

2. S t i m u l a t e s  t h e  a c t i v i t y  o f  m e m b r a n e  k i n a s e s  ( p h o s p h o r y l a t e s p 6 2  c - y e s

c e l l u l a r  p r o t e i n s ) ( p r o t o o n c o g e n e  p r o d u c t s )

H u m a n  p a p i l l o m a E 7  p r o t e i n 1. J o i n t ly  t r a n s f o r m s  c e l l s  w i t h  E 6 p R B

v i r u s  t y p e  16 2. T r a n s c r i p t i o n a l  t r a n s a c t i v a t o r

( H P V - 1 6 )

E 6  p r o t e i n 1. J o i n t l y  t r a n f o r m s  c e l l s  w i t h  E 7 p 5 3
( T S G P )

A d e n o v i r u s E l  A  p r o t e i n s 1. I m m o r t a l i z e  c e l l s  b u t  d o  n o t  c o m p l e t e l y  t r a n s f o r m p R B

2 . T r a n s c r i p t i o n a l  t r a n s a c t i v a t o r s

E l  В p r o t e i n s 1. T r a n s f o r m  c e l l s p 5 3

E p s t e i n - B a r r E B N A - 2 1. T r a n s c r i p t i o n a l  t r a n s a c t i v a t o r  [ i n d u c e r  o f  l a t e n t  m e m b r a n e

v i r u s  ( E B V ) p r o t e i n  ( L M P ) ]

L M P 1. T r a n s f o r m s  В l y m p h o c y t e s V i m e n t i n

( L M P 1 ) 2 . P l a s m a  m e m b r a n e  a s s o c i a t i o n  w i t h  c y t o s k e l e t o n ( c y t o s k e l e t o n )

3 . A c t s  w i t h  L M P 2 A  a n d  L M P 2 B  t o  e f f e c t  p r o t e i n

p h o s p h o r y l a t i o n

T a b l e  5 - 1 9  P r o p e r t i e s  o f  t h e  T r a n s f o r m e d  P h e n o t y p e

1. P o ss ess io n  o f  at leas t  p a r t  o f  the  viral  g e n o m e  (e i th e r  in teg ra ted  o r  as  n u c le a r  e p is o m e s)
2. I n c re ased  tu m o r ig e n ic i ty  in su s cep t ib le  hos ts
3. M ore  r o u n d e d  a n d  re frac t i le  m o rp h o lo g y
4 .  G ro w th  in a less  o r ie n te d  m a n n e r
5. L oss  o f  a n c h o ra g e  d e p e n d e n c e  for cell  g ro w th  (co lony  fo rm a t io n  in so f t  agar )
6 .  D i sa g g re g a t io n  o f  ac t in  f i lam en ts
7. L o ss  o f  con tac t  inh ib i t ion  o f  cell  g row th
8. D e c re a s e d  d e n s i ty -d e p e n d e n t  reg u la t io n  o f  g ro w th  ( in c re a se d  sa tu ra t ion  dens i t ies )
9 .  C o n t in u e d  cell  g ro w th  ( im m o r ta l iz a t io n )

10. R e duced  req u i rem en t  for se ru m  g ro w th  fac to rs
11 . A p p e a ra n c e  o f  new  a n t ig e n s  (b o th  viral  and  ce l lu lar)
12. Inc re ased  a g g lu t in a b i l i ty  o f  ce l ls  by  p lan t  lec t ins  d u e  to  r e c e p to r  c lu s te r in g
13. Inc re ased  m e m b ra n e  t r a n sp o r t  o f  suga rs
14. Inc re ased  a n a e ro b ic  g lyco lys is
15. C h a n g e s  in g ly co l ip id  and  g ly co p ro te in  ch e m ic a l  c o m p o s i t io n  o f  p la s m a  m e m b ra n e s
16. L o ss  o f  f ib ro n e c t in  (L E T s  p ro te in )
17. Inc re ased  se c re t io n  o f  p l a s m in o g e n  a c t iv a to r  (a  p ro tease )
18. D e c re a s e d  cy c l ic  ad e n o s in e  m o n o p h o s p h a te  levels
19. In duc t ion  o f  c e l lu la r  D N A  sy n th e s is  o f ten  c o in c id e s  with  induc t ion  o f  the  t r a n s fo rm e d  p h e n o ty p e
20 .  C h r o m o s o m a l  c h a n g e s ,  inc lud ing  d u p l ica t io n s ,  a m p l i f ica t io n s ,  d e le t io n s ,  and  t r a n s lo c a t io n s  o f  p o r t io n s  o f  o r  en t i re  

c h r o m o s o m e s  (a l te red  k a ry o ty p e )
21 .  T h e  ab i l i ty  to  re sc u e  in teg ra ted  c ry p t i c  viral  g e n o m e s  b y  fus ion  o f  viral  t r a n s fo rm a n ts  w i th  p e r m is s iv e  c e l l s  (d o e s  not  ap p ly  to  

t r a n s fo rm a n ts  tha t  p o ss e s s  on ly  a  po r t io n  o f  the  viral  g e n o m e )
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Fig. 5-12 Basic re t ro v ira l  s t ru c tu re s .

and co n ta in s  an R N A -d irec ted  DNA po ly m erase  (reverse  
t r an sc r ip ta se )  tha t  is capab le  o f  syn thes iz ing  DNA from 
R N A . T h e  35S  R N A  subun i ts  are held to g e th e r  by  h y d ro 
gen b o n ds  o f  a pa lind rom ic  sequence  that is loca ted  ap p ro x 
im ately  80  nuc leo t id es  from  the 5 '  en d s  o f  each  subunit .  
H ost-cell t r an sfe r  R N A s are a ssoc ia ted  w ith  the  viral 
ge n o m e  and  act as  p r im ers  to in i t ia te  t ranscr ip t ion  o f  RNA  
into  nega t ive-s trand  D N A . A  single  su b u n i t  o f  a  n o nd efec 
tive g en o m e  is dep ic ted  in F ig . 5-12A. F our g en es  are 
typ ica lly  found ,  nam ely  the  gag , p ro , po l, and  en v  genes. 
T h e  gag  gene  en co d e s  e i th e r  th ree  o r  four p rote ins .  T he  
following th ree  g a g  p ro te ins  are a lw ays present: ( 1 ) the

m atrix  pro te in  (M A ), a m y r is ty la ted  N -te rm ina l  dom ain  
that a ssoc ia te s  with the  p la sm a  m em bran e  for bu dd in g ;  (2 ) 
the  cap s id  pro te in  (CA), w hich is the m ain  s truc tu ra l  
pro te in  o f  the co re /sh e l l ;  and (3) the nucle ic  ac id  b ind ing  
p ro te in  (NC), a basic  pro te in  tha t a ssoc ia te s  w ith  the  R N A  
genom e. T h e  p ro  gene  encod es  a p ro tease  for c leavage o f  
po lypro te in  precursors .  T h e  p o l gene  enc o d es  a  reverse 
t ran sc r ip ta se  (RT) and an in tegrase  (IN). T h e  en v  gene 
encod es  a su r face  pro te in  (SU), w hich is h igh ly  g lycosy
la ted , b inds  to recep to rs ,  and  co n ta in s  viral neu tra liza tion  
ep itopes. In add it ion ,  en v  en co d es  a t r an sm em b ran e  pro 
tein (TM ), w hich  anchors  the ex te r io r  g lyco p ro te in  spike
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Table 5-20 F unctions  o f  R e p re se n ta t iv e  O n c o g e n e s

Functional Grouping Oncogene Viral Origin Function

A n a l o g u e s  o f  g r o w t h  f a c t o r s v -s is S i S V В c h a i n  o f  p l a t e l e t - d e r i v e d  g r o w t h  
f a c t o r  ( P D G F )  a n a l o g u e

in t - 2 N o n e

“ M o u s e  m a m m a r y  t u m o r  

a c t i v a t e d "  in  c e l l  D N A

F i b r o b l a s t  g r o w t h  f a c t o r - l i k e

G r o w t h  f a c t o r  r e c e p t o r s  w i t h  t y r o s i n e  

p r o t e i n  k i n a s e  a c t i v i t y

e r b  В A E V T r u n c a t e d  e p i d e r m a l  g r o w t h  f a c t o r  

( E G F )  r e c e p t o r

e r b  В 2
a .  H E R 2 

( h u m a n )

b .  n e u  ( m o u s e )

N o n e R e l a t e d  to  E G F  r e c e p t o r

f m s F e S V M - C S F  o r  C S F - 1  r e c e p t o r

H o r m o n e  r e c e p t o r s e r b  A A E V T h y r o i d  h o r m o n e  r e c e p t o r  a n t a g o n i s t

M e m b r a n e - a s s o c i a t e d  t y r o s i n e  k i n a s e s rc R S V s rc  f a m i l y  o f  t y r o s i n e  k i n a s e  ( T K  + )

ab l A b e l s o n - M U L V T K  +

fe s F eL V T K  +

y es A S V - Y 7 3 T K  +

C y t o p l a s m i c  s e r i n e  a n d  t h r e o n i n e m o s M o l o n e y  M u S V K i n a s e ,  c y t o s t a t i c  f a c t o r  ( C S F )

k i n a s e s

M e m b r a n e - a s s o c i a t e d  g u a n i n e ra s G D P / G T P  b i n d i n g :  G T P a s e  ( s ig n a l

n u c l e o t i d e - b i n d i n g  p r o t e i n s a.  H a - r a s H a r v e y  M u S V t r a n s d u c t i o n )

( G  p r o t e i n s ) b .  K i - r a s K i r s t e n  M u S v

N u c l e a r  f a c to r s  

( t r a n s c r i p t i o n  f a c t o r s  a n d

j u n A S V 1 7 C o m b i n e s  w i th  f o s  t o  f o r m  A P - l , a 

t r a n s c r i p t i o n  f a c t o r

D N A - b i n d i n g  p r o t e i n s )

fo s F B J - M u S V F o r m s  A P - l

m y b A M V S p e c i f i c  D N A - b i n d i n g  p r o t e i n

m y c M C 2 9 S p e c i f i c  D N A - b i n d i n g  p r o t e i n

and possesses  a less g lycosy la ted  hydrophob ic  dom ain . 
F lank ing  these  four genes  are  regu la tory  reg ions  with a 
repeat sequence  (R) and  un ique seq uences  te rm ed  U 5  and 
U 3. A tR N A  p r im er  b ind ing  site (PB), n ea r  the  5 '  end o f  the 
genom e, se rves  to p r im e  reverse t ranscr ip t ion  o f  negative- 
strand  DNA w hile  a  p u r ine-r ich  sequence  (PP), near  the  3 '  
end o f  the genom e, p r im e s  pos i t ive -s t rand  DNA synthesis .

Replication

W hile  re trov iruses  en te r  cells by recep to r-m ed ia ted  endo- 
cy tos is ,  the following steps d if fer  from  those o f  all o ther  
R N A  viruses. Replication involves a DNA in te rm ed ia te  
tha t  m ay  form  a c ircu la r  DNA duplex , as well as a do u b le 
s tranded  l inear molecule. T he  doub le -s trand ed  l inear DNA 
that  is syn thes ized  in n u c leo caps id s  in the cy to p lasm  
m oves to the nuc leus  for in tegra t ion  in to  host-cell  DNA. 
T h e  in tegrase  is responsib le  for rem oving  tw o  base  pairs 
from  each end o f  the l inear proviral D N A  d u r ing  the 
in tegration  process .  Integration  p rodu ces  a 4 - 6  base-pa ir  
duplica tion  o f  ce llu la r  D N A . w hich  f lanks  the in tegrated  
genome. T h e se  ce l lu la r  repeat seq uences  are referred  to as

direc t  repeats  (DR). T h e  in tegra ted  form  o f  the  g en o m e  is 
re fe rred  to as a DNA prov irus  and is dep ic ted  in Fig. 5-12C. 
T h e  in tegra ted  DNA provirus  d if fe rs  f rom  the  viral RNA  
gen om e  by p ossess ing  long, te rm in a l ly  redund an t  repeats 
o f  5 '  and  3 '  no nco d ing  sequ ences  on each  s ide  o f  the 
provirus.  T h e se  long te rm ina l  repeats  (LTRs) con ta in  a 
viral p ro m ote r  for t ranscr ip t ion  o f  the in tegra ted  prov irus,  
as  well as m any  sequences  fo r  regu la tion  o f  gen o m e  fun c 
tions (cap p ing ,  po lyadenyla tion ,  e tc .) .  T ranscr ip t ion  o f  the 
in tegra ted  prov irus  p ro d u ces  b o th  geno m e  R N A s for p ro g 
eny v irus  part ic le s  and m esseng er  R N A s for viral protein  
synthesis .  Viral p ro te ins  are fo rm ed  as  po lypro te ins  and 
sub jec ted  to  post trans la t iona l  c leavage to p ro du ce  ind iv id 
ual gag pro te ins ,  p ro tease ,  envelope pro te ins ,  and  RNA- 
dep end en t  DNA polym erase .  T h e  typical po lypro te in  p re 
cu rso rs  are dep ic ted  in Fig. 5-12B.

Morphology
T he  R N A  tu m o r  v i ru ses  (subfam ily  O n co v ir inae )  can  be 
d iv ided  in to  four m orpho log ic  g roups  ( types  А . В . C ,  and 
D). T he  type  A part ic le s  have e lec tron- lucen t  c en te rs  and
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are  found on ly  w ith in  cells  e i th e r  as  in t racy top lasm ic  A 
part ic le s  o r  in trac is te rn a l  A part ic les .  S om e type  A  p a r t i 
cles  are  im m ature  type  В part ic les .  T h e  rem ain in g  three 
m orpho log ic  g roups  are ex trace l lu la r  re trov irus  particles. 
T h e  type  В part ic le  buds  as  a  p re fo rm ed  nuc leo id  that 
be co m e s  eccen tr ic  upon m atu ra t ion  (e .g .,  m o use  m a m m 
ary t u m o r  virus). T h e  ty p e  С v iru ses  have cen tra lly  located 
nuc leo ids  tha t u n derg o  m atura t ion  d u r ing  and  a f te r  b u d 
d ing .  M ost an im a l  sa rco m a  and leukem ia  v iruses  are  o f  
type С  morphology. T he  type  D v iruses  bud like type  В 
v iruses  but have cen tra lly  located  nuc leo ids  (e .g . ,  M ason- 
P f ize r  m onkey  virus). R e trov iruses  o f  the  subfam ily  Len- 
t iv ir inae  (such as HIV-1) have cy lind r ica l  nucleoids.

E n d o g e n o u s  R etrov iruses

T h e  endogenous retroviruses are transmitted w ithin a host 
species from generation to generation as DNA proviruses. 
T hese  proviruses behave as norm al cellular genes, are present 
in 1 to 1 0  copies per cell genome, and are inducible by 
different types o f  mutagens or carcinogens. E ndogenous 
retroviruses are found in nearly all species (RAV-0 in chick
ens, RD114 in cats , and baboon endogenous virus in ba
boons). E ndogenous viruses are replication-competent vi
ruses  but are generally not directly associated with cancers. 
T hese  viruses may, through recombination mechanism s, g en 
erate the more highly oncogenic exogenous retroviruses.

M ech an ism s  o f  Retroviral C arc inogenes is

Acute Transformation 
by Highly Oncogenic Viruses
T h e  leu kem ia  and sa rcom a  v iru ses  tha t p ro du ce  acute  
d isease ,  such as avian m yelob las tos is  v irus ,  m u r in e  sar
c o m a  v iruses ,  fe line sa rco m a  v irus ,  and s im ian  sa rcom a 
virus ,  express  a gene  tha t  is not requ ired  for viral rep l ica 
tion. T h is  gene  has  been te rm e d  a tra n sfo rm in g  o r  o n 
cogene (one). R e trov irus  o nco g en es  were p r inc ipa l ly  d e 
r ived  from  no rm al  host-ce ll  g row th  co n tro ll ing  genes. By 
re com bina t io n ,  re t rov iruses  w ere  able to acquire  ce llu la r  
one sequences  from  ce l lu la r  p ro to nco gen es  as integral 
par ts  o f  the i r  viral genom es .  T h e  ac tiva tion  o f  these  nucleic  
ac id  sequences  by  poin t m uta tion ,  de le t ion ,  o r  re a r ra n g e 
m en t  led to the  increased  on cogen ic i ty  o f  these  sequences ,  
w hich can  be re fe rred  to as  re tro v ira l oncogenes (v-oncs). 
T hese  v-oncs, w hich  are u n der  viral p ro m o te r  c on tro l ,  are 
h igh ly  t r ansc r ib ed  and often  exp ressed  at elevated levels. 
High-level oncogene  express ion  leads to acute  retroviral 
t ran sfo rm at ion  o f  the  host cell  and enhanced  tum origen ic i -  
ty. M os t  v iruses  tha t  con ta in  o ncogenes ,  par t icu la r ly  sar
co m a  v iruses ,  are defec t iv e  for replication and  require  a 
h e lpe r  v irus  (R ous  sa rcom a  virus [R SV ] is a notable 
exception  to  th is  rule). A n  exam ple  o f  a typica l defec t ive  
“ on co g en e -co n ta in in g ” re trov irus  g en o m e  is p resen ted  in

Fig. 5-12D. T h e  v-onc tha t  expresses  the  t ran sfo rm in g  
p ro te in  m ay replace vary ing  por t ion s  o f  the  gag , p ro , pol, 
and  env  genes  in d if feren t acute ly  t ran sfo rm ing  viruses. 
T h e  pro te in  p rod uc ts  o f  these  viral on cog enes  d if fe r  from 
v irus to v irus ,  but a lim ited  n u m b e r  o f  on co g e n e s  a pp ea r  to 
exist.  T he  retroviral o nco g en es  (v-oncs) fall in to  d ifferent 
c lasses  o f  a ltered  ce l lu la r  g row th  contro l  genes. Table 5 -20 
presen ts  a few w ell-s tud ied  rep resen ta t ives  o f  e ach  fu n c 
tionally  d if feren t oncogene  group.

Tumor Induction by  Retroviruses 
that Lack a  Viral Oncogene
T h e  following m ech a n ism s  often  apply  to re t rov iruses  with  
slow o r  delayed onse t  o f  tumor.

I n s e r t io n a l  M u t a g e n e s i s  o r  A c t iv a t io n

V iruses  such as avian  leukosis  v iru s  (ALV) and m ouse  
m am m a ry  tu m o r  v irus  (M M T V )  lack  viral on cog enes  but 
induce  tu m o rs  by  in teg ra t ing  the i r  gen o m es  in to  the host 
cell at posi t ions tha t  allow fo r  activa tion  and  express ion  o f  
host-ce ll  oncogenes .  T h e  d iag ram  in F ig . 5-12E d e m o n 
stra tes  two h y p o th es ized  m echa n ism s .  T h e  first is know n 
as the  p ro m o te r  in ser tion  h y po th es is  and  is d ep ic ted  on  the 
r igh t  w hereas  the  second  can  be cons ide red  an en h an c e r  
insertion  h y p o th es is  and  is d ep ic ted  on the  left.  The  
p rom o te r  insertion  hy po th es is  a rg ues  tha t the  viral p ro m o t
e r  in the  r ig h t-han d  LTR  can  t ransc r ib e  viral sequences ,  as 
well as do w n stream  ce l lu la r  one  sequences ,  thus  lead ing  to 
the  e n h an ced  express ion  o f  a ce l lu la r  oncogene .  T h e  sec 
ond  th eo ry  a rgues  tha t  an e n h an ce r  e lem en t ,  such as  the 
M M T V  h o rm o n e  response  e lem ent,  is capab le  o f  ac t iva t
ing the express ion  o f  ce l lu la r  ones (such  as I N T 1 and 1NT2) 
at g rea te r  d is tances  and  in u p s t ream , as  well as  d o w n 
s t ream , posi tions. In e i th e r  case , activation  and  expression  
o f  ce llu la r  o nco g en es  lead  to tumor. In ad d it io n ,  re t ro 
v iruses  can  m u tag en ize  by in tegra t ing  in a  c -onc  sequence  
(such as  c -e rb  B) to a lte r  the  gene  produc t and thereby  
“ activate"  the  c -onc.  In tegra t ion  by re t rov iru ses  can  also 
induce  tum o rs  by  inac t iva t ing  tu m o r  sup p re sso r  genes.

R e c o m b i n a t i o n  w i t h  E n d o g e n o u s  
Viruses  t o  G e n e r a t e  M ink  Cell 
F o cu s -F o rm in g  (MCF) Viruses

V iruses  tha t lack  o nco gen es  can  develop  increased  o n 
cog en ic i ty  by recom bin ing  with e n d o g en o u s  re trov iruses  
to a lte r  the ir  envelope  gene. Such M C F  v iruses  have altered 
ce l lu la r  hos t  range  and induce  leukem ia  in mice.

I n d u c t i o n  o f  H u m a n  A d u l t  Т-Cell L e u k e m i a  by 
H u m a n  Т-Cell L e u k e m i a  Virus  Type 1 (HTLV-1)

W hile  HTLV-1 is unquest ionab ly  an oncogen ic  re trov irus ,  
it does  no t possess  a  viral oncogene  and d oes  no t em ploy 
inser tional activa tion  to p ro du ce  d isease. In s tead ,  it is
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likely tha t tran sac t ing  transc r ip t ion a l  activation  o f  T-cell 
proliferation genes  by the  ta x  gene  pro te in  o f  HTLV-1 leads 
to cell  proliferation  and  disease.

Cellular P ro to o n c o g e n e s  
a n d  H um an  Tumor-Cell O n c o g e n e s

T h e  viral on cog enes  in genom es  o f  t ran sfo rm ing  re t ro 
v iruses a p p e a r  to be closely  re la ted  to ce l lu la r  o ncogenes  
tha t  have been  c loned  from  h u m an  tum or-cell lines. T he  
V-Ha-ras on cog ene  o f  H arvey  sa rco m a  v irus  is a hom o- 
logue o f  an oncogene  isolated from  a h u m an  bladder  
ca rc io m a  cell line; V-Ki-ras o f  K irs ten  sa rcom a  v irus  is a 
h om ologue  o f  on co g e n es  isolated from  h u m an  lung and 
colon  carc inom as .  In theory, no rm al ce llu la r  p ro too n 
cogen es  could  be ac tivated  by nonviral c auses  (ca rc inogens  
o r  m u tagen s)  as  well as by  v iruses tha t a lter  no rm al gene 
expression. W hen norm al cellular protooncogene sequences 
are  co m p ared  to on cogene  h om olo gu es  in t ransfo rm ing  
R N A  tu m o r  v iruses  o r  h u m an  tum ors ,  resu lts  indicate  that 
these  p ro too nco gen e  sequences  have m o s t  often  been “ ac 
tivated to on cogen ic i ty” by poin t  muta tions. O nco gen e  
overexpress ion  in h u m an  tum ors  is caused  by  the following 
two m echan ism s: ch ro m osom al t rans loca tion  and DNA 
amplif ica t ion  o f  regions tha t  con ta in  c-oncs.

С-Type R etrov iruses  
A sso c ia ted  w i th  H um an  Cancers

H u m an  T-cell l eukem ia  v irus  type  I is an exogenous  C -type  
re trov irus  tha t t ra n s fo rm s  T  cells  in cu ltu re ,  a l lowing them 
to grow  in the  absence  o f  IL-2 . HTLV-1 is the cause  o f  adult 
T-cell leukem ia  (ATL) and tropical spas tic  parapares is  
(H T L V -l-assoc ia ted  m yelopathy) .  T h is  v iru s  is endem ic  in 
so u th e rn  Japan ,  centra l A fr ica ,  and  the  C a r ib bea n  basin 
including southern  Florida. A second rarer isolate is HTLV-2. 
W hile  this v iru s  w as isolated from  a patient with  hairy-cell 
leukem ia ,  its role  in h um an  d isease  is not well d o c u 
m en ted .  T he se  two h u m an - ty p e  С re t rov iruses  are related 
to  bovine  leukem ia  v irus  (BLV) and s im ian  T-cell leukem ia  
v irus (STLV). T h ey  have two regu la to ry  genes  that are 
ra th e r  un ique for С -type  re trov iruses.  T h e  /од: gene  product 
is a  t ransac t ive  t ranscrip tiona l ac tiva to r  and the rex  gene 
pro du c t  co n tro ls  splicing o f  the viral m R N A .

Human Immunodeficiency 
Virus, Lentiviruses, and Acquired 
Immunodeficiency Syndrome

Earl M. Ritzi 

G enera l C harac teris t ics

In 1983, the  e tio log ic  agen t o f  ep idem ic  A ID S  w as iden t i
fied as h u m an  im m unod ef ic ien cy  v irus  (HIV-1). W hile  this

was one o f  the  first hum an  re t rov iru ses  d is co v e red ,  it 
d if fe red  s ign if ican tly  from  o th e r  С -type  h um an  T-lym pho- 
trophic  v iruses  (HTLV-1 and HTLV-2). HIV-1 is not a 
С -type  v irus ,  and does  not t ran sfo rm  cells  o r  ac t  as  an RNA 
tu m o r  virus. In s tead ,  it is a cy toc ida l v iru s  w ith  T-cell 
t rop ism  that des t roys  cells  o f  the im m u ne  sys tem . HIV-1 
buds as a  long sta lk  and has a  m orpho logy  that is s im i la r  to 
tha t  o f  len t iv iruses ,  a sub fam ily  o f  the  R etrov ir idae  c o m 
posed  o f  v iruses  such as  v isna and  m aed i v i ru ses  o f  sheep. 
HIV-1 has  a cy lind rica l  nucleo id  re sem b ling  v isna virus. 
HIV-1 d em on s tra te s  the  following s im ila r i t ie s  to len t iv i
ruses: ( 1 ) It show s ex tens ive  sequence  hom o log y  with 
len t iv iruses ,  (2 ) it p rodu ces  a  pers is tent and chronic  course  
o f  infection af ter  a long latent per iod  that resu lts  in a 
progressively deteriorating disease with C N S  involvement, 
and (3) it show s envelope  gene d r i f t  o r  g rea t  h e te rogen ic i ty  
in the en v  gene  p roduc t .  T h e se  ch a rac te r is t ic s  p lace HIV-I 
with the following related lent iv iruses : v isna -m ae d i  virus, 
cap r ine  a r th r i t is  en cepha l i t is  v irus ,  equ in e  in fec t ious  a n e 
mia v irus ,  s im ian  im m un od ef ic ien cy  v irus  m ac  (S IV mac), 
and feline im m uno def ic iency  virus. A second  form  o f  HIV, 
te rm ed  H IV -2, has been iden tif ied . HIV-2 is only 50 to 60 
percen t re lated to HIV-1, is endem ic  in W est A fr ica  and 
does  not have a w orldw ide d is tr ibu t io n  like HIV-1, is 
c losely  related to S IV sm and S IV mac, and is so m ew h a t  less 
v iru len t than  HIV-I.  It is not know n w h e th e r  H IV  evolved 
from related s im ian  v iruses  o r  w h e th e r  they  evolved in 
parallel;  however, S IV s  exis t tha t  p ro d u ce  a s im ila r  im m u 
nodefic iency  sy n d ro m e  in rhesus m acaques .  N eith er  h u 
m an n o r  s im ian  im m u no def ic iency  v iruses  can  be c o n s id 
ered  endo gen ou s  v iruses  o f  the i r  species.  H IV -1 pers is ts  in 
an integrated state and its m any  regu la to ry  g enes  provide 
for con tro lled  express ion ,  latency, and p ers is tence  o f  in fec 
tion.

HIV-1 Replication, G e n o m e  
S tru c tu re ,  a n d  R egu la tion

Infection  o f  cells  by HIV-1 d epen ds  on  bo th  the  p resence  o f  
ce ll -su rface  C D 4  (the H IV  recep to r)  and the  trop ism  c o n 
fe rred  by the H IV  en v  p ro te in  (gp  120), w h ich  b ind s  to 
C D 4 .  T h e  g p !2 0  m olecule  a lso  possesses  the  ep itope  
responsib le  for neu tra liza tion  in its V3 loop; however, 
n eu tra liz ing  an t ibod ies ,  w hich  are  low t i te r  ( 1  : 2 0  to 
1 : 2 0 0 ), have not been suffic ient to p ro tec t  ag a ins t  disease. 
E arly  in in fec tion , H IV  isolates tend to show  grea te r  
t rop ism  for m o no cy tes  and  m acro p h ag es ,  w h ereas  la ter  in 
in fec tion ,  H IV  show s a  trop ism  fo r  h e lp e r / in d u c e r  T  cells. 
T h e  ear ly  infection o f  m a c ro ph ages  and  periph e ra l  blood 
m onocy tes  has been re fe rred  to as the  Trojan horse  m e c h a 
n ism  o f  viral d issem ina tion .  M o nocy tes  and m acrop hag es ,  
lacking suffic ien t C D 4  on the ir  cell su rfaces ,  d o  not ty p 
ically fo rm  syncy t ia  o r die as a  resu lt  o f  in fection; there
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fore, v irus  can replicate, rem ain  h idd en ,  and be d is se m i
nated  by these  cells  th rou gh ou t  the  body. S ubsequen t to 
m acro p h ag e  in fection , C D 4 -ex p ress ing  T 4  cells are in fec
ted. S ince  cell k il ling  is re lated to C D 4  densi ty  on a c e l l ’s 
surface , T 4  cells  tend to  fo rm  sy n cy t ia  and die. Viral 
replication can  con tinue  in local ized  s i tes  such as lymph 
nodes  d u r in g  the incubation  per iod  o r  so-ca lled  latent 
pe r io d  o f  A ID S  w hen  v irus  is not de tec ted  in b lood . In 
addit ion  to m acro p h ag es  and he lper  T  cells , m icrog lia  and 
a s t rocy tes  located in the  bra in  are  infec ted . In genera l ,  
C D 4 -p o s i t iv e  ce lls  a re  the  p redo m in an t  cells  infected  and 
des t royed ,  in part icu lar,  he lper  T 4  lym phocytes .  H I V ’s 
en try  in to  cells  o ccu rs  by a p rocess  o f  m em b ran e  fusion 
involving the  gp41 tr a n sm em b ran e  prote in . T h is  p ro cess  is 
un ique as co m pared  to o th e r  re t rov iruses  and p rodu ces  
g ian t cells  or syncy tia .  T h e  H IV  reverse t ran sc r ip ta se  is 
h igh ly  e r ro r  p rone  and p ro d u ces  viral isolates tha t ,  over  
t im e ,  d if fe r  by as m uch  as  1 0  percen t in the sam e patient. 
T h e  l inear do ub le -s trand ed  DNA fo rm ed  by  reverse  t r an 
sc r ip tion  in teg ra tes  ran do m ly  in to  the host-ce ll  DNA to 
yield a  DNA provirus  as d ep ic ted  in Fig. 5-13. T h e  proviral 
H IV  geno m e  is c lea rly  un ique  for it possesses  six  reg u la 
to ry  gen es  not typ ica lly  p resent in RNA  tu m o r  viruses. 
Som e o f  these  g en es  are a lso  un ique b ipar ti te  g enes  ( ta t  and 
rev), w hich  are expressed  as a  doubly  spliced  m R N A . The 
following func t ions  have been  assoc ia ted  w ith  these  im por
tant regu la tory  gene  p roduc ts :  (1) P I4  ta t is an essentia l

powerful ( +  ) transac t iva to r  o f  H IV  transc r ip t io n ;  (2) P19 
rev  is an essen tia l  e n h an c e r  o f  viral s t ruc tu ra l  protein  
expression by co n tro ll ing  t ran sp o r t  o f  large unsp liced  or 
singly spliced  t r ansc r ip ts  to the  cy top lasm  (con tro lle r  of 
pos t tran sc r ip t ion a l  viral m R N A  splicing), rev  p ro te in  acts  
th rough  an an t i rep ress ion  m ech a n ism  by b ind ing  a  se 
quence  ca lled  the rev  re sponse  e lem en t (R R E )  o r  C A R  (cis- 
an t i rep resso r)  in the  en v  gene  RNA ; (3) P 2 7  zze/is a  GTP- 
b ind ing  pro te in  with G T P ase  ac tiv ity ;  it ap pea rs  to act 
th rough  signal transd uc t ion  to do w n regu la te  [ ( - )  co n tro l 
ler] o f  H IV  transc r ip t io n ;  (4) P18 VPR  is a  weak t r an sac 
t iva tor  o f  tran sc r ip t ion ;  (5) P 23  V if is requ ired  for viral 
infectiv ity ; and  (6 ) P15 Vpu  is stil l u nd er  s tudy  to define  its 
function .

HIV-1 Transcrip tional 
C ontro l a n d  C o infec tion

H IV  transc r ip t io na l  contro l is ex trem ely  com plex .  T h e  u3 
region o f  its LTR con ta ins  b inding s ites  for at least six 
ce l lu la r  t ranscr ip t ion  fac tors  inc lud ing  the im portan t  lym 
phocy te  activation  factor, N F -кВ . In add it ion ,  the  viral 
transac t iva to r  ta t can  b ind  an R N A  stem loop called  TAR 
and act to e n h ance  t ransc r ip t io n  100-fold o r  more. T h e  viral 
re sponse  elem ent T A R  is ac tua lly  d ow n strea m  [position 
( +  ) 19 -  ( + )  42 ]  o f  the t ranscr ip t ion  s tart  site. T h e  cis-
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acting  regu la to ry  e lem ents  in the  H IV  LTR are ex trem ely  
im portan t  since  activa tion  o f  T  cells  by fore ign an tigens  
inducing N F -к В ,  o r cy tok ines  such as  IL -2 ,  TNF-ot,  o r 
IFN--y will b r ing  abou t  a t ranscrip tiona l activa tion  o f  the 
latent H IV  provirus. C o in fec t ion  by o th e r  sexually  t r an s
m itted  agents  such as H aem o p h ilu s du crey i m ay  im m e 
diately supply  such T-cell activation. Two special c a ses  o f  
co infec tion  should  be no ted .  F irs t,  HTLV-1 co infec tion  
results  in a pow erfu l transac t iva tion  o f  the HIV-1 genome. 
T h e  ta x  gene  o f  HTLV-1 induces  a ce l lu la r  fac tor tha t  can 
transact ivate  HIV-1 th rough  the  N F -кВ  b ind ing  site. A 
second  un ique co infec tion  is h um an  he rpesv irus  type  6  

(HHV- 6 ). T h is  v irus  uses the  sam e C D 4  recep to r  on T  cells 
and ,  like HTLV-1. has  a t ran sac t iv a to r  to specifica lly  e n 
hance  H IV  expression .

Clinical M a n ife s ta t io n s  o f  AIDS

W h ile  se ro c o n v e rs io n  to  H IV  A B  p o s i t iv e  at 3 to  12 
w e ek s  p o s t in fe c t io n  s ig n a ls  the  in fec t io n  o f  in d iv id u a ls ,  
a  p e r io d  o f  7 to  10 years ,  w h ich  is a s y m p to m a t ic  o r 
c h a ra c te r i z e d  by  ly m ph  a d e n o p a th y  sy n d ro m e  (L A S ) or 
A ID S - re la te d  c o m p le x  (A R C ) ,  o r  b o th ,  m ay  o c c u r  befo re  
the  o n se t  o f  m o re  s e r io u s  c o n d i t io n s .  It is now  believed  
th a t  v iru s  rep l ica t ion  o c c u rs  in ly m p h  n o d e s  d u r in g  the 
p e r io d  th a t  w as  p rev iou s ly  th o u g h t  to  be  a la ten t p e r io d  
fo r  v i ru s  rep l ic a t io n .  O f te n ,  a d e c lin e  in a n t ib o d y  to  the  
p24  co re  a n t ig e n ,  a n ti-p 2 4 ,  and  a  r is e  in b lo o d  p 2 4  
a n tig e n  p ro v id e  a p ro g n o s t ic  s ign a l  fo r  the  o n se t  o f  a 
b ro a d  s p e c tu m  o f  m o re  s e r io u s  c l in ica l  co n d i t io n s .  An 
invers ion  o f  the  T 4 / T 8  ce ll  ra t io  (T 4 / T 8 < 1 )  an d  a  d e c l in e  
in T-cell c o u n ts  ( < 2 0 0 )  is in d ic a t iv e  o f  the  p r im a ry  
T-cell defic iency .  T h e  fo l lo w ing  c l in ica l  s p e c t r u m  is seen  
in H IV  in fe c t io n s :  (1) a ly m p h a d e n o p a th y  o r  w as t ing  
s y n d ro m e  (L A S and  A R C )  c h a ra c t e r i z e d  by fever, 
ly m p h a d e n o p a th y ,  d ia r r h e a ,  w e ig h t  loss ,  and  ap p e t i te  
loss ;  (2 )  K a p o s i ’s s a r c o m a ,  n o n -H o d g k in s  ly m p h o m a ,  
a n d /o r  sq u a m o u s  ce ll  c a r c in o m a  o f  the  a n u s  o r  m o u th ;  
(3) a la rge  n u m b e r  o f  o p p o r tu n i s t i c  in fe c t io n s  o f  w hich  
P n e u m o c y s tis  c a r in ii  ( p n e u m o n ia )  is th e  m o s t  c o m m o n ;  
and  (4) n e u ro lo g ic  in v o lv em en t ,  in c lu d in g  A ID S  d e m e n 
t i a ,  e n c e p h a lo p a th y ,  v ac u o la r  m y e lop a th y ,  and  asep t ic  
m e n in g it is .

O p p o r tu n is t ic  In fec tions  
t h a t  S e rv e  a s  Ind ica to r  D iseases  o f  AIDS

M ost o f  the A ID S -asso c ia te d  agents  are ub iqu itous  and 
relatively h a rm le ss  in healthy  indiv iduals;  however, in the 
im m u n osup p ressed  they can  cause  l i fe-th reaten ing  d is
eases .  T hese  agents  are p ro to zoa ,  fungi ,  v iruses ,  and 
b ac te r ia .  T he  pro tozoal g ro up  inc ludes  the  following: (1) 
P n eu m o cystis  ca r in ii, w hich  causes  p n eum on ia  (the most

frequent m anifes ta tion  o f  A ID S ) ,  (2) tox op lasm osis  o f  the 
b ra in ; (3) c ry p to sp o r id io s is  w ith  d ia r rhea ;  and (4) iso- 
spor ias is  w ith  d ia r rh ea .  T h e  fungal infec tions inc lude  the 
following: ( 1 ) c and id ias is  o f  the  e so p h ag u s ,  ( 2 ) c ry p to c o c 
cosis  that is ex trapu lm o nary ,  (3) d is sem in a ted  h is top las 
m osis ,  and  (4) d is sem in a ted  co cc id io id om y cos is .  T h e  viral 
infec tions m ost noted  are as  follows: ( 1 ) cy tom eg a lo v iru s  
infection . (2 ) pers is t ing  o r  d is sem ina ted  h e rp es  simplex 
v irus  in fec tion , and (3) p rogress ive  m ulti focal leukoen- 
cephalopathy. T h e  bacte r ia l  infec tions inc lude  (1) d is s e m i
nated  M yco b a c ter iu m  av ium  com p lex ,  (2) “ a ty p ic a l"  m y 
co bac te r ia l  d isease , (3) ex trap u lm o n a ry  tube rcu lo s is ,  (4) 
recurrent Salm onella  septicemia, and (5) recurrent pyogenic 
bacte r ia l  infections. M any  p a th og ens  have d isease  m an i
fes ta tions tha t are unique to H IV-infected  individuals.  
T h ese  m an ifes ta tions  and  the un ique  aspec ts  o f  t rea tm en t 
are  de ta i led  in o th e r  sec t ions  o f  th is  book .

Im m uno log ic  F e a tu re s  o f  AIDS

T h e  p r im ary  defic it  o f  A ID S  is d ue  to a d es t ru c t io n  o f  T 4  

cells. T h e  T 4  cells  d ec rea se  and the  T 4 /T 8  cell  ra t io  b e 
co m es  less than I. All tes ts  for T-cell activity , such as the 
delayed-type  hypersens i t iv i ty  (D T H )  skin  tes t ,  cell p ro l if
eration  in response  to m itogens ,  and  cell p roduc t ion  o f  
cy to k ines  (IL-2  and  IFN--y), a re  d im in ish ed  o r  negative. A 
defect  in natural k il le r  cell  (N K  cell)  ac tiv ity  is noted  as 
well.  A seco nd ary  e ffec t  o f  T-cell loss is a  po lyclonal B-cell 
ac tivation . T h is  polyclonal hum ora l re sp on se  results  in hy 
p e rg am m ag lo b u lin em ia  (elevated levels o f  total s e ru m  im 
m unoglobulins) .  T h e  increase  in an t ib od y  is nonspecif ic  
and h um ora l В -cell re sponses  to spec if ic  an t igens  are 
defective. Increased  levels o f  be ta -m ic rog lo bu l in  and 
IF N - a  have been noted.

T ransm ission  o f  HIV 
a n d  P o p u la t io n s  a t  Risk

T h e  following m od es  o f  H IV  transm iss io n  are  well e s ta b 
lished: ( 1 ) sexual con tac t;  ( 2 ) paren tera l  tran sm iss io n  by 
b lood , b lood p rod uc ts ,  o r  sy r ing es ;  and  (3) transm iss ion  
from m o th e r  to new born  infant. T h e  largest  r i sk  g ro u p  to 
date  has  been hom osexua l o r  b isexual males .  A nal inter
course  and high n u m bers  o f  sexual p a r tn e rs  increase  r isk .  
H eterosexual tran sm iss ion  has p redo m in a ted  in develop ing  
co un tr ie s ,  but it is usually  a ssoc ia ted  with the t ransm iss ion  
o f  o th e r  venerea l ly  t ran sm it ted  d iseases ,  esp ec ia l ly  those 
that p ro du ce  genita l ulcers. H eterosexual tran sm iss io n  is 
increas ing  in the  U nited  States. In travenous  d ru g  users  and 
w om en are show ing  the  g rea tes t  rates o f  increase  in HIV  
infection. T h e  increase  in infected  w om en is para l le led  by 
an increase  in H IV-infected  n ew borns .  S c reen ing  tes ts  for 
HIV a n t ibo d ies  have greatly  red uced  the risk  o f  blood
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tran s fu s io n - re la ted  A ID S . T h e  transm iss ion  rate o f  in fec
tion  from  H IV -posit ive  m o th e rs  to o ffsp r ing  is a p p ro x 
im ately  30  percen t .  C ongen ita l  H IV  infec tions  o f  infants 
b o rn  to se roposi t ive  m o the rs  c an  occ u r  in the  following 
ways: ( 1 ) t ransp lacen ta l  in fec tion ,  2 ) exposure  to infectious 
b lood  and f lu ids  at the  t im e  o f  b ir th ,  and  (3) exposu re  to 
m o th e r ’s b reas t  m ilk . N osocom ia l  H IV  infec tions may 
o ccu r  as a result o f  need le  st ick  o r  b lood  exposure ;  how 
ever, the  n u m b e r  o f  m edical personnel infected  has been 
relatively  sm all  and  m ed ica l p ersonnel a re  not cons ide red  a 
h igh - r isk  group. W hile  rates o f  increase  have been co n 
tro lled  for the  largest  r i sk  group ,  h om osexua l  and bisexual 
m en ,  the  g ro u p  o f  IV  d ru g  users  is increas ing  w orldw ide 
and  the i r  H IV  infection rate is increas ing  in a concurren t  
fashion.

Diagnosis o f  HIV Infection
T h e  m ost f requently  used m e tho d  for screen ing  blood and 
se rum  sam p les  is an ELISA test using w hole  d is rup ted  
v irus  as  b o u n d  an t igen  to de tec t  an t ibo d ies  to HIV. To 
exc lude  false pos i t ives ,  w este rn  b lo t t ing ,  w hich  detec ts  
sero log ic  reac t iv i ty  w ith  ind iv idual H IV  pro te ins ,  is used 
as a c on f i rm a tion  tes t .  W estern  b lo t t ing  is the s tandard  for 
co n f i rm a tion  o f  a posi t ive  d iagnos is .  V irus  isolation by 
cocu lt iva t ion  w ith  hea l thy  d o n o r  T  lym p h o cy te s  o r  T-cell 
l ines  is poss ib le ,  b u t  takes w eeks  to  com plete  and is only 
do ne  in patients such as se roposi t ive  in fan ts  w hen the 
d iag no s is  is in quest ion . An an tigen  test for the core 
an tigen  p 2 4  in b lood can  be used to de tec t  rare  antibody- 
negative  H IV  infec tions;  however, it has lim ited  use since 
p24  an tigen  b lood screen ing  is less sens it ive  and  in most 
c a ses  is n o t  m ore  e ffec tive  than the rou t ine  ELISA for HIV 
an tibodies .  Before seroconvers ion  at 3 to 12 w eeks ,  or 
w hen  d iagn os is  is in q ues t ion ,  sens it ive  po lym erase  chain  
react ion  (P C R ) techn iques  can  be used to am plify  and 
de tec t  proviral D NA . T he  d iagn os is  o f  infec tion  in infants 
o f  in fec ted  m o th e rs  has  been com plica ted  by the  p resence  
o f  m ate rna l  antibody. For this  rea so n ,  the  following tests 
have been developed: a w este rn  b lo t ting  techn ique  that is 
specific  for infant IgM  an tibod ies  to H IV  p ro te ins  and a 
P C R  technique to  am pl ify  and de tec t  the  H IV  proviral 
DNA in infected  infant cells.

T rea tm en t and  Experim ental A pproaches
T h e  p rinc ipa l trea tm en ts  reco m m en d ed  are nucleoside  
an a logues  that inhib it  reverse t ranscr ip t ion  o f  viral R NA . 
T h e  b e s t -k no w n  and m ost w idely  used d ru g  is A Z T  (R etro 
vir, Z idovudine) .  It w as in itia lly  given to patients with 
P n eu m o cys tis  c a r in ii p n e u m o n ia  and  ind iv idua ls  w ith  T 4  

co u n ts  less than 5 0 0 /m m 2; however, now  A Z T  is being 
u ti lized  ea r l ie r  in a sy m p to m a tic  se roposit ive  individuals. 
E arlie r  use  o f  A Z T  m ay increase  the risk  o f  develop ing

A ZT-resis tan t  HIV. A Z T  m ay cause  a n em ia  w ith  con tinued  
use. T h e  an a lo gu es  d dc  and d ideo x in os in e  (ddi)  have also 
been approved  for use and  p rod uce  s ide  effec ts  o f  p e r ip h 
eral neu ro pa th y  and pancrea t i t is ,  respectively.

T rea tm en ts  o f  HIV-infected  patients are often  d irec ted  
at, o r  used  for, prevention  o f  specific  A ID S -asso c ia ted  
o p p o r tun is t ic  infections. P n eu m o cystis  ca r in ii  is treated 
w ith  ae roso lized  pen tam id ine  o r  t r im e th o p r im -su lfam e th -  
oxazole  c o m b in ed  with dapsone. C an d id ia s is  o f  the e so p h 
agus  is trea ted  w ith  ke toconazole  o r  fluconazole .  C y to 
m egalov irus  is t rea ted  w ith  ganciclovir . H erpes  simplex or 
zo s te r  is trea ted  w ith  acyclovir, and  acyclovir-resis tant 
s tra ins  are t rea ted  w ith  v idarab in e  o r  foscarnet.

Experim ental A pproaches 
to  HIV T reatm ent
T he  following exper im en ta l  a p p ro ach es  to H IV  therapy  are 
being  investigated: ( 1 ) developm ent o f  reverse  t r an sc r ip 
tase inh ib ito rs ,  (2) p revention o f  HIV adso rp t io n  to T  
ly m ph ocy tes  by  b lock ing  with so luble  C D 4  o r  a C D 4 
reco m binan t  pro te in  m odif ied  to  prevent rap id  c lea rance ,  
(3) b lock ing  H IV  adsorp t ion  with an t i - id io typ e  IgG m im 
icking C D 4  o r  g p l2 0 ,  (4) inh ib it ing  viral expression  with 
an tisense  R N A  d irec ted  ag a ins t  the rev  gene , (5) inhib it ing  
viral express ion  by t r an sd om inan t  varian ts  o f  ta t  and rev  
that p ro du ce  pro te ins  that b ind  to  re sponse  e lem en ts  w i th 
ou t  p rod uc in g  the  no rm al  ta t  and rev  responses ,  ( 6 ) b lock
ing H IV  express ion  by  b lock ing  the un ique  H IV  p ro tease  
that c leaves  p rec u rso r  p ro te ins ,  and (7) using ric in o r 
P seudom onas  exotoxin  bo und  to m onoclona l  an t ibod ies  to 
C D 4  o r  envelope  gene  p roduc ts ,  thereby  abso rb ing  toxic 
com plexes on  H IV -infected  cell su r faces  for subsequent 
in ternal iza t ion .

D evelopm en t o f  Vaccines
H igh  gene tic  v ariab il i ty  o f  the  en v  gene p ro du c t  g p l2 0 ,  
which  con ta ins  the  4  am in o  ac id  neu tra liza tion  epitope , 
and the do cu m e n ted  p rogress ion  o f  d isease  in individuals  
w ith  n eu tra liz ing  a n t ib od ies  argue that vacc ine  deve lop
ment may be difficult and that  a h um ora l re sponse  alone 
may not be suffic ient for p ro tec tion .  Vaccines are p r im ar i ly  
b e ing  des ig ned  to p ro du ce  an t ibod ies  agains t  ep i topes  in 
g p I6 0 ,  g p l2 0 ,  and gp41. T he  m em b ran e -a sso c ia ted  core  
pro te in  p l7  is an a lte rnate  possibility . T h e  following exper
im ental appro aches  are being  pursued : ( 1 ) live attenuated  
H IV  (unlikely  d ue  to h igh  m utation  rate o f  HIV), (2) whole 
inact iva ted  HIV, (3 )  live vaccin ia  o r  ad enov irus  re c o m b i
nan ts  express ing  selected  en v  ep i to pes ,  (4) syn the tic  p e p 
tides  o f  env  o r  p !7  ep i topes  co m b in e d  with ad ju van t ,  (5) 
re co m binan t  DNA produ c ts  o f  g p !6 0  o r  g p l2 0  with a d ju 
van t.  (6 ) native purif ied  envelope  o r  co re  p ro te ins  (subun it
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vaccines),  (7) an ti - id io ty pes  that m im ic  env  ep i to pes ,  and 
( 8 ) pass ive  im m unization .

Laboratory Diagnosis
of Viral Infections_______________

Stan ley S. L e fkow itz

D iagnost ic  v iro logy has beco m e  relevant to patient therapy 
b ecause  o f  the deve lopm ent o f  new antiv iral ch em o th e r 
apies. N ew er m e th o d s ,  em ploying  m onoclona l an tibodies  
and im m u n of luo rescen ce ,  en zy m e  im m un oassay s  (EIA ), 
DNA hyb r id iza t io n ,  and PCR technology, have m ade  rapid 
d iagnos is  possible. L abora to ry  d iag no s is  o f  viral d iseases  
involves de tec tion  o f  at least one o f  the following: v irus ,  
viral com ponen ts ,  o r  an im m u ne  response  to the v irus ,  
usual ly  an tibodies .

Specimens for viral isolation should be obtained as early as 
possible after the onset o f  symptoms. Typical sources o f  viral 
cultures include nasopharyngeal secretions, urine, stool,  
blood, cerebrospinal fluid, and tissue samples and scrapings. 
Specimens should be kept on ice for b rief  periods or frozen at 
- 7 0 ° C  if  storage is required before processing.

Viral isolation is probably  one o f  the m ost sensitive 
assays  available  since  theore tica lly  a single v irus  partic le  
can  infect a  culture. However, isolation and grow th o f  v irus 
is slow and t im e co n su m in g ,  and requires  considerab le  
expertise .  D irec t exam ina tion  and an tigen  de tec tion  rep re 
sent som ew h a t  less sens it ive  but m ore  rapid  m eth od s  o f  
iden tify ing  viral p ro te ins  or an tigens. D irec t h is topathol-  
ogy  that reco gn izes  “ specific” g ian t ce lls  o r  inclusion 
bodies ,  o r  bo th ,  is u se fu l ,  p a rt icu la r ly  in iden t ify ing  m e m 
bers  o f  the  h e rpesv iru s  group. E lec tron  microscopy, a l
though  relatively  insensit ive, is useful fo r  iden t ify ing  cer
ta in  types  o f  v iruses  (par t icu la r ly  those  found  in s tools  that 
cause  d ia r rhea  and gas t roen te r i t is ) ,  w hich  are difficult to 
isolate and grow. By using cen tr ifuga t ion  and  specific  a n t i 
sera ,  these  v iruses  have been v isualized  and identif ied in 
clin ical specim ens. Inc luded  in this  g ro u p  are the Norwalk  
agen t,  ca l ic iv i ruses ,  ro tav iruses ,  and the en te r ic  a d e 
noviruses.

D irec t  an tigen  de tec tion  in clin ical sp ec im ens ,  using 
im m un of lu o rescence ,  rep resen ts  one o f  the m ost rapid  and 
widely  used techn iques  u ti lized  in the  d iag no s t ic  lab o ra 
tory. T issue  spec im en s ,  sc rap ings ,  infected  cells, and  so 
for th  are ex po sed  to specific  a n t ibo dy  conjuga ted  with 
f luorescein  iso th iocyana te  (F IT C )  and the p repara tion  is 
viewed u nd er  a  f luo rescen t  m icroscope . A posi t ive  spec i
m en is identif ied  by  a yellow-green f luo rescen ce  after  
ex tens ive  w ashing. An indirect p rocedure  can  a lso  be used 
by exposing  the spec im en  to uncon juga ted  an t ibody  fo l

lowed by a second  an ti - im m u n o g lo b u lin  an t ibody  that  is 
con juga ted  with F IT C .  Im m u n o p e ro x id ase  s ta in ing  is s im 
ilar in p r inc ip le  to im m un of lu o rescence ,  but u ti l izes  the 
light m ic ro sco pe  instead.

S o lid -phase  im m un oassays  rely on  the im m obiliza tion  
o f  e i th e r  a n t ibo dy  o r  an tigen  on  a su r fa ce  o f  a bead  or 
m ic ro - t i te r  plate well followed by  a ser ies  o f  steps using  the 
rec iprocal to b ind  to and subsequen tly  identify the  specific  
agent.  T h e  ag g lu t ina t ion  o f  an t ig en -co a ted  latex part ic les  
in the p resence  o f  specific  patients* an tise ra  can  be used  to 
m easu re  im m u n i ty  to rub e l la  virus. R ad io im m u n o assay s  
are very  rap id  and sensit ive  m e th o d s  for the  de tec t io n  and 
m easu rem en t  o f  e i th e r  an t ibo d ies  o r  viral an t igen s ,  but 
they have been largely supp lan ted  by E IA ,  w hich  has  a 
longer she lf  life and  low er co s t ,  and d oes  not use rad io 
iso topes. E n z y m e  im m u no assay s  are able  to de tec t  103  to 
104  v irus  part ic les .  E lA s  for an tigen  de tec t io n  uti lize  an 
an t ib od y  bound  to  e i th e r  a bead  o r  m icro t i te r  plate. T he  
viral an tigen  in the c lin ica l  sp ec im en s  is “ c a p tu r e d ” by the 
specific  antibody. A second  an t ib od y  con juga ted  w ith  a 
specific  enzy m e  is added  to the sy s tem .  T h is  is followed by 
the  add it ion  o f  an ap p ro p r ia te  subs tra te  tha t will be d e 
g raded  by the b ound  enzy m e ,  resu lt ing  in a co lo r  change  
that can be measured spectrophotometrically. The  procedure 
can be reversed to detect antibodies by using viral an t ig en -  
coated “ supports ,” which bind patient antibodies. A second 
antihum an IgG, coupled  to the enzyme, is then added.

A n o th e r  p rocedure  for the iden t if ica t ion  o f  v iruses  is 
nucleic  ac id  hy brid iza t ion .  T h is  p rocedure  u ti l izes  a probe, 
represen ting  viral nucle ic  ac id . T he  probe  is labeled  with 
an iso tope o r  o th e r  m ark e r  that an nea ls  with  specific  viral 
DNA found  in infected cells. T h e  P C R  is a n o th e r  te c h 
nique. w hich is so sensit ive  tha t a  single  DNA m olecu le  can 
be am p lif ied ,  and viral DNA is d e tec ted  by  h ybrid iza t ion .  
However, this  tes t is not rou t ine ly  available  in m o s t  viral 
d iag no s t ic  laboratories.

An increase  in an t ibod ies  n o rm ally  o c cu rs  following 
viral infections. A d iagn os is  o f  infec tion  is usua l ly  c o n s id 
ered  posi t ive  i f  a fourfo ld  increase  in s e ru m  an tib od y  t i te r  
o ccu rs  be tw een  the  acu te  and  conva lescen t s tages  o f  the 
d isease. Conventional sero log ic  tes ts  inc lude  the  com ple-  
m ent-f ixa tion  tests, hem ag g lu t ina t io n  tests , and n eu tra l iz 
ation tes ts  (NT). A l though  the la tter  may be one  o f  the  m ost 
sens it ive  assays, it is com plex  b ecause  it relies on  the  use o f  
cell cu ltu re  and the  ab il i ty  o f  an t ibod ies  to ren d e r  the  v irus 
part ic les  noninfectious.

Assays Used in Viral Serology 
Neutralization

N eutra l iza t ion  is loss o f  viral in fectiv ity  by b ind ing  o f  
an t ibod ies  d irectly  to v iruses .  T h is  is an ex trem ely  sens i
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tive p rocedure  for m easu r in g  an increase  in an t ibod ies ,  o r  
it can  be used to iden t ify  an ““unknow n” virus.

C om plem en t Fixation

T h e  ab il ity  o f  com plem en t  to b ind  to  a specific  antigen- 
a n t ib od y  com plex  can  be used to  d iagn ose  the increase  in 
an t ibod ies  that o ccurs  d u r in g  infection. T h e  test is c o m 
m only  done by assess ing  the am o u n t  o f  com plem ent that 
d o e s  not b ind .  F ree  com plem en t  is m easu red  in a second  
antigen-antibody reaction using sheep erythrocytes (SRBC) 
and h o m o lo go u s  an t ib od y  (an t i-S R B C ).  T h is  test is not as 
sens it ive  as neutra liza tion .

H em agg lu tina tion  Inhib ition

C ertain  viruses are capable o f  agglutinating erythrocytes. 
Specific antibodies to these viruses block agglutination o f  the 
erythrocytes.  Patients with infections caused by the viruses 
p roduce the antibodies that block hemagglutination.

Im m unofluorescence

Im m u n o flu o rescen ce  is a very  sensit ive  and  rapid  m ethod  
to identify viral an tigens. It cons is ts  o f  co u p lin g  a  f luores
cent dye, such as  F IT C ,  to specific  an tibod ies .  T h e  p re s 
ence  o f  viral an t igens  in sm ears  o f  cells can  be de tec ted  by 
v isua liz ing  the  an t ib od ies  b ound  to specific  an tigens. T he  
a n t ib od ies  will f luo resce  w hen  viewed m icroscopica lly  
with an ultraviolet light source.

ELISA

T his  assay  is p e rfo rm ed  by first con juga t ing  an en zym e  to 
e i th e r  an a n t ibo dy  o r  an antigen . T h e  b ound  en zy m e  is then 
a ttached  to a so lid  phase. Im m un e  com plexes and  free 
an t ibody  o r  an t igen  are m easu red ,  indirectly, by  d e te rm in 
ing the  am o u n t  o f  subs tra te  converted  to p rod uc t  by the 
bo und  enzym e. C h ro m o g e n ic  subs tra tes  are u sed  to assay 
e n z y m e  activity. T h e  co lo r  change  is a  d irec t  funct ion  of 
bo und  e n zy m e  activity , w hich  in tu rn  re la tes  to the  am o un t 
o f  an tigen  o r  an t ib od y  present.

R adio im m unoassays

O ne  o f  the m ost sens it ive  assays  for q u an ti ta t ion  o f  protein  
a n t igen s  that may be p resen t in bio logic  m ateria ls .  B inding 
o f  a  rad ioactively  labeled an t igen  to its an t ibody  is inh ib 
ited by know n am o u n ts  o f  un labe led  an t igen  or labeled 
an ti-Ig  b in ds  to a n t ib od y  w hich is com plexed  w ith  antigen . 
S tandard  cu rv e  is genera ted  to w hich  unknow n sam p les  are 
co m p ared .

W estern  B lot

Viral pro te ins ,  w hich  are separa ted  by gel e lec trophores is ,  
are transfered  (b lo tted) on to  a nylon m em brane .  Specif ic

an tib od ies  to that v irus  b ind  to p ro te ins  and m ay be 
d e tec ted  by a  labeled anti-Ig .

Rapid Diagnosis
In recen t years , em ph as is  has been p laced  on rap id  d ia g 
nosis  o f  viral infections in a m a t te r  o f  h ours  ra ther  than 
the use o f  assays tha t requ ire  days to complete .  Im m u- 
no f lu o rescen t  technq iues ,  as  well as so l id -phase  E IA ,  
p rovide  rapid  iden tif ication  o f  e i th e r  an t igens  o r  a n t i 
bodies . T he  la tter  is par t icu la r ly  su ited  to sc reen ing  large 
n um b ers  o f  specim ens. A n tibo dy  de tec tion  o f  viral a n t i 
gens, espec ia ly  w here  acu te  and convalescen t spec im ens  
are involved, is o f  little help  in the ear ly  s tages o f  infection; 
however, assays for v ira l-specif ic  IgM  are b ecom ing  in
c reas ing ly  useful to  indicate  cu rren t o r  recen t infections 
s ince  this im m unog lobu lin  species  d oes  not pers is t  beyond 
several m on ths  a f te r  infection.

Questions

1. All o f  the  following are d is t inc t ive  cha rac te r is t ic s  o f  
v iruses  except:
A . V iruses  lack the m ach in e ry  for pro te in  syn thes is
B. V iruses  requ ire  living cells  for replication
C . V iruses  w ere  ca lled  fi lterable  agents
D. V iruses  replicate  by  a  p rocess  o f  b in a ry  fission
E. Viral g en o m e s  are e i th e r  DNA o r  R N A  but not both

2. All o f  the following s ta tem en ts  abou t icosahedra l 
v iruses  are  t ru e  except:
A. A s tr iangu la tion  nu m b er  increases ,  the n u m b er  o f  

cap so m e rs  in a caps id  increases
B. T h e i r  cap s id  enc loses  a m ax im u m  volum e with a 

m in im u m  su r face  area
C. T he  p resence  o f  hexons at ver t ices  relieves s tress 

on  the capsid
D. R epeating  subunits  are u ti l ized  in the i r  c o n s t ru c 

tion
E. T hey  have fivefold , threefold , and  twofold ro ta 

tional sym m e try
For each  nu m b ered  phrase, select the  one  le t tered  choice 
(А - I )  tha t is m ost c losely  a ssoc ia ted  w ith  it. E ach  le ttered  
ch o ice  m a y  be  u sed  once, m ore than  once, or no t a t  a ll.

A. Poliovirus
B. A denovirus
C. C y to m ega lov iru s
D. Retrovirus
E. R otavirus
F. Poxvirus
G . In f luenza  v irus
H. Togavirus
I. H epatit is  В virus
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3. A (-) s ing le -s tranded  seg m en ted  RNA  virus
4. An enveloped  icosahedra l  v irus  w ith  tegum ent
5. A naked  caps id  icosahedra l  v irus  w ith  bo th  hexons 

and pentons
6 . A DNA virus o f  com plex  sy m m etry
7. A n  enveloped  icosahedra l  RNA  virus
8 . A  d oub le -s tranded  seg m en ted  RNA  virus
9. A  naked  caps id  icosahedra l  RNA  virus com po sed  

entirely  o f  identical capsom ers
10. An RNA  virus w ith  a  DNA-replication  in te rm ed ia te
11. D an e  par t ic les  with bo th  DNA- and  RN A -direc ted  

D N A  po lym erase  ac tiv ity
12. W hich  o f  the  following p ro te ins  is m ost likely to 

con ta in  an ep itope  for neu tra liza tion  o f  viral in fec
t iv ity?
A. Reverse  t ranscr ip tase
B. H epatit is  В co re  an t igen  (H B cA g)
C. D NA -direc ted  DNA po lym erase
D. R etroviral SU  (gp  120-like su r face  g lycopro te in )
E. R etroviral NC (nucleic  ac id  b ind ing  prote in)

13. All o f  the following viral fam il ies  have icosahedra l  
sy m m e try  except:
A. R eoviridae
B. R habov ir idae
C . P icornavir idae
D. Papovavir idae
E. A denoviridae

14. All o f  the following un ique aspec ts  o f  geno m e  s t ru c 
ture  are  co rrec t ly  m atched  except:
A. A denov irus  gen om e  — 5 '  covalent l inkage to 55kd 

protein
B . H erpesv iru s  gen om e  — inverted  te rm ina l  repeat se 

qu en ces  (IT R S )
C. A denov irus  gen om e  — inverted  te rm ina l  repeat se 

qu ence  ( IT R S )
D. Poxviruses—covalent cross-linking o f  double

stranded gen o m e  ends
E. R e trov irus  gen om e  — term ina l  red un dan cy  (repeat 

sequences  n ea r  g en o m e  ends)
15. W hich  o f  the following virus pa ir ings  is c o m p o sed  o f  a 

DNA virus tha t rep licates  in the cy top lasm  and  an 
R N A  virus w ith  a nuclear  replicative phase?
A. Polyom a v iruses  and  p ico rnav iruses
B. H erpesv iruses  and  p a ram yxov iruses
C .  A denoviruses  and  reoviruses
D. Poxv iruses  and o r th om yx ov iru ses
E. P ap il lom a v iruses and f laviviruses

16. All o f  the  following sta tem ents  abou t viral replication 
are true  except:
A. m R N A  splic ing contro ls  late adenov irus  protein 

expression
B. RNA  ex trac ted  from  vir ions o f  ( + )  s t randed  RNA 

v iruses  is in fec tious  in nucleic  ac id  infections
C . A D NA -dependent DNA po lym erase  in the po x 

virus vir ion  p e rm its  a  un iqu e  tw o-s tage  uncoa ting  
process

D. Single-stranded RNA  viruses o f  negative polarity 
contain one or more vir ion-associated transcriptases

E. Viral pene tra tion  o f  a  cell  by  p h ag o cy to s is  is often  
d e sc r ibed  as v iropexis

17. For an enveloped  icosahedra l  h e rp esv iru s ,  w hich  of 
the following d esc r ip t ion s  o f  even ts  in p roduc t ive  
infec tion  is u n l ik e ly ?
A. A dsorp t ion  — elec tros ta tic  in te rac t ion  with ce l lu la r  

recep tors
B . Penetra tion  — by fus ion with the p la sm a  m em bran e
C. U ncoa ting  — m ay involve lysosom es
D. M a tu ra t io n —o ne seg m en t  involves assem b ly  o f  

cap so m ers
E. R elease — involves final m atu ra t ion  by bu dd ing  

from  the  p la sm a  m em bran e
18. Post trans la t iona l c leavage to p ro du ce  viral s t ruc tura l  

and nons tru c tu ra l  p ro te ins  o ccu rs  d u r in g  infection 
with:
A . Papovaviruses
B. A denoviruses
C .  H erpesv iruses
D. P ico rnav iruses
E. P aram yxov iruses

19. For  a naked  icosahedra l  v irus ,  w hich  o f  the  following 
d e sc r ip t ion s  o f  events  in p ro du c t iv e  infec tion  is u n 
l ik e ly ?
A . A d so rp t io n —elec tros ta tic  in te rac t ion  w ith  ce llu la r  

recep tors
B. P enetra tion  — by phag ocy to s is
C .  U n c o a t in g — may involve lysosom es
D. M atura tion  — involves a ssem bly  o f  capsom ers
E. R elease — involves b u d d in g  from  the  p la sm a  m e m 

brane
20. W hich  o f  the following v irus  fam il ies  is ch a rac te r ized  

as having a v ir ion -asso c ia ted  t r an sc r ip ta se?
A. R h abdov ir idae
B. P icornavir idae
C . Papovavir idae
D. A denov ir idae
E. Togaviridae

21. G ene tic  re a s so r tm en t  is:
A. Im p ortan t  in in tragenic  reco m bina t io n  o f  do u b le 

s t ran ded  DNA viruses
B. R esponsible  for com plem en ta t ion  in m ixed  in fec 

tions
C . A gene tic  in te rac t ion  o f  p r in c ip a l  im p o r tan ce  to 

viral fam il ies  w ith  s eg m en ted  genom es
D. Prevalent in p a ra in f luen za  and re sp ira to ry  sy n cy 

tial v irus  infec tions
E. R esponsib le  for m osa ic  caps id s  in m ixed  in fec 

tions o f  poliov irus type  1 and  type  3
22 .  I f  tw o v iruses  infect the sam e  cell and transcaps id a ted
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part ic les  are p roduced  that have the  gen om e  o f  one 
v irus  and the  cap s id  o f  the o th e r  v iru s ,  th is in teraction  
is re fe rred  to  as:
A. G en e tic  re a sso r tm en t
B. C ross  reactivation
C . R ecom bination
D. P heno typ ic  m ask ing
E. M ultip lic ity  reac t ivat ion

23 .  G en e tic  rea s so r tm e n t  accoun ts  fo r  unusua lly  high re 
com bina t ion  frequenc ies  with:
A . A denov irus  and herpesv irus
B. Papovavirus and he rpesv irus
C . P ara in f luenza  and resp ira to ry  syncy t ia l  v irus
D. R eovirus ,  bunyavirus,  and in f luenza  v irus
E. R h abd ov iru s

24 .  T h e  sha r ing  o f  funct ional viral gene p rod uc ts  at the 
n o n p e rm iss iv e  tem pera tu re  by v iruses  that have m u ta 
tions in d ifferent g enes  is re fe rred  to as:
A. C o m plem enta tion
B. R ecom bination
C. C ro ss  reac t iva t ion
D. M ultip lic i ty  reactivation
E. N one o f  the above

25 .  All o f  the  following s ta tem en ts  co rrec t ly  d escr ibe  
pheno typ ic  m ix ing  excep t:
A . P heno ty p ic  m ix ing  is a  fo rm  o f  com plem enta tion
B. M osa ic  caps id s  co n ta in ing  an tigen ic  ep i topes  o f  

c lose ly  related v iruses  o ften  result from ph eno 
typ ic  m ixing

C. T h e  gen om e  o f  a pheno typ ica lly  mixed part ic le  is 
tha t o f  a  stable recom b in an t  v irus

D. P heno typ ica lly  m ixed  part ic les  may be neu tra lized  
by sera  d irec ted  ag a ins t  tw o d if feren t viral se 
ro types

E. Each m osa ic  caps id  resu lt ing  from  phenotyp ic  
m ix ing  fo rm s  caps ids  h o m o lo go us  to a  s ingle  par
enta l g eno type  on replication

26 .  W hich  v irus-d isease  rela tionsh ip  is in correc tly  s ta ted?
A. Para in f lue nza  v irus  type  3 — pn eu m o n i t i s  in in 

fants
B. M um p s  v irus  — unilateral o rchitis
C . Measles v iru s— encephalomyelitis without sequelae
D. P ara in f luenza  v irus  type  2 — cro up  in child ren  less 

than  3 years  o f  age
E. R esp ira to ry  syncy t ia l  v i r u s — the m a jo r  cause  of 

b ronch io li t is  and p neu m o n i t i s  in child ren  u nd er  6  

m onths  o f  age
For each num b ered  phrase, select the one le ttered  head ing  
tha t is m o re  closely  a ssoc ia ted  with it. E ach  le tte red  cho ice  
m a y  be  u se d  once, m ore th a n  once, o r  no t a t  a ll.

A. M u m p s  virus
B. R ube lla  v irus
C . M eas les  (ru beo la )  v irus
D. In f luen za  virus

E. Para in f lue nza  v irus  type  I
F. R esp ira tory  syncy t ia l  v irus

27 .  Indiv iduals  p reviously  infected  with th is  v irus  develop 
a slow v irus d isease  know n as subacu te  sc lerosing  
panencepha l i t i s

28 .  T h is  v irus  infec tion  o f  ch ild ren  6  m o n th s  to 3 years  o f 
age  is the  m ost c o m m o n  cause  o f  la ryngo tracheobron-  
chit is  (croup)

For each num b ered  phrase, select the one  let tered head ing  
that is m os t  c lose ly  associa ted  with it. E ach  le tte red  cho ice  
m a y  be  u sed  once, m ore than  once, o r  no t a t  a ll.

A. M u m p s  virus
B. M eas les  v irus
C . R esp ira to ry  syncy t ia l  v irus
D. Poliovirus
E. H erpes  simplex v irus
F. H epatit is  В v irus

29. A live attenuated  E dm on sto n  В vacc ine  is used  in 
monovalen t form and in c o m b ina t ion s  for ac tive  im 
m unization

30. A live v irus  vacc ine  is no t cu rren tly  in use for this  
R N A  virus

31. A reco m binan t  vaccine  p rod uced  in yeast  con ta ins  the 
puri f ied  su rface  pro te in  o f  this  v irus

32. A v irus  w hose  oral tr iva len t live vaccine  es tab lishes  
in tes t ina l  im m u n i ty  to rein fect ion

33 .  W hich  o f  the following v iruses  is a ssoc ia ted  with 
ep idem ic  g as t roen te r i t is  in sch o o l-aged  child ren  and 
adults?
A . R otavirus
B. Poliovirus
C. La C rosse  agent
D. N orw alk  agent
E. G ro u p  В coxsack iev iruses

34. W hich  o f  the following v iruses  are  the  m ost f requent 
etio log ic  agen ts  o f  c o m m o n  colds?
A. E chov iruses
B. A denov iruses
C .  C o ronav iruses
D. R h inov iruses
E. Para in f luenza  v irus  type  I

35. All o f  the  following s ta tem en ts  abou t  poliovirus in fec 
tions are co r re c t  except:
A. V irus is p red om inan t ly  shed from  the  body  and 

transm it ted  in resp ira to ry  droplets
B. M ost o c c u r  as inapparen t subc l in ica l  infections
C . Pers is ten t  v irem ia  favors C N S  involvement
D. Spinal poliom yelit is  involves the an te r io r  horn  

cells  o f  the  spinal cord
E . C ap s id  p ro te ins  are  d e r iv ed  by post trans la t ional 

c leavage  o f  a  large p recu rso r  protein
36. All o f  the  following are  typica l m an ifes ta tions  o f  type 

A coxsack iev iruses  except:
A. H an d -foo t-and -m ou th  d isease



2 2 0  5. V i ro lo g y

B. H erpangina
C . P leu rodyn ia  (B o rnh o lm  d isease)
D. A sep tic  m eningit is
E. S u m m e r  febrile  il lness

37. T h e  im m u n e  re sponse  elic ited  by S a lk ’s inactivated  
polio  vaccine  is defic ien t in specific :
A . D uo den a l  secre to ry  IgA
B. S e ru m  IgA
C . Se ru m  IgM
D. Se ru m  IgG
E. N one o f  the  above

38. All o f  the following are typical m anifes ta tions  o f  type 
(3 co xsack iev iruses  except:
A. B ornh o lm  disease
B. M yocard i t is  or p e ricard i t is
C . G enera l  d isease  o f  the  new born
D. A sep tic  m eningit is
E . H erpangina

39. All o f  the following are true  s ta tem en ts  abou t poliovi
ru s  s truc tu re  and rep lication  except:
A. A 22 am in o  acid p ro te in .  V p g .  is covalently  at

tached  to the 5' end  o f  the  genom e
B. An R N A  co m plem en ta ry  to  g en o m e  RNA  m ust be 

t r an sc r ib ed  to se rve  as viral m R N A  in the  infected  
cell

C . RNA  is transla ted  into one large p recu rso r  poly
protein

D. T h e  p recu rso r  po lypro te in  is sub jec t  to p o s t t ran s 
lational c leavage to  yield  viral s t ruc tu ra l  p ro te ins

E. T h e  3' end  o f  the  viral gen om e  en co d es  an RNA- 
dep end en t  R N A  polym erase

40 .  All o f  the  following s ta tem ents  c o rrec t ly  descr ibe  
nega tive-s trand  RNA  viruses except:
A. N ega tive -s trand  RNA  v iruses  do  not con ta in  an 

R N A -dependent R N A  p o lym erase
B. T h e  g en o m e  o f  a  nega tive-s trand  R N A  virus  is o f  

opposi te  po la r i ty  to  viral m R N A
C . M am m alian  cells  in fec ted  by  n ega tive-s trand  RNA  

v iruses  do  not con ta in  R N A -dependent RNA  poly
m erase

D. T h e  viral nucleic  ac id  i t s e l f  is  not infectious
E. N ega tive -s trand  v irus  g roups  have bo th  seg m en ted  

gen om es  and  no nsegm en ted  genom es
41 .  W hich  en cepha l i t is  v irus  is a bunyavirus  tha t  u ti lizes 

rabb its  and  sm all m am m als  (n o t wild  b irds) as  reser
voirs?
A . St. L ou is  encephal i t is  v irus
B. La C rosse  v irus
C. V enezuelan  equ ine  encephali t is  v irus
D. C o lo rado  t ick  fever v irus
E. L assa  fever v irus

42 .  All o f  the  following s ta tem en ts  co rrec t ly  descr ibe  
f lav iv iruses except:
A. H epatit is  С v iru s  is a f laviv irus

B . F lav iv iruses  bud  f rom  the  p la sm a  m em b ran e  while 
a lp ha  v iruses  bud  from  in tracy top lasm ic  m e m 
branes

C . F lav iv irus  g en o m e  express ion  is s ign if ican tly  d if 
ferent from that o f  to gav iruses ,  to w arran t  the 
separa te  fam ily  des ig na t ion ,  flav iv iridae

D. D eng ue  fever v irus  c au ses  b o n eb reak  fever and a 
seco nd ary  ex posure  shock  sy ndrom e

E. Yellow fever v irus  is a  p ro to type  for f lav iv iruses 
p roduc ing  h em orrhag ic  fever

4 3 .  W hich  o f  the following agen ts  is a m a jo r  cause  o f  
n onbac te r ia l  infan ti le  d ia r rhea?
A. H u m an  reovirus
B. B luetongue virus
C .  H um an  ro tav irus
D. C o lo rado  tick fever v irus
E. G ro u p  В co xsack iev irus

44 .  All o f  the following are  cha rac te r is t ic  o f  reov iruses  
except:
A. T h ey  strongly  induce  in terfe ron
B. T hey  have a virion-associated RNA-dependent RNA 

p o lym erase
C .  T hey  have a d o u b le -s trand ed  R N A  geno m e
D. T h ey  are t ransm itted  by re sp ira to ry  drop le ts
E. Each geno m e  seg m en t  encod es  a single  viral p ro 

tein
F o r  each  nu m b ered  phrase ,  select the  o ne  le tte red  h ead ing  
that is m ost c losely  a ssoc ia ted  with it. E ach  le tte red  cho ice  
m a y  be  u se d  once, m ore than  once, o r  no t a t a ll.

A. H epatit is  A virus
B. H epatit is  В v irus
C . H epatit is  С virus
D. H epatit is  D virus
E. H epatit is  E  v irus

45 .  T his  flavivirus causes posttansfusion hepatitis in H B sAg 
( - )  patients

46 .  T h is  w ater-borne  v irus  is a ssoc ia ted  w ith  en te r ica l ly  
t ransm itted  no n -A .  non-B  hepa ti t is  ou tb reak s  p r in c i 
pally  o u ts ide  the  U nited  States

4 7 .  T h is  v irus  is a ssoc ia ted  with acu te  se l f- l im it ing  in fec
tions. low m ortality ,  and fecal-ora l t ransm iss ion

4 8 .  A gene tica lly  eng inee red  vaccine  prevents  this  v irus  
from  infections leading to e i th e r  ch ron ic  c a r r ie r  s ta tes  
o r  ch ron ic  ac tive  liver d isease

49 .  T h is  v irus  is a defec t iv e  RNA  virus  foun d  in H B sAg 
( + )  patien ts

50. H epatit is  A v irus  is m o st o ften  t ran sm it ted  by:
A . Sexual con tac t
B. C on ta m in a ted  food
C. Blood transfus ion
D. Shared  needles
E. A ir-borne  droplets

51 .  D uring  the  incuba tion  pe r io d  o f  an H B V  infection , 
w hich  o f  the  following viral d iag no s t ic  m arke rs  is
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m os t  a bu nd an t  in b lood and is co m m o n ly  used for 
d iagn os is?
A. Viral DNA po lym erase
B. H B cAg
C. H B sAg
D. A n ti-H B C
E. A n ti-H B s

52. W hich  o f  the  following d iagn os t ic  m arkers  pers is ts  in 
the b loods tream  o f  H B V  chronically  infected  ind iv id 
uals and is u ti l ized  as  a  m easure  o f  increased  in fec
tivity  and pers is ten t in fection?
A. H B cA g
B. H B cAg
C. A n ti-H B C
D. A n t i -H B S
E. D elta  antigen

53. All o f  the following s ta tem en ts  abou t  hepa ti t is  v iruses  
are t ru e  except:
A. C u rren t  acute  HAV infection is bes t  d iag no sed  by 

the  p resence  o f  IgM  anti-HAV antigen
B. H epati t is  A v irus  infec tions are  often  a ssocia ted  

with a r th ra lg ia s ,  a r th r i t is ,  and im m un e  complex 
d iseases

C. H epatit is  В v irus  is a ssoc ia ted  with p r im ary  h e p a 
toce l lu la r  c a rc ino m a

D. H epatit is  С  v irus  is the  lead ing  cause  o f  p o s t 
transfus ion  hepa ti t is  (P T H ) p rod uc in g  the  highest 
f r equency  o f  chron ic  d isease

E. H epatit is  D  v irus  infection only ex is ts  as  a co in fec 
tion  o r  supe r in fec t ion  o f  H B sA g ( +  ) indiv iduals

54 .  A hepa ti t is  v irus  uncoa ts  its DNA gen om e  to t r an 
sc r ib e  a ( -I-) s t rand  RNA  (the pregenom e).  T h e  p re g e 
nom e is en caps ida ted  in im m ature  co res  and then 
reverse  t r an sc r ib ed  by a po lym erase  that possesses  
bo th  RNA- and D N A -direc ted  DNA p o lym erase  ac tiv 
ity to p roduce  a dou b le -s tran ded  DNA g en o m e  w ith  a 
s ing le -s trande d  gap. W hich  o f  the following is ch a ra c 
te r ized  b y  this  un ique replication?
A. H epati t is  D  virus
B. H epatit is  С  virus
C. H epati t is  E  v irus
D. H epatit is  A  v irus
E. H epati t is  В virus

55. T h e  p ro m ote r  o r  e n h an ce r  insertion  hyp o theses  have 
been put for th  to explain:
A . T h e  genera t ion  o f  new reco m binan t  v iruses
B. T h e  transfo rm at ion  o f  cells  by  v iruses  possess ing  

o nco gen es
C .  T h e  transfo rm at ion  o f  cells  by  on co g en es  from 

h um an  tu m o r  cells
D. T h e  induct ion  o f  leukem ias  by  v iruses  tha t  lack 

o ncogenes
E. T h e  s im ila r i ty  o f  ce l lu la r  and  retroviral o ncogenes

56. W hich  o f  the  following m echa n ism s  expla ins  t ransfo r

mation  o f  cells  by DNA tu m o r  v iruses  such as s imian 
v irus  40 ,  oncogen ic  adenov iruses ,  and  h um an  pap il
lom a virus ty p e  16?
A. Translocation o f  cellular oncogenes leads to he ight

ened express ion  o f  a  c-onc
B. Point m uta tion  occurs ,  resu lt ing  in an ac tivated  

c-onc
C. Inser tional activation  o f  a c -onc  o ccu rs  following 

in tegra t ion  o f  the  viral gen om e  into ce l lu la r  DNA
D. Viral on cog ene  p rod uc ts  exp ressed  early  in in fec

tion  in terac t and in terfe re  with  the  no rm al  function  
o f  tu m o r  sup p resso r  gene  p ro du c ts  such as p53 or 
RB p i  10

E. Viral o ncogene  produc ts  act as t ranscr ip t ion  t r an s
ac tiva tors  for c-oncs

57 .  All o f  the  following DNA v iruses  tha t  infect h um an s  
are a ssoc ia ted  w ith  h um an  ca nce rs  except:
A. H u m an  pap il lom a  viruses
B. A denov iruses
C. E p s te in -B arr  v irus
D. H erpes  simplex type  II
E. Hepatit is  В v irus

58. T h e  retroviral on cog enes  (v-oncs) o f  sa rc o m a  and 
acu te  leukem ia  v iruses are know n to be:
A . U nrelated  to  p ro to -on cog enes  in cells
B. Identical in sequence  to ce l lu la r  p ro to -o nco gen es
C .  P resen t in the e n d o g e n o u s  retroviral g en o m es  o f  

m any  species
D. P resen t  in defec t ive  retroviral g en o m e s  that  re 

qu ire  he lper  v iruses  for replication
E. T ra n sa c t iv a to r s  o f  t r a n s c r ip t i o n  s im i la r  to  the  

HTLV-1 ta x  genes
59. All o f  the following m anifes ta tions  or find ings are 

a ssoc ia ted  with HIV-1 infection except:
A. A lte red  T 4  h e lp e r /T 8  su pp re sso r  lym phocy te  r a 

t ios  (T 4 /T 8<  1)
B. E n han ced  m itogen  response  to PH A  and  enhanced  

lym phok ine  ( in te r leuk in  II) p roduct ion
C. K ap os i 's  sa rco m a
D. P n eu m o cystis  ca r in ii  pneum on ia
E. Increased  s e ru m  IgG levels

60 .  H u m an  im m uno def ic iency  v irus  (H IV -1) d if fers  from 
typical R N A  tu m o r  v iruses in all o f  the  following ways 
except that:
A. It is a len t iv irus  with hom olo gy  to v isna  virus
B. It enco des  a viral p ro tease , reverse  transc r ip ta se ,  

and in tegrase
C .  It enco des  a posi t ive  transac t iva to r  o f  its own 

transc r ip t io n  ( ta t  gene product)
D. It is a  cy toc ida l v iru s  ra ther  than  a t ran sfo rm in g  

fo cus-fo rm ing  virus
E. It en te rs  cells  using tr an sm e m b ran e  g p 4 1 -m e d i 

ated m em b rane  fusion ra ther than  recep to r-m ed i
a ted  endocy to s is
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61 .  All o f  the following d ru g s  and the ir  re com m end ed  
uses are approp r ia te ly  m atched  except:
A. A cyc lov ir  (Z ov irax )  — trea tm en t o f  cy tom ega lov i

rus  p n eu m o n ia  in im m u n o su p p re ssed  patients
B. 5 -A z id o th y m id in e  (A Z T : Z idovud ine ,  Retrovir)  — 

trea tm en t  o f  A ID S  patien ts  with P neum ocystis  
c a r in ii p n e um on ia

C . G an c ic lo v ir—trea tm en t  o f  c y to m ega lov iru s - in fec 
ted A ID S  patients

D. K e to c o n a z o le ,  f lu c o n a z o le  — A ID S - a s s o c i a te d  
e so ph agea l  cand id ias is

E. Acyclovir (Zovirax)—daily prophylactic treatment 
o f  patien ts  at high r isk  o f  genita l he rpes  recur ren ce  
for up  to 1 year

62. All o f  the following sta tem ents  con ce rn in g  the  A ID S  
retrovirus, i.e., hum an immunodeficiency virus (HIV-1) 
are co rrec t  except:
A. T h e re  is apprec iab le  an tigen ic  d ivers ity  in the 

envelope g lycopro te in  ( g p l 2 0 ) o f  the v irus
B. Screen ing  tests for an t ibod ies  are useful to prevent 

t ransm iss ion  o f  H IV  th rough  t ransfu sed  blood
C . H IV  infection involves the  C D 4  recep to r  protein  

on  the  su rface  o f  he lper  T  cells
D. H IV  has a special m ech an ism  for con tro l  o f  ex

pression o f  its g enes ,  i.e., the t r ansac t iva tion  of 
t ranscr ip t ion  (ta t) gene

E. T he  p resence  o f  c ircu la t ing  an t ibod ies  tha t n e u 
tra lize  H IV  is ev idence  that  an individual is p ro 
tec ted  ag a ins t  H IV -induced  d isease

63 .  W hich  o f  the  following hum an  im m unod ef ic ien cy  
v irus  type  1 (HIV-1) genes  is con s id e red  to  be a 
d iffe ren tia l regu la to r, ac ting  th rough  an an t i rep res 
sion m echa n ism  to  prevent repression  o f  the  syn thes is  
o f  large s truc tura l  p ro te ins  by a sequence  k no w n  as 
C R S, thus s t im ula t ing  the  p roduc tion  o f  H IV  s t ru c 
tural p ro te ins  w hile  a lso  reduc ing  the  syn th es is  o f  
regu la to ry  H IV  gene  p roduc ts?
A. V IF
B. R E V
C. N E F
D. TAT
E. TAR

A ssoc ia te  A , the viral agents ,  th rough  E  w ith  the  ch a ra c 
ter is t ics  listed in i tem s 64  th rough  70. E ach  le t tered  choice
may be used once , m ore  than  once , o r  not at all.

A . H erpes simplex type  1
B. H erpes  simplex type  2
C . V arice l la -zos te r  v irus
D. C y tom egalov irus
E. E p s te in -B arr  v irus

64 .  Vulvovaginitis
65 .  In fection  o f  В lym phocy tes
6 6 . L a ten t in the dorsa l  roo t ganglia
67 .  Venereal d isease

6 8 . B urk in 's  lym phom a
69 . Fetal m a l fo rm a tion ,  b ir th  defec ts
70. H e te roph il-posit ive
71 .  W hich  sy n d ro m e  is n o t  a ssoc ia ted  w ith  adenov irus  

in fec tion?
A. K era toconjunc tiv it is
B. P hary ng oco n jun c tiv a l  fever
C . A cute  resp ira to ry  d isease
D. P haryng it is
E. H ete roph il-nega tive  m ononucleosis

72 .  W hich  o f  the following viral agen ts  is n o t  associa ted  
with the  “ c o m m o n  c o ld ” syn d ro m e?
A. R h inov irus
B. P ara influenza
C .  C oronav irus
D. Variola
E. A denovirus

73. A ppro p r ia te  postexp osu re  p rop hy lax is  for rab ies  re 
qu ires  all o f  the  following except:
A. Both p ass ive  and  ac tive  im m uniza tion
B. W ashing o f  the  w ound  w ith  soap  and  water
C . Multip le  im m u n iza t ion s  using  h u m an  dip lo id-cell  

vaccine
D. In jec tion  o f  rab ies  im m u no g lob u lin  in to  the  w ound  

area
E. Use o f  live a ttenuated  v irus

74. An acute  febrile  il lness  o f  abou t  3 days’ dura t ion  
ch a rac te r ized  by  a  rash  and ly m p h aden op a th y  that 
affec ts  child ren  and  yo ung  adults:
A. In fectious  m o nonucleosis
B. M u m p s
C. R ubella
D. M easles
E. P ara in f luenza

75 .  All o f  the  following are  t ru e  for h u m an  p ap il lom a 
v iruses  except:
A. Are d o u b le -s trand ed  DNA viruses
B. Induce  tu m o rs  in th e i r  na tura l  hosts
C .  Are e th e r  sens it ive  w ith  a  l ipopro te in  envelope
D. C an n o t  be read i ly  iso la ted  and g ro w n  in cu ltu re
E. M ay conta in  t ran sfo rm in g  genes

76. R ube lla  vaccine  has been inad ver ten t ly  u sed  in p re g 
nant fem ales ,  resu lt ing  in:
A. Fetal infection w ith ou t  congenita l  m alfo rm ations
B. Severe  m alfo rm ations  and  death  o f  the  fetus
C . Induc t ion  o f  subacu te  sc le ros ing  panencepha l i t i s  

a f te r  m any  years
D. Induc t ion  o f  p rogress ive  m ulti foca l leukoencepha-  

lopathy
E. P ho to ph ob ia  and  high  fever

77 .  W hich  o f  the following is least likely to  be the  cause  of 
in f luenza  ep idem ics?
A. Point m uta tions
B. G ene tic  recom bina t ion
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C. C h an ges  in popula t ion  im m un i ty
D. C h ang es  in viral co re  p ro te ins
E. A lteration  o f  h em ag g lu t in in s

78. T h e  m a jo r  cause  o f  se r ious  lower resp ira tory  infection 
in infants and  children  is:
A. A denov irus
B. R esp ira to ry  syncy t ia l  v irus
C. P ara in f luenza  viruses
D. R h inov iruses
E. C oronav irus

79 .  T h e  p resence  o f  low levels o f  IgG but not IgM a n t i 
bod ies  to rub e l la  v irus  in the  new b orn  suggests:
A . C ongen ita l  infection
B. A u to im m u n e  disease
C . Pers is ten t  infection
D. P resen ce  o f  m ate rna l an t ibod ies
E. S uscep t ib i l i ty  to rub e l la  v irus infection

80. In addit ion  to the ir  antiv ira l  p rop e r t ie s ,  in terfe rons 
can  a lter  a n u m b er  o f  o th e r  host-cell  functions. All of 
the  following are affec ted  by  the  addit ion  o f  exogenous  
in te rfe rons  except:
A . C ell g row th
B. Natural k il le r  (N K ) cell activity
C . E n h an cem en t  o f  m acrop hag e  func t ions
D. B inding  o f  an t ib od y  to v iruses
E. Increased  express ion  o f  ce ll-su rface  (H L A ) an ti

g ens
81. In a local ized  v irus  infection at a  m ucosal surface , 

w hich  one o f  the following sta tem ents  m o s t  likely 
app lies?
A . T  cells  probably  play a m a jo r  role in the host 

response
B. P ro tec tion  agains t  re in fect ion  o f  the m ucosa l sur

face  usual ly  co rre la tes  bes t  with  local IgA  an ti
body  titers

C . S e ru m  a n tib od y  is the  m os t  im p ortan t  fac to r  in 
co m b a t in g  these  infections

D. Natural k il le r  (N K ) cells  probab ly  play a  role in 
host r e spo nse  s ince  they are found in the  sec re to ry  
s i tes  d u r in g  a  v irus infection

E. M acro p h ag es  represen t one o f  the key e lem en ts  of 
m ucosal su r face  im m unity

82. All o f  the  following are p ro pe r t ie s  o f  in f luenza  v irus 
type A  ex c e p t  that the virus:
A. C on ta ins  dou b le -s tran ded  DNA
B. H as  m ultip le  seg m en ts  o f  s ing le -s tranded  RNA
C . C on ta ins  an R N A -dependent R N A  po lym erase
D. R eadily  induces  interferon
E. Is capab le  o f  re leasing  sialic ac id  res idues  from 

cell su r faces
83. A fourfold  o r  g rea te r  increase  in an t ibody  t i ter  m ea 

sured  by an appro p r ia te  available  viral d iagno s t ic  test,  
and p e r fo rm ed  on s e ru m  co llec ted  at the  tim e of 
d isease  onse t  and 14 days  later, would:

A. Be highly  sugges tive  for the p resence  o f  the d is 
ease  in quest ion

B. Indicate  prev ious infection w ith  the  d isease  in 
quest ion

C . Have to be ac co m pan ied  by the  isolation o f  the 
v irus  in quest ion  to be d iagnos tic

D. Not be suffic ient for d iagnos is
E. Not be in form ative  s ince  the se ru m  spec im ens  

were not co llec ted  at a  p ro p e r  interval o f  time
84. W hich  o f  the following v iruses is m o s t  likely to be 

acqu ired  th rough  casua l con tac t  with  an infected  ind i
v idual?
A. In f luenza  v irus
B. H erpesv irus
C . C y tom egalov irus
D. H u m an  im m uno def ic iency  v irus
E. C a l i fo rn ia  en cepha l i t is  v irus

85. Live en te r ic -co a ted  ad enov irus  vaccine  agains t  types 
4  and 7 is m o s t  useful for w hich popu la t ion?
A. In s ti tu tiona lized  children
B. M il i ta ry  recru its
C .  S choolteachers
D. P ed ia tr ic  nurses
E. N urs ing  hom e patients

8 6 . In f luenza  v irus pandem ics  oc cu r  because  of:
A. T he  appea rance  o f  a new suscep tib le  popula t ion  

(in fan ts )  in the  in te rpandem ic  interval
B. D efec tive  im m u n o co m p e ten ce  o f  ind iv idua ls  at 

risk
C . Shif ts  in the  an t igen ic i ty  o f  viral hem ag g lu t in in
D. Shif t in the  an t igen ic i ty  o f  viral nuc leopro te ins
E. W an ing  im m u n i ty  in the  elderly

87. All o f  the following are true ab o u t  “ T "  an tigens  
except:
A . T h ey  are induced  by DNA viruses
B. T h ey  m ay be found in the nucleus o r  occasionally  

in the cy to p lasm
C. T h ey  have not been isolated o r  purified
D. T h ey  may b ind  specific  an t ioncogenes
E. T h ey  may assoc ia te  with  hos t  o nco g en es  o r  p ro to 

on cog enes

Answers

1. D V iruses  replicate using the ir  ow n gene tic  materia l
and a n u m b er  o f  d if feren t replication strategies. 
B inary  fission is not em ployed.

2. С Hexons are not found at v ert ices  o f  icosahedra l
viruses. T h e  p resence  o f  a penton or fivefold s y m 
m etry  a rrang em en t o f  identical cap so m ers  is char
ac te r is t ic  o f  icosahedra l  s t ructure .

3. G
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23 . D

In m ost cases ,  neu tra liz ing  an t ibod ies  are d irected  
ag a ins t  ep itopes  in the  ex te r io r  viral sp ike g ly 
cop ro te in s  such as the  in f luenza  hem ag g lu t in in  or 
the  HIV-1 gp 120.
T h e  R hab do v ir id ae  p o ssess  helical sym m etry ,  not 
icosahedra l .
T he  h e rp esv iru s  gen o m e  con ta ins  repea t  sequences  
referred  to as te rm ina l  red un dan cy ;  however, the 
match  is incor rec t  because  the  repeats  are not 
inverted  sequences  as  found in adenoviruses.
T he  poxviruses are classically noted as  the only 
cytoplasmic DNA viruses. All o ther DNA viruses 
replicate in the nucleus. O rthom yxoviruses such as 
influenza uniquely have a nuclear phase o f  replication 
unlike all o ther (-) single-stranded R N A  viruses. 
T h e  un ique  tw o-s tage  unco a tin g  o f  poxv iruses  d e 
pends on new  transcrip tion ; therefore ,  the  enzym e 
responsib le  is a D N A -dependent R N A  polymerase . 
H erpesv iruses  un iquely  bud from  the  nuc lea r  m e m 
brane ,  not the p la sm a  m em brane .
P ro teo ly t ic  c leavage o f  po lypro te in  p recu rso rs  is 
cha rac te r is t ic  o f  p ico rnav iru ses  and  re troviruses.  
T herefo re ,  “ p ico rnav iru ses” is the  only correc t  
choice.
N aked icosahedra l  v iruses  are re leased  by  cell lysis 
and not by a bu dd ing  process.
T he  R habd ov ir idae  are the on ly  (-) s ing le-s tranded  
R N A  virus fam ily  tha t c an  be chosen .  T he  o the r  
( +  ) s ing le -s trande d  R N A  virus  fam il ies  do  not 
have v ir ion -assoc ia ted  t ranscrip tases .
O n ly  v iruses  w ith  seg m en ted  gen o m es  undergo  
genetic  reasso r tm en t .
P heno ty p ic  m ask ing  is a  fo rm  o f  com plem enta tion  
o r  g en e  p ro d u c t  in te ra c t io n  w i th o u t  g e n o ty p ic  
changes. O th e r  cho ices are all nucleic  ac id  in te rac
tions that a l te r  genotype.
O nly  v iruses  such as reov irus,  bunyavirus,  and 
in f luenza  v irus with  seg m en ted  g en o m es  are in
volved in genetic  reasso r tm en t .
O n ly  com plem enta t ion  involves gene  p ro du c t  shar
ing.
P heno ty p ic  m ix ing  d oes  not involve a stable or 
heri tab le  ch ang e  in the paren ta l  viral genome. 
M eas les  encepha li t is  is po ten t ia l ly  a very  severe 
d isease  o ften  associa ted  w ith  sequelae.

28. E
29. В M eas les  a ttenuated  vacc ine  is available  in m o n o 

valent fo rm  and in com b in a t io n  with rube l la  (M R ) 
o r  in add it ion  with m u m p s  v iru s  (M M R ).

30. С  D ue to various  p rob lem s,  ne i th e r  an inact ivated  nor
a live a ttenua ted  vaccine  has been  licensed  for 
resp ira to ry  syncy t ia l  virus.

31. F  H epatit is  В v irus  vacc ine  was the  f irs t vaccine
pro du ced  by gene tic  en g inee r in g .  T h e  su r face  an t i
gen (H B sA g) was p ro d u ce d  in yeast  to yield a 
purif ied  p ro te in  subun i t  vaccine.

32. D  Poliovirus is a  t r iva len t live vaccine  (O P V ) and as a
live vacc ine  it induces  secre to ry  in tes t ina l  im m u 
nity.

33. D  N orw alk  agen t,  a  p robable  ca l ic iv i ru s ,  ca u se s  adult
d ia r rh ea  w hile  ro tav irus  causes  infan ti le  d ia r rhea .

34. D  T h e  rh inov iru ses  are the  m o s t  f requen t  agen ts  o f
co m m o n  colds. C oronav iru ses  a lso  cause  colds but 
they are second  in frequency  as  c o m p a re d  to rh ino 
viruses.

35. A  Poliovirus is t ran sm it ted  by the  feca l-ora l  route,
not by resp ira to ry  droplets .

36. С  P leu ro dy n ia  (B o rnh o lm  d isease )  is a  m anifes ta tion
o f  type  В coxsack iev iruses .

37. A T h e  Salk inact ivated  polio  vacc ine  p ro d u ces  a good
hum ora l re sponse  in s e ru m  to p ro tec t  ag a ins t  CNS 
disease ;  however, the  p rod uc t ion  o f  nasal  o r d u o d e 
nal sec re to ry  IgA  is d ef ic ien t ,  a l lowing fo r  po liov i
rus  infec tion  o f  the  in testine.

38. E H erpan g ina ,  a v es icu la r  d isease  o f  the  pos te r io r
oral cavity, is the m o s t  typ ica l  type  A c o x sack iev i
rus  manifesta tion .

39. В Poliovirus is the  p ro to typ e  for ( +  ) s ing le -s tranded
R N A  viruses. R em oval o f  the  te rm in a l  V p g  pro te in  
allow s the  ge n o m e  to act d irec tly  as  a message. 
T h ere fo re ,  the s ta tem en t is false b ecause  a  (-) 
s t rand  is not need ed  or used as a viral m R N A .

40 .  A O ne  o f  the  p rinc ipa l ch a rac te r is t ic s  o f  (-) st rand
R N A  v iruses  is an abso lu te  requ irem en t fo r  at least 
one R N A -dependen t R N A  po ly m erase  to  p ro du ce  a 
co m plem en ta ry  ( + )  s trand  message.

41 .  В T h e  L a  C rosse  v iru s  (agen t)  is the  p r in c ip a l  d is 
ease-caus in g  m e m b e r  o f  the  C a l i fo rn ia  encephali t is  
v irus an tigen ic  co m plex .  T he se  v iruses  are bun- 
yaviruses.

42 .  В T h e  s ta tem en t  is w rong  because  it reverses  the
con tras t ing  viral b u d d ing  patterns.  F lav iv iruses 
bud from intracytoplasmic or vesicular mem branes, 
no t the  a lph a  togaviruses .

43 .  С T h e  n u m b e r  one cause  o f  nonbac te r ia l  infanti le
d ia r rh ea  is ro tav irus .  A n  en zy m e  assay ( ro tazym e)  
is used to de tec t  an tigen  for d iagnosis .

44. D R eov iruses  are ub iqu i tous  in sew age and are t r an s
mitted  by the  feca l-ora l  route.
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61.  А

H epatit is  A  v irus  is p r inc ipa l ly  t ransm itted  by  the 
fe c a l -o ra l  ro u te  ( c o n ta m in a te d  fo o d ,  unw ash ed  
hands) .  B lood-assoc ia ted  t ransm iss ion  is rare and 
h o m o sexu a l-a ssoc ia ted  tran sm iss io n  m ay be fecal- 
oral in nature.
H b sA g ,  the su r face  an t igen ,  occ u rs  in b lood d uring  
the  incuba t ion  per iod  and  it rep resen ts  a s tandard  
test tha t is available. Viral DNA po ly m erase  is 
ha rd e r  to detec t  and not rou tine ly  used. O the r  
m arke rs  listed are no t  p resent in b lood  during  the 
incubation  period .
H B cA g  pers is tence  is p rogn o s t ic  o f  chron ic  in fec
t ion , he igh tened  infec tiv ity  o f  b lood ,  and poor  
outcom e. W hile  delta  an tigen  may also be a n eg a 
tive  p rogno s t ic  indicator, it only oc cu rs  in persons  
co in fec ted  o r  sup e r in fec ted  w ith  H D V ; therefo re ,  it 
d oes  not app ly  genera l ly  to all H B V  chronic  in fec
tions.
H epatit is  В v iru s  is typ ica lly  associa ted  with extra-  
hepatic  com plica t ions . T h e  s ta tem en t applies to 
HBV, not HAV.
T he  only hepa ti t is  v iru s  tha t  has  reverse  t r an sc r ip 
tase  ac tiv ity  is HBV.
T h e se  th eo r ie s  were des ig ned  to explain  tu m o r  or 
leukem ia  induct ion  by v iruses  tha t lack oncogenes. 
T hey  rely on the  im p ortance  o f  viral regu la to ry  
e lem en ts  in LTRs ra th e r  th an  v-oncs.
T h e  d iscov ery  o f  tu m o r  sup p re sso r  genes  led to the 
u nd ers tand in g  that a n u m b er  o f  DNA tu m o r  v irus 
on cog enes  t ransfo rm  cells  by a lte r ing  o r  inducing  a 
la ck  o r  d e fic it in no rm al ce l lu la r  g row th  contro l .  
A d enov iruses  p rod uce  tu m ors  in ham s te rs ;  how 
ever, on cogen ic i ty  has  never been  do cu m e n ted  in 
hum ans.
T h e  acute  o r  tran s fo rm in g  re t rov iruses  have ac 
qu ired  v-oncs th rou gh  an exchange  p rocess  o f  re 
co m b ina t io n  that in all cases  (except R ous  sa rco m a  
v irus)  have resu lted  in a loss o f  viral gene  se 
quen ces  as  an exchange for c-onc sequences . D e 
fec t ive  sa rco m a  and acu te  leukem ia  viral geno m es  
are  the  con seq u en ce  o f  th is  p rocess .
T h is  s ta tem en t is false b ecause  all m ed ia ted  im 
m un e  re sponses  (m itogen  response ,  sk in  tes t ,  c y to 
kine p ro du c t io n ,  e tc . )  are d im in ish ed  by HIV-1 
in fec tion -induced  A ID S.
All re t rov iruses  en co d e  a p ro tease , reverse t r an 
sc r ip tase  and integrase. T hese  genes  are not unique 
to  H IV -I .
G anciclovir ,  not acyclovir, is rec o m m en d e d  for

c y tom eg a lo v iru s  (C M V ) infections in A ID S  p a 
tients. A cyclov ir  is not e ffec tive  agains t  CMV.

62 .  E  Neutralizing antibodies have been detec ted in AIDS
patients and the  p resence  o f  na tura lly  o c cu rr in g  
neu tra liz ing  an t ibod ies  is not indicative o f  p ro tec 
tion agains t  disease. T h e  value o f  v acc ine-induced  
neu tra liz ing  an t ibod ies  is stil l in quest ion .

63. В T h e  Rev protein  is th ou gh t  to be involved in both
an tirepression  and inh ib ited  splic ing o f  the m R N A s 
for large HIV-1 s truc tu ra l  proteins.  Rev protein 
favors virion p rodu c t io n  ra ther  than  regu la to ry  v i
ral gene  products.

64 .  В H erpes simplex type  2 v irus  is u sua l ly  associa ted
with genita l herpes.

65. E E pste in -B arr  v iru s  replica tes  in В cells.
6 6 . С V arice l la -zoste r  v irus  may pers is t in the dorsa l  root

ganglia .
67. В H erpes  simplex type  2 is co n s ide red  a venereal

d isease  virus.
6 8 . E  Burk it t’s ly m ph om a is believed to be causal ly  r e 

lated to E pste in -B arr  virus.
69 .  D  C y to m ega lov iru s  read ily  passes  th rough  the  p la

cen ta  and can  cause  fetal infection.
70. E E pste in -B arr  v irus  infection results  in the g e n e ra 

tion o f  he te roph il  antibodies .
71. E H ete roph il-nega tive  m o nonucleos is  is associa ted

with cy tom egalov irus .
72. D Vario la  is the  causal agen t o f  sm allpox .
73. E  A live, a ttenuated  vaccine  for rabies  is not available

for h um an  use.
74. С  R ubella  can  be  charac te r ized  as a m ild  d isease  of

3-day dura t ion  associa ted  with rash and lymph 
node involvement.

75 .  С T h e  h um an  pap il lom a  v irus  is a naked  icosahedral
v irus  w ithou t an envelope.

76 .  A  R u b e l la  v acc in e  m ay  o c c a s io n a l ly  r e su l t  in fetal
in fec t io n  bu t  d o e s  not a p p e a r  to  c a u se  d e f o r m i 
ties.

77. D In f luenza  co re  p ro te ins  d o  not read ily  chan ge  and
are  not a ssoc ia ted  with ep idem ics

78. В R esp ira tory  syncytia l  v irus  is a  m a jo r  cause  o f
death  in infants.

79. D L ow  levels o f  IgG sugges t  p resence  o f  m aternal
an tibod ies ;  increas ing  levels o f  IgG or the presence 
o f  any IgM  an tibo d ies  to rube l la  v irus  found  in a 
ne w b o rn  sugges t  fetal infection.

80. D In te rfe ron  d oes  not affec t  b ind ing  o f  an t ibod ies  to
viruses.

81. В IgA an tibod ies  are the m ost im p o r ta n t  im m u n o 
g lobulins  at the m ucosa l surface.

82. A In f luenza  v irus  is an RNA  virus.
83. A Fourfold  increases  in specific  an t ib od y  genera lly

indicate  an o ngo ing  infection.
84. A In f luenza  v irus  is readily  transm it ted  by aerosols.
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85. В M ili ta ry  rec ru its  are suscep tib le  to acu te  re sp ira 
to ry  d iseases  cau sed  by  adenoviruses.

8 6 . С T h e  h e m agg lu t in in  represen ts  the m a jo r  source  o f
an tigen ic  variations.

87. С  Many o f  the  T  an t igens  have been isolated and
purified .
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Mycology
W. L aJean  C h affin

Superficial and Cutaneous Mycoses

M em bers  o f  the  k ingdom  Fungi are non ph o to sy n the t ic ,  
nonm otile  eu ca ry o te s  tha t inc lude  yeasts ,  m olds, rus ts ,  and 
m ushroom s . Fungi ob ta in  nu tr ien ts  by abso rp tion  and 
a lm os t  all fungi are aerob ic .  A bou t  150 o f  the  m ore  than
1 0 0 , 0 0 0  fungal spec ies  are  con s ide red  to be p r im ary  h u 
m an  pathogens . However, in the  se t t ing  o f  the  im m u 
n o co m p ro m ised  host the  list o f  o p p o r tu n is t ic  fungi is 
increasing .

Fungi rep roduce  by  spores ,  w hich  m ay be  fo rm ed  sex u 
ally o r  asexually. S pores  can  g e rm ina te  to  p ro du ce  differ
en t m orpho log ic  fo rm s such  as  sing le-ce lled  yeasts  and 
multice lled  molds, w h ich  are the form s m ost o f ten  e n c o u n 
tered  a m o ng  h um an  pathogens . Such fo rm s  m ay not be 
m utua lly  exclus ive as the  g row th  fo rm  o f  som e fungi may 
d if fe r  with the  grow th  condit ions . R eproduc tive  s truc tu res  
may be s im ple o r  com plex  and have h is to rica lly  been very 
im po rtan t  in fungal identif ication . T h ese  s t ru c tu re s  are 
m a in ta ined  by a  r ig id  cell  w all ,  w h ich  is co m po sed  p r im ar
ily o f  po lysaccha r ide  th a t  is ex ternal to  the  cell  m em brane. 
T he  p la sm a  m em b ran e  o f  fungi con ta ins  e rgos tero l ra ther 
than the  choles tero l found  in m am m alian  m em bran es  and 
th is  d if fe ren ce  has been exploi ted  in an tifunga l therapy.

Fungi can  cause  a lle rg ic ,  toxic ,  and in fec tious  d isease  in 
hum ans. Several c lassif ica t ion  sch em es  for fungal in fec
tions  have been em ployed . None are  com plete ly  sa t is fac 
tory, s ince  pa r t icu la r  fungi may cause  m ore  than one type 
o f  infection. T he  c lass if ica t ions  used in th is  sec t ion  are 
superf ic ia l  and c u tan e o u s  m ycoses ,  su b cu tan eo us  m y co 
ses , sys tem ic  m ycoses ,  and  o p p o r tun is t ic  m ycoses .  With 
each  o f  these  c lass if ica t ions ,  som e o f  the  genera l  ch a ra c 
te r is t ics  o f  the  infec tions and  th e i r  e tio log ic  ag en ts  are 
noted .

Superficial M ycoses

W ith  superf ic ia l  fungal in fec tions, there  is genera l ly  no 
ce llu la r  response. T h e  site  o f  infec tion is so superf ic ia l  and

the  infec tion  so inn ocu ou s  tha t a response  is not elicited. 
Frequently  professional help  is sough t for co sm etic  r e a 
sons.

Piedra
T h ere  are two superf ic ia l  infec tions o f  the  ex te rna l hair  
shaft know n as p iedra . B lack p ied ra ,  caused  by P ied ra ia  
h o rta e , is an infection in w hich b lack ,  hard  n odu les  are 
fo rm ed  on  the  ha ir  shaft .  T h is  infec tion  is encou n te red  
m ost frequently  ou ts ide  the  U nited  States. In som e areas o f  
the  w orld ,  the infection may be enco u rag ed  for cosm etic  
purposes. In white piedra, caused by Trichosporon beigelii, 
so f t ,  l igh t-co lored  nodu les  fo rm  on the  ha ir  shaft .  T h is  
infection is found  in tem pera te  and  tropical c l im ates  o cca 
s ionally  inc lud ing  the sou th e rn  U nited  States. A few cases 
o f  o p p o r tu n is t ic  sys tem ic  tr icho sp o ros is  have been re 
ported .  D iffe rences  in isolates from  o p p o r tu n is t ic  in fec
tion and p iedra d if fe r  suffic iently  tha t they  may eventua lly  
be p laced  in d if feren t taxa .  Infection  can be d iag no sed  by 
d irec t  exam ina tion  o f  the  h a ir  and  nodules .  In b lack  piedra , 
h yphal s t rands are often  a l igned  along the p e r ip h e ry  o f  
m ature  nodu les ,  and the cen te r  o f  the m ass  resem bles 
o rg an ized  tissue  with areas  in w hich asci are p rod uced .  In 
w hite  p ied ra ,  the  m ass  o f  in te r tw ined  hyphae  o f  the  nodule 
o ften  fragm en t  into a r th roco n id ia .  N odules  m ay  be re 
moved  by cu t t ing  the  hair.

Tinea Nigra
T inea  n igra  is a  super f ic ia l ,  chron ic ,  and asym ptom atic  
infection o f  the s t ra tum  c o rn e u m .  T h e  infection is f r e 
quently  found  on the pa lm  o f  the  hand. In fec ted  a reas  are 
c h a rac te r ized  by brow nish  color, w hich  is o f ten  da rk e r  at 
the  edg es  o f  the  macule . T h e  infec tion  is caused  by  E xo- 
p h ia la  w ern eck ii (P h a eo a n n e llo m yces w ern eck ii), a  de- 
m at iaceo us  fungus. T he  infec tion  is found in tem perate  and 
trop ica l  c l im ates .  In the  U nited  States, it is encoun te red  
occas iona lly  along the  G u l f  C oast.  T h e  infection is found 
p r im ar i ly  in teenage  girls. B ecause  infection may resemble 
m e lan om a  o r  o th e r  types  o f  sk in  cancer, a d iagn os is  o f  a 
fungal e tio logy  is im p ortan t .  Skin  sc rap ings  exam in ed  for
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fungal e lem ents  reveal p igm ented  hyphae. T reatm ent with 
keratolytic  agen ts  such as so lu tions o f  salicylic  acid or 
su lfu r  have been  u sed ,  as  well as, m ore  recently, topical 
im idazoles  such as  miconazole.

Pityriasis Versicolor
P ity r ias is  vers ico lor  ( t inea  versicolor) is a  chron ic ,  mild, 
a sym ptom atic  infection o f  the s t ra tum  co rn e u m . Lesions 
are sharply de linea ted ,  non inf lam m atory ,  and covered  with 
fu r fu raceo us  scales. T h e  te rm  versico lor  is par t icu lar ly  
appropr ia te ,  s ince co lo r  o f  the lesion varies acco rd ing  to 
the no rm al  skin p igm en ta t ion ,  exposure  to sun l igh t ,  and 
severity  o f  infection. Lesions o ccu r  m ore  often on the 
u pp er  body, face, n eck ,  a rm s ,  and shou lders  and  may be 
s ingular, m ultip le ,  co a le sced ,  o r  very  large. T he  etio logic  
agen t,  M a la ssez ia  fu r fu r  (P ity ro sp o ru m  o b ic u la re ) ,  is part 
o f  the  no rm al microbial flora o f  the skin and scalp. The 
o rg an ism  is lipophil ic ,  requ ir ing  lip ids  for g row th .  T he  
reasons  for a  change  from  norm al flora s ta tus  to a pa th o 
genic  agent are not clear.  T h e  infection is found w orldw ide, 
and som e trop ica l  a reas  may have a 50 percen t infection 
rate. D iagnosis  is m ade  by  ex am in ing  a p o tass ium  hyd rox 
ide (KOH) p repara tion  o f  skin scrap ings.  L esions  contain  
bo th  short hyphal e lem ents  and spherical cells , and this 
observation  is v ir tua l ly  pa th og no m on ic .  S ince  the  o rg a n 
ism can  be cu ltu red  from  uninfected  sk in ,  cu ltu re  iden t i
fication is not d iag no s t ic ,  and clin ical s igns are more 
im portan t.  Se len ium  sulfide, sod ium  thiosulfate  (od o r  may 
be ob jec tionable),  m iconazole ,  and o th e r  agen ts  have been 
effec tive  in trea tm ent.  C u re  is often slow, and  recur ren ce  o f  
infection is frequent.

F ungem ia  due to M . fu r fu r  has been  repor ted  in a  small 
but increasing nu m b er  o f  cases  in infants and adults  w ho 
receive  in travascu lar  lipid therapy. G enera lly  infection 
resolves with ca th e te r  rem oval.  T h e  o rgan ism  has also 
been im plicated  in seborrhe ic  derm ati t is .  T rea tm ents  such 
as ke toconazole  sh am p o o  that a ffec t  the  fungus  im prove 
the condition .

C u ta n e o u s  M ycoses

In fec tions  o f  the  skin caused  by fungi are know n co l lec 
tively as  de rm a to m yco ses .  T h e  vast m a jo r i ty  o f  such 
infections are caused  by a re lated g ro u p  o f  fungi know n as 
d e rm a to ph y tes  and  are specifica lly  know n as  d e rm atophy- 
toses. Skin  infection with yeasts  o f  the  gen us  C andida  are 
also encoun te red  and are d iscu ssed  in the section on 
o p p o r tun is t ic  m ycoses .  S om e o f  the fungi capab le  o f  
causing  sys tem ic  infection may p ro du ce  cu taneous  lesions 
following d is sem ina tion  from  the  p r im ary  pu lm o n a ry  in
fection. T h e re  are also a few case  repor ts  o f  these  fungi 
causing  p r im ary  cu taneous  infections. T h ese  agen ts  of 
sys tem ic  infections are  d iscussed  in the section  on sys tem ic

m ycoses .  In add it ion ,  a  few c a ses  o f  isolation o f  o th e r  fungi 
from  c u tan e o u s  infections have been repor ted .

Dermatophytoses
In fe c t io n s

D erm a to p h y te s  infect kera t in ized  t issue  (i .e.,  sk in , hair, 
na ils) .  D e rm a to p h y te  in fec t io n s  are  a m o n g  th e  m o s t  
prevalent infec tions and annoy  mill ions each  year. Such 
infections may accoun t  for 5 to 10 percen t o f  vis its  to 
d e rm ato log is ts .  Infec tions can  occ u r  from  head  to foot, 
with clin ical types  des ign a ted  by  body  location (Table 6-1). 
T h e  o rg an ism s  co lon ize  kera t in ized  tissue. H yphae  are 
found only in the  superf ic ia l  ep id e rm is ,  hair, and nails  in 
m o s t  infec tions and  rarely invade living tissue. L ittle  is 
know n abou t the initial in te rac t ions  o f  the  o rgan ism  and 
host . M an ifes ta tions  o f  infection m ay be s l igh t ,  for e x a m 
ple, scaling  or m in im al e ry th e m a ,  o r m ore  severe, such as 
in f lam m ato ry  and a lle rg ic  react ions in kerion  formation . 
T h e  reac t ion  is dep end en t  on the host ,  s t ra in ,  and species  
o f  infec ting o rg an ism .  T h e  no m en c la tu re  o f  these  in fec
tions is derived  from R om an  t im es ,  w hen  the  agen ts  were 
associa ted  w ith  insects ,  and consequ en t ly  the te rm  tinea  
(sm all insect la rvae) w as used as  a genera l  desc r ip t ion .  T h e  
G reek s  had previously  d e sc r ib ed  the  c i r cu la r  ap p ea ran ce  of 
lesions with the te rm  herpes , and subsequen tly  the E nglish  
te rm  ringw orm  co m b ined  bo th  R om an  and G reek  m e a n 
ings. T he  inc idence  o f  infection is u n k no w n ,  since  many 
infections are  trea ted  w ith  no np resc r ip t ion  d ru g s  and are 
not b roug h t  to the attention o f  the  health  care  com m unity .  
T inea  pedis  is the  m ost co m m on  in fec tion ,  o c cu r r in g  in 
mill ions o f  individuals. It m ay  be co n s id e red  a penalty  for 
c iv i l iza tions tha t  w ear  shoes. T in ea  ped is ,  t inea c ru r is ,  and 
t inea  ungu iu m  are the  m os t  c o m m o n  infec tions am ong  
those  patien ts  w ith  s ign if ican t skin pathology. At one t im e, 
t inea  cap it is ,  in its ep idem ic  fo rm ,  w as a m a jo r  infection 
am o ng  children.

D is e a s e -P ro d u c in g  O rg a n is m s

T h e  th ree  an am o rp h ic  o r  asexual ly  rep rod uc ing  g ene ra  o f  
d e rm a to p h y te s  are Trichophyton, M icro sp o ru m , and  E pi- 
derm ophyton . T h e  first tw o genera  inc lude  several in fec
tious species.  T h e re  is a  total o f  abou t 4 0  an am orph ic  
spec ies  o f  de rm a to ph y tes .  T he  te leom orp hs ,  o r sexually  
rep roduc tive  sta tes, o f  M icrosporum  and  Trichophyton  sp e 
cies  belong to the genu s  A rth ro d erm a . T h e  an am orph ic  
spec ies  are  not iso lated  w ith  equal f r equency  from  infec
tion ,  and they do  not have a un ifo rm  w orldw id e  d is t r ib u 
tion. Eleven spec ies  accoun t  for m ost infections, and  in the 
U nited  States, five spec ies  are m ost co m m o n ly  isolated 
from patients w ho  seek  m edical attention. S om e spec ies  are 
assoc ia ted  m ore  frequently  w ith  ce r ta in  clin ica l  types  o f  
infection than o thers  and  are m ore  often  iso la ted  from
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T a b le  6-1 C o m m o n  D e rm a to p h y to s e s  in t h e  U n ited  S ta te s3

Common clinical syndromes Habitat Hair infection
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Microsporum aitdouinii 7 X + X

Microsporum canis 5 X е X X + X

Microsporum gypseum 6 X X - X

Trichophyton tonsurans 2 Xd X - X

Trichophyton mentagrophytes 3 X X X X X X X X X - X

Trichophyton rubrum 1 X X X X X X -

Epidermophyton floccosum 4 X X X X X -

“T h is  lab le  lis ts  the  seven m ost frequen tly  iso la ted  d e rm atophy te  spec ies in the  U nited  S tates and  the  c lin ical in fec tions w ith  w hich  they are  m ost 
com m only  assoc iated .
hF requency  o f  labo ra to ry  iso la tion  from  patien ts  seek ing  m edical a tten tion . S pecies ranked <  6  w ere less th an  l% . (F rom  J. T. S inski and  K . Flouras. 
M ycoparhologia  8 5 :9 7 -1 2 0 . 1984.)
c ‘'G ray -p a tch "  rin g w o rm ; in fection  w ith  M . ca n is  is m ore inflam m atory. 
uB lack -do t ringw orm .

infec tions in som e parts  o f  the  world  (Table 6-1). Som e 
spec ies  have as  the i r  natural habita t a  soil env ironm en t 
(geoph ilic  species) ,  w h ile  o thers  have an im als  (zoophilic  
sp ec ies)  o r h u m an s  (an th ro po ph il ic  species)  as  the ir  main 
hab ita t .  In fec tions  may be in itia ted  by o rg an ism s  t r a n s 
fe rred  from  th e i r  no rm al hab ita t  to the  host  by contact.  
T issue  shed from  lesions, such as sk in  scales  or hair, may 
rem ain  on c om bs ,  chairs ,  carpets ,  a round  sw im m in g  pools , 
and  so on ,  and sub sequen tly  be t ransfe r red  to a new host. 
In fec tions with an th rop op h il ic  spec ies  tend to be m ilder 
and  m ore  chronic  than infec tions with o th e r  species .  In a 
recen t survey  in the U nited  States, it was repor ted  tha t  the 
m ost c o m m o n  labora to ry  isolates from h u m a n s ,  in d e 
c reas ing  o rd e r  o f  frequency, w ere  Trichophyton rubrum , 
Trichophyton tonsurans. Trichophyton m entagrophytes, Epi- 
derm ophyton f lo c c o su m , M icrosporum  ca n is , and M ic ro 
sporum  g yp seu m . T h e se  spec ies  are ub iqu itous  species  
found  worldwide. S om e infec tions are  genera l ly  re s tr ic ted  
to reg ions  in w hich  the  causa t ive  o rg a n ism  is endem ic . 
T in ea  barbae , for exam ple , is an infection o f  the  bearded  
areas o f  the sk in  o f  men. Since  the  causa t ive  agents  are 
generally acquired from animals, the infection usually occurs 
in rural areas .  T inea  favosa (favus) is p r im ar i ly  found  in 
reg ions  in w hich  Trichophyton sch o en le in ii, the m os t  c o m 
mon etio log ic  ag en t ,  is endem ic .  T he  largest o f  these  areas 
is a round  the M ed i te r ran ean  Sea .  T h e  ap p ea ran ce  o f  the 
yellowish , cu p -shap ed  c rus ts  ca lled  sc u tu la  g ives  favus

its name. With t im e ,  sca r r ing  occurs .  T inea  im brica ta  
o ccurs  on Pacific O cean  is lands  w here  Trichophyton con- 
cen tr icu m  is found.

L a b o r a t o r y  D iag n o s i s

A d iag no s is  o f  a fungal e tio logy  based  on m orpho logy  o f  
ind iv idual lesions and  the ir  body  location is not a lways 
suff ic ien t,  s ince  several o th e r  sk in  infec tions can  closely  
resem ble  fungal infections. A differentia l d iagn os is  o f  a 
fungal e tio logy  can  genera l ly  be d e te rm in ed  by additional 
exam ination .  S om e species  tha t  infect ha ir  f luo resce  under  
ultraviolet light (W o o d ’s lamp). T h e  infection o f  the hair  
shaft m ay  a lso  show  a r th roco n id ia  ou ts ide  the shaft (ec to- 
th r ix )  o r  inside the  shaf t  (endo th rix ) .  For in fec tions  o f  skin 
o r  nails ,  a  sc rap ing  is d iges ted  in KOH and  ex am in ed  for 
the p resence  o f  hyaline hyphal e lem ents  tha t  are not p ig 
m en ted .  C a lco f lu o r  w hite  is a lso a  useful and easy  stain  for 
ob ta in ing  f luo rescen t fungi. Spec ies  identif ica tion  requires  
culture .  C u ltu re  identif ication  is based p r im ar i ly  on the 
ap p ea ran ce  o f  the colony and  the m ic roscop ic  appea rance  
o f  the asexual rep rod uc t ive  con id ia .  W hile  all o f  these  
spec ies  g row  as m olds, they  have d is t inc t ive  fea tures .  T h e  
reverse o f  co lonies  o f  som e spec ies  m ay  be p igm ented  
(e .g .,  red or yellow) and the tops may be f lu ffy  o r  velvety, 
w hite  o r  p igm en ted .  T h ese  cha rac te r is t ic s  c o m b in ed  with 
the m icro sco p ic  m orpho logy  genera l ly  perm it  an iden t i
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fication. Generally , spec ies  o f  Trichophyton  are d is t in 
g u ished  m icroscopica lly  by th e i r  m icrocon id ia .  T h ese  s in 
g le-ce lled  con id ia  have som e  d if fe rences  in shape  and 
location. E piderm ophyton  flo c c o su m  and  spec ies  o f  M i
crosporum  are d is t ingu ished  by the ir  m acro con id ia .  T he  
m ulticelled  m acrocon id ia  o f  M icrosporum  have several 
d is t inc tive  shapes , vary in the n u m b er  o f  cells  in each 
m acro co n id iu m . and vary in the extent o f  the i r  p roduct ion  
by the  species .  T h e  m acro co n id iu m  o f  E. flo c c o su m  also 
has its ow n d is t inc t ive  shape. T h e re  are several reasons to 
m ake a co rrec t  d iagn os is  o f  etiology. For exam ple , i f  the 
source  o f  the  zoophil ic  species  is the  fam ily pe t.  infections 
are likely to recu r  i f  the pet is not proper ly  treated.

T r e a t m e n t

Generally ,  d e rm a to ph y te  infec tions are trea ted  w ith  topical 
d ru g s ,  m ost o f  w hich are available  w ithou t p rescrip t ion . 
N onprescrip tion  produc ts  include W h it f ie ld ’s o in tm en t 
and p repara tions that con ta in  undecylen ic  ac id ,  to lnaftate ,  
and the azo les  m icronazole  and c lo tr im azole .  P rescr ip t ion  
preparations include those containing haloprogin. ciclopirox 
olamine, the azoles  econazo le  o r ketoconazole .  o r the 
a lly lam ines  naft if ine  and terb in ifine. None o f  the  tr iazo les ,  
f luconazole ,  in traconazole ,  o r  te rconazole ,  have been  a p 
proved in the U nited  States for cu taneo us  infections. Tol
nafta te  and the a lly lam ines  a p p ea r  to inhibit  squalene  2 ,3- 
epoxidase , an essen tia l  e n zy m e  in e rgos te ro l  b iosynthesis .  
T h e  azoles  inh ib it  e rgosterol b iosyn th es is  at a la ter step, a 
cy to ch ro m e  P -4 5 0 -d e p e n d en t  d em eth y la t ion ,  in conver
sion o f  lanosterol to e rgos te ro l .  Som e azoles  may also 
cause  d irec t  physical dam age  to  a  fungal cell .  C iclopirox 
o lam ine  t rea tm en t dep le tes  in t race l lu la r  am in o  ac ids and 
ions probably  th rough  inh ib it ion  o f  t r an sp o r t  o f  these 
subs tances  in to  the  cell .  O ne d ru g ,  g r i seo fu lv in ,  w hich  is 
adm in is te red  orally, ap pea rs  to deposi t  at the base  o f  the 
stra tum  c o rn e u m  and su bsequen tly  reaches the infected  
region. This d rug may be considered for particularly chronic 
infections. K etoconazole  is a lso  an ora lly  adm in is te red  
d ru g  that  may be useful in infections that do  not respond  to 
topical applications. With t inea  ped is  (athlete 's foot),  an t i
bacte ria l co m p o u n d s  may be required  on occas ion  to re 
duce  secondary  bacte r ia l  infection.

V ir u l e n c e  Factors ,  Physiology, H o s t  R e s p o n s e

D erm a to p h y te s  show  an evolution toward paras i t i sm , as 
som e species  develop  ways to reduce  host response  and 
develop kera t inases  to uti lize  the hos t  keratin  better.  The  
response  o f  the  host to infection is to the m etabo li tes  
p ro du ced  by the fungi ra the r  than to the o rgan ism s  pe r  se, 
w hich rarely invade living tissue. In exp er im en ta l  in fec
tions, there  is a  sugges t ion  tha t host response  leads to 
increased  ep id e rm op o ies is ,  w hich  would  increase  the rate 
o f  shedding  o f  keratin  and reduce  d e rm ato ph y te  g row th

into new keratin .  Increased  fo rm ation  o f  kera t in  in the  area  
o f  a lesion cou ld  a lso  acco u n t  for ob se rva t io ns  o f  local 
im m u n i ty  to  re in fect ion . T h e  g row th  o f  the  o rg a n ism s  is 
inhib ited  at 37°C , w hich  is one fac to r  that he lps  limit 
infection to su r face  areas. A  se ru m  factor, probably  u n sa t
ura ted  t r an sfe r r in ,  also ap pea rs  to limit infec tions to  the 
skin. In the case  o f  t inea  cap it is  in the  ep idem ic  fo rm , the 
formation  o f  fatty ac ids  o f  the sca lp  a f te r  p ub e r ty  appears  
to limit this  in fec tion  to the  p repu ber ta l  years . Allerg ic  
reac t ions  to d e rm a to p h y te  an t igens  can  cause  s terile  e ru p 
tions, de rm a to p h y t id s ,  at o th e r  s i tes ,  such as on  the hands 
o f  patients w ith  t inea  pedis.

Subcutaneous Mycoses__________

G enera l C harac teris t ics

S u b cu taneo us  m y coses  are found  worldwide. In ce r ta in  
areas ,  som e o f  the  infec tions are  endem ic .  In m ost o f  these 
infections, several spec ies  o f  fungi can  cau se  the  sam e 
clin ical syndrom e. T h e  spec ies  im plicated  in these  in fec
tions are c o m m o n  soil saprophytes .  However, one agent 
m ay  be co m m o n ly  isolated from a pa r t icu la r  infec tion  in a 
g iven  area. T h e  o rg an ism s  have no  m ech a n ism  to invade 
tissue  and m us t  be in t rod uced  by so m e  m e th o d  o f  t raum atic  
im plan ta tion . Frequently, th is  will take the  form  o f  a 
p unc tu re  w ound  from a th o rn ,  tw ig ,  o r nail con tam in a ted  
with the fungus ,  o r the  fungus  will be su bsequen tly  in t ro 
duced  into the un c lo sed  w ound. G enera lly ,  i f  a  d isease  
develops , it is localized to th is  site. T h e  c o u rse  o f  infection 
is usual ly  slow and may con tin ue  over  a  p er iod  o f  years.

S p o ro tr ichos is

Manifestation, Etiology, and Epidemiology
Sporo tr ichos is ,  caused  by Sp o ro th rix  sch en ck ii, is ch a ra c 
te r ized  in its c u tane ou s  lym phatic  fo rm  by a lesion that 
b eg ins  as a  m ovable nodule  and subseq uen tly  beco m es  
necro t ic .  If  it is un trea ted ,  new les ions a p p ea r  a long  the 
lym phatic  d ra in ing  the  area .  T h is  pa tte rn  is v ir tua l ly  p a 
th o g n om o n ic  for this  fo rm  o f  sp o ro tr ich os is  (a spec ts  o f 
cu taneo us  lesions o f  so m e  bacte r ia l  d is ea se s  may be s im i
lar). In endem ic  areas ,  such as parts  o f  M exico , these  
lesions are frequently  on the  legs. In the  U nited  States, the 
infection is par t icu la r ly  associa ted  with g a rdeners  and 
those  involved with h o r t icu l tu re  and is s o m e t im e s  re fe rred  
to as the rose  g a rd ener  syndrom e. Very rare ly  does  d is sem 
ination  o ccu r  to o th e r  body  sites. A b o u t  75 percen t o f  cases  
repor ted  in li te ra ture  surveys  are o f  th is  type. In endem ic  
areas ,  an o th e r  c u ta n e o u s  fo rm ,  a  non lym phatic  or “ f ix e d ” 
fo rm ,  m ay  be seen. S ingle  lesions, w h ich  d o  not sp read ,  are 
often found on the face, neck ,  or finger. Finally, there  is a
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n o n c u tane ou s  form  o f  sys tem ic  infec tion that  may be on the 
increase. T h is  is a  p u lm on ary  o p p o r tu n is t ic  infection a sso 
c ia ted  with u rban  hospita ls .  It is se ldom  d iag n o sed  and is 
o f ten  found  in chronic  alcoholics .  Infection is initiated 
following inhalation  o f  fungal con id ia .

5. sch en ck ii  is the  on ly  etio logic  ag en t  o f  th is  infection. 
T h e  o rg a n ism  is found  w orldw ide  as  an  inhab i tan t o f  soil 
and decay ing  vegeta tion . Infection  can  o ccu r  in all age 
g roups . A b o u t  75  percen t o f  the patien ts  are  men. However, 
this  b ias  p robab ly  results  from increased  exposure.

Laboratory Diagnosis
A s prev iously  n o ted  for the  lym phatic  fo rm , the  appear
ance  o f  lesions along a  lym phatic  is very  charac te r is t ic ;  
however, an unequivoca l d iagnos is  requ ires  isolation and 
cu l tu re  identif ication . M ateria l  rem oved  from  such lesions 
can  be d irec tly  ex am in e d  for c igar-shaped yeast cells. 
S ta ins  such as c a lc o f lu o r  w hite  and f luo rescen t an tibodies  
m ay  be usefu l.  However, the  n u m b e r  o f  o rgan ism s  is often 
too  few for reliable o bserva t ion ,  and materia l  should  be 
subm it ted  for fungal culture. T h e  o rg an ism  is the rm a l ly  
d im orph ic .  In soil o r  at ro o m  tem p era tu re ,  it g row s as  a 
m old  w ith  d is t inc t ive  conid ia  tha t  are p ro du ced  in a pattern  
often desc r ibed  as a da isy  h ead .  A t 37°C , the  o rgan ism  
grow s as  a budd ing  yeast .  Sero log ic  m e th o d s  are not 
im portan t  in d iagnosis .

Treatment
P otass ium  iodide (K I) has proved  an e ffec tive  therapeu tic  
agen t,  w hich can  be ad m in is te re d  o ra lly  in m ilk  or applied 
topically. T h e  m o de  o f  action o f  KI is u n k no w n ,  and it is 
ineffec t ive  in vitro. A m p ho te r ic in  В may be used in re 
lapses o f  the  lym phatic  fo rm  or in d is sem ina ted  and pu l
m onary  infections.

M y c e to m a  (M ad u ro m y co s is ,  M a d u ra  Foot)

Manifestation, Etiology, and Epidemiology
M y ce to m a  o ccu rs  as  a localized swollen lesion, usual ly  on 
the  hand  o r  foot.  L es ions  conta in  suppu ra t in g  abscesses  
and m ultip le  s inus t rac ts  tha t d ra in  ex uda tes  with  granules  
con ta in ing  m icroorgan ism s.  T h e re  are tw o dis tinc t  g roups  
o f  o rg an ism s  capab le  o f  causing  th is  infec tion , fungi and 
actinomycetes. Twenty-one species o f  fungi, many o f  which 
are d em at iaceo us ,  have been  isolated from c a ses  o f  m y 
ce to m a .  M y ce to m a  infections with fungal e tio log ies  are 
c las s if ied  as e u m y c o t ic  m yce to m as ,  o r  eu m y ce to m as .  In 
the  U nited  S tates, the  d em a t ia ceo u s  P seu d a lle sch er ia  boy- 
d ii  is the  m o s t  co m m o n ly  iso lated  agent in the  few repor ted  
cases .  O th e r  spec ies  tha t have been isolated from  e u 
m yc e to m a s  are listed in Table 6 -2 ,  as are  several spec ies  o f  
actinomycetes associated with ac tinom ycetom a (see Chap. 4,

Table 6-2 Etiology of Mycetoma

Eumycotic mycetoma Actinomycotic mycetoma

Acremonium falciforme 
Acremonium kiliense 
Acremonium recifei 
Aspergillus nidulans 
Corynespora cassicola 
Curvularia lunata 
Cylindrocarpon destructans 
Exophiala jeanselm ei 
Fusarium moniliforme 
Fusarium sol an i var. coeruleum  
Fusarium solan! var. minus 
Leptosphaeria senegalensis 
Lepiosphaeria tompkinsii 
Madurella grisea 

Madurella mycetomatis 
Neotestudina rosatii 
Polycytella hominis 
Pseudallescheria boydii 
Pseudochaetosphaeronema larense 
Pyrenochaeta romeroi

u nd er  A ctinom ycetes) .  T h e  d isease  is s im i la r  regard less  o f 
the agen t,  a l though  infections associa ted  with a bacte ria l 
e t io logy  tend to be m ore  severe.

M ost o f  the agents  have been iso lated  in w idely  separated  
areas  o f  the w orld , a l though  so m e  agents  show som e 
geo g rap h ic  preference. T h e  d isease  is found  w orldw ide ,  
and in som e a reas  it o ccurs  com m only . A reas o f  high 
endem ic ity  include the S udan  and Mexico.

Laboratory Diagnosis
In d iagnos is ,  the bacte r ia l  o r  fungal e tio logy  m us t  be 
d is t in gu ished .  G ranu les  ob ta ined  f rom  the  d ra in ing  s inuses 
are exam ined  for the ir  gross  physica l  cha rac te r is t ic s  o f  size 
and color. M icroscop ic  exam ina tion  o f  the  w idth  o f  the 
o rg a n ism s  genera l ly  d if fe ren t ia tes  betw een  the  tw o m ajor  
e tio log ies ,  with  fungi having f i lam en ts  g rea te r  than  I p.m 
and b ac te r ia  f i lam ents  less than I p.m. O rg an ism s  f rom  the 
g ranu les  can  be cu ltu red  and the  colonial m orpho logy  and 
conid ia l  fo rm ation  used to identify  the  fungi. Bacteria l 
species  are identif ied  using colony m orphology, cell-wall 
com p o s i t io n ,  and physio log ic  character is t ics .

Treatment
T h e  re sponse  o f  e u m y c e to m a  to  an tifunga l therapy  has 
been  d isapp o in t ing .  Topical nystatin  and KI, am pho ter ic in

Actinomadura madurae 
Actinomadura pelletieri 
Actinomyces israelii 
Nocardia asteroides 
Nocardia otitidiscaviarum  
Nocardiopsis dassonvillei 
Streptomyces somaliensis
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В. and azole  co m p o u n d s  have been used with variable  
success .  T he  agents  are often  res istant to the  d ru g s  and 
d ru g s  m ay not penetra te  to the sites o f  infection. Surgical 
excision o f  sm all les ions or even am puta tion  in advanced  
cases  m ay  be indica ted . W ith  ac t in o m y co t ic  m yce tom as ,  
an t ibac te r ia l  an tib io t ics  such as su l fonam ides  are often 
effective. T h ese  are d iscussed  in Chap. 4 ,  u n der  A cti
nomycetes.

O th e r  S u b c u ta n e o u s  In fec tions  
A sso c ia ted  w i th  D e m a tia c e o u s  Fungi

T h e  nom encla tu re  o f  su b c u taneo us  infec tions (o the r  than 
m yce to m a)  associa ted  with d em at iaceou s  fungi and the 
taxonom y o f  the  causa t ive  agents  have been in flux . Until 
recently, many o f  these  infec tions were g rouped  u nd er  the 
te rm s chro m o b la s to m yco sis  o r  chrom om ycosis. M ore r e 
cently, the te rm  ch ro m o b la s to m yco sis  has been used to 
deno te  a specific  infection and p h a eo h yp h o m yco sis  to 
deno te  a he te rog eneo us  g ro u p  o f  o th e r  infections.

C h ro m o b la s to m y c o s is

Manifestations, Etiology, and Epidemiology
T his  su b cu tan eou s  infection is m an ifes t  as les ions that 
beg in  as  sm all ,  sca ly  papu les  at the site o f  inoculation  and 
gradually ,  over a p er iod  o f  t im e (w hich  may be many 
years),  develop into ve rruco us ,  u lcera ted ,  and crus ted  
lesions. Very rarely, infection d issem ina tes  to the central 
nervous  sys tem , w hich ap pea rs  to  be a p re fe rred  site in 
these cases . Lesions m ost frequently  o c c u r  on the  lower 
legs and feet. A nu m b er  o f  species  have been isolated from 
these  infections, \n c \ud \ng  F onsecaea p ed ro so i, F onsecaea  
com pacta , and P hia lophora  verrucosa .

T he  o rg an ism s  o ccu r  in soil w orldw ide,  with infection 
encoun te red  with g rea te r  f requency  in tropical areas .  They 
are am ong  the  co m m on  fungi found in ro t t ing  w ood and 
decay ing  vegeta tion . D isease  is en cou n te red  m o s t  f re 
quently  in the 30- to 50-year-old age  group. Infection  is 
m ore  frequent in m en  than w om en , w hich  probably, at least 
to som e ex ten t ,  re f lec ts  g rea te r  exposure.

Laboratory Diagnosis
E xam ina tion  o f  t issue  f rom  a lesion o f  ch ro m o b la s to m y co 
sis genera lly  reveals ch a rac te r is t ic  p igm en ted  sclerotic  
bodies . T h e se  s tru c tu res  are round  to p o lyhedra l ,  thick- 
walled fo rm s  that have c ross  div isions. H yphae  may a lso  be 
presen t.  C u ltu re  is requ ired  to identify  the  etio log ic  agent 
specifically. T he  colonial m orphology, g row th  rate, and 
m icroscopic  m orpho logy  o f  con id ia l  p roduc t ion  are  char
ac te r is t ic  o f  the  species.

Treatment
In ear ly  s tages  o f  in fec t io n . w ide  and d eep  surg ica l  excision 
has been successfu l t rea tm en t .  Many an tifunga l d ru g s  have 
been tr ied ,  with  variab le  results . R elapse, res is tance ,  and 
part ia l  cu re  are co m m o n .

P h a e o h y p h o m y c o s is

Phaeohyphomycosis infections are he terogeneous and range 
from superf ic ia l  les ions to deep -sea ted  infections. T he  
te rm ino lo gy  used to d e sc r ibe  these  in fec tions  often include 
a descr ip t ion  o f  the  si te  o f  infection as  well as  the  e tio log ic  
agents . T h e  agen ts  o f  sub cu tan eo u s  p h ae o h y ph om y c o s is  
include E xoph ia la  je a n s e lm e i  and E. d e rm a titid is . T hese  
infec tions may result in fo rm ation  o f  su b cu tan eo u s  cysts. 
T issue  rem oved  from  such les ions co n ta in s  p igm en ted  
fungal e lem ents ,  hyphae , and yeast like  cells. Posi t ive  id en 
tif ication  involves exam ina tion  o f  colonial m o rph o log y  of 
the e tio log ic  agen t and its con id ia .  In c a ses  o f  su b cu tan e 
ous cys t  fo rm ation ,  surgica l excis ion  has been success fu l .

As no ted ,  the  te rm in o lo g y  used to d e sc r ibe  these  in fec 
tions inc ludes  a descr ip t ion  o f  the t issue  a ffec ted .  A m on g  
the  deep-sea ted  infec tions is cerebra l  p h aeo hy ph om yc os is ,  
which  m ay be increas ing  in frequency. F onsecaea  p ed -  
roso i, E . d e rm a titid is , and  C la d o sp o riu m  tr ich o id es  have 
been isolated from  these  infections. C ase s  have been r e 
por ted  more f requently  in men than w om en. T h e se  in fec 
tions are genera l ly  fatal.

O th e r  S u b c u ta n e o u s  In fec tions

Entomophthoromycosis 
(Subcutaneous Zygomycosis)
T h ese  su b cu tan eo u s  infec tions can  be co n s id e red  a  su b 
c lass  o f  zy g om yco s is ,  and  the  su b c lass  is d iv ided  in to  two 
types, entom ophthorom ycosis  conidiobolae and en tom oph
thoromycosis basid iobolae. A n o th e r  subc lass ,  m u c o r m y 
cosis .  w h ich  is h is topa tho log ica lly  and clin ica l ly  d is t inc t ,  
is d iscussed  in the sec t ion  on op p o r tu n is t ic  m yco ses .  T he  
s u b c u ta n e o u s  in fe c t io n s  o f  e n to m o p h th o r o m y c o s i s  are 
chron ic  in f lam m ato ry  or g ran u lo m ato us  d iseases.

E n t o m o p h t h o r o m y c o s i s  
C o n i d i o b o l a e  ( R h i n o e n t o m o p h t h o r o m y c o s i s )

E n to m o p h th o ro m y c o s is  con id iobo lae  is an u n co m m o n  m y
cosis  that has been d iagn osed  p r im ar i ly  in adults . Most 
cases  o ccu r  in A fr ica ,  and m os t  are in men. Nasal polyps 
develop, and the  infec tion ex tends  into o th e r  areas  o f  the 
body accom p an ied  by ed em a .  T h e  ex tend ing  m ass  is p a lp a 
ble. S pread  to su b c u ta n e o u s  facial t issue  so m e t im es  o c 
curs . T he  etio log ic  agen t is C o n id iobo lu s co ro n a tu s  o r
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Table 6-3 Systemic Mycoses

Infection Etiologic agent
Growth form in 
nature or at 25°C Tissue form

Culture morphology 
used in identification

B l a s t o m y c o s i s Blastomyces M o l d Y eas t Y eas t :  b r o a d  b a s e  a t t a c h m e n t

dermatitidis o f  b u d  to  p a r e n t  c e l l

C o c c i d i o i d o m y c o s i s Coccidioides M o l d S p h e r u l e M o ld :  a r t h r o c o n i d i a  p r o d u c e d

immitis ( s p o r a n g i u m ) in  a l t e r n a t e  c e l l s

C r y p t o c o c c o s i s Cryptococcus Y e as t  ( m a y  h a v e Y eas t : Y eas t :  e n c a p s u l a t e d

neoformans m i n i m u m  c a p s u l e ) e n c a p s u l a t e d

H i s t o p l a s m o s i s Histoplasma M o l d Y eas t M o ld :  t u b e r c u l a t e

capsulation m a c r o c o n i d i a

P a r a c o c c i d i o i d o m y c o s i s Pa гас о ccidioi des M o l d Y eas t Y eas t :  m u l t i p l e  b u d s  a t t a c h e d

brasiliensis to  p a r e n t  ce l l

rarely C onid iobo lu s incongruus. T rea tm en t has included  
iodides,  am pho ter ic in  B , ketoconazole ,  and surgery.

E n t o m o p h t h o r o m y c o s i s  B as id io b o la e  
( S u b c u t a n e o u s  Phycom ycosi s)

E n to m o p h th o ro m y co s is  bas id iobolae  is a chron ic ,  self- 
l im iting  m ycos is  d iagn osed  p r im ar i ly  in yo ung  men (less 
than  20 years  o f  age)  in A fr ica ,  In d ia ,  and Indonesia .  
Infection b eg ins  as  a  sub cu tan eo u s  n odule  tha t  increases in 
size. W ith  t im e ,  a large f i rm  m ass  fo rm s  on the t ru nk  or 
limb. T he  etio log ic  agen t,  B a sid io b o lu s ra n a ru m  (h ap to -  
sp o ru s), has been isolated from  decaying  vegeta tion  and 
from the in testinal t rac t  o f  beetles ,  frogs ,  and lizards. The  
p rognos is  is goo d .  P o tass ium  iodide  has been used su c 
cess fu lly  and spon taneous  re so lu tions  have been noted.

Lobomycosis (Jorge Lobo's Disease)
L o bo m y co s is  is an u n com m o n  infection . Several hundred  
cases  have been repor ted  in the  A m ericas ,  the  vast m a jo r
ity from  South  A m er ic a .  T h e  etio log ic  agen t is Loboa  
lo b o i, w hich has not been su ccessfu l ly  cu ltu red .  The 
infection is chron ic  and localized  in the sk in  but may spread 
peripherally by autoinoculation. The lesion is sometimes 
v e r ru co u s  and u lcera ted .  L esions  may develop  over  an 
ex tended  period  o f  time. T he  o rgan ism  appears  in tissue  as 
single  cells o r  ch a in s  o f  g lobose , o r  lem on-shaped  cells 
abou t 9 fxm in size. Surgical t rea tm en t is genera l ly  r e c o m 
m en d ed ,  espec ia lly  fo r  single, ear ly  lesions. T h e  course  o f  
the  infection is slow and m ay pers is t  for 20  to 30  years . 
There  is no  ev idence  o f  spo n tan eou s  healing .

Rhinosporidiosis
R h in o sp o r id io s is  is a  chron ic ,  g ranu lom atous  infection in 
w hich po lyps  form  on the face, par t icu la r ly  in the nasal 
area. M ore  than  2000  cases  have been d iag n o se d ,  p r im a r i 
ly in India  and Sri L ank a .  T h e  o ccup a t io ns  and  ac tiv it ies  o f

patients su gg es t  that the  o rg an ism  may have a natural 
aquatic  o r pe rhaps  soil habita t.  However, infection has 
been no ted  in many areas inc lud ing  the U nited  States. T h e  
etio log ic  agen t is R h in o sp o r id iu m  seeb er i. w hich  has not 
been  cu ltu red .  In  tissue, it develops a large 6 - to 3 0 0 -рлп 
spher ica l  spo rang iu m  that ,  w hen m ature ,  is fi lled with 
en dospores .  On lysis, these  e n d o sp o res  then repeat the 
deve lopm enta l  sequence.

Systemic Mycoses_______________

G en era l  C harac teris tics

T h ere  is a  g ro up  o f  fungi that are capab le  o f  initia ting  a 
sys tem ic  infection in a n o rm a l ,  hea l thy  ind iv idual .  T hese  
infections o r ig ina te  as  p r im a ry  p u lm o n a ry  infec tions fol
lowing inhalation  o f  the fungi .  M ost o f  these  infections are 
a sym p to m atic  o r  subcl in ica l;  however, the  infec tion  may 
be sym ptom atic  o r  p rogress  to d issem ina ted  disease. The 
sym p to m atic  and d is sem ina ted  infec tions genera lly  o ccur  
in a cha rac te r is t ic  suscep tib le  subpopu la tion  unless  indi
v iduals  are exposed  to large  inocula .  T h e  in fec tions  tend to 
o ccu r  in endem ic  areas. E p idem io log ic  surveys, w here 
appro p r ia te  im m u no log ic  skin test reagents  are available, 
show  that as m uch  as 90  percen t o f  the total popula t ion  has 
a h is to ry  o f  infection. F o r  so m e  o f  these  infections, there  
appears  to be im m u n i ty  to re infection . M ost o f  the  c a u sa 
tive o rg an ism s  are  the rm a l ly  d im o rph ic ,  having d ifferent 
fo rm s  in th e ir  saprobic  habita t and in tissue. S om e  ch a rac 
ter is t ics  o f  the  various  fungi are su m m arized  in Table 6-3.

C occid io idom ycosis

Manifestation, Etiology, and Epidemiology
C o cc id io id es  im m itis  is the  e tio log ic  agent o f  co cc id io id o 
mycosis .  T h e  d isease  is an inapparen t o r ben ign  resp ira tory
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infection in approxim ate ly  60  percen t o f  infected  ind iv idu
als, but in som e it p rodu ces  mildly severe  resp ira tory  
sym ptom s.  Less  than  20 percen t o f  infected  person s  have 
allergic responses.  In 5 to 10 percen t o f  sym ptom atic  
patients , a ben ig n ,  chronic  pu lm o n a ry  form  develops in 
w hich th in -w alled  lung cavit ies  o r  g ran u lom as  are left.  In 
abou t  1 to 50  percen t o f  patients ,  depend ing  on b a c k 
g ro un d ,  a p rogress ive  p u lm o nary  infec tion  o r  d is s e m i
nated  infection develops tha t m ay  o ccu r  in m eninges ,  skin, 
o r  bone, o r  may be g enera l ized .  T h ese  c a ses  follow e i th e r  a 
rap id  o r  ins id ious c o u rse  and are po ten t ia l ly  fa ta l . D is sem i
nated  infections m ay have pe r iods  o f  rem iss ion  and exacer
bation.

C o ccid io id es im m itis  is genera l ly  found in a part icu la r  
eco log ic  niche know n as the  L ow er Sonoran  Life Zone. 
T hese  a reas  are ch a rac te r ized  by low rainfall and high 
s u m m er  tem p era tu res  and  have a cha rac te r is t ic  flora and 
fauna. In the U nited  States, the areas  include the  San 
Joaquin  Valley o f  C a lifo rn ia  and along the  bo rd e r  o f  M exi
co. A dditional areas  are located in C entra l  M exico  and 
S outh  A m erica .  C o ccid io id es im m itis  lives in soil as a 
m old . D uring  a wet p e r iod ,  the m old  prolifera tes ,  and 
during  dry  pe r iod s ,  a l te rnate  cells  o f  som e o f  the  hyphae 
form  th ick -w a lled ,  barre l-shap ed  a r th ro co n id ia  tha t  w ith 
s tand the  d ry  condit ions .  T h ese  a r th ro co n id ia  m ay  be 
s t ir red  up w hen  the top  layer o f  soil is d is tu rbed  (e .g . ,  by 
w ind ,  a rchaeolog ic  excavation) and  inhaled . In lungs, the 
a r th ro con id ia  swell to fo rm  a spher ica l  s tru c tu re  in which 
m any nuclei accum ula te .  T h ese  nuclei are subsequently  
su rro u nd ed  by a cell wall to fo rm  en d ospo res  co n ta in ed  in a 
spheru le  (sporangium ). U po n  lysis, each o f  the  re leased 
endosp o res  fo rm s a new spherule.

A lm os t  all ind iv iduals  w h o  inhale  the a r th ro co n id ia  be
co m e  infec ted , and ep idem io log ic  s tud ies  show  a 9 0  per
cent infection rate in the  highly  endem ic  areas  and  a 50  to 
70 percen t rate in o th e r  endem ic  areas .  T he  b en ign  p u lm o 
nary  form  o f  infection with allergic reac t ions  is found  m ost 
o ften  am ong  w hite  w om en. D issem ina ted  infections o ccur  
m ost f requently  in m en ,  and am on g  these, m en  with p ig 
mented skin are comm only  victims (e.g., Filipinos, blacks). 
W omen in the  th ird  t r im es te r  o f  p reg nan cy  and im m u n o 
c o m p ro m ised  individuals  inc lud ing  patients with  acquired  
im m un o def ic ien cy  syndrom e (A ID S )  are a lso  susceptib le  
to d issem ina ted  infection. R ecovery  from  infection a p 
pears  to con fe r  a  p e rm an en t  im m u n i ty  to re infection.

Laboratory Diagnosis
In endem ic  areas ,  cocc id io id om y cos is  may be know n by 
o th e r  nam es ,  such as valley fever. It is e s t im a ted  that about
100 .000  new  cases  o ccu r  each year in the U nited  States and 
cause  s ignificant morbidity .  O u ts ide  the endem ic  areas ,  a 
case  h is to ry  tha t inc ludes  in form ation  abou t  travel into

endem ic  a reas  may be usefu l in sug ges t ing  a fungal e tio l
ogy  for a re sp ira to ry  infec tion  o f  un know n cause. The 
infection m ust be  d is t in gu ished  from  o th e r  resp ira to ry  
infections. W hile  p u lm o n a ry  x-ray  m ay reveal pa tte rns  
associa ted  with cocc id io id o m y c o s is ,  these  pa tte rn s  a re  not 
exclusive. S p u tu m , pus ,  and  b iopsy  m ater ia l  need  to be 
exam ined  direc tly  for the  p resence  o f  sp o ran g ia  o r  spher
ules. Such ev idence  is suffic ien t for a tentative d iagnosis .  
S p ec im ens  are cu l tu red ,  and  in 1 to  2 w eeks ,  a w h ite  mold 
p roduc ing  a r th ro con id ia ,  w hich  m us t  be ex am in ed  with 
care  in the  c lin ica l  laboratory , is d iagnos t ic .  A d eo x y r ib o 
nucleic  ac id  (D N A ) probe  is also available  for iden t if ica 
tion. It can  be used on relatively  y oung  cu ltu res  before 
suffic ient g row th  o ccu rs  for m orpho log ic  exam ina tion  o f  
sporu la tion  o r  for app lica tion  o f  the  ex oan tigen  test.  T h ere  
are several sero log ic  tes ts  tha t c an  be used in d iag no s is  and 
cu ltu re  iden tif ication  (exoantigen) .  A skin tes t  reveals past 
o r  p resen t infection. O th e r  tes ts  have been deve loped  in 
w hich  the t i te r  o f  the  reac t ion  may d if fe ren t ia te  d is s e m i
nated  and p u lm o n a ry  infection and  that can  be used to 
follow the  course  o f  infection.

Treatment
No therapy  is requ ired  for the  m a jo r i ty  o f  in fec tions, w hich  
are inapparen t  o r  subc lin ica l .  F o r  m o s t  sy m p tom atic  in fec
tions, nonspec if ic  su p p o r t ive  the rapy  is all tha t is n eeded .  
However, the  c o n c e rn  is to d e te rm in e  w hich  o f  the  sy m p 
tom atic  patien ts  are  likely to have m ore  se r ious  i l lness  and 
m ay  need  an tifunga l therapy. A m p h o te r ic in  В is the  p r im a 
ry  d ru g  for therapy. K etoconazole  is a  su i table  a lte rna t ive  
for n o n - l i fe - th re a ten in g  infections.

Pathogenesis and Virulence
Fungal v iru lence  fac to rs  and host  re sponse  are in c o m 
pletely defined  but several ob se rva t io ns  are relevant. Pha- 
go so m e- ly so so m e  fusion is inh ib ited  in m ac ro ph ages  in 
ges t ing  a r th ro co n id ia  and en d ospo res  and these  part ic les  
are not k il led  intracellularily . W all-assoc ia ted  p ro te inases  
m ay  be im p ortan t  in l ibera t ing  e n d o sp o res  fro m  spheru les ,  
a  step essen tia l  in p ropaga tion  o f  the  microbe. H u m an  sex 
h o rm o n es  s t im ula te  in vitro  sph e ru le  g row th ,  and h o rm o n 
al levels in p regnan t  w om en may in p a r t ic u la r  c o n tr ib u te  to 
susceptib ili ty .  Suppress ion  o f  T-cell re sp on se  has  been 
noted  in d is sem in a ted  d isease. Im m u n e  com plexes  are 
de tec tab le  in patien t sera  and  may c o n tr ib u te  to im m une  
suppress ion  and local in f lam m ato ry  reactions.

H is top lasm osis

Manifestation, Etiology, and Epidemiology
H istop lasm osis  is caused  by  H isto p la sm a  ca p su la tu m . The  
fungus  is an in trace l lu la r  p aras ite  o f  cells  o f  the  re t icu loen 
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d o the l ia l  sys tem . It is a  very  c o m m o n  infection with 
w orldw ide  d is tr ibu t ion .  T h e re  are  m any  presen ta t ions  of 
infection. P u lm o n a ry  in fec tions  range  from  asy m ptom atic  
o r  subc l in ica l  (95% ) to severe with a  varie ty  o f  nonspecif ic  
sy m p to m s  inc lud ing  nonprod uc t iv e  co ug h ,  n igh t sweats, 
and genera l  malaise. Even in infec tions tha t run a benign 
cou rse ,  t rans ien t d issem ina tion  occ u rs  as  a result o f  in
vo lvem ent o f  the  re t icu loendo the l ia l  sys tem . T h e  only 
ev idence  o f  such d issem ina tion  may be h is topa tho logy  
w ith  lesions, for exam ple ,  in the  spleen. T h e re  are more 
se r iou s  form s o f  infection that  m ay  be cons ide red  oppo r
tun is t ic .  s ince  suscep tib le  individuals  usua l ly  have a p re 
d ispos ing  factor. S y m pto m at ic  d issem ina ted  infection o c 
curs  in abou t 1 o f  every  100.000 to  150 .000  cases. In some 
o f  these  cases ,  there  may be a severe, p rogress ive  d is sem 
ination resu lt ing  in infection o f  the  sp leen, liver, oral 
m u co sa ,  and so on. T h e re  is a  fu lm inan t  fo rm  o f  infection 
am ong  infants and a m o ng  im m u n o co m p ro m ise d  adults  
inc lud ing  A ID S  patien ts  tha t  develops very  rapidly. The 
m o s t  c om m o n  d is sem in a ted  fo rm  in adults  is a mildly 
chronic  d isease  in w hich  an o ro ph ary ng ea l  u lcer  develops 
in m any  patients . T h e re  is a lso  a chron ic  p rogress ive  form 
o f  the d isease  in w hich  infections o c c u r  in cav ita ry  lesions 
in the  lungs. R eso lu t ion  o f  all o f  these  infec tions provide a 
certa in  degree  o f  im munity  to reinfection. A form o f  the 
d isease encountered primarily  in Africa  is associated with a 
variant strain o f  the species, H. capsulation  van duboisii. The 
infection is similar to classic  histoplasmosis in that yeasts are 
found primarily  inside cells, but African histoplasmosis 
differs in that most lesions are cutaneous, subcutaneous, or 
osseous and are rarely pulmonary. In addition, the yeast cells 
are much larger than those o f  variety capsulation.

H istop lasm a capsu la tum  occurs worldwide, but there are 
endemic areas. Infections have been reported in at least 60 
countries. In the United States, the endemic area, in broad 
terms, is the eastern  half  o f  the country. The organism grows 
well in soil with a high nitrogen content and is generally 
associated with bird and bat guano. In the United States, the 
organism is frequently associated with the roosting areas of 
starlings, which are gregarious birds. Epidem ics may be 
associated with d is turbances o f  soil,  particularly in roosting 
areas. In soil,  the organism  grows as a  mold, producing both 
macroconidia (10 |xm in diameter) and microconidia (3 p.m in 
diameter). Because o f  their size, it is probably the micro
conidia  that are inhaled and initiate infection.

In h igh ly  endem ic  areas  o f  the U nited  States, e p id e m 
io logic survey sug ges ts  a  h is to ry  o f  infection in 80  to 90 
percen t o f  the  popu la t ion .  S om e e s t im a tes  indicate  that
5 0 0 .0 0 0  new cases  o c c u r  each  year, with  4 0 0 0  requ ir ing  
hosp i ta l iza t ion .  In ch ild ren ,  sy m p to m atic  infec tions show 
no sexual bias. A m on g  adults ,  approxim ate ly  75 percen t o f 
the  sy m ptom atic  p u lm on ary  infec tions o c c u r  in men. The 
mildly chronic  fo rm  o f  infection is the m ost co m m o n

com plica t ion  in adults , and about 75 percen t o f  these  cases  
o ccu r  in men. Sym ptom at ic  d issem ina ted  in fection  occurs  
m ore  frequently  in males. A m o ng  patients with A ID S  the 
frequency  m ay be 15 percent in endem ic  a reas  and som e 
hospi ta ls  have repor ted  a h igh e r  frequency. M any o f  these 
infec tions are th ou gh t  to occ u r  from  reactivation .

Laboratory Diagnosis
T h e  sy m p to m s  o f  infection are very  s im i la r  to th ose  o f  
tu bercu los is ,  and this is one o f  the m a jo r  infec tions that 
m ust be  c o n s ide red  in m aking  a  d ifferen t ia l  d iagnos is .  A 
case  h is to ry  revealing  that the patient has  been ex posed  to 
soil aeroso ls  sugges ts  a sou rce  o f  a ir -bo rne  co n id ia .  A 
direct m icroscop ic  exam ina tion  o f  cells  from sp u tu m , 
blood , u r ine ,  o r  b iopsy m ay reveal the in t race l lu la r  yeasts. 
However, sp u tu m  is o ften  negative  and less useful in 
d iagnos ing  h is top lasm os is  than  o th e r  fungal infections. 
S p ec im en s  should  be cu ltu red .  T h e  o rg an ism  is therm ally  
d im orph ic .  It g row s as  a  mold  at roo m  tem pera tu re ,  and the 
m ac roco n id ia ,  w hich are large and ech ina te  w ith  spiky 
p ro tru s io ns  on the  su rface ,  are part icu la r ly  d is t inc t ive  in 
identif ication . T he  o rg a n ism  is slow g row ing ,  and  cu ltu res  
are genera l ly  held  12 w eeks  before  d isca rd in g .  T h e  hyphal 
fo rm  m ay be  converted  to the yeast  fo rm . DNA probe and 
exoantigen  tests are a lso  available for H . ca psu la tion . 
Inocula tion  o f  mice, w h ich  are  suscep tib le  to infec tion , can 
be used as  an aid to isolate the  o rg an ism  from patient 
spec im ens .  Serologic  tes ts  are an addit ional aid in d ia g 
nosis. T he  chang es  in s e ru m  ti ters  m ay  be usefu l  in 
d iagn os is  and in d e te rm in in g  the co u rse  o f  infection.

Treatment
As w ith  o th e r  sys tem ic  infections, sym p tom atic  p u lm o n 
a ry  infection m ay require  su p po r t iv e  therapy. A ntifungal 
therapy  is genera l ly  used with acute  p r im ary  p u lm on ary  
infections and  cer ta in ly  required  for d is sem ina ted  p rog res 
sive infections. A m p ho te r ic in  В is the  p re fe rred  c h e m o 
th e rap eu tic  agent.  T h e  im idazole  c o m p o u n d  ke toconazole  
is an a lte rna t ive  therapy, par t icu lar ly  for n o n - l i fe - th rea ten 
ing infections. T he  role o f  new er azo les  is not known. 
M ain tenan ce  therapy  in A ID S  patien ts  is ind ica ted .  S u rg i
cal excis ion m ay be r e c o m m en d ed  for pu lm o n a ry  lesions.

Pathogenesis and Virulence
In a m u r ine  m od e l ,  s t ra ins  unable to un dergo  the m ycelia l-  
yeast  m orph og enes is  were unable to estab lish  infection. 
Yeast cells  p h ag o cy tized  by neu troph ils  are kil led while 
those  ph ago cy tized  by m ac ro ph ages  su rv ive  and multiply. 
In na ive  m acro p h ag es  the yeast  cells  do  not e licit an 
o x ida t ive  bu rs t ,  but im m u n e  T  cells  o r lym phok ines  are 
able to activa te  m acro p h a g e s  that inhibit the  g ro w th  o f  
fung i they engulf . In a m ur ine  m odel fungal an tigen  a p 
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pears  to e licit a suppress ion  o f  the ce ll -m ed ia ted  im m une 
response.

B lastom ycosis

Manifestation, Etiology, and Epidemiology
B lastom yces d erm a titid is  is the etio log ic  agen t o f  b las to
m ycosis .  L oca l ized  o u tb reaks  provide  ev idence  for a s y m p 
tom atic  infection and sp on tan eou s  recovery  from  s y m p 
tom atic  p u lm o n a ry  infection. C ases  o f  c l in ica l  p u lm onary  
infection have been repor ted  and by an a lo gy  w ith  c o c 
c id io ido m yco s is  and h is top lasm os is  m ost infections are 
p ro b a b ly  su b c l in ic a l .  M os t  c a s e s  b ro u g h t  to m ed ica l 
a tten t ion  are o f  tw o types: unreso lv ing  p u lm on ary  in fec
tion that  f requently  leads to gene ra l ized  d issem ina tion ,  
w ith  sk in , bones ,  g en i to u r in a ry  trac t ,  and cen tra l  nervous  
sys tem  as the  m o s t  c o m m o n  sites, o r  chron ic  cu tane ous  
infection. C u tan e o u s  les ions are  the m o s t  c o m m o n  m a n i 
festation o f  ex trap u lm o n ary  infection. L esions  are most 
co m m on  on  ex posed  su r faces  such as  face and hand. 
L esions  beg in  as a nodule ,  w hich  subsequen tly  ulcerates 
and sp reads  slowly.

K n ow ledge  o f  the  geog raph ic  d is tr ib u t io n  o f  the o rg a n 
ism is based  on case repor ts ,  o r ig ina t in g  pr im ar i ly  from 
N orth  A m e r ica ,  and the  d isease ,  therefore ,  w as previously 
called North A m erican blastomycosis. In the United States, 
infec tions are repor ted  p r im ar i ly  from  the ea s te rn  h a lf  of  
the c o u n try  w ith  local ized  a reas o f  grea te r  endemicity .  The 
infection is a lso  know n now to be endem ic  in w idespread  
a reas o f  A fr ica .  T h e  na tura l  habita t o f  the  o rg an ism  is 
unknow n. S ince  it ap p ea rs  tha t infection follows the p a t
te rn  o f  o th e r  sys tem ic  fungal in fections, the h ab ita t  is 
p resu m ed  to be the soil o r  vegeta tion . T h e  o rgan ism  grow s 
as  a m old ,  p roduc ing  con id ia  tha t  a p p ea r  to be inhaled  to 
initiate infection.

As no ted ,  the  lack o f  a sk in  test l imits  the  ep idem io log ic  
in form ation  to sym p tom atic  cases .  It is k no w n ,  however, 
tha t all ag es  are a ffec ted ,  with  a  sl ight p rep on deran ce  in the 
30- to 60 -y ea r  age  group. S y m p to m at ic  infec tions are 
repor ted  to o ccu r  more f requently  am ong  men. However, in 
ep idem ics  in w hich  several ind iv iduals  show  a com m on 
infection history, th is  b ias  is not apparen t .

Laboratory Diagnosis
T h e  infection m ust be d if feren t ia ted  from o th e r  m ycoses ,  
tu bercu los is ,  and  o th e r  infections. M ater ia l  rem oved  from 
lesions is ex am in ed  for the charac te r is t ic  yeasts ,  w hich  are 
relatively large (8 - 2 5  p.m in d iam ete r )  and th ick  walled , 
and have a broad  neck or base  be tw een  the  paren t yeast  cell 
and the develop ing  bud. In cu ltu re ,  the o rg an ism  is ther
m ally  d im orph ic .  It g ro w s  as a mold  at roo m  tem perature ,  
w here  it p rodu ces  ra ther  ind is t inc t ive  con id ia .  T h e  o rg a n 

ism can be converted  to the  yeast  fo rm . T h e  b road -based  
b udd ing  yeasts that c h a rac te r ize  th is  spec ies  are very 
d is t inc t ive  and useful in identif ication . DNA probe and 
exoan tigen  tes ts  are a lso  available  for B. d erm a titid is . 
Serologic  tes ts  m ay  be useful in e s tab lish ing  a d iagnos is  
but are not as well developed  or specific  as  those  previously  
d iscussed .

Treatment
A m p ho te r ic in  В is genera l ly  the  d ru g  o f  cho ice  for severe 
infection. A less toxic and a lso  less e ffec t iv e  d ru g  tha t is 
used  in som e ca ses  is 2 -h y d rox ys t i lbam id ine  isethionate. 
K etoconazo le  and  new er azoles  may also be con s ide red  
p a rt icu la r ly  for less severe infection.

Pathogenesis and Virulence
In a m ur in e  m o de l ,  m o rp h og enes is  from  hypha l  to  yeast 
fo rm  w as n ecessa ry  to es tab lish  infection. T h e  fungus  
p ro d u c e s  a  c h e m o ta c t i c  f a c to r  for p o ly m o rp h o n u c le a r  
( P M N )  ly m ph ocy tes  w hose  p resence  s t im ula te s  fungal 
g row th ,  a l though  m acro p h ag e  can  p hag o cy tize  and  kill the 
microbe. A lso , in an im al m odels ,  the  fungus  induces  s p e 
cific T  su pp re sso r  cells  that block ce l lu la r  im m u n e  re 
sponse.

Paracoccid io idom ycosis  
(S o u th  A m erican  B lastom ycosis)

Manifestation, Etiology, and Epidemiology
P aracocc id io id om yco s is  is a  ch ron ic ,  so m e t im e s  fatal m y 
cosis  that beg ins w ith  p r im ary  p u lm o n a ry  in fec tions  and 
d issem in a tes  to m ucosa l su rfaces ,  inc lud ing  the  g ing iva ,  
w here  it p rodu ces  ulcerations. T h e  etio log ic  agen t is P ara
co cc id io id e s  b ra s ilien s is . T h e  infection in m any  ind iv idu
als is probably  a sy m p to m a tic  o r subc l in ica l  and  se l f- l im it
ing o r  may becom e latent. M ost c lin ica l  c a ses  can  be 
b road ly  c lass if ied  into tw o  types. O ne  typ e ,  chron ic  p ro 
g ress ive  infection, genera l ly  a r ises  from  a latent o r  q u ie s 
cen t  lesion and  includes  m ore  than 9 0  percen t  o f  cases . 
S o m e  c a ses  are res tr ic ted  to pu lm o n a ry  les ions but m ost 
have d is sem ina ted  infections a l th ou gh  p u lm o n a ry  sy m p 
tom s m ay also be  presen t.  T h e  site o f  d is sem ina t io n  is most 
f requently  the  o ro ph ary ng ea l  m u co sa  and  g ing iva ,  fol
lowed by lym ph nod es  and  skin. Internal les ions have also 
been noted  in v ir tua l ly  every  organ . A sm all n u m b er  o f 
a cu te /su b acu te  p rogress ive  p u lm o n a ry  ca ses  in ch ild ren  
and young  adults  have been  repor ted .

T h e  infec tion  oc cu rs  in C en tra l  and  S o u th  A m er ica ,  
a l though  it has  not been repor ted  from  several co u n tr ie s  in 
these  areas .  T h e re  are reg ions  o f  increased  end em ic i ty  in 
Brazil ,  C o lom b ia ,  V enezuela ,  A rgen tina ,  and  Paraguay.
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A lthough  the  eco log y  o f  the o rg a n ism  has not been fully 
d e sc r ib ed ,  it is p re su m ed  to g row  as a mold  in a soil 
env ironm en t .  T h e  mold  form  may produce  various  con id ia ,  
none o f  w hich  are ch a rac te r is t ic  o f  the  species.

E p idem io log ic  skin  tes ting  shows a posi t ive  response 
rate o f  5 to  25 pe rcen t ,  w hich  is som ew h a t  lower in urban 
environm ents .  D is t r ibu t ion  is equal am ong  m en and w o m 
en. S y m p to m at ic  d isease  occ u rs  m ost o ften  in the  30- to 
50 -yea r  age group. M ost pa tien ts  are m en  (8 0 -9 0 % ) ,  and 
m any are rura l workers.

Laboratory Diagnosis
F o r  d iag no s is ,  materia l  recovered  from a lesion or from 
spu tu m  is d irec tly  ex am in ed  for the  p resence  o f  the  d is t in c 
tive b u d d in g  form  o f  the o rg an ism .  A large yeast  cell 
(about 30 p.m in d iam ete r )  is cap ab le  o f  p roduc ing  more 
than  one bud  at a  time. T he  b uds  are  con n ec ted  to the parent 
cell by  a na rrow  neck ,  w hich  results  in a  d is t inc tive  
appearance .  T h is  d is t inc t ive  p ic ture  has been d e sc r ib ed  as 
“ p ilo t’s w h ee l ."  T h e  o rg an ism  is th e rm a l ly  d im o rph ic .  At 
roo m  tem pera tu re ,  it g row s  as  a mold  w ith  sparse  p ro d u c 
tion  o f  con id ia .  T h e  o rg an ism  m ay be converted  to the 
yeast  fo rm . T h e  very  d is t inc t ive  form  o f  yeast  g row th  is 
usefu l for identif ication . Sero log ic  tests are useful for both 
d iagn os is  and prognosis .

Treatment
K etoconazo le  is cons id e red  by many to be the  d ru g  of 
cho ice  for all but the  m o s t  se r iou s  manifesta tions. A m 
pho ter ic in  В has previously  proved an effec tive  t rea tm en t 
but has g rea te r  toxicity  and requires  an inpatient setting. 
Also, su lfon am id es ,  such as su lfad iaz ine ,  have proved 
benefic ia l  in an ou tpat ien t popu la t ion .  Even w ith  co m p l i 
ance  and  lo ng- te rm  therapy, re lapses have been noted .

Pathogenesis and Virulence
R ecen t labora to ry  s tud ies  a tt r ibu te  the sexual b ias  am ong 
patients with  c lin ica l  m an ifes ta tions  to  h o rm o na l  in te rac
tions  betw een  the  host and fungus . T h e  fungus  has  e s trogen  
but not androgen  receptors .  E s trogen  inhibits  the conver
sion o f  the  mycelia l  fo rm , w hich  is inha led ,  to the  yeast 
fo rm  that is p resen t in infection . T he  h ig h e r  e s t ro gen  levels 
in w om en are tho ug h t  to  reduce  the  ab il i ty  o f  the o rgan ism  
to  convert  to the  fo rm  assoc ia ted  w ith  infection. Mor
p hogenesis  f rom  hyphal to yeast  fo rm  in the  an im al model 
is requ ired  for infection. T h e  fung us  induces  specific  T  
sup p resso r  cells  that b lock  im m un e  response. A role for 
na tural k il le r  (N K ) cells in natural res is tance  to infection 
has been sugges ted .

Cryptococcosis
Manifestation, Etiology, and Epidemiology
C ry p to co cc o s is  is caused  by C ryp to co ccu s  neo fo rm ans  
var. neo fo rm ans  and var. g a ttii .  M ost infec tions are d ia g 
nosed  as centra l n e rvo us  sys tem  (C N S) infections. Cryp-  
tococcal m en ing it is  is the  m os t  c o m m o n  fo rm , a lthough 
m en ingoencephali t i s  and ex pan d ing  c ry p to c o c co m a  are 
also encou n te red .  T h e  p u lm o n a ry  fo rm  o f  infec tion  is 
rarely d iagn osed .  T h e  absence  o f  a good  im m unolog ic  test 
has prevented  the  d e te rm in a tion  o f  the  inc idence  o f  ex p o 
sure. However, the frequent incidental f ind ing  o f  c ryp-  
tococcal les ions in rou t ine  au tops ies  and s im ila r i t ies  to 
o th e r  sys tem ic  fungal infec tions sugges t  tha t there  are 
many asym p to m atic  o r  subc lin ica l  infections. M ost cases  
are d iagn osed  as  d is sem ina ted  infections. In addit ion  to the 
most c o m m o n  C N S  site, infection may also d issem ina te  to 
sk in , bone, o r  o th e r  sites.

T h e  C. neo fo rm ans  var. neo fo rm a n s  o ccurs  w orldw ide 
and g ro w s  well in a h igh -n i t ro gen  env ironm ent .  It is 
f requently  found  in env ironm ents  associa ted  with p igeon 
gu ano  and deb r is ,  w here  it is a m a jo r  inhabitan t .  The  
o rg an ism  d o e s  not infect p igeons  but su rv ives  passage  
th rough  the  gas t ro in tes t ina l  t ract o f  the  b ird . Replication of 
the  o rg an ism s  results  in h igh  popula t ion  densi t ies  in the 
fecal m ate r ia l ,  and the ce lls  rem ain  viable  for 1 to 2  years. 
T h e  o rg an ism  is an en capsu la ted  yeast a l though  in its 
natural habita t the  capsu le  is usual ly  sm all .  In a desicca ted  
env ironm ent ,  the  o rg an ism  is f requently  only 1 p.m in 
d iam eter ,  sm all enough  to be inhaled  into a lveo la r  spaces. 
W hile  iso la tions o f  var. neo fo rm ans  are w orldw ide ,  iso la
tions o f  var. g a ttii  are from trop ica l  and  sub trop ica l  areas. 
C ryp to co ccu s  neo fo rm ans  var. g a ttii has been isolated from 
E u ca lyp tu s ca m a ld u len s is  (red gum), w hich  is the  only 
know n environm enta l  source. Isolations from  E . c a m a ld u 
lensis  have been repor ted  fro m  A u s tra l ia  and San F ran 
cisco. T h e  red  g u m  has  been ex po r ted  from  A us tra l ia  to 
o th e r  locations and m ay have resulted  in the  co nco m itan t  
expo r t  o f  the  fungus.

In the U nited  States, 200  to  300 cases  o f  C N S  infection 
are d iag no sed  each  year  in the n on -A ID S  popu la t ion .  A 
s ign if ican t po rt ion  o f  these  c a ses  are  fa tal,  even with 
d iagn os is  and t rea tm en t .  Infection is in frequent before 
puberty , and  there  is no  re la tionsh ip  to age  (a l th ou gh  most 
patients are  3 0 - 6 0  years  old) o r  occupa t ion .  It has  been 
es t im a ted  that 15,000 subc l in ica l  c ry p toco cca l  resp ira to ry  
infections occ u r  each year in New York City. A m ong  
d iagn osed  cases ,  m en  p red o m in a te  by a  ra tio  o f  3 : 1. 
D issem ina ted  d isease  occurs  in both apparen tly  norm al 
individuals  and in patients with an o th e r  under ly in g  d is 
ease , such as  Hodgkin 's  d isease , leukem ia ,  o r  lym phosar
com a . T h e  inc idence  o f  th is  op p o r tu n is t ic  d issem ina tion  is 
probably  increasing . C ry p to co cc o s is  o ccu rs  in abou t  7 to 8
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percen t o f  patients w ith  A ID S  and  is the  four th  m ost c o m 
mon li fe-th rea ten ing  infection in this  popula t ion . T he  f re 
quent o ccu rrence  o f  c ry p to c o c co s is  in th is  g rou p  has s ig 
nificantly  changed  the p ropo r t ion  o f  total c a ses  tha t are 
o pp o r tun is t ic .  S ince  m ost o f  the A ID S  patien ts  in the 
United States are men, the ratio o f  men to women with disease 
has also increased. Isolates from A ID S  patients are virtually 
all var. neo fo rm ans. A ID S  patients genera l ly  are d iagnosed  
with c ry p toco ccos is  a f te r  d issem ina tion  to the brain and 
m ay have p rio r  o r c onco m itan t  p u lm o nary  infections.

Laboratory Diagnosis
T h e  d iag no s is  o f  a fungal e t io logy  is based  on direct 
exam ina tion  and cu ltu re  o f  spec im ens  from  patients. S p u 
tum  and spinal flu id  from  suspec ted  cases  should  be 
exam in ed  directly. S ince  the o rg an ism  is heavily  e n c a p su 
lated, it show s up well with a back g ro un d  o f  India  ink on a 
m icroscopic  slide. However, the  scarc ity  o f  yeasts may 
require  concentra tion  o f  the spec im en  to increase  the 
p robab il i ty  o f  f ind ing  yeast  cells on the  slide. In add it ion ,  
m ateria l  rem oved  from  lesions can  be s ta ined  to h igh l igh t 
fungal partic les .  W h en  cu ltu red ,  the  p resence  o f  the c a p 
sule, p roduc t ion  o f  phenol oxidase  (result ing  in fo rm ation  
o f  b row n p igm ent on  selective m edia),  and b iochem ical 
tests are used for identif ication . DNA p rob es  are also 
available for this purpose. Sero log ic  tests to detec t  a n t i 
genic  materia l  found in the  capsu le  may be bo th  d iagnos tic  
and p rognos tic .

Treatment
Both am pho te r ic in  В and 5 -f luo ro cy to s in e  have been su c 
cess fu lly  u sed  in t rea tm en t .  However, som e stra ins  may be 
res is tan t  to 5 -f luo ro cy to s ine  or b ecom e  res is tan t  during  
therapy. Generally , a co m b in ed  therapy  o f  am ph o te r ic in  В 
and 5 -f luo rocy to s in e  is re co m m en ded .  T he  A ID S  patient 
with c ry p toco ccos is  presen ts  t rea tm en t difficulties. Even 
w hen  initial t rea tm en t appears  usefu l,  re lapse  is frequent 
and  cu re  doub tfu l .  M ain tenan ce  therapy  is indicated  in this 
popula t ion  and fluconazole  has been extensively  used.

Pathogenesis and Virulence
Both the  phenol ox idase  p roduc t ion  and  capsu le  fo rm ation  
(an an t iphagocy tic  s t ru c tu re )  have been show n to be fac
tors  tha t p rom ote  virulence. T he  abil i ty  to g row  at 37°C is 
a lso  a v iru lence  factor. C ry p to co cc a l  cells  activate  the 
a l ternat ive  co m plem en t  pathway, w hich  results  in d e p o s i 
tion o f  com plem ent fragm ents  on the c ap su la r  surface. 
H u m a n  neu trophils  and m onocy tes  phag ocy tize  and kill 
o pson ized  yeast cells. A role for N K  cells in host defense  
has a lso  been sugges ted .  A cascade  o f  specific  T  su p 
p resso r  cells  induced  by the fungus  has  a lso  been d e m o n 
strated  in mice.

Drugs fo r  T reatm ent

T h e  num ber o f  drugs available for treatment o f  systemic 
fungal infections is sm all ,  and each has its limitations. 
Following is a description o f  several that are com m only  used.

Amphotericin В
A m p ho te r ic in  В is o ne  o f  a  g ro u p  o f  polyene an tib io t ics  
that can  be adm in is te red  for sys tem ic  infections. T he  d ru g  
affec ts  the  course  o f  infec tion  by in te rac t ing  w ith  bo th  the 
host and  the fungus . T h e  na tu re  o f  the  in terac t ion  w ith  the 
host is not well d e sc r ib ed  but ap pea rs  to resu lt  in an 
increased  ac tiv ity  o f  host defenses.  T he  d ru g  in te rac ts  with 
s tero ls  in the fungal cell  m em brane .  T h e  in terac t ion  is 
en h anced  w hen  the  sterol is e rg os te ro l ,  w h ich  is the  m a jo r  
sterol p resent in the  p la sm a  m em b ra n e s  o f  fungi .  T h e  d rug  
affec ts  m em b rane  perm eab il i ty .  In suffic ien t doses ,  it 
m akes  the m em b rane  leaky so tha t vital m etabo li te s  are  lost 
from  the  fungal cell .  T he  c o m p o u n d  can  a lso  reac t w ith  the 
choles tero l o f  m am m alian  p la sm a  m em b ra n e s ,  and  this  
in teraction  m ay accou n t  for its toxicity. T he  d ru g  m u s t  be 
ad m in is te red  in travenously. A lm o s t  all patien ts  w h o  re 
ce ive a full course  o f  the  d ru g  have so m e  adv erse  reaction. 
Beyond a  ce r ta in  co ncen tra t ion ,  p e rm a n en t  d am ag e  may 
o ccu r  to the  k idneys . A n o th e r  polyene that is used  for 
topical app lica tion  is nystatin . In som e  cases ,  th is  d ru g  has 
been delivered  as an aerosol for pu lm o n a ry  infections.

Azoles
M iconazo le  and  ke toconazo le ,  im idazole  d ru g s ,  and  f lu 
conazo le  and it raconazole ,  tr iazo le  d ru g s ,  are available  for 
therapy. F o r  sys tem ic  in fec tions, m iconazole  m u s t  be a d 
m in is te red  intravenously, w hile  ke toconazo le  and  the  more 
recen t  fluconazole  and in traconazo le  can  be adm in is te red  
orally. T h e  d ru g s  app ea r  to  be fungis ta t ic  ra ther  than 
fungic idal .  T hey  in terfe re  w ith  m em b ran e  function  o f  
fungi in one o r  m ore  ways, inc lud ing  in te rfe rence  w ith  the 
syn thes is  o f  e rgos te ro l .  A zo les  b ind  to a cy to c ro m e  P-450 
and in terfe re  with  alpha-14 dem eth y la t io n  o f  lanostero l in 
the  b iosyn th es is  o f  e rg os te ro l ,  the no rm a l  fungal m e m 
b rane  stero l.  Both the  loss o f  e rgos te ro l and  the  accu 
m ula ted  a lp h a -14 m ethy l s tero ls  affect no rm al  m em bran e  
funct ion . O v era l l ,  they  a p p ea r  to affec t  the fungal cell 
m em brane .  In g ene ra l ,  these  d ru g s  seem  to  be  less toxic to 
the  host  than  am p ho te r ic in  B. However, som e  side  effec ts ,  
such as  liver dysfun c tion  (seen occasionally ),  are cau sed  by 
ketoconazole .

5-Fluorocytosine
5-F luo rocy to s in e  is a nucle ic  ac id  ana log ue  tha t is in co rp o 
rated in to  ribonucle ic  ac id  (R N A ) and  affec ts  pro te in  
syn thesis .  It has  a lim ited  range  o f  suscep tib le  o rgan ism s .
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W ith in  a  popu la t ion  o f  suscep tib le  o rgan ism s ,  som e iso
lates are res is tan t  o r  m ay  develop res is tance  d u r in g  the 
co u rse  o f  therapy. For som e  usages ,  com b ina t io n  therapy  
o f  am p ho te r ic in  В and  5 -f luo rocy to s ine  has  been re c o m 
m en d ed .  T h e  d ru g  can  be ad m in is te red  o ra l ly  and  is 
re latively  nontox ic ,  but side e ffec ts  o c c u r  occasionally.

Opportunistic Mycoses

General Characteristics
Fungi tha t cause  o p p o r tu n is t ic  infec tions are ub iquitous . 
T h ey  are o f  low v iru lence  and are unab le  to establish  
infec tions in healthy  individuals .  T h e  sever ity  o f  the  in fec 
tion is, in par t ,  d e te rm in e d  by the  sever ity  o f  the  defect  in 
the  no rm al host  defense. T rea tm en t o f  the underly ing  
condit ion  as  well as  the  fungus  is im portan t  in con tro ll ing  
the  infection. T h e  n u m b er  o f  ind iv iduals  at r isk  for oppor
tun is t ic  infec tion is increas ing .  V arious m ed ica l p ro c e 
du res  for t r e a tm en t  o f  o th e r  cond it ion s  increase  the  n u m b er  
o f  co m p rom ised  patients and the  sever ity  o f  the a b r id g 
m en t  o f  no rm al  ho s t  defenses,  for exam ple , in the  use o f  
im m u n o su p p ress iv e  d ru g s  ad m in is te red  to patien ts  receiv
ing o rgan  transp lan ts .  C o m p ro m ised  patients may a lso  be 
m ore  suscep tib le  to the  severe fo rm s  o f  infections that 
o ccu r  in healthy  individuals .  T h ere  is an ever- increas ing 
list o f  o rgan ism s ,  inc lud ing  fung i ,  im plica ted  as  agents  
responsib le  for o p p o r tu n is t ic  infection. T h e  ub iqu itous  
nature  o f  these  o p p o r tun is t ic  p a th og ens  m eans  tha t  they 
a re  c o m m o n  in the env iron m en t and that co m p rom ised  
patien ts  are  f requently  ex posed  to  them . Table 6 -4  lists 
som e o f  the m ore  im po rtan t  o p p o r tu n is t ic  species.

Candidiasis
Manifestation, Etiology, and Epidemiology
C a n d id ia s is  is an acu te ,  chron ic  superf ic ia l  o r  d is s e m i
nated  m y cos is  with a varie ty  o f  m anifesta tions. T h e  m ost 
f requently  isolated etio log ic  agen t is C a n d ida  a lb ica n s , 
and  s tud ies  o f  the in fec tious  agent o f  c a nd id ias is  genera l ly  
focus on  th is  species.  However, several o th e r  spec ies  are 
isolated f rom  cand ida l infec tions with som e frequency, and 
these  include C a nd ida  g u illie rm o n d ii, C . k ru se i, C . lusi- 
ta n ia , C . p a ra p s ilo s is , C . p se u d o tro p ica lis , C . s te lla to i-  
d ea , and C . tro p ica lis .

T h ere  are a nu m b er  o f  cu tane ou s  and subcu tan eou s  
cand ida l in fec tions, w hich  may be  acu te ,  chron ic ,  o r  super
ficial . T h e se  inc lude  oral th ru sh ,  in w h ich  w hite  patchy, 
p seu d o m em b ra n o u s  lesions form  in the  m o u th .  In neo- 
nates ,  this  infec tion  often  oc cu rs  w hen co lon iza tion  with 
C a nd ida  p recedes  co lon ization  with the  no rm al bacte r ia l

flora. Nearly all pa tien ts  with  A ID S  have oral th ru sh  at 
som e time. In te r tr ig ino us  infec tions caused  by  C andida  
a re  a lso  ob se rv ed ,  w ith  lesions that may be well defined  
and “ weepy.’ ”  Several factors may p red ispose  individuals  
to  this  type  o f  infec tion , such as d iabe tes ,  obesity, o r  o the r  
cond it ions  tha t p rovide  a m ois t  env ironm en t and som e 
m acera tion  o f  skin. C a nd ida  is f requently  isolated from 
d iap e r  rash  in infants,  par t icu la r ly  w hen  it is severe. C a n d i
dal infec tions o f  the  nails  and  su r ro un d ing  t issue  are also 
e n c o u n te re d ,  and these  may be d iff icul t to clear.  T hese  
in fec tions, par t icu la r ly  on toenai ls ,  are found  am on g  older 
patients . V aginit is  w ith  a fungal e tio logy  is also frequently  
e n co u n te red .  C a nd ida  a lb ica n s  is the  p r im ary  cause  o f  the 
approxim ate ly  13 m ill ion  es t im a ted  annual c a ses  o f  m y co 
tic vaginitis  in the U nited  States. F requency  is h igher  
among pregnant and hum an im munodeficiency virus (HIV)- 
positive w om en. In g en e ra l ,  these  in fec tions  are  not life 
th rea ten ing ,  a l though  they may cause  con s ide rab le  d is 
co m fo r t  to the  patient.

M ost deep -sea ted  o r  sys tem ic  infec tions a ssoc ia ted  with 
C a n d ida  spec ies  o ccu r  in patients w ith  severe underly ing  
d isorders .  A varie ty  o f  sys tem ic  in fec tions, w hich  may 
o ccu r  in any tissue, have been  repo r ted .  T h e  k idney is the 
organ  m ost often involved in sys tem ic  disease. M an ifes ta 
tions o f  infec tion  in a  g iven  organ  are  related to tha t s y s te m . 
In a lm o s t  any a b n o rm al  chron ic  resp ira to ry  tract infection , 
C a n d ida  can  be isolated; however, it is d iff icu l t  to deter
m ine  the role o f  the  o rg an ism  in the  d isease  process .  In 
candidal endocarditis , vegetations grow on the heart valves, 
usual ly  at the  site o f  p reex is ting  d am ag e  to the  valve. 
Patients w ith  va lvu la r  d isease  trea ted  w ith  an tib io t ics ,  
pa tien ts  u n derg o in g  heart  surgery , and d ru g  addic ts  are 
p a rt icu la r ly  at r isk  for C a nd ida  in fections. Species  o the r  
than C. a lb ica n s  (e .g . ,  C . p a ra p s ilo s is )  a re  freqen tly  iso
la ted  from  these  lesions. F ungem ia  cau sed  by C andida  
spec ies  is en co un te red  with increas ing  frequency. In dw ell
ing ca the te rs ,  con tin uo us  in travenous  infusions , surgery, 
and o th e r  p roced u res  tha t a b r idg e  natural physica l barr ie rs  
are r isk  factors. In m os t  patients ,  fungem ia  is transitory , 
and the  o rg an ism s  are c lea red  from  the b lood . However, in 
deb il i ta ted  patients ,  fungem ia  may be a p re lude  to infection 
in o th e r  sites. L eukem ic  and o th e r  c a n c e r  patien ts  w ho  are 
rece iv ing  ex tens ive  ch em o th e rapy  are  am on g  the h igh-r isk  
group.

T h e  th ird  genera l  c lass  o f  infection cau sed  by C a nd ida  is 
ch ro n ic  m u c o c u ta n e o u s  ca n d id ia s i s .  L e s io n s  a s so c ia te d  
w ith  th is  d is e a se  b e c o m e  w a r ty  and  in so m e  ca se s  m ay  
c o v e r  m o s t  o f  th e  body  su r face .  A ll in fec ted  in d iv id u a ls  
have  so m e  u n d e r ly in g  a b n o rm a l i ty ,  such  as a th y m u s  
d e fe c t ,  h y p o p a ra th y ro id i s m ,  th y m o m a ,  o r  c h ro n ic  g r a n 
u lo m a to u s  d is ea se .  S in ce  h u m o ra l  im m u n i ty  is u su a l ly  
in tac t ,  d e f ic ie n c y  o f  c e l l -m e d ia te d  im m u n i ty  is th o u g h t  
to  be  c r i t i c a l .
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T a b le  6 -4  O p p o r tu n i s t i c  Mycoses

Infection

Etiology
(frequent
isolate)

Clinical
manifestation

Pre
disposing
factors

Direct
examination 
of specimen

Culture

Identi
fication Significance

Route of 
infection

C a n d id ia s is

A s p e rg i l lo s i s

( s e e  s e c t io n  

o n  s y s te m ic  

m y c o s e s )

Candida 1. C u ta n e o u s , A g e , Y east g e n e r  G e r m  tu b e .

(C. albicans) m u c o c u  m o is tu r e . a l ly  w ith c h la m y d o -

ta n e o u s a n t ib io t i c s . h y p h a e  a n d s p o re ,  p h y s 

d ia b e te s . p s e u d o - io lo g ic  te s t s

e tc . h y p h a e

2 . D e e p - s e a te d I m m u n o s u p 

o r  s y s te m ic p re s s io n ;

c a th e te r s .

c o r t i c o 

s te r o id s

Aspergillus 1. A lle rg ic O v e r w h e lm  In  A B A  m a y C o lo n ia l  m o r

(A .fum igatus) in g  e x p o  s e e  fu n g i p h o lo g y  a n d

s u re , m ic ro s c o p ic

a l le rg y a p p e a r a n c e

p r e d i s p o s i  o f  c o n id ia l

t io n f o r m a t io n

2 . N o n in v a s iv e C a v i ty ,  e .g . . H y p h a e  w ith

s in u s ,  p u l  a c u te  a n g le

m o n a ry b r a n c h in g

3 . In v a s iv e I m m u n o s u p  H y p h a e  w ith

p r e s s io n , a c u te  a n g le

le u k e m ia b ra n c h in g

Rhizopus 1. R h in o - A c id o t ic W id e ,  n o n - C o lo n ia l  m o r

Absidia c e r e b r a l d ia b e t ic s e p ta te p h o lo g y  a n d

(R. arrhizus) h y p h a e m ic r o s c o p ic

a p p e a r a n c e

o f

s p o r a n g ia

2 . T h o r a c ic L e u k e m ia ,

ly m p h o m a .

e tc .

Cryptococcus M e n in g i t is A ID S , E n c a p s u la te d E n c a p s u la te d

C. neoformans m o s t c o m m o n ly m p h o m a . y e a s t y e a s t ,  b io 

H o d g k in 's c h e m ic a l

d is e a s e te s t s

S p u tu m  n o t 

d ia g n o s t ic ;  

o th e r  n o n -  

s te r i le  

s p e c im e n s  

c o r r e la te  

c l in ic a l  

s ig n s ;  

s te r i le  

s p e c im e n  

s ig n i f i c a n t

M o s t ly

e n d o g e n o u s

M a y  b e  c o n 

ta m in a t io n ,  

r e p e a t  

c u l tu r e  

s ig n i f ic a n t

S in g le  c u l tu r e  

m a y  b e  

s ig n i f ic a n t  

in  a t - r i s k  

p a t ie n t  

S ig n i f ic a n t

In h a la t io n

p r im a r y

In h a la t io n

In h a la t io n

C andida  a lb ica n s  is p a r t  o f  the no rm al h u m an  microbial 
f lora .  It can  be isolated from a large port ion  o f  the healthy  
popula t ion . A dm in is tra tion  o f  an tibac te r ia l  an tib io t ics  in 
c reases  the frequency  o f  isolation. T h e  o rg an ism  is also 
found in m ost m am m als  and birds. It is unlikely  tha t C.

a lb ica n s  su rv ives  and p ropaga tes  ou ts id e  an an im a l  host. 
A s  part  o f  the  no rm al flora ,  the fungus  is read i ly  available  
to initiate infection w hen  host defense  bec o m e s  im paired .  
A w ide  varie ty  o f  p red ispos ing  fac to rs  m ay  p lace  in d iv id u 
als at r isk  for cand ida l infections. Natural physio logic
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sta tes  o f  p regnancy , infancy, and  old age  p red ispo se  to 
these  infections. U nderly ing  cond it ions  that p lace patients 
at r isk  inc lude  d iabe tes  m elli tus ,  n eu tro p en ia ,  leukem ia , 
malignancy , and  A ID S . Ia trogenic  fac to rs  th a t  increase  
r isk  inc lude  im m u n o su p p re ss io n ,  s te ro id  t rea tm en t ,  an t i
bacterial antibiotics, hyperalimentation, and catheters . Noso
comial fungal in fec tions  nearly  doub led  betw een  1980 and 
1990, and included urinary  tract infections, surgical wound 
in fec tions, p n e u m o n ia ,  and  fun gem ia .  C a nd ida  species  
w ere  the  m ost co m m o n ly  isolated (78% ). F un gem ia  was 
m ore  likely than  nonfungal b lo od s tream  infec tions  to  c o n 
tr ibu te  to death  d u r in g  hospita l iza t ion .

Laboratory Diagnosis
F or  d iagn os is  o f  cand ida l etiology, sp u tu m , pus ,  o r  tissue 
rem oved  from  suspec ted  infections is exam in ed  d irec tly  for 
the  p resence  o f  the  o rg an ism .  O f  the C a nd ida  species ,  C. 
a lb ica n s  genera l ly  is p resen t in the  yeas t ,  p seu do hy ph a l ,  
and  hyphal fo rm s  in lesions. In  co n tra s t ,  w hen  part  o f  the 
no rm al f lo ra ,  genera l ly  only the yeast  fo rm  is obse rv ed .  
C u ltu re  is requ ired  for identif ication . C a n d id a  a lb ica n s  
fo rm s  g e rm  tu bes  ( in it ia l s tep  in hyphal g row th )  and 
ch lam y do sp o re s .  A battery  o f  physio log ic  tes ts  is used to 
ident ify  the  va r ious  species.  S ince  C . a lb ica n s  m ay  be part 
o f  the no rm al  f lo ra ,  a  cu ltu re  iden t if ica t ion  is insuffic ient 
in i tse lf  to im plica te  the fungus  as an etio log ic  agen t o f  the 
infection . Iso lation  from  sp u tu m  is not s ign if ican t.  I so la 
t ion from  u rine  m ay  be s ign if ican t i f  the  n u m b er  o f  o rg a n 
ism s p e r  m ill i l i te r  exceeds a th reshold  leve l . Iso la tion  f rom  
sp ec im ens  from  c u tan eou s  and  m u c o c u ta n eo u s  su rfaces  
should  con f i rm  clin ica l  observations . Iso lations from  a 
s te r i le  site , such as  b lood ,  is s ign if ican t,  however, and 
should  be evalua ted  with re spec t  to the  p a t ien t’s history. No 
reliable sero log ic  test has been  developed.

Treatment
C u ta n eo u s  infections are trea ted  with a n u m b er  o f  topical 
agen ts ,  inc lud ing  nystatin  (a po lyene  antib io t ic) ,  buto- 
conazo le ,  c lo t r im azo le ,  econazo le ,  ke toconazole ,  m icon a
zole ,  and  te rconazo le  (azole  an tib io t ics) ,  and  gen tian  v io 
let. M iconazo le  and  ke toconazo le  p repara tions  for vaginal 
infec tions are now  available  w itho u t  p rescr ip t ion .  A llev ia
tion  o f  the  p red ispos ing  fac to r  is also usefu l ,  such as 
keep ing  the  in fec ted  area  dry  in som e condit ions .  A lthough  
a m p ho te r ic in  В is genera l ly  the  d ru g  o f  cho ice  and  the 
m ains tay  o f  therapy  for sys tem ic  in fections, m iconazole ,  
f luconazole ,  ke toconazole ,  and  5 -f luo rocy to s in e  are also 
used .  A lleviation  o f  the  p red ispos ing  fac to r  a lso co n tr ib 
utes to  con tro l  and  reso lu tion  o f  deep-sea ted  infections. All 
the d ru g s  u sed  in t rea tm en t  o f  sys tem ic  infec tions are a lso 
g iven  to treat chron ic  m u co cu tan eo u s  can d id ias is ,  but 
r ecen t  su ccess  w ith  k e toconazo le  has m ade  th is  the d ru g  o f  
cho ice  for th is  type  o f  infection.

Pathogenesis and Virulence
In add it ion  to chan g es  in the  hos t  tha t  lower defenses  and 
p rovide  cond it ions  tha t may p e rm it  the  local ized  increase 
in fungal g row th  o r  in t ro du c t ion  beyond  sites  o f  norm al 
co lon iza tion ,  a  n u m b er  o f  p ro p e r t ie s  o f  C. a lb ica n s  i tse lf  
have been  p rop osed  and dem o ns tra ted  to co n tr ibu te  to 
infection . In vit ro  and  an im al stud ies ,  w hile  sug ges t in g  the 
co n tr ib u t ion s  o f  va r ious  fac tors ,  have also sup po r ted  the 
idea  tha t  the host-paras ite  in terac t ion  is com plex .  T h e  
con tr ib u t io n  o f  fac tors  m ay  vary  by fungal s tra ins  as  well as 
ho s t  si te  o f  infection. A m on g  the  fac to rs  tha t have been 
im plica ted  are  the  following: ( 1 ) the ab il i ty  to un dergo  
m o rp ho gen es is  f rom  yeast  to hyphal fo rm ; ( 2 ) th e  secretion  
o f  an  a spa r ty l  ac id  p ro te inase ;  (3) the  increased  express ion  
on  hyphal fo rm s o f  co m p o n en ts  tha t in terac t w ith  host 
com plem en t  fac tors  C 3 d  and iC 3b , and  o thers  tha t bind 
f ib r ino gen ,  t r a n s fe r r in ,  and e x trace l lu la r  m atr ix  c o m p o 
nents  f ib ro nec t in ,  co l lagen ,  and lam in in ; (4) the  ex p re s 
sion o f  lec tin- like  su r face  c o m p on en ts  b in d in g  to host 
c a rbo hy d ra te s ;  and  (5) the  express ion  o f  hy d rophob ic  sur
face com ponen ts .  A n im al s tud ies  have show n that C. 
a lb ic a n s  induces  im m u n e  suppress ion  in the  host .

Aspergillosis
Manifestation, Etiology, and Epidemiology
A sperg i l lo s is  is caused  by several species  o f  A sp erg illu s . 
A sp erg illu s  fu m ig a tu s  is m os t  co m m o n ly  responsib le ,  but 
A sp erg illu s  fla v u s , A . niger, A . n id u la n s , and A. terreus  
are also involved. Conidia  o f  A sperg illu s  species are among 
the  fungal part ic les  f requently  found  in the  a ir  an d ,  follow
ing inha la tion ,  can  be a source  o f  an t igen  and elicit an 
a llergic  react ion . T h e  re sponse  varies  in a top ic  and  non- 
atopic  hosts  and m ay a lso  be d ose  dep end en t .  Allerg ic  
b ro nch o p u lm o n a ry  a sperg il lo s is  is well c h a rac te r ized  and 
the  m ost c o m m o n  allergic response . T h e  o rg an ism  is so m e
t im es  a ssoc ia ted  w ith  noninvasive  co lonization . T h is  o c 
cu rs  in no n p u lm o n a ry  si tes,  such as  in ears ,  the  nasal 
cavity, and  the  paranasal sinuses.  S y m p to m s  inc lude  those 
o f  s inusit is  and  chronic  o ti t is .  T h e  o rg a n ism  m ay also 
co lon ize  a preex ist ing  p u lm o n a ry  cav ity  left by  tuber
cu los is  o r  h is top lasm os is  infections. T h e  fungus  ball o f 
a spe rg i l lom a  that develops m ay p rod uce  co u g h ,  h e m o p 
tys is ,  and  fatal h em o r rh a g e  in an in fected  ind iv idua l ,  o r  it 
m ay  p rod uce  no sy m p to m s  at all .  Invasive d isease  is seen 
w ith  increas ing  f requency  in co m p ro m ised  patients and  is a 
se r ious  infection . P u lm o n a ry  infection p ro d u ces  sy m p 
tom s s im ila r  to tho se  o f  o th e r  resp ira to ry  d iseases  and 
so m etim es  develops from  noninvas ive  colon iza tion . I f  not 
de tec ted  early, the  co u rse  o f  the  rap id ly  n ecro t iz ing  p n eu 
m onia  is fatal. In som e  cases ,  there  are n o  p u lm on ary  
sy m p to m s,  and  the  infection is d is sem in a ted  to the  g a s t ro 
in testinal trac t ,  liver, kidney, and o the r  tissue.
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T h e  o rg a n ism s  are  d is tr ibu ted  w orldw ide  as  inhabitan ts  
o f  soil and decay ing  vegeta tion . T hey  grow  as molds 
p roducing  con id ia .  A l though  the a lle rg ic  response  to A s 
p e rg illu s  an tigen  is not v e ry  d if feren t from  allergic re 
sponse  to  o th e r  an tigens ,  the frequency  o f  a llergic asper
g il los is  is now reco gn ized .  For som e ind iv iduals ,  the 
source  o f  A sp erg illu s  may be the  w orkplace , such as  the 
b rew ery  w here  w orkers  are ex posed  to A sp erg illu s  c lava- 
tu s . T h e  nona lle rg ic  d iseases  occ u r  m ore  f requently  in 
adults  than  children  and m ore  often  in m en  than w om en. As 
no ted ,  the ex is tence  o f  a cavity  prov ides a  potentia l site for 
co lonization . A n um ber  o f  fac tors  p lace a patient at r isk  for 
invasive asperg il lo s is ,  inc lud ing  leukem ia ,  im m u n o s u p 
pression , and  co rt ico s te ro id  trea tm ent.

Laboratory Diagnosis
D iagnosis  is based  on d irec t  exam ina tion  and  cu ltu re  o f  
sp ec im en s  f rom  the  patient.  For  d irec t  exam ina t ion ,  m a te 
rial is obse rv ed  for septate hyphae w ith  acute  angle  b ra n c h 
ing. W ith  a sp e rg i l lo m a ,  depend ing  on the  location o f  the 
infection , con id ia  m ay  be present.  T h e  o rg an ism  may also 
be seen in b iopsy m ateria l .  In cu ltu re ,  the  o rgan ism s  form  
con id ia  on spec ia lized  s t ru c tu res ,  w hich  have d is t inc tive  
fo rm ations  tha t  d if fe r  am ong  species. T h e  colonial mor
phology and pattern  o f  con id ia l  fo rm ation  are used in 
species  identif ication. A sp erg illu s  species  are c om m o n  
labora tory  co n tam inan ts ;  consequently , a pos i t ive  isolation 
alone is not usual ly  cons ide red  suffic ient to estab lish  an 
etiology. R epeated  posi t ive  cu ltu res ,  however, are o f  s ig 
nificance. In the  invasive form  o f  infec tion , s ince  the 
course  is fairly  rapid  and the p rognos is  grave, aggressive  
effor ts  to obtain  b iopsy  m ater ia l ,  b rush ings ,  o r  w ashings 
for d irec t  exam ina tion  and  cu lture  are reco m m en d ed .  S e 
rologic tests for A sp erg illu s  an tigen  successfu l ly  detec t 
m ost cases  o f  a llerg ic  b ron ch o p u lm o n a ry  a sperg il lo s is  and 
asperg i l lom a but sera from  patients with  invasive d isease  
are less frequently  positive.

Treatment
A lle rg ic  a s p e rg i l lo s i s  is t r e a te d  as  an a lle rg ic  response .  
A s y m p to m a t ic  a s p e r g i l lo m a s  have  been  c o n s id e re d  
be n ig n  c o n d i t io n s  and  as  such no t r e a tm e n t  is r e c 
o m m e n d e d .  H owever,  so m e  s tu d ie s  s u g g e s t  tha t  the  c o n 
d i t io n  has  p o te n t ia l  fa tal p ro g re ss io n .  S y m p to m a t ic  a s 
p e rg i l lo m a ,  o r  fu n g u s  b a l l ,  is g e n e ra l ly  t r e a ted  with 
a m p h o te r ic in  B , su rg e ry ,  o r  b o th .  In vas iv e  d is e a s e  is 
u su a l ly  t r e a te d  w ith  a m p h o te r i c in  В as  a s ing le  a g e n t ,  
g iv en  at an a c c e le ra te d  rate. In so m e  ca se s ,  th e  ad d i t io n  
o f  f lu c y to s in e  to th e  th e r a p e u t ic  r e g im e n  a p p e a rs  to have 
b een  b en e f ic ia l .  Im id a z o le  c o m p o u n d s  have  no t  proved  
e f fe c t iv e  in v i t ro  and  are  not r e c o m m e n d e d .  M ore  r e 
cently ,  in t ra c o n a z o le  has  d e m o n s t r a te d  in v iv o  a c t iv i ty

ag a in s t  A s p e r g i llu s ,  an d  l im i ted  fav o rab le  c l in ic a l  e x p e 
r i e n c e s ,  i f  s u s ta in e d ,  m ay  lead  to  a p p ro v a l  fo r  t r e a tm e n t  
o f  invas ive  d isease .

Pathogenesis and Virulence
Host fac tors  may place ind iv idua ls  at r isk  fo r  a sperg i l lom a 
and invasive asperg il losis .  Several poss ib le  fungal v iru 
lence fac to rs  have been identif ied and include ex trace l lu la r  
p ro te inase s ,  such as e las tases  and co llagenases .  In anim al 
m odels ,  a lveo la r  m acro p h ag es  from  co r t ico s te ro id - trea ted  
an im als  were ineffective in k il ling  d o rm a n t  con id ia ,  p ro b a 
bly th rough  lack o f  phago ly so so m e  fusion. N orm al  rabbit 
p u lm on ary  a lveo la r  m ac ro p h a g e s  w ere  e ffec t iv e  in killing 
in the  absence  o f  an t ibody  o r  c o m p lem en t ,  and are p ro ba 
bly the first line o f  host defense.

Mucormycosis
Manifestation, Etiology, and Epidemiology
M u co rm y co s is  is a ssoc ia ted  with several spec ies  o f  R h izo 
p u s , A b sid ia , M ucor, R hizom ucor, M ortiere lla , and  C un- 
n in g h a m e lla  f rom  the  o rde r  o f  M ucora les .  M u c o rm y c o s is  
can  be con s ide red  a subc lass  o f  zy g om yco s is .  R h izo p u s  
oryzae  (R . a rrh izu s )  is the  m o s t  f requen t  isolate from 
disease. T hese  infec tions have a fairly  rapid  course  to a 
p o ten t ia l ly  fatal outcom e. R h in oce re b ra l  infec tions begin 
in the nasal region and often sp read  to s inuses  and  brain . 
T h e  course  o f  infection is abou t  1 w eek. T ho ra c ic  fo rm s  o f  
infection are in i tia ted  as  p r im a ry  p u lm o n a ry  infections 
with progressive thrombosis and infarction and often spread 
sys tem ica lly  to o th e r  body sites. T h e  c o u rse  o f  infection 
is 1 to 4  weeks. A sm all n u m b er  o f  c u tan e o u s  in fec tions  at 
the site  o f  previous t r au m a  have been repor ted  frequently  
in patients with  underly ing  fac tors  such as  d iab e tes  m e l
litus.

T h e  o rg a n ism s  are  d is t r ib u ted  w orldw ide ,  and  they grow 
as molds in decay ing  vegeta tion  and  an im a l  du ng .  T he  
rh inocereb ra l  fo rm  o f  infection is genera l ly  a ssoc ia ted  with 
ac idos is ,  and m os t  patients are ac id o t ic  d iabe t ics .  T h e  
thoracic  fo rm  is a ssoc ia ted  with under ly ing  d iso rd e rs  such 
as  leukem ia  and lym ph om a.

Laboratory Diagnosis
S p ec im en s  from  su spec ted  ca ses  are  exam in ed  for wide, 
nonsepta te  hyphae. However, fungal e lem en ts  are often 
scarce  and m ay not be present in a pa r t icu la r  m oun t ing .  
T h e  o rg an ism  has a tendency  to invade b lood vessels, and 
in farctions and necros is  are the  m ain  find ings  in au topsy  
specim ens. C u ltu re  iden tif ica t ion  o f  spec ies  is based  on 
colonial m orpho logy  and fo rm ation  o f  asexual re p ro d u c 
tive sporangia .
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Treatment
T h e  com b ina t io n  o f  su rgery  to rem ove o r  c lean infected  
areas  and d ru g  adm in is tra t ion  is genera l ly  u sed  in t r e a t
m en t .  A m p ho te r ic in  В is recom m end ed  as the  d ru g  o f  
cho ice ,  s ince  im idazole  co m p o u n d s  have been inco ns is 
tently  effective. Even with t rea tm en t ,  the fatali ty  rate 
rem ains  near  50  percent.

O th er  O pportun is tic  Mycoses
In the setting of the im m unocom prom ised  patient,  virtually 
any fun gu s  may be isolated from ca ses  o f  infection. Several 
rare  but increas ing ly  recogn ized  infec tions are noted  such 
as tr ich o sp o ro n o s is  (assoc ia ted  w ith  Trichosporon be ig e lii 
d iscu ssed  previously) and geo tr ichosis  (G eo tr ich u m  can-  
d id itm ). Several c a ses  o f  infection with P en ic illium  m ar- 
n e ffe i  have been  repor ted  recen tly  tha t  a p p e a r  to have 
o r ig in a ted  in so u th eas te rn  A sia .  Several o f  the cases  have 
o ccu rred  in patien ts  with A ID S . M any A ID S  patien ts  have 
o p p o r tu n is t ic  p n eu m o n ia  d ue  to P n eu m o cystis  ca rin ii. 
A lth o u g h  P. ca r in ii was c lass if ied  as a p ro tozoan  early  in 
this  century , the taxonom ic  position  o f  th is  o rg an ism  has 
been u nd er  considera t ion  since  it shares  m orpho log ic  fea 
tures  w ith  bo th  fungi and  pro tozoa .  M ore recen t m olecu la r  
s tud ies  show that sequences  for several P. ca r in ii  genes  are 
c lose ly  re lated to genes  from fungal species,  a l though  the 
fungal species  with g rea tes t  re la tedness  depend  on the 
gene. T h is  o rgan ism  is d iscussed  in Chap. 7.

Questions

1. W hich  infection is caused  by an o rgan ism  that is 
co n s id e red  to be a co m p on en t  o f  the  no rm al f lora?
A. T inea  pedis
B .  T in ea  barbae
C. P ity r ia s is  vers icolor
D. T inea  n igra
E. T inea  capit is

2. W hich  o f  the  following is the  d is t inc t ive  s truc tu re  
de te rm in ed  by m ic roscop ic  exam ina tion  o f  colonies  
tha t is used  in identif ication  o f  spec ies  o f  M icro- 
sp o r u m l
A . M icroco n id ia
B .  A r th roco n id ia
C . G e rm  tubes
D. Sporang ia
E. M acroco n id ia

3. M ater ia l  f rom  a su spec ted  case  o f  t inea  c o rp o r is  was 
trea ted  with KOH and  exam in ed  microscopically .  
W hich  o f  the following ob serva tions  would be a sso c i
a ted  with a posi t ive  identif ication?
A. S ho r t  hyphal sec t ions and rou nd  yeast cells
B .  P ig m en ted  hyphae

C. P ig m en ted  sc lero tic  bodies
D. H yaline  hyphae
E. E n cap su la ted  yeasts

4 .  W hich  o f  the  following s i tua t ions  tha t allow m ic ro 
o rg a n ism s  to be in troduced  in to  the  host w ould  not 
result in d e rm a to ph y te  infec tions?
A. A  ch ild  playing with the  fam ily  cat
B. Two ch ild ren  playing tog e the r
C. Inhala tion  o f  con id ia
D. W alking barefoot a ro un d  the  sw im m ing  pool
E. S har ing  a towel in the  locker  room  a f te r  a s t re n u 

ous ga m e  o f  tennis
5 . W hich  d ru g  used in the  t rea tm en t o f  d e rm a to p h y to se s  

is adm in is te red  orally?
A. U ndecy len ic  acid
B. Penicillin
C .  Tolnaftate
D. G riseo fu lv in
E. A m p h o te r ic in  В

6 . Fungal cells do not contain  w hich o f  the following:
A . N ucleus
B. E n d o p la sm ic  re t icu lum
C. C hloroplas ts
D. M itochondr ia
E. G olgi

7. T h e  a p p ea ran ce  o f  rou nd  yeasts and shor t  hyphal 
e lem en ts  in materia l  f rom  a su spec ted  lesion is a s s o c i
ated with w hich o f  the  following in fections?
A. P i ty r ias is  vers icolor
B. T inea  co rpor is
C . B las tom ycos is
D. T inea  nigra
E. T inea  pedis

8 . By w hich rou te  are the  agents  o f  su b cu taneo us  m y
coses  in t roduced  to the  host?
A. Inha la tion  o f  con id ia
B. Ingestion
C. Im plan ta tion
D. Inhala tion  o f  d rop le ts  con ta in ing  yeasts
E .  Invasion by no rm al  f lora  com ponen ts

9. P o tass iu m  iodide is the  d ru g  o f  cho ice  for w hich  o f  the 
following infec tions?
A . A c tinom ycosis
B. T ubercu losis
C . S poro tr ichos is
D. H is top lasm osis
E. L e ishm an ias is

10. W hich  o f  the  following o rg an ism s  has a predilection  
for the  lym phatic  sys tem ?
A. C ryp to co ccu s  neo form ans
B . S trep tom yces g r iseu s
C . C o cc id io id es  im m itis
D. S p o ro th rix  sch en ck ii
E. B lastom yces derm a titid is
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11. T he  p resence  o f  p ig m en ted  sclerotic  bodies  in m a te 
rial rem oved  f rom  a lesion is cha rac te r is t ic  o f  w hich  o f  
the following infections?
A. C occ id io id om y cos is
B. C h ro m o b las tom y cos is
C . M y ce tom a
D. N ocard ios is
E. C on tac t  de rm a ti t i s

12. W hich  fungal infection has  been ob served  in on ly  a 
very  lim ited  nu m b er  o f  cases?
A. C and id ias is
B. L ob om y cos is
C . C occ id io id om y cos is
D. T inea  pedis
E. S p o ro tr icho s is

13. A 35-year-o ld  m an presen ted  with a lesion on one 
f ing e r  o f  the  r igh t  hand .  An addit ional nodule  was 
noted  a long  the inner  a rea  and  the  underly ing  ly m p h a 
tic was f i rm . T h e  patient was employed  as  a landscape 
des ign  consu l tan t  w ith  a  m a jo r  local nursery. W hich  o f  
the  following w ould  be a likely d iagn os is?
A. S poro tr ichos is
B. A c tinom ycosis
C . H erpes
D. S ca lded  skin syndrom e
E. P a racocc id io idom ycosis

14. D ra in ing  sinus trac ts  are a ssoc ia ted  w ith  w hich o f  the 
following fungal in fec tions?
A. C and id ias is
B. P ity r ia s is  vers icolor
C. B las tom ycos is
D. P h aeo h yp ho m y co t ic  cys ts
E. E u m y c e to m a

15. W hich  o rg an ism  causing  sys tem ic  d isease  has a  p red i
lection for b ra in  t issue?
A. Sp o ro th rix  sch en ck ii
B . C ryp to co ccu s  neo fo rm ans
C . H isto p la sm a  capsu la tum
D. C o ccid io id es im m itis
E. Trichophyton m en tagrophy tes

16. T h e  fo rm  o f  C o ccid io id es im m itis  tha t in i t ia tes  in fec
tions is:
A . Yeast
B. A rth ro co n id ia
C . C h lam y do sp o re
D. M icrocon id ia
E. M acro con id ia

17. In the  U nited  States, the  a rea  in w hich  m os t  cases  o f  
cocc id io id om y cos is  occ u r  is:
A . New E ng lan d
B. T h e  so u thw es te rn  part  o f  the co u n try
C . E ast  o f  the M ississ ipp i R iver
D. T h e  n o r th e a s te rn  states
E. T h e  G u l f  C oast

18. In tissue ,  H istop la sm a  c a p su la tu m  is found  as:
A. In trace l lu la r  yeasts
B. E n cap su la ted  yeasts
C . S ph eru les
D. Yeasts w ith  m ultip le  buds
E . H yphae

19. C ryp to co cc u s  neo fo rm a n s  is m os t  likely to be  iso lated  
from  w hich o f  the following s ites?
A . Soil taken  from  a co rn f ie ld  in Iowa
B. Soil taken nea r  a  levee on the  M iss iss ip p i  R iver
C .  A sc rap ing  from  a su pp o r t  bea m  o f  a football 

s tad ium  u sed  as  a roos t  by  p igeons
D. A bale  o f  co tton  sh ipped  from  Texas to  N orth 

C aro lina
E. H airs  rem ov ed  from  a p il low  used as  a res ting  

p lace  by a cat
20. D uring  cu ltu re  iden tif ication  o f  B la sto m yces d e rm a 

titid is ,  w hich  o f  the  following s t ru c tu re s  is m o s t  u se 
fu l?
A . Yeasts
B. H yphae
C .  G e rm  tubes
D. M acroco n id ia
E. S pheru les

21 .  W h ich  o f  the  following is a site o f  ac tion  fo r  a m 
pho ter ic in  B?
A. P lasm a m em b rane
B. O xid a t iv e  p hosphory la tion
C .  DNA replication
D. P ro te in  syn thes is
E. E n z y m e s  involved in folate m etabo lism

22. T h e rm a l ly  d im o rp h ic  fungi:
A. B lastom yces d erm a titid is , C a nd ida  a lb ica n s , and 

C o cc id io id es  im m itis
B. Sporothrix  schenckii, H istop lasm a capsu la tum , and 

C a nd ida  a lb ica n s
C. C o ccid io id es im m itis , H isto p la sm a  ca p su la tu m , 

and R h izo p u s  oryzae
D. B lastom yces derm atitid is, Sporo thrix  schenkii, and 

H isto p la sm a  ca p su la tu m
E. C o cc id io id es  im m itis , H isto p la sm a  ca p su la tu m , 

and C a nd ida  a lb ica n s
23 .  A zo le  antifungals:

A. Inh ib i t  incorpora t ion  o f  e rgos te ro l into the p la sm a  
m em bran e

B. Inh ib it  a cy to ch ro m e  P-450  in the  b iosyn the t ic  
pa thw ay  o f  ergos tero l

C . B ind  to e rgos te ro l in p re fe rence  to o th e r  sterols
D. A re  in corpora ted  into RNA
E. Inh ib it  squalene  2 ,3 -ep o x id a se  in the  b iosyn the t ic  

pa thw ay  o f  e rgosterol
24 .  An exam ina t ion  o f  spu tu m  for a su spec ted  case  o f  

fungal infection m ay reveal h yphae  in w hich  o f  the 
following?
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A. H is top lasm osis
B. Sporo tr ichos is
C. A sperg i l lo s is
D. Paraco cc id io ido m y cos is
E. C ry p to co cc o s is

25 .  W hich  o f  the  following is the  p robable  source  o f  
infection in asperg il lo s is?
A. Inges tion
B. Im plan ta tion
C. C o n tac t  w ith  an in fec ted  anim al
D. Inhalation
E. W ate r  u sed  in p repa r ing  lem onade

26 .  How shou ld  a posi t ive  spu tu m  cu ltu re  o f  C andida  
a lb ica n s  be in te rp re ted?
A. T h e  patient has cand id ias is
B. T h e  patient does  not have cand id ias is
C. T h e  patient may have cand id ias is
D. T h e  patient probably  has ca nd id ias is  i f  the iso la 

tion  can  be  repeated
E. T h e  isolate is a con tam inan t

27. W hich  m orpho log ic  s t ru c tu re  is not assoc ia ted  with 
C a nd ida  a lb ic a n s !
A. Yeast
B. H yphae
C. P seu do hy ph ae
D. C h lam y d o sp o re
E. Sp o ran g iu m

28 . W hich  o f  the  following con d it ion s  w ould  not be co n 
sidered  a  p red ispos ing  fac to r  for an opp o r tu n is t ic  
in fection?
A. A prev ious h is to ry  o f  p n eum o n ia
B . D iabe tes
C . R ec ip ien t o f  co rt ico s te ro id s
D. C an ce r
E. R ec ip ien t  o f  im m u n o su p p ress iv e  d rugs

29 .  W hich  o f  th e  following d ru g s  w ould  be  bes t  for t r e a t
m en t  o f  sys tem ic  cand id ias is?
A. P o tass ium  iodide
B. G riseo fu lv in
C . K etoconazo le
D. Penicill in
E. Su lfonam ides

30. W hich  infec tion  genera l ly  has a very  rap id  cou rse?
A. M u co rm y co s is
B. M y ce to m a
C. C ry p to co cc o s is
D. C an d id ias is
E. H is top lasm osis

31. W hich  infection has  a  s ingle  species  e tio logy?
A. M y ce to m a
B. C an d id ias is
C . M u co rm y co s is
D. P araco cc id io ido m y cos is
E. A sp erg i l lo s is

Answers

1. C M a la ssez ia  fu r fu r ,  the  agen t  o f  p i ty r ias is  ver
sicolor, is par t  o f  the n o rm a l  f lo ra  o f  the  skin and 
scalp.

2. E  W hile  d e rm a to p h y te s  m ay  fo rm  both  m a c ro c o 
n id ia  and m ic roco n id ia ,  usual ly  one p redom ina tes  
and is m o re  usefu l in cu l tu re  identif ication . M a 
c ro c o n id ia  are usefu l  in identif ica tion  o f  M icro- 
sporum  and  E piderm ophyton  spec ies  w hile  m i
c ro co n id ia  are usefu l for Trichophyton  species. 
A r th ro c o n id ia ,  sp o ran g ia ,  and g e rm  tubes  are not 
p ro d u ced  by  d e rm atophy tes .

3. D  D erm a to p h y te s  are not dem at iac ro us  and thu s  p ro 
duce  hyaline  hyphae  tha t  m ay  be o bserved  in skin 
and nail sc rap ings  o f  posi t ive  specim ens .

4. С D e rm a to p h y te s  are tran sm it ted  by  skin  con tac t
with a c o n tam in a ted  source, such as in fec ted  hair, 
skin scale  on towel o r  floor, lesion on an an im al,  
and  so forth.

5. D  A ntibac te r ia l  d ru g s  m ay be used to treat secondary
bacte r ia l  infec tions but not the  p r im a ry  fungal 
infection; therefore ,  В is not co rrec t .

6 . С W hile  fungi are euca ry o tes  and con ta in  s truc tu res
such as m itoch on d r ia ,  end op lasm ic  re t icu lu m , and 
G o lg i ,  they  are nonpho to syn th e t ic  and d o  not have 
chlorop lasts .

7. A  S ince  th e  agent o f  p i ty r ias is  v e rs ico lo r  is a c o m p o 
nent o f  no rm al sk in  f lo ra ,  cu l tu re  isolation is not 
very  usefu l  w hile  the  ap p ea ran ce  o f  lesions and the 
m ic roscop ic  observa tion  o f  yeasts and  shor t  hy
phae are  d iagnos tic .

8 . С T h e  agents o f  subcutaneous m ycoses have no m ech
anisms to pene tra te  the b a r r ie r  o f  in tact sk in  and 
are dep end en t  on som e t rau m a  to  in troduce  them  
beyond  the  skin b a r r ie r  in to  su b cu taneo us  tissue.

9. С  KI m ay be u sed  o ra lly  o r top ica lly  for t rea tm en t  o f
lym phatic  sporo trichosis .

10. D M os t  c a ses  o f  spo ro tr icho s is  are o f  the cu taneous
lym phatic  fo rm  w h ere  addit ional les ions m ay form  
along  the  lym phatic ,  d ra in ing  the  si te  o f  the initial 
lesion. C ryp to co ccu s  neo fo rm a n s  and B lastom yces  
d erm a titid is  f requently  have clin ica l  m an i fe s ta 
tions o f  centra l n e rv ou s  sys tem  and skin  infection , 
respectively.

11. В W hile  d em at iaceou s  fung i ,  w hich  m ay cause  tinea
n ig ra ,  c h ro m o b la s to m y c o s is ,  and  e u m y c e to m a ,  
have p ig m en ted  s t ru c tu res  in cu l tu re  as well as  in 
in fec ted  t issue, sc le ro tic  bodies  are part icu lar ly  
a ssoc ia ted  w ith  ch rom oblas tom ycos is .

12. В L ob om y co s is  is an u n com m o n  m y co s is  repor ted  in
several h u nd red  patien ts  p r im ar i ly  from  South  
A m erica .
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13. A Necrotic  lesions on hands ,  a rm s ,  and legs are
p a rt icu la r ly  associa ted  with sp o ro tr ich os is  w here  
addit ional les ions may app ea r  a long  the d ra in ing  
lym phatic .  T h e  cu taneo us  and m ucosa l m a n i fe s ta 
tions o f  a c t in om y cos is  and d issem ina ted  p a ra c o c 
c id io ido m yco s is  are d ifferent .

14. E  T h e  agents  o f  m y ce to m a ,  bo th  bacte r ia l  and fu n 
g a l,  cause  abscess  fo rm ation  in infected  tissue. 
T h e se  abscesses  m ay  be connec ted  by s inus tracts 
tha t  may e rup t  to  the surface.

15. В M ost c a ses  o f  c ry p to co cco s is  in the  U nited  States
are d iagn osed  as d issem ina ted  d isease  o f  the c e n 
tral n e rv ou s  sys tem .

16. В A rth ro co n id ia  are fo rm ed  from  hyphal cells in
response  to unfavorab le  g row th  cond it ions  and are 
sm all e no ug h  to be inhaled  in to  the  lungs  and 
initia te  infection.

17. В T h e  endem ic  area  o f  co cc id io ido m y cos is  is the
so u thw es te rn  US as well as parts  o f  M exico. C e n 
tral A m er ica ,  and South  A m er ica ,  w here  the e t i 
o logic  ag en t  g row s in a  p a r t icu la r  ecolog ica l  niche, 
the  L ow er  Sonoran  Life Zone. B las tom ycos is  and 
h is top lasm os is  also have endem ic  areas  in the 
U nited  States, p r inc ipa l ly  eas t  o f  the M iss iss ipp i.

18. A H istop la sm a  ca psu la tion  is an in t race l lu la r  p a ra 
site  o f  the  re t icu loendo the l ia l  sys tem  w here  it 
g row s as  a yeast.

19. С  M ost isolates in the  U nited  States are var. neofor
m a n s  a ssocia ted  with bird guano. T h e  var. g a ttii  
has been isolated from  a E u ca lyp tu s  species.

20. A T h e  co n id ia  p rod uced  by the hyphal form are not
p art icu la r ly  d is t inc tive ,  w hile  the yeast  fo rm ,  with 
its b road  base  be tw een  parent and  d au g h te r  ce ll ,  is 
d is t inc t ive  and usefu l in cu ltu re  identif ication .

21. A A m p ho te r ic in  В b in ds  preferen tia lly  to e rgos te ro l ,
w hich is the  sterol o f  fungal p lasm a m em branes  
and d is tu rbs  the  norm al func t ion  and in tegri ty  o f  
the  cell .

22. D C o ccid io id es im m itis , H istop la sm a  ca p su la tu m ,
B la sto m yces d erm a titid is , P a racocc id io ides b ra 
s ilien s is , and  S poro th rix  sch en ck ii are the rm a l ly  
d im o rph ic  fungi .  C andida  a lb ica n s  is d im orph ic  
but not th e rm a l ly  d im orph ic .

23. В A zo les  inhibit a cy to ch rom e  P -4 5 0 -d ep en d en t  a l
pha-14  dem ethy la t ion  o f  lanosterol.  A lly lam ines  
and to lnafta te  inhibit squalene 2 ,3 -ep ox id ase  at an 
ear l ie r  step in b iosynthesis .

24. С  H yphae  may be ob served  in sp u tu m  spec im ens
from  cases  o f  a sperg il lo s is  and  m u co rm y cos is .  
However, they  are  not a lw ays d e tec ted  in sp ec i
m ens ,  even from  positive cases.

25 .  D A spergilli  are c o m m o n  soil m icrobes  and  prolific
producers  o f  co n id ia ,  w hich  may b ecom e  ae ro 
so l ized  and subsequen tly  inhaled .

26. С  C andida  a lb ic a n s  is a  c o m p o n en t  o f  the  norm al
flora  and may be found  in the oral cavity. T h u s  it is 
likely to be isolated from  any sp u tu m  cu ltu re  
w h e th e r  o r  not the  patien t has candid ias is .

27. E C a nd ida  a lb ica n s  does  not fo rm  sporang ia .
28. A A prev ious  ep isode  o f  p n eu m on ia  d oes  p red ispose

an individual to subsequent candidal infection while 
all the o th e r  cu r ren t  cond it ion s  are p red ispos ing  
factors.

29. С  W hile  am pho te r ic in  В is genera l ly  the  d ru g  o f
choice  in se r ious  in fec tions, azole  d ru g s  such  as 
ke toconazo le  can  a lso  be used.

30. A M u co rm y c o s is  can  be a rap id ly  fatal d isease  with a
course  o f  1 to 4  w eeks i f  un trea ted .

31. D P ara co cc id io id es b ra s ilien s is  is the  sole e tio logy
o f  paraco cc id io ido m y cos is .  A n u m b er  o f  in fec
tions  m ay have o ne  o f  several e t io log ies ,  a l though  
in so m e  d iseases  such as c a n d id ias is ,  a single 
spec ies  (i .e.,  C . a lb ica n s)  is isolated m ost f re 
quently.
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Parasitology

D a n n y  В. P en ce

Lumen Protozoa

Previously  o ne  phylum  o f  all s ing le-ce lled  an im als ,  p ro to 
zo a  are now  con s ide red  as several phyla ,  inc lud ing  Sarco- 
m as t igo rph a  (am eb ae  and flagella tes) ,  A p icom plexa  ( t is 
sue paras ite s  like m ala r ia  and cocc id ia  with com plica ted  
life cyc les  involving sexual reproduction),  and C il iophora  
(ciliates). Spec ies  from  all th ree  o f  these  phy la  oc cu r  as 
lum en paras ite s  o f  the gas t ro in tes t ina l  o r  g en i to u r in a ry  
tracts. T hey  are a m o ng  the m ost co m m on  h um an  in fec 
tions, having a  w orldw ide  d is tr ibu t io n .  S om e  are very 
im po rtan t  o p p o r tu n is t ic  infec tions in patients with  a c 
qu ired  im m un od ef ic ien cy  syndrom e.

A m ebias is  (E n tam eb ias is )

Epidemiology
Trophozo ites  o f  E n tam oeba  h is to ly tica  a sexually  rep ro 
duce  in the lum en and m u cosa l  t issue  o f  the large intestine; 
cysts  are res is tan t  infec tive  s tages passed  in feces and 
inges ted  in con tam ina ted  food and  d rink .  H u m an s  are  the 
on ly  reservoir . T h e re  are m any  m ore  asy m ptom atic  c a r r i 
ers  than clin ical cases .  Up to 3 percen t o f  the  U nited  States 
popula t ion  m ay be in fec ted ,  but only 3000  to  40 0 0  clinical 
cases  are  repor ted  annually.

Pathogenesis
L esions  result from recep to r-m ed ia ted  ad heren ce  o f  a m e 
bae to host ta rget cells, con tac t-dependen t  host-cell  k illing 
th rough  release o f  en zy m e s  and cy to tox ins  and  subsequent 
cy tophago cy to s is .  T rophozo ites  invade the su b m u c o sa  o f  
the large in test ine  and un dergo  m ass ive  proliferation . 
U lcera t ive  co li t is  is the basic lesion. S econdary  bacte ria l 
infec tions are co m m o n ;  com p lica t io ns  inc lude h em o rrh ag e  
and perfora tion .  In fewer than  10 percen t o f  the  clin ical 
cases ,  m etas ta tic  am ebae  m ay cause  liver ab scesses :  rarely, 
they  cause  lung, b ra in ,  pe r ica rd ia l ,  o r  per iana l cu taneo us  
lesions. P rolifera tion  o f  the nes t  o f  m etas ta tic  troph ozo ite s  
en la rges  the  liver lesion, resu lt ing  in necro t ic  areas  with

am ebae  at the leading edge  o f  the abscess .  A m eb ic  liver 
abscess  may heal with  therapy, o r rup tu re  and d issem inate  
if  un trea ted .

Clinical Correlations
In fection  versus d isease  m u s t  be d e te rm ined  in patients 
with E . h isto lytica . Usually, chronic cyst passers are asym p
tomatic. In c lin ical c a ses  o f  intestinal am eb ias is ,  there  is an 
ear ly  phase  o f  d ia r rh ea  w ith  m ucu s  and  b lood ,  which 
a lte rna tes  with  per iods  o f  const ipa t ion ; th is  m ay  progress  
to a secon dary  phase w ith  severe d ia r rh e a ,  dysen tery , 
increase  in the nu m b er  o f  neu troph ils  (neu troph il ia ) ,  e m a 
c ia t ion .  and anem ia .  A m e b o m a ,  an o b s t ruc t iv e  g ra n u 
lom atous  lesion that may be m isd iag no sed  as c a rc ino m a ,  
o ccurs  in few er than  5 percen t o f  pa tien ts  with  intestinal 
am ebias is .  An am eb ic  liver abscess  is usual ly  in the  right 
lobe o f  the  liver (elevated righ t hem id iap h rag m  on rad iog
raphy). T h e re  is a  h is to ry  o f  a m eb ic  dysen tery , w eigh t loss, 
fever, and  neu trophil ia .

Diagnosis
M any infections are u n d iagn osed .  C lin ical cases  are m is 
d iag no sed  because  en tam eb ias is  is not cons id e red  or E. 
h is to ly tica  is confused  with several o th e r  no npa thogen ic  
am eb ae  that infect h u m ans  (E n ta m o eb a  h a r tm a n n i, E n t
am o eb a  co li, lo d a m o eb a  b iitsch le ii, and  E n d o lim a x  п а па ). 
In testinal am eb ia s i s  is d iag n o sed  by ex am in in g  nuclear 
m orpho logy  o f  the  cys t  in s ta ined  fecal sm ears .  A m ebic  
liver a b scess  is d iag no sed  by cu ltu re  o f  asp ira ted  materia l 
and serologic  tes ts  ( ind irec t  hem ag g lu t ina t ion  assay, e n 
zym e- l in ked  im m u n o so rb en t  assay).

Treatment
M etronidazo le  (F lagyl)  is the m os t  o ften  used d ru g  for all 
fo rm s o f  am eb ias is ,  but it is con tra ind ica ted  du ring  p re g 
nancy. E m et ine  hydro ch lo r id e  is an a lte rna t ive  in am ebic  
dysentery , but it is card io tox ic .  C h lo ro qu in e  is often used 
co ncurren tly  with m etro n id azo le  as  a  t issue  am eb ic ide  for 
am eb ic  liver abscess .
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G iardiasis

Epidemiology
T h is  is a  f lagella te  infection with G iard ia  d u o d en a lis  (G . 
la m b lia ). T rophozoites  asexual ly  rep roduce  on the  su rface  
m u cosa  o f  the  sm all  in testine ; cysts  are the  res istant 
infec tive  s tages  passed  in the  feces. G ia rd ia s is  is an u n co n 
firm ed  zoonosis ,  poss ib ly  re servo ired  by beavers ,  d ogs ,  
cattle , and o th e r  m am m als .  Infection  results  from  ingestion 
o f  cysts  in food and  water. O n c e  mostly  o c c u r r in g  in 
developing cou n tr ie s  o f  the trop ics ,  th o usand s  o f  cases  are 
now  seen each year  in N orth  A m e r ic a  and Europe. Small 
ep idem ics  may occur.

Pathogenesis
Trophozoites mechanically dam age intestinal mucosal cells 
by attach ing  to th e i r  su rface  with a pa ir  o f  sucker-like 
d isks ,  but they do  not invade deeply  into the m u cosa .  T h ere  
m ay be shor ting  o f  the  microvill i  and som e in f lam m ation  o f  
the c ry p ts  in acu te  cases .  A ltered  ep ithelia l  func t ion  lead 
ing to m alab so rp t io n  m ay o c c u r  in chron ic  cases . O ften ,  
the m in o r  pa tho log ic  les ions d o  not co inc id e  w ith  the 
severity  o f  the  clin ica l  sym ptom s.

Clinical Correlations
G iard ias is  is o ften  a sym p to m atic .  C lin ica l  cases  occur  
m os t  frequently  in ch ildren . A cute  cases  p resent with  
ep igas tr ic  pa in ,  nausea ,  d ia r rh ea ,  and  fla tulence. C hronic  
cases may persist for m any months, with alternating periods 
o f  d ia r rh ea  and  co nst ipa t ion ,  w eigh t loss, m alabsorp t ion  
with an excess ive  am o u n t  o f  fat in the feces ,  hypopro te in -  
em ia ,  h yp o g am m ag lo b u l in em ia ,  and v itam in  deficiencies.

Diagnosis
C ysts  in s ta ined  fecal sm ears  are d iagnos t ic  w hen  o b 
served ,  but o ften  they are re leased  ir regu la r ly  in the  feces. 
F inding troph ozo ite s  in d uodena l  fluids o r  b iops ies  and 
serologic  tes ting  (enzy m e-l ink ed  im m u n o so rb e n t  assay, 
indirect f luo rescen t an t ibody  test) m ay  be helpful.

Treatment
M etronidazo le  is the  d ru g  o f  cho ice  for g iard iasis .

C ry p to sp o r id ias is

Epidemiology
C ryp to sporid ium  m u r is  is a cocc id ian  paras ite  tha t  under
goes  asexual and sexual rep roduc t ion  on the intestinal 
m ucosa l cell surface. T h e  oocyst  is the  infec tive  s tage  
released in the feces.  R oden ts  and m any o th e r  m a m m als  are

reservo ir  hosts.  In im m u n o co m p e te n t  persons  th is  is an 
a sym p to m atic  to ben ign ,  m ild ,  se lf- l im it ing  infection . It is 
a c o m m o n  cause  o f  p ro trac ted  d ia r rh e a  o r  severe  d ysen te ry  
in the  im m u n o co m p ro m ise d  patient and  a  s ign if ican t m or
tality  fac to r  in patien ts  w ith  acqu ired  im m uno def ic iency  
syndrom e.

Pathogenesis
M assive  prol ifera tion  by  asexual and sexual rep roduc tion  
o f  p art ia l ly  e m b e d d e d  o rg an ism s  on the  m u cosa l  su r face  o f  
the sm all in tes t ine  cau s in g  altera t ions to  the  b ru sh  bo rder  
and cell su r face  is the p resu m ed  m e ch a n ism  o f  pa th o 
genicity. T h e  severe clin ical m an ifes ta tions  seen in im m u- 
n odefic ien t pa tien ts  do  not m atch the  m in o r  les ions p ro 
d u ced  by the  paras ites .

Clinical Correlations
S y m p to m at ic  infec tions in no rm al  ind iv idua ls  involve a 
se lf- l im it ing  d ia r rh ea ,  so m etim es  with ab do m in a l  pa in , 
ano rex ia ,  fever, n au sea ,  and  mild w e ig h t  loss. Im m u 
n o c o m p ro m ised  ind iv iduals  m ay  have severe  p ro trac ted  
d ia r rh e a  w ith  from  6  to 25 s tools  pe r  day, m ass ive  fluid 
losses, w eakness ,  and  profound  w e igh t  loss.

Diagnosis
T h e  minute  o o cys ts  can  be seen in fresh  fecal sm ears ;  
specia l  s ta ins  and  phase  con tra s t  m ic ro scop y  are useful in 
th e i r  d if fe ren t ia t ion  from  yeasts  and  o th e r  p ro tozo a .  D u o 
denal b iopsy m ay reveal paras i te s  on the  m uco sa l  surface. 
A n  en zym e-l in ked  im m u n o so rb en t  assay  test is available.

Treatment
S p iram y c in  has  been  used as  a  t rea tm en t .

Trichom oniasis

Epidemiology
Trichom onas vag ina lis  is a  sexua l ly  tran sm it ted  f lagella te  
tha t lives in the  m ale  and  fem ale  genita l tracts .  T h e  t ro 
phozo ite  rep ro du ces  asexual ly  and  is the infec tive  stage; 
there  is no  c ys t  stage. T h is  is o ne  o f  the  m ost co m m o n  
sexually  transm it ted  d iseases ;  the  inc idence  in w om en  in 
the  U nited  States is e s t im a ted  to be as h igh  as  25 percen t .  It 
is tran sm it ted  by coitus .  T h e re  are m any  asy m ptom atic  
male and fem ale carr iers .

Pathogenicity
T h e  exac t m ech a n ism  o f  pa thogen ic ity  is unk no w n . In fec
tion e s tab l ishes  w hen the  ac id i ty  o f  vaginal secre tions  are 
reduced .  T rophozo ites  d o  not invade tissue  and  no know n
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toxins are re leased. C lin ica l c a ses  p resent with in t race l lu 
lar  ed em a  and n eu troph il ia  in the  vaginal m u co sa ,  hyper
em ia  and  petechial h e m o r rh ag e  o f  the  vaginal wall,  a 
pu ru len t  exuda te  ov e r  the lesions, and often a concurren t  
bacte r ia l  or yeast  in fec tion ,  o r  bo th .  T h e  infection is 
usual ly  a sy m p to m a tic  in men; pros ta ti t is  and u re th r i t is  can  
occur.

Clinical Correlations
V aginit is ,  vulva  p ru r i tu s ,  a p ro fuse  and ir r i ta t ing  (bu rn in g ,  
itch ing , chafing)  d ischarge ,  and  increased  frequency  of 
ur ination  o r  poss ib ly  d y su r ia  are c o m m o n  clin ica l  sy m p 
toms. C hron ic  sym p to m atic  t r icho m on ias is  in m en  results  
in a thin d is cha rg e  w ith  d ysu r ia  and no c tu r ia .

Diagnosis
Fresh  wet p repara tions o f  vaginal secre tions and prostatic 
fluid  d em on s tra te  m otile  t r ichom onads .  F lagel la tes  can  be 
seen  in Papanico laou’s s ta ined  sm ears .

Treatment
M etron idazo le  is the  usual trea tm ent.

O th e r  L um en  P ro to z o a

B alan t id ias is  ca u sed  by B a lan tid ium  co li, a large cil iate 
tha t a lso  o ccu rs  in dom es tic  p igs ,  is unproven  as  a z o o n o 
sis. H u m an  infections are o ften  a sym p to m atic .  A lthough  
w orldw ide  in d is tr ibu t ion  and rare, m os t  c lin ical cases  are 
probably  o f  h u m an  o rig in .  Sm all  e p idem ics  have occurred  
in m enta l  ins ti tu tions. T h e  life cycle  is d irec t  w ith  cysts 
and t ro p ho zo ite s  in the  large  in testine ; cy s ts  are the in fec
tive stage. T h e  large t ro p ho zo ite s  are chief ly  lum en dw ell
ers ,  but they  m ay release hya lu ro n idase  to  fac ili ta te  inva
sion o f  the  la rge-in tes t ina l  m u co sa ,  w here  they multiply 
asexually. Following es tab l ish m en t o f  con cu rren t  bacte ria l 
infections, they  cause  ulcerative lesions s im ila r  to those  of 
am eb ias is .  E x tra in tes tina l  les ions are very  rare. Clinical 
c a ses  p resen t w ith  in te rm it ten t b loody  d ia r rh e a  and c o n 
s t ipa t ion ,  fever, anorex ia ,  and  neu trop h il ia .  Infection  is 
d iagn osed  by find ing  tropho zo ite s  o r  cy s ts  in a fresh 
uns ta ined  fecal smear. T rea tm en t u ti l izes  pa ro m o m y cin  or 
oxyte tracyc l ine .

Iso sp o r id ia s is  is an infection m os t  com m o n ly  caused  by 
Iso sporo  b e ll i ,  a  co cc id ian  parasite . O n ce  cons ide red  a rare 
h um an  in fection , there  are presen tly  increasing n u m b ers  of 
cases  o f  o p p o r tu n is t ic  infec tions in patients with acquired  
im m un od ef ic ien cy  syndrom e. T h e  paras ite  un d e rg o es  sex 
ual and  asexual rep roduc tion  w ith in  the sm all- in tes t ina l  
m ucosa l cells, resu lt ing  in the ir  lysis. In im m u n o c o m p e 
tent ind iv iduals  infec tion  is o ften  a sy m p to m a tic ,  but mild 
to severe gas tro in tes t ina l  d is tre s s  with  d ysen te ry  is re 

p o r ted .  In fection  may p ro du ce  severe chronic  d ia r rh ea  
s imilar to cryptosporidiosis  in im munocom prom ised  pa
tients. O o cy s ts  in a fresh unsta ined  fecal sm ea r  are d ia g n o s 
tic. T rim e th o p r im -su l fa m e th o x az o le  is an effec tive  t rea t
ment.

D ien tam eb ias is  is an infection with D ien tam oeba  fr a g il-  
is ,  a  b inuclea te  f lagella ted  t rophozo ite  that lives in the 
c ry p ts  o f  the  sm all  intestine. T h e  exac t m ech an ism  o f  
tran sm iss ion  is un know n since  there  is no  c ys t  stage, but it 
app ea rs  tha t  tropho zo ite s  m ay  be transm itted  in p inw orn  
eggs. T h e  infection is m ost co m m on  in child ren  in the 
tropics .  M any infections are a sy m ptom atic ,  but a b loody 
d ia r rh ea  w ith  f la tu lence, abdom ina l p a in ,  w eakness  and 
w eigh t loss can  occur. D iag no s is  is difficult because  tro 
phozo ites  quick ly  u ndergo  cy to lys is  once  the feces is 
passed .  T rea tm en t is with iodoquinol o r  parom om ycin .

Blood Protozoa

Pro tozo a  that o ccu r  as intra- and ex trace llu la r  paras ites  in 
the b lood vascu la r  sys tem  are  rep resen ted  by hem oflage l-  
la tes ( t ry p an o so m e  and le ishm ania l  infections) in the phy
lum  S arco m ast igo rph a  and  H aem o sp o r id ia  (m a la r ia )  in the 
ph y lu m  A picom plexa .  All are t ransm itted  by  a r th ropod  
vec to rs  and  are m ost co m m on  in the  w arm er ,  w etter  c l i 
mates. M a la r ia  is a  lead ing  cause  o f  m orta l i ty  in the  w o r ld ’s 
population .

A m erican  T rypanosom ias is  
(C h ag as ' D isease)

Epidemiology
Trypanosom a c ru z i  is a zoonosis  re servo ired  in opo ssum s,  
a rm a d il lo s ,  roden ts ,  d ogs ,  and m any o ther  m am m als .  It is 
tran sm it ted  th rou gh  the feces o f  b lood-suck ing  reduviid  
bu g s  (Tria tom a  spp., R h o d n iu s  spp., e tc . )  (Fig.  7-1); o rg an 
ism s are inocula ted  at the si te  o f  the  b ite  o r  in to  the 
con junc t iva .  C hag as’ d isease  is prevalent in ru ra l  areas  o f  
La tin  A m e r ic a  w h ere  h u m a n s  live near  vec to rs  and  reser
vo ir  hosts. It is a m a jo r  c ause  o f  card io vascu la r  d isease  in 
endem ic  a reas  o f  t rop ica l  A m erica ;  there  are e s t im a tes  o f  
35 to 45  mill ion h u m an  cases.

Pathogenesis
A sexual rep roduc tion  o f  am as t igo tes  at the  porta l o f  entry  
evokes a local ized  in f lam m ato ry  re sponse  (ch ago m a)  and 
reg ional lym phaden it is  (F ig . 7-1). T ry p o m as tig o tes  are 
re leased  into the  b loods tream  and are d issem ina ted  to 
every  o rgan  and t issue  o f  the  body. T h is  is the acu te  febrile 
phase o f  infec tion , w ith  p a ras i te m ia ,  malaise ,  lymph node
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CHAGAS' DISEASE AFRICAN TRYPANOSOM IASIS

Portal of Entry

Reduviid Bug (F eces)
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(A m astigotes)

4,
Regional Lymphatics

^  X
Young Children O lder Children,
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Blood Blood
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(A m astigotes)
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DEATH

V
CURE
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i
DEATH

Fig. 7-1 P a t h o g en es i s  of  t r y pa n os o m ia se s .

inf lam m ation  ( lym phaden itis ) ,  and spleen and  liver e n 
la rgem ent (hepatosp lenom egaly) .  A s  am as t ig o tes  becom e 
estab lished  and u ndergo  m ass ive  asexual rep roduc tion  as 
in tracel lu lar paras ites ,  the  chronic  phase o f  infection b e 
gins. C yto lysis  o f  infected  cells , re lease o f  toxic p roducts ,  
and d am ag e  to the  parasy m p a th e t ic  n e rvo us  sys tem  results  
in in f lam m ation  o f  the h ea r t  m usc le  (m yocard i t is ) ,  e n c e p h 
alitis, a n d /o r  d ila t ion  o f  the tu b u la r  organs.

Clinical Correlations
Usually, d isease  is m o re  severe in y ounger  children . Acute 
C hagas '  d isease  often  b eg ins  with a unila tera l  co n jun c t iv i
tis and ed em a  o f  the face  (R o m an a’s s ign) at the site  o f  
inocula tion , local lym ph vessel in f lam m ation ,  p a ras i t 
em ia ,  and fever. T h is  is followed by genera l  lym phadenop- 
athy, hepatosp lenom egaly , and  increased  heart  rate in mild 
cases ,  or  m yocardia l insufficiency, c ircu la to ry  co llapse, 
hypotension, meningoencephalitis, and electrocardiographic 
chang es  in m ore  severe cases . Subsequently ,  there  may be

com ple te  resolu tion  o f  sy m p tom s,  d ea th ,  o r  developm ent 
o f  the  chronic  stage. M y ocard iop a th y  ch a rac te r iz ed  by 
d if fuse  m yo card i t is  resu lt ing  in p rogress ive  m yocard ia l  
insuff ic iency  and  leading to even tua l ca rd iac  fa i lu re  is the 
m os t  c o m m o n  form  o f  chron ic  C hagas '  d isease ;  ex trem ely  
d ila ted  e so p hag us  and colon  o r  en cepha li t is  are in frequent 
latent manifestations.

Diagnosis
T ry p om as tigo tes  m ay  be seen on s ta ined  b lood sm ears  
du ring  acu te  feb r ile  periods .  C hron ic  infec tions can  be 
serolog ica lly  d iag n o sed  by an en zy m e -l in k ed  im m u n o so r
bent assay.

Treatment
T reatm ent is largely suppor tive .  N ifu r t im ox  has  been m o d 
era te ly  successfu l in acu te  to ear ly  chronic  cases .
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Mycobacterium avium-intracellulare 
Leptospira  species 

Fungal 
Histoplasma capsulatum  

Parasitic 
Schistosoma mansoni 

Hepatic abscess 
Bacterial

Bacteroides fragilis  and other anaerobes 
Escherichia coli 
Staphylococcus aureus 

Parasitic
Entamoeba histolytica

Myocarditis
Viral

Coxsackievirus group В 
Echoviruses 
Polioviruses 
Mumps virus 

Bacterial 
Corynebacterium diphtheriae 
Clostridium perfringens 
Borrelia burgdorferi 

Rickettsial 
Rickettsia tsutsugamushi 

Pericarditis 
Viral

Coxsackievirus group В 
Echoviruses 
Mumps virus 

Bacterial 
Streptococcus pneumoniae 
Staphylococcus aureus 
Haemophilus influenzae 
Neisseria meningitidis

Table 8-7 O rg an i sm s  t h a t  Cause 
Ur inary Tract  Infect ions

Cystitis 
Bacterial 

Escherichia coli 
Klebsiella pneumoniae 
Enterobacter species 
Staphylococcus saphrophyticus 
Proteus species 
Streptococcus faecalis 

Fungal
Candida albicans 

Viral
Adenoviruses 

Parasitic 
Schistosoma haematobium  

Pyelonephritis 
Bacterial 

Escherichia coli 
Klebsiella pneumoniae 
Enterobacter species 
Proteus species 
Streptococcus faecalis 
Pseudomonas aeruginosa 

Fungal
Candida albicans 

Prostatitis 
Bacterial 

Escherichia coli 
Klebsiella pneumoniae 
Enterobacter species 
Proteus species 
Streptococcus faecalis 
Chlamydia trachomatis

Table 8-8 O rgan i sms  t h a t  
Cause  Sexually T ransm i t t ed  Diseases

Urethritis or genital ulcer 
Bacterial 

Neisseria gonorrhoeae 
Chlamydia trachomatis 
Ureplasma urealyticum  
Haemophilus ducreyi 
Calymmatobacterium granulomatis 
Treponema pallidum  

Viral
Herpes simplex virus 

Vaginitis or cervicitis 
Fungal

Candida albicans 
Parasitic

Trichomonas vaginalis 

Bacterial 
Gardnerella vaginalis

Table 8-6 O rg an i sm s  t h a t  
Cause  Infect ions  o f  t h e  He a r t

Endocarditis
Bacterial

Streptococcus sanguis, Streptococcus mutans, and other 
viridans streptococci 

Streptococcus (Enterococcus) faecalis 
Staphylococcus aureus 
Staphylococcus epidermidis 
Pseudomonas aeruginosa 

Fungal
Candida albicans

S
u

m
m

at
io

n
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Table 8-8 ( con t i nued) .

Neisseria gonorrhoeae 
Сhlamydia trachoma tis 

Viral
Herpes simplex virus 

Pelvic Inflammatory Disease 
Bacterial 

Neisseria gonorrhoeae 
Chlamydia trachomatis 
Bacteroides fragilis  and other anaerobes 

Acquired immunodeficiency syndrome 
Viral

Human immunodeficiency virus 1 
Human immunodeficiency virus 2

Table 8-9 Org an i s ms  t h a t  Cause 
Infect ions  o f  Skin a n d  S u b c u t a n e o u s  St ruc tu re s

Pyoderma, cellulitis, or abscesses 
Bacterial 

Staphylococcus aureus 
Streptococcus pyogenes 
Staphylococcus epidermidis 
Pseudomonas aeruginosa 
Clostridium perfringens 
Mixed anaerobes 
Corynebacterium diphtheriae 
Francisella tularensis 
Bacillus anthracis 
Erysipelothrix rhusiopathiae 
Vibrio species 
Pasteurella multocida 
Capnocytophaga canimorsus 
Borrelia burgdorferi (Lyme disease)
Mycobacterium leprae (leprosy)
Leishmania  species (leishmaniasis)

Fungal 
Candida albicans 
Aspergillus species 
Sporothrix schenckii 
Tinea species 

Vesicles or exanthems 
Viral

Herpes simplex virus 
Varicella-zoster virus 
Measles virus 
Rubella virus 

Rickettsial
Rickettsia rickettsii (Rocky Mountain spotted fever) 
Rickettsia typhi (murine typhus)

Lymphadenitis and lymphangitis 
Bacterial

Staphylococcus aureus 
Streptococcus pyogenes 
Mycobacterium tuberculosis

Yersinia pestis 
Francisella tularensis 
Chlamydia trachomatis 
Treponema pallidum  

Rickettsial
Rickettsia rickettsii (Rocky Mountain spotted fever) 
Rochalimaea henselae (cat-scratch disease)

Fungal
Histoplasma capsulatum  

Viral
Epstein-Barr virus
Cytomegalovirus
Adenoviruses
Human immunodeficiency virus 1 
Herpes simplex virus type 2 

Parasitic 
Wucheria bancrofti 
Brugia malayi 
Loa loa
Onchocerca volvulus 
Toxoplasma gondii 

Fasciitis 
Bacterial

Bacteroides fragilis 
Peptostreptococcus species 
Escherichia coli 
Streptococcus pyogenes 
Staphylococcus aureus 

Myositis 
Bacterial 

Staphylococcus aureus 
Clostridium perfringens 
Clostridium septicum  
Peptostreptococcus species 
Bacteroides fragilis 

Viral
Influenza viruses 
Coxsackievirus group В 

Parasitic
Trichinella spiralis 
Taenia solium

Table 8-10 Org an i s ms  t h a t  Cause 
Inf ec t i ons  of  Bones  a n d  Joints

Osteomyelitis 
Bacterial 

Staphylococcus aureus 
Escherichia coli 
Klebsiella pneumoniae 
Salmonella enteritidis 
Proteus species 
Pseudomonas aeruginosa 
Mixed anaerobes 
Mycobacterium tuberculosis
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Arthritis 
Bacterial 

Staphylococcus aureus 
Haemophilus influenzae 
Streptococcus pneumoniae 
Streptococcus pyogenes 
Neisseria meningitidis 
Neisseria gonorrhoeae 
Mycobacterium tuberculosis 
Escherichia coli 

Viral
Rubella virus 
Mumps virus 
Hepatitis В virus 

Fungal
Sporothrix schenckii 
Coccidioides immitis

Table 8-11 O rg an i sm s  t h a t  Cause 
Inf ec t i ons  o f  Blood a n d  B lood  Cells

Streptococcus pneumoniae 
Salmonella typhi (typhoid fever) 
Mycobacterium avium-intracellulare 
Yersinia pestis  (plague)
Borrelia species (relapsing fever)

Fungal
Candida albicans 

Viral 
Cytomegalovirus 

Erythrocyte infections 
Parasitic 

Plasmodium falciparum  
Plasmodium vivax 
Plasmodium ovale 
Plasmodium malariae 
Babesia microti 

Leukocytes 
Viral

Epstein-Barr virus 
Cytomegalovirus 
Human immunodeficiency virus I 
Human lymphotropic viruses (oncoviruses) 

Parasitic 
Leishmania donovani (kala azar) 

Trypanosomiasis 
Parasitic

Trypanosoma cruzi (Chagas’ disease) 
Trypanosoma brucei (sleeping sickness)

Septicemia
Bacterial

Escherichia coli 
Staphylococcus aureus 
Klebsiella pneumoniae 
Pseudomonas aeruginosa
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ABO system, 22 
Abscesses 

brain, 273 
hepatic, 275 
skin, 276 

Absidia, 240
Acanthamoeba spp., 256-257 
Acid-fastness, 126 
Acinetobacter, 110
Acquired immunodeficiency syndrome 

(AIDS), 212-216 
Actinobacillus spp., 118 
Actinomycetes, 135, 139-141 
Actinomycetoma, 140, 141 
Actinomycosis, 139-140 
Activation-induced cell death, 15 
Activator, 70 
Active transport, 46 
Acute glomerulonephritis (AGN), 106 
Acute respiratory disease (ARD), 183 
Adaptive system, 1
ADCC (antibody-dependent cellular cy

totoxicity), 5, 12 
Adenoassociated virus (AAV), 183 
Adenoviruses, 166, 183-184 

oncogenic, 206, 208 
Adherence, 87 
Adherence factors, 88 
Adjuvants, 3 
Adoptive transfer, 23 
Adsorption 

of phage, 60 
of virus, 168 

Aerobes 
facultative, 45 
obligate, 45 

Aerobic respiration, 48-49 
African eye worm, 268 
African sleeping sickness, 251 
African trypanosomiasis, 251 
Agammaglobulinemia, Bruton's, 26 
Agglutination reactions, 28 
Aggregation substance, 82 
Aggressins, 88

Agranulocytes, 3
AIDS (acquired immunodeficiency syn

drome), 212-216 
AIDS-related complex (ARC), 214 
Alcohols, for sterilization, 101 
Allergen, 19 
Allograft, 23 
Allograft rejection, 23 
Alloimmunization, 20 
Allotypes, 9 
Alpha fetoprotein, 24 
Alpha toxin, 89 
Alphaviruses, 167, 193 
Amber codon, 67 
Amebae, tissue, 256-257 
Amebiasis, 247 
Ameboma, 247
American trypanosomiasis, 249-250 
Amino acids, fermentation of, 48 
Aminocyclitols, 94-95 
Aminoglycosides, 94-95 
Aminopeptidase, 68 
p-Aminosalicylic acid (PAS), 98 
Amphibolic pathways, 49 
Amphotericin B, for systemic fungal in

fections, 238 
Anabolism, 47 
Anaerobes

aerotolerant, 45 
obligate, 45, 133 
pathogenic, 133-136 

Anaerobic chamber, 135 
Anaerobic jar, 135 
Anaerobic respiration, 48, 49 
Anamnestic response, 1 
Anaphylatoxin, 16 
Anaphylaxis, 19-20 
Anaplerotic pathway, 49 
Anasakis spp., 265 
Anatomic barriers, 1 
Ancylostoma duodenale, 264 
Anemia, autoimmune hemolytic, 25 
Anergy, 13
Angiostrongyliasis, 268

Anthrax, 103 
Anthrax toxin, 89
Antibiotics. See Antimicrobial agents 
Antibodies, 2
Antibody-dependent cellular cytotoxicity 

(ADCC), 5, 12 
Antibody-mediated autoimmune dis

eases, 25 
Anticodon. 66
Antifungal agents, 230, 238-239 
Antigen(s), 1, 2 

binding of TCR and, 14-15 
blood group, 22 
carcinoembryonic, 24 
class 1 and class II, 18 
cluster of differentiation (CD), 4, 13- 

15
Forssman, 3 
heterogenetic, 3 
immunoglobulins as, 9 
T  cell recognition of, 14 
tumor-associated, 23-24 

Antigen/antibody reactions, 28 
Antigenic determinants, 2 
Antigenic drift, 186 
Antigenic shift, 186 
Antigen presenting cells (APCs), 14 
Antimicrobial agents 

for chemoprophylaxis, 99 
combined therapy with, 99-100 
that damage cell membrane, 98-99 
that inhibit cell-wall synthesis, 92-94 
that inhibit folic acid synthesis, 97-98 
that inhibit nucleic acid function, 96 -  

97
that inhibit protein synthesis, 94-96 
mechanism of action of, 91, 92 
resistance to, 59-60 
selective toxicity of, 91 
superinfection with, 99 
susceptibility testing of, 100 
with unknown mechanisms o f inhibi

tion, 99
Antiphagocytic mechanisms, 88
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A to p y , 2 0  
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A u to g r a f t ,  23  
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A u to r e g u la t io n ,  71 
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Bacillus anthracis, 103 

Bacillus cereus. 103 
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B a c te r ia  
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a r c h i te c tu r e  o f .  4 0 - 4 2  

c e l l  e n v e lo p e  o f ,  4 2 - 4 4  

c h e m ic a l  c o m p o s i t io n  o f ,  3 8 - 3 9  
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g r o w th  o f .  4 6 - 4 7  
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В -c e l l  e p i to p e s ,  2 

В -c e l l  tu m o r s ,  12 

B e je l ,  1 2 9 , 130 -131  

B e n c e  J o n e s  (B -J )  p r o te in s ,  9  

B e n z a lk o n iu m  c h lo r id e  ( Z e p h i r a n ) ,  fo r  

s t e r i l i z a t io n ,  101 

B e ta  l a c ta m a s e s ,  9 2 - 9 3  

Bifidobacterium  s p p .,  135 

B in d in g  p r o te in ,  4 5  

B K  v i r u s ,  1 8 4 , 2 0 6  

B la c k w a te r  fe v e r , 2 5 4  

B la s to m y c o s is ,  2 3 6  

S o u th  A m e r ic a n ,  2 3 6 - 2 3 7  

B lo o d  g r o u p s ,  2 2  

B 19  v i r u s ,  185 

Bordetella  s p p ., 117 -118  

B o rn h o lm  d is e a s e ,  191 

Borrelia s p p ., 1 3 1 -1 3 2  

B o s to n  e x a n th e m a ,  192 

B o tu l i s m .  1 3 8 -1 3 9  

B o tu l is m  to x in .  8 8  

B o u to n n e u s e  fe v e r . 144 

B ra in  a b s c e s s ,  2 7 3  

Branhamella, 110 

B re a k b o n e  fe v e r , 194 

B r i l l 's  d is e a s e ,  144 

B r i l l - Z in s s e r  d i s e a s e ,  144 

B r o n c h io l i t i s ,  2 7 4  

B r o n c h i t i s .  2 7 4  

Brucella  s p p .. 114-115  

Brugia malayi, 2 6 5  

B ru to n 's  a g a m m a g lo b u l in e m ia .  2 6  

B u n y a v i ru s e s ,  1 6 8 . 1 9 3 -1 9 5

C a l ic iv i r u s e s ,  1 6 7 , 193 

C a l i f o r n ia  e n c e p h a l i t i s  v i r u s ,  1 9 4 -1 9 5  

Calymmatobacterium granulomatis, 118 
Campylobacter jejuni, 124 

C a n d id ia s i s ,  2 3 9 -2 4 1  

c h r o n ic  m u c o c u ta n e o u s ,  2 6  

Capnocytophaga spp., 119 

C a p n o p h i le s ,  4 5  

C a p s id  

p h a g e ,  6 0  

v i r a l ,  162 

C a p s o m e r s ,  1 6 2 -1 6 3  

C a p s u le s ,  4 1 , 4 2 ,  8 8

C a r b a p e n e m s ,  9 4

C a r c in o e m b r y o n ic  a n t ig e n  (C E A ) ,  2 4  

Cardiobacterium hominis, 118 

C a r r i e r  g r o u p s ,  2 

C a r r i e r  p r o te in ,  4 5  

C a r r io n ’s  d i s e a s e ,  118 

C a ta b o l i s m .  4 7  

C a ta b o l i t e  r e p r e s s io n ,  7 2 - 7 3  

C a ta b o l i t e  r e p r e s s o r  p r o te in  (C R P ) ,  7 2 -  

7 3

C D  ( c lu s t e r  o f  d i f f e r e n t ia t i o n )  a n t ig e n s ,  

4 ,  1 3 -1 5

C e l l  d e a t h ,  a c t iv a t io n - in d u c e d ,  15 
C e l l  e n v e lo p e .  4 2 - 4 4  

C e l l  m a s s ,  4 7

C e l l - m e d ia te d  r e a c t io n s .  2 9  

C e l l  m e m b ra n e

a n t i f u n g a l  a g e n ts  th a t  d a m a g e ,  2 3 8  

a n t im ic r o b ia l  a g e n t s  th a t  d a m a g e ,  9 8 -  

9 9

s t e r i l i z a t io n  a g e n ts  th a t  d a m a g e ,  101 

C e l l  n u m b e r ,  4 7  

C e l lu l a r  im m u n e  s y s te m ,  1 2 -1 6  

in  r e s p o n s e  to  v i r u s e s ,  178 

C e l lu l i t i s ,  2 7 6  

C e l l  w a l l ,  4 1 , 4 3

C e l l  w a l l - d e f ic ie n t  b a c t e r i a ,  4 3 - 4 4  

C e l l - w a l l  s y n th e s i s ,  a n t im ic r o b ia l  a g e n t s  

t h a t  in h ib i t ,  9 2 - 9 4  

C e p h a lo s p o r in s ,  9 3  

C e r v i c i t i s ,  2 7 5 - 2 7 6  

C e s to d e s ,  2 5 9 - 2 6 2  

C h ag a s "  d i s e a s e ,  2 4 9 - 2 5 0  

C h a n c r o id ,  112 

C h e m o l i th o t r o p h s ,  4 5  

C h e m o o r g a n o t r o p h s ,  4 5  

C h e m o p r o p h y la x i s ,  a n t im ic r o b ia l ,  9 9  

C h e m o r e c e p to r s ,  4 6  

C h e m o ta x is ,  b a c t e r i a l ,  4 6  

C h ic k e n p o x ,  181 

C h la m y d ia e .  1 4 5 -1 4 6  

C h lo r a m p h e n ic o l ,  9 5 - 9 6  

C h lo r in e ,  fo r  d is in f e c t io n .  102 
C h o le r a ,  122 

C h o le r a  to x in ,  8 9 .  122 

C h o r io m e n in g i t i s  v i r u s ,  ly m p h o c y t ic ,

195

Chromobacterium violaceum, 118 -119  

C h r o m o b la s to m y c o s is ,  2 3 2  

C h r o m o s o m a l  m o b i l iz a t io n ,  5 8  
C h r o m o s o m e ( s )  

b a c t e r i a l ,  5 4  

f o ld e d ,  5 4

g e n e t ic  o r g a n iz a t io n  o f ,  6 9  

m o b ile  g e n e t ic  e le m e n ts  o n .  5 7 - 5 8  
r e p l ic a t io n  o f .  5 4 - 5 7  

C h ro n ic  f a t ig u e  s y n d r o m e ,  182 

C is t r o n ,  6 5

Cladosporium trichoides, 2 3 2
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C la v a te  b a c t e r i a ,  4 0  

C l in d a m y c i n ,  9 6  

C lo n a l  a n e rg y , 15 

C lo n a l  s e le c t io n  th e o ry ,  2 

C lo n e s ,  f o r b id d e n ,  2 4  

C lo n o r c h ia s i s ,  2 5 9  

C lo s t r i d i a ,  1 3 4 , 1 3 6 -1 3 9  

C lo s t r id ia l  m y o n e c r o s i s ,  136 

Clostridium botulinum, 1 3 8 -1 3 9  

Clostridium difficile, 139 

Clostridium perfringens, 1 3 6 -1 3 7  

Clostridium tetani, 1 3 7 -1 3 8  

C lu e  c e l l s ,  119

C lu s t e r  o f  d i f f e r e n t i a t i o n  (C D )  a n t ig e n s ,  

4 ,  1 3 -1 5

C M V  (c y to m e g a lo v i r u s ) ,  1 8 1 -1 8 2  

C o c c i ,  3 9  

g r a m - n e g a t iv e ,  135 

g r a m - p o s i t iv e  a n a e r o b ic ,  135 

g r a m - p o s i t iv e  p y o g e n ic ,  1 0 4 -1 0 8  

C o c c id io id o m y c o s i s ,  2 3 3 - 2 3 4  

C o c c o b a c i l l i ,  4 0  

C o d o n s ,  6 6 - 6 7  

C o ld ,  c o m m o n ,  192 

C o ld  s o r e s .  180 

C o l ic in s ,  5 8 ,  5 9  

C o lifo r m  o r g a n is m s ,  121 

C o l i t i s ,  2 7 4  

h e m o r r h a g ic ,  1 2 5 -1 2 6  

p s e u d o m e m b r a n o u s ,  139 

C o lo n ,  f lo r a  o f .  91 

C o lo n iz a t io n  f a c to r s ,  4 2  

C o lo ra d o  t ic k  fe v e r , 197 

C o m p e te n c e  fa c to r ,  7 9  

C o m p le m e n t ,  1 6 -1 8  

d e f ic ie n c ie s  in ,  2 7  

C o m p le m e n ta r i ty ,  5 4  

C o m p le m e n ta t io n ,  175 

C o m p le m e n t  f ix a t io n  te s t ,  17 , 2 8 - 2 9  

fo r  v i r u s e s ,  217 

C o m p le x  s y m m e try ,  164 

C o n d i t io n a l  m u ta t io n ,  7 4  

Conidiobolus s p p ., 2 3 2 - 2 3 3  

C o n ju g a t io n .  7 7 ,  8 1 -8 2  

C o n ju g a t iv e  p la s m id s .  5 8 - 5 9 ,  8 1 -8 2  

C o n ju g a t iv e  t r a n s p o s o n s ,  5 8  

C o n ju n c t iv i t i s ,  in c lu s io n ,  145 

C o n s ta n t  (C )  r e g io n ,  8 

C o n ta c t  d e r m a t i t i s ,  a l l e r g ic ,  21 

C o p y  n u m b e r ,  o f  p la s m id s ,  5 8  

C o r d y n e f o r m  b a c t e r ia ,  4 0  

C o re ,  o f  v i r u s ,  162 

C o re  o l ig o s a c c h a r id e ,  4 3  

C o re p re s s o r ,  71 

C o r o n a v ir u s e s ,  1 6 8 , 190 

Corynebacterium diphtheriae, 8 7 ,  1 0 2 -  

Ю З

C o - t r im o x a z o le ,  9 8  

C o u l te r  c o u n te r ,  4 7

Coxiella burnetii, 144 

C o x s a c k ie v i r u s e s ,  191 

С  r e g io n .  8

C r e s o ls ,  fo r  s t e r i l i z a t i o n ,  101 

C r e u tz f e ld t - J a k o b  d is e a s e  (C J D ) ,  199 

C r o s s  m a tc h in g .  2 2  

C r o s s  r e a c t iv a t io n ,  175 

C r o u p ,  187

C r y p to c o c c o s i s ,  2 3 7 - 2 3 8 ,  2 4 0  

C r y p to s p o r id i a s i s ,  2 4 8  

C - t e r m in a l ,  6 7  

C u b ic  s y m m e try .  1 6 3 -1 6 4  

C y c lo s e r in e ,  9 4  

C y s t i c e r c o s i s ,  2 6 0 -2 6 1  

C y s t i t i s ,  2 7 5  

C y to k in e s ,  15

C y to m e g a l ic  in c lu s io n  d is e a s e  (C M ID ) ,  

182

C y to m e g a lo v i r u s  (C M V ) ,  1 8 1 -1 8 2  

C y to p la s m .  4 1 , 4 4 - 4 5  

C y to p la s m ic  in c lu s io n s ,  4 1 . 4 4  

C y to p la s m ic  m e m b r a n e .  4 1 , 4 4  

C y to to x in .  8 9

D a n e  p a r t i c le .  201 

D a rk  r e p a ir ,  75

D D S  ( d ia m in o d ip h e n y ls u l f o n e ) ,  9 8  

D e f e c t iv e  in te r f e r in g  (D I)  v ira l  p a r t ic le s ,  

174

D e f o r m y la s e .  6 8  

D e la y e d  h y p e r s e n s i t iv i ty .  21 

to  v i r u s e s ,  178 

D e le t io n s ,  75  

D e n g u e  fe v e r  v i r u s ,  194 

D e o x y r ib o n u c le ic  a c id .  See D N A  ( d e o x 

y r ib o n u c le ic  a c id )

D e p e n d o v ir u s ,  1 8 4 -1 8 5  

D e r m a to m y c o s e s .  See M y c o s e s  

D e r m a to p h y to s e s ,  2 2 8 - 2 3 0  

D G I  (d is s e m in a te d  g o n o c o c c a l  in fe c t io n ) ,  

109

D ia m in o d ip h e n y ls u l f o n e  (D D S ) , 9 8  

D ia r r h e a ,  197 

D ie n ta m e b ia s is ,  2 4 9  

D iG e o r g e  s y n d r o m e .  2 6  

D ilu t io n  t e s t s ,  100 

D ip h th e r ia  to x in ,  8 9 .  102 

D ip h y l lo b o th r ia s i s ,  2 6 1 - 2 6 2  

D ip lo id s ,  p a r t i a l ,  7 7

D ire c t  r e p e a t s  (D R s )  in  D N A  re p l ic a t io n ,  

210
D is in f e c t io n .  1 0 0 -1 0 2  

D is k  a g a r  d i f f u s io n  te c h n iq u e ,  100 

D is s e m in a te d  g o n o c o c c a l  in fe c t io n  

(D G I) ,  109 

D I v ir a l  p a r t i c le s ,  174 

D N A  ( d e o x y n r ib o n u c le ic  a c id )  

in  b a c t e r ia l  c e l l ,  3 9  

h i s to r ic a l  p e r s p e c t iv e s  o n ,  53

s t r u c tu r e  o f .  5 3 - 5 4  

s u p e r c o i l e d  o r  s u p e r h e l i c a l ,  5 4  

t r a n s c r ip t io n  o f ,  6 3 - 6 6  

Z - ,  5 4  

D N A  p o ly m e r a s e s ,  5 6  

D N A  p r o v i r u s ,  210 

D N A  v i r u s e s ,  165 

b io s y n th e s i s  o f ,  169 

n u c le ic  a c id  in ,  172 

t u m o r - a s s o c i a te d ,  2 0 6 - 2 0 7 ,  2 0 8  

v i r i o n - a s s o c i a te d  e n z y m e s  o f ,  173 

D o m a in s ,  8

D o n o r ,  a n d  r e c ip ie n t ,  23  

D o u b le - h e l ix  m o d e l ,  5 4  

D o u b l in g  t im e ,  4 6  

D r a c u n c u l i a s is ,  2 6 8  

D r u g - r e s i s ta n c e  f a c to r s ,  5 8 ,  5 9 - 6 0  

D r y  w e ig h t ,  4 7  

D y s e n te ry ,  b a c i l la r y ,  125

E a s te r n  e q u in e  e n c e p h a l i t i s  ( E E E ) ,  194 

E b o la  v i r u s ,  199 

E B V  ( E p s te in - B a r r  v iru s ) ,  182 

o n c o g e n ic ,  2 0 6 .  2 0 8  

E c h in o c o c c ia s i s ,  2 6 2  

E c h o v ir u s e s ,  1 9 1 -1 9 2  

E c l ip s e ,  7 8

E c z e m a  h e r p e t ic u m ,  180 

E D  (E n te r - D o u d o r o f f )  p a th w a y , 4 8  

E E s  (e lo n g a t io n  f a c to r s ) ,  6 8  

E f f e c to r s ,  6 9 ,  7 0 -7 1  

Ehrlichia sennetsu, 143 

Eikenella corrodens, 119 

E le c t r o n ic  p a r t i c le  c o u n te r .  4 7  

E le c t r o n  t r a n s p o r t  s y s te m  (E T S ) ,  4 9  

E L IS A  (e n z y m e - l in k e d  im m u n o s o r b e n t  

a s s a y ) ,  2 8 - 2 9  

o f  v i r u s e s ,  217 

E lo n g a t io n  f a c to r s  (E F s ) .  6 8  

E m b s d e n - M e y e r h o f - P a r n a s  (E M P )  p a th 

w ay , 4 8  

E n c e p h a l i t i s ,  2 7 3  

E a s te r n  e q u in e ,  194 

S t.  L o u is ,  194 

E n d o c a r d i t i s .  2 7 5  

E n d o c y to s i s ,  1 

E n d o s p o r e s ,  4 1 , 4 4 - 4 5  

E n d o to x in s ,  8 8 ,  8 9 ,  120 

E n e r g y  p r o d u c t io n ,  4 7 - 4 8  

E n h a n c e r  in s e r t io n  h y p o th e s i s ,  2 0 9 ,  211 

E n ta m e b ia s i s ,  2 4 7  

E n te r - D o u d o r o f f  (E D )  p a th w a y . 4 8  

E n te r ic  b a c t e r i a ,  119-121 

E n te r ic  c y to p a th o g e n ic  h u m a n  o r p h a n  v i

r u s e s ,  1 9 1 -1 9 2  
E n te r ic  fe v e r , 1 2 3 -1 2 4  

E n te r ic  p a th o g e n s ,  1 2 1 -1 2 6  

E n t e r i t i s ,  2 7 4  

E n t e r i t i s  n e c r o t ic a n s ,  137
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E n te r o b a c te r ia l  c o m m o n  a n t ig e n ,  4 2  

E n te r o b ia s i s ,  2 6 3

E n te r o h e m o r r h a g ic  E. coli (E H E C ) ,  1 2 5 -  

126

E n te r o p a th o g e n ic  E. coli (E P E C ) ,  123 

E n te r o to x ig e n ic  E. coli (E T E C ) ,  1 2 2 -1 2 3  

E n te r o to x in s ,  8 9 ,  121 

E n te r o v i r u s ( e s ) ,  7 2 ,  1 6 7 , 1 9 0 -1 9 2  

E n to m o p h th o r o m y c o s i s ,  2 3 2 - 2 3 3  

E n t r y  e x c lu s io n ,  5 8  

E n v e lo p e ,  1 6 3 , 165 

E n z y m e  a c t iv i ty ,  c o n t r o l  o f ,  6 9 - 7 0  

E n z y m e - l in k e d  im m u n o s o r b e n t  a s s a y  

(E L IS A ) , 2 8 - 2 9  

o f  v i r u s e s ,  217 

E n z y m e  s y n th e s i s ,  c o n t r o l  o f. 7 0 -7 1  

Epidennophyton floccosum , 2 2 8 - 2 3 0  

E p ig e n e t ic  c o n tro l  m e c h a n is m s ,  7 2  

E p s te in - B a r r  v i r u s  (E B V ) ,  182 

o n c o g e n ic ,  2 0 6 ,  2 0 8  

E q u in e  e n c e p h a l i t i s ,  194 

E r y th e m a  in f e c t io s u m ,  185 

E r y th r o c y te  in f e c t io n s ,  2 7 7  

E r y th r o g e n ic  to x in ,  8 9  

E r y th r o m y c in ,  9 6  

E r y th r o v i r u s ,  185 

Escherichia coli, 1 2 0 -1 2 1 , 126 

e n te r o h e m o r r h a g ic ,  1 2 5 -1 2 6  

e n te r o p a th o g e n ic ,  123 

e n te r o to x ig e n ic ,  1 2 2 -1 2 3  

in v a s iv e ,  125

v e r o to x in - p r o d u c in g ,  1 2 5 -1 2 6  

E s o p h a g i t i s ,  2 7 4  

E t h a m b u to l .  9 9

E th y le n e  o x id e ,  fo r  d is in f e c t io n ,  102 

E u b a c te r ia ,  37  

Eubacterium lentum, 135 

E u k a r y o te s ,  3 7 ,  3 8 .  4 0  

E u s t r o n g y lo id ia s is ,  2 6 5  

E x a n th e m s ,  2 7 6  

E x f o l ia t in .  8 9  

E x o e n z y m e s ,  88  

E x o n s . 6 6

Exophiala  s p p .,  2 2 7 - 2 2 8 ,  2 3 2  

E x o to x in ( s ) ,  8 8 - 8 9  

A , 122

E x p e r im e n ta l  c o n d i t io n s ,  3

F a b  f r a g m e n t ,  8 

F a c i l i ta te d  d i f f u s io n ,  4 5  

F a c to r  B , 1 6 -1 7  

F a c to r  C 3 ,  b re a k d o w n  o f ,  17 

F a c to r  D , 1 6 -1 7  

F a c u l ta t iv e  a e r o b e s ,  4 5  

F a s c i i t i s ,  2 7 6  

F a s c io l ia s is ,  2 5 9  

F a s c io lo p s ia s is ,  2 5 9  

F a s t id io u s  b a c t e r i a ,  4 5  

F a v u s , 2 2 9

F c  f r a g m e n ts ,  8 

F e e d b a c k  in h ib i t i o n ,  6 9 - 7 0  

F e r m e n ta t io n ,  4 7 ,  4 8  

F e v e r , a s  h o s t  r e s p o n s e s  to  v i r u s ,  177 

F e v e r  b l i s te r s ,  180 

F  f a c to r ,  81 

F  f r a g m e n t ,  8 

F i f th  d i s e a s e ,  185 

F i l a r i a s i s ,  ly m p h a t ic ,  2 6 5 - 2 6 7  

F i lo v i r id a e ,  1 6 8 , 199 

F i l te r a b le  a g e n t s ,  161 

F i l t r a t io n ,  fo r  s t e r i l i z a t io n ,  101 

F im b r ia e ,  4 1 . 4 2  

F la g e l la ,  4 1 - 4 2  

F la v iv i r u s e s ,  1 6 7 , 1 9 3 -1 9 5  

Flavobacterium meningosepticum, 119 

F lo r a ,  in d ig e n o u s ,  9 0 -9 1  

F lu k e s ,  2 5 7 - 2 5 9  

F lu o r e s c e n c e  t e s t s .  2 9  

5 - F lu o r o c y to s in e ,  fo r  s y s te m ic  fu n g a l  in 

f e c t io n s ,  2 3 8 - 2 3 9  

F o lic  a c id  s y n th e s i s ,  a n t im ic r o b ia l  a g e n ts  

t h a t  in h ib i t ,  9 7 - 9 8  

Fonsecaea s p p .,  2 3 2  

F o r b id d e n  c lo n e s ,  2 4  

F o r m a ld e h y d e ,  fo r  d i s in f e c t io n .  102 

F o r s s m a n  a n t ig e n ,  3 

F o r w a rd  m u ta t io n ,  7 4  

F  p i lu s ,  4 2  

F - p r im e  c e l l s ,  8 2  

F r a c t io n  1, 113 

F r a m e s h i f t  s u p p r e s s o r s ,  77  

Francisella tularensis, 115 -116  

F u n g i .  See M y c o s e s  

F u s ifo r m  b a c t e r i a .  4 0  

Fusobacterium  s p p .. 134 

F u s o s p i r o c h e to s i s ,  132
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R e s p i r a to r y  s y n c y t i a l  v i r u s  ( R S V ) ,  188 .

18 9 , 190 

R e s p i r a to r y  t r a c t  in f e c t io n s  

lo w e r, 2 7 4  

u p p e r ,  2 7 3 - 2 7 4  

R e s t r i c t io n  e n d o n u c le a s e s .  83  

R e t r o v i r u s e s ,  168 

c a r c i n o g e n e s i s  o f ,  211 

c h a r a c t e r i s t i c s  o f ,  2 0 7 - 2 1 0  

e n d o g e n o u s ,  210 

r e p l ic a t io n  o f .  210 

R e v e r ta n ts ,  7 4  

R ey e ’s  s y n d r o m e .  186 

R f a c to r s ,  5 8 ,  5 9 - 6 0  

R h a b d o v i r u s e s ,  1 6 8 , 1 9 7 -1 9 9  

R h  a n t ig e n ,  2 2  

R h e u m a t ic  fe v e r ,  106 

R h e u m a to id  a r t h r i t i s ,  25  

R h in i t i s ,  2 7 3

R h in o e n to m o p h th o r o m y c o s i s ,  2 3 2 -  

2 3 3

R h in o s p o r id io s i s ,  2 3 3  

R h in o v ir u s e s ,  1 6 7 , 1 9 0 , 192 

Rhizopus, 2 4 0 ,  2 4 2

R ib o n u c le ic  a c id .  See R N A  ( r ib o n u c le ic  

a c id )

R ib o s o m a l  R N A  ( rR N A ) ,  6 6  

R ib is o m e s ,  4 1 , 4 4 .  6 7  

R ic k e t t s ia e .  1 4 3 -1 4 5  

R ic k e t t s i a lp o x ,  144 

R i f a m p in ,  9 7  

R iv e r  b l in d n e s s ,  2 6 7  

R N A  ( r ib o n u c le ic  a c id )  

a n t i s e n s e ,  7 2  

in  b a c t e r i a l  c e l l ,  3 8 - 3 9  

m e s s e n g e r ,  6 5  

p r o c e s s in g  o f ,  6 6  
r i b o s o m a l ,  6 6  

s t r u c tu r e  o f ,  5 3  

s y n th e s i s  o f .  6 5  

t r a n s f e r ,  6 6  

R N A  re p l ic a s e ,  61
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R N A  v i r u s e s ,  165 

b io s y n th e s i s  o f ,  1 6 9 -1 7 0  

n u c le ic  a c id  in .  172 

tu m o r - a s s o c i a te d .  2 0 7 -2 1 1  

v i r i o n - a s s o c i a te d  e n z y m e s  o f .  173 

Rochalimaea henselae, 119 

Rochalimaea quintana, 144 

R o c k y  M o u n ta in  s p o t te d  fe v e r . 144 

R o s e o la  e x a n th e m  s u b i tu m .  183 

R o ta v i ru s e s .  1 9 6 -1 9 7  

R o u g h  s t r a in s ,  4 2  

R o u n d w o rm s  

in te s t in a l ,  2 6 2 - 2 6 5  

t i s s u e .  2 6 5 - 2 6 8  

rR N A  ( r ib o s o m a l  R N A ) , 6 6  

R u b e l la  v i r u s ,  1 9 4 , 1 9 5 -1 9 6  

R u b e o la .  188 

R u b iv i r u s ,  1 6 7 . 193

S t. L o u is  e n c e p h a l i t i s ,  194 

S a l iv a ry  g la n d  v i r u s .  1 8 1 -1 8 2  

Salmonella s p p ..  1 2 3 -1 2 4  

S a rc in a e ,  4 0

S C  ( s e c r e to r y  c o m p o n e n t) .  8 

S c h is to s o m e  c e r c a r i a l  d e r m a t i t i s .  2 5 9  

S c h is to s o m ia s i s ,  2 5 7 - 2 5 9  

S c h w a r tz m a n  r e a c t io n .  21 

S C I D  ( s e v e r e  c o m b in e d  im m u n o d e f ic ie n 

c y  d is e a s e ) ,  2 6 - 2 7  

S  ( s m o o th )  c o lo n ie s .  4 2  

S c ra p ie .  2 0 0  

S c r u b  ty p h u s .  1 4 3 . 144 

S c u tu la ,  2 2 9

S e c r e to r y  c o m p o n e n t  (S C ) . 8 

S e g re g a t io n a l  la g .  7 4  

S e le c t in s ,  4  

S e le c t iv e  to x ic i ty .  91 

S e n s e  c o d o n s .  6 7  

S e n s e  s t r a n d .  6 3 .  6 4  

S e n s i t iv i ty ,  o f  m e th o d .  3 

S e n s i t iz a t i o n .  19 
S e n s i t iz e r .  19 

S e p t ic .  100 

S e p t ic e m ia .  1 2 4 . 2 7 7  

S e ru m  s ic k n e s s ,  21

S e v e re  c o m b in e d  im m u n o d e f ic ie n c y  d i s 

e a s e  (S C I D ) .  2 6 - 2 7  

S e x  p i lu s ,  4 2

S e x u a l ly  t r a n s m i t te d  d i s e a s e s .  2 7 5 - 2 7 6

S h ig a - l ik e  to x in s  (S L T ) , 1 2 5 -1 2 6

Shigella  s p p .,  125

S h in e - D a lg a r n o  s e q u e n c e ,  6 7

S h in g le s ,  181

“ S h ip y a rd  e y e ,"  183

S id e r o p h o r e s .  4 6

S ig m a  fa c to r .  6 5

S ile n t  m u ta t io n .  75

S i lv e r  n i t r a te ,  fo r  d is in f e c t io n .  1 0 1 -1 0 2  

S in g le - s t r a n d e d  b in d in g  ( s s b )  p r o te in .  5 6

S in u s i t i s .  2 7 3

S k in ,  f lo r a  o f .  9 0

S k in  in f e c t io n s .  2 2 7 - 2 3 0 .  2 7 6

S L E  ( s y s te m ic  lu p u s  e r y th e m a to s u s ) .

25

S l im e  la y e r s ,  4 2  

S m a l lp o x .  179 

S m o o th  (S )  c o lo n ie s ,  4 2  

S o l id - p h a s e  a s s a y s ,  2 8 - 2 9  

S o lid  p h a s e  r a d io im m u n o a s s a y s  

(S P R 1 A ) . 28  

S O S  r e s p o n s e .  7 3  

S o u th  A f r i c a n  t i c k - b i te  fe v e r . 144 

S o u th  A m e r ic a n  b la s to m y c o s is ,  2 3 6 -  
2 3 7

S p a c e r s ,  6 5  

S p a r g a n o s i s ,  2 6 1 -2 6 2  

S p e c ie s ,  37  

S p h e r o p la s t s .  4 3  

S p ik e  p r o te in s .  163 

S p i r i l l a .  4 0  

Spirillum minus, 133 

S p i r o c h e te s .  4 0 .  1 2 8 -1 3 3  

S p le e n .  6

S p o n g if o r m  e n c e p h a lo p a th ie s ,  1 9 9 -2 0 0  

S p o r o t r i c h o s i s .  2 3 0 -2 3 1  

S p o t te d  fe v e r . 1 4 3 . 144 

S p r e a d in g  f a c to r s .  8 8  

S P R I A  ( s o l id  p h a s e  r a d io im m u n o a s s a y ) .  

2 8

S p u m a v ir u s e s .  168

s s b  ( s in g le - s t r a n d e d  b in d in g )  p r o te in .  5 6

S ta p h y lo c o c c i .  3 9 .  1 0 4 -1 0 5

S te m  c e l ls ,  3

S te r i l i z a t io n .  1 0 0 -1 0 2

S to m a t i t i s ,  h e r p e t i c .  180

S tr a in s ,  37

Streptobacillus moniliformis. 119 

S t r e p to c o c c i ,  3 9 .  1 0 5 -1 0 8  

S t r e p to ly s in  O . 106 

S t r e p to ly s in  S . 106 

S tr in g e n c y .  73  

S t r o n g y lo id ia s is ,  2 6 4  

S t r u c tu r a l  u n i t s ,  o f  v i r u s .  163 

S u b a c u te  s c le r o s in g  p a n e n c e p h a l i t i s  

(S S P E ) ,  188 

S u b s t r a te  p h o s p h o r y la t io n .  4 7  

S u lf o n a m id e s .  9 7 - 9 8  

S u lf o n e s ,  9 8  

S u p e r a n t ig e n  to x in s .  8 9  

S u p e r in f e c t io n s ,  w ith  a n t im ic r o b ia l  th e r 

ap y . 9 9  

S u p p r e s s io n ,  7 6  

g e n o ty p ic .  7 6 - 7 7  

p h e n o ty p ic .  7 7  

S u s c e p t ib i l i ty  t e s t in g ,  o f  a n t im ic r o b ia l  

a g e n t s ,  100 

S V 4 0 ,  2 0 6 .  2 0 8  

S w im m e r 's  i tc h .  2 5 9

S y m m e tr y  

c o m p le x .  164 

c u b ic ,  1 6 3 -1 6 4  

h e l i c a l .  163 

S y n c h r o n o u s  v ir a l  in f e c t io n s .  167 

S y n g r a f t .  2 3  

S y p h i l i s ,  129

S y s te m ic  lu p u s  e r y th e m a to s u s  (S L E ) , 

25

T a e n ia s is ,  2 6 0 -2 6 1  

T a p e w o rm s .  2 5 9 - 2 6 2  

T a x o n o m y . 37  

Т В  ( tu b e r c u lo s i s ) .  1 2 6 -1 2 7  

T C A  ( t r i c a r b o x y l ic  a c id )  c y c le .  4 9  

T  c e l l ( s ) ,  2 ,  4  

a n d  c e l lu la r  im m u n e  s y s te m .  13 -1 5  

c y to to x ic .  1 3 -1 4  

d e v e lo p m e n t .  13 

h e lp e r .  13

r e c o g n i t io n  o f  a n t ig e n  by . 14 

s u p p re s s o r .  14 

u n r e s p o n s iv e n e s s  in .  19 

T -ce ll d e f ic ie n c ie s .  2 6  

T -ce ll e p i to p e s .  2

T  c e l l  m e d ia te d  a u to im m u n e  d is e a s e s .

2 5 - 2 6

T -ce ll r e c e p to r  (T C R ) ,  14 

b in d in g  o f  a n t ig e n  a n d .  1 4 -1 5  

T e g u m e n t .  163 

T e ic h o ic  a c id s .  4 3  

T e m p e ra te  p h a g e s .  6 2 - 6 3  

T e m p e r a tu r e - s e n s i t i v e  m u ta t io n .  7 4  

T e rm in a l  r e d u n d a n c y .  171 

T e rm in a t io n  

o f  r e p l ic a t io n .  5 6 - 5 7  

o f  t r a n s c r ip t io n .  71 

o f  t r a n s la t io n .  6 8  

T e rm in a to r .  6 4 .  6 5  

T e ta n o s p a s m in .  137 
T e ta n u s , 1 3 7 -1 3 8  

T e ta n u s  to x in ,  8 8 - 8 9  

T e t r a c y c l in e s .  9 5  

T h e r m o p h i le s .  4 5  

T h r e a d w o r m ,  in te s t in a l .  2 6 4  

T h y m o c y te s .  13 

T h y m u s ,  in v o lu t io n  o f .  13 

T h y r o id i t i s .  H a s h im o to ’s ,  25  

T in e a .  2 2 7 - 2 2 9

T N F  ( tu m o r  n e c r o s is  f a c to r ) .  1 5 -1 6  
in  h y p e r s e n s i t iv i ty  r e a c t io n .  21 

T o g a v ir u s e s .  1 6 7 . 1 9 3 -1 9 5  

T o p o is o m e r a s e s .  5 6  

T o x a s c a r ia s is .  2 6 7  

T o x ic ity , s e le c t iv e .  91 

T o x ic  s h o c k  s y n d r o m e  (T S S ) .  2 9 .  104 

T o x ig e n ic ity .  8 7 ,  8 8 - 9 0  

T o x o p la s m o s is ,  2 5 4 - 2 5 6  

T r a c h o m a , 145
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T r a n s c r ip t io n  

b a c t e r i a l .  6 3 - 6 6  

r e g u la t io n  o f .  7 0  

te r m in a t io n  o f ,  71 

t r a n s a c t iv a to r s  o f .  171 

T r a n s d u c in g  p a r t ic le .  7 9  

T r a n s d u c t io n ,  7 7 .  7 9 - 8 0  

a b o r t iv e .  8 3  

g e n e r a l i z e d .  7 9 - 8 0  

s p e c ia l i z e d .  8 0  

T r a n s f e c t io n .  7 9  

T r a n s f e r  p la s m id s .  8 1 -8 2  

T r a n s fe r  R N A  ( tR N A ) , 6 6  

T r a n s f o r m a t io n ,  7 7 - 7 9  

b y  D N A  tu m o r  v i r u s e s .  2 0 7 ,  2 0 8  

T r a n s fo r m in g  g ro w th  fa c to r .  16 

T r a n s fu s io n .  2 2  

T r a n s fu s io n  r e a c t io n s .  2 2  

T r a n s g e n ic  m ic e .  12 

T r a n s i t io n s ,  75  

T r a n s la t io n .  6 6 - 6 8  

c o n tr o l  a t .  7 2  

n ic k .  5 6  
T r a n s lo c a t io n ,  g ro u p .  4 5 - 4 6  

T r a n s p la n ta t io n .  2 2 - 2 3  

T r a n s p o s a s e .  5 7  

T r a n s p o s i t io n ,  5 7  

T r a n s p o s o n s .  5 7 - 5 8  

T r a n s v e r s io n s .  75  

T r e m a to d e s .  2 5 7 - 2 5 9  

T re n c h  fe v e r . 1 4 3 , 144 

Treponema s p p .,  128-131  

T r ia n g u la t io n  n u m b e r ,  164 

T r ic a r b o x y l ic  a c id  (T C A )  c y c le .  4 9  

T r ic h in o s is .  2 6 5  

T r ic h o m o n ia s is ,  2 4 8 - 2 4 9  

Trichophyton s p p .. 2 2 8 - 2 3 0  

Trichosporon beigelii, 221, 2 4 3  

T r ic h u r ia s is .  2 6 3  
T r im e th o p r im ,  9 8  

T r is m u s .  137 

tR N A  ( t r a n s f e r  R N A ) . 6 6  

T ro ja n  h o rs e  m e c h a n is m ,  2 1 2 -2 1 3  

T r y p a n o s o m ia s is  

A f r i c a n .  251 

A m e r ic a n .  2 4 9 - 2 5 0  

T S G s  ( tu m o r  s u p p r e s s o r  g e n e s ) .  2 0 7  

T u b e rc u lo s is  (Т В ) .  1 2 6 -1 2 7  

T u la r e m ia .  115-116  

T u m o r ( s ) ,  im m u n e  r e s p o n s e  to ,  2 4  

T u m o r-a ss o c ia te d  a n t ig e n s  (T A A s), 2 3 - 2 4  

T u m o r  im m u n ity ,  2 3 - 2 4  

T u m o r  n e c r o s is  f a c to r s  (T N F s ) .  1 5 -1 6  
in  h y p e r s e n s i t iv i ty  r e a c t io n ,  21 

T u m o r  s u p p r e s s o r  g e n e s  ( T S G s ) .  2 0 7  

T u m o r  v i r u s e s ,  2 0 6 -2 1 1 ,  212 

T u r b id im e tr ic  m e th o d .  4 7  

T y p h o id  fe v e r . 123 

T y p h u s  fe v e r . 143 , 144

p

U n c o a t in g ,  o f  v i r u s .  169

U p p e r  r e s p ira to ry  t r a c t  in fe c tio n s ,  2 7 3 - 2 7 4

Ureaplasma urealyticus, 142

U re a s e .  121. 124

U r e th r i t i s .  2 75

U r in a r y  t r a c t ,  f lo r a  o f ,  91

U r in a r y  t r a c t  in f e c t io n s ,  2 7 5

U r t ic a r iu m ,  2 0

V a c c in e s ,  2 9 - 3 0  

V a c c in ia  v i r u s ,  179 

V a g in a ,  f lo r a ,  o f .  91 

V a g in i t is ,  2 7 5 - 2 7 6  

V a lle y  fe v e r . 2 3 4  

V a n c o m y c in ,  9 4  

V a r ia b le  (V )  r e g io n .  8 

V a r ic e l la - z o s te r  v i r u s  (V Z V ) .  181 

V a r io la  v i r u s ,  179 

Veillonella s p p .. 135

V e n ez u e la n  e q u in e  e n c e p h a l i t is  (V E E ). 194 

V e ro to x in (s )  (V T s) ,  1 2 5 -1 2 6  

V e ro to x in -p r o d u c in g  £ .  coli (V P E C ) , 

1 2 5 -1 2 6  

V e r ru g a  p e r u a n a .  118 

V e s ic le s .  2 7 6  

V fa c to r ,  110 

V ia b le  c o u n t .  4 7  

V ib r io ( s ) .  4 0  

Vibrio cholerae, 122 

Vibrio parahaem olyticus , 126 

V ira l  a t ta c h m e n t  p r o te in ,  168 

V ira l  e n h a n c e r s ,  171 

V ira l  in h ib i to r s ,  176 
V ir id a n s  s t r e p to c o c c i ,  1 0 6 , 107 

V ir io id ,  163 

V ir io n s ,  6 0 ,  163 

V iro p e x is ,  168 

V ir u le n c e ,  87

V iru le n c e  p la s m id s .  5 8 .  6 0  

V iru le n t  p h a g e s ,  6 2  

V ir u s ( e s )  

a d e n o - ,  1 8 3 -1 8 4  

a r e n a - .  1 9 3 -1 9 5  

b u n y a - ,  1 9 3 -1 9 5  

c a l i c i - .  193 

c la s s e s  o f  

c o r o n a - ,  190 

f la v i- .  1 9 3 -1 9 5  

h e r p e s - ,  1 7 9 -1 8 3  

le n t i - .  2 1 1 -2 1 6  

o r b i - ,  1 9 6 -1 9 7  
o r th o m y x o - ,  1 8 5 -1 8 7  

p a p o v a - ,  184 

p a r a m y x o - ,  1 8 7 -1 9 0  

p a r v o - ,  1 8 4 -1 8 5  

p i c o r n a - ,  1 9 0 -1 9 3  

p o x - ,  1 7 8 -1 7 9  

r e o - ,  1 9 6 -1 9 7  

r h a b d o - .  1 9 7 -1 9 9

r o ta - ,  1 9 6 -1 9 7  

to g a - ,  1 9 3 -1 9 5  

c la s s i f i c a t io n  o f .  1 6 4 -1 6 7  

d e f in e d .  161

d i s t i n c t iv e  c h a r a c t e r i s t i c s  o f .  161 

D N A , 1 6 5 , 1 6 9 , 1 7 2 . 173 

e v o lu t io n  o f ,  162 

a s  fo r e ig n  g e n e  v e c to r s ,  176 

g e n e t i c s  o f ,  1 7 3 -1 7 6  

h e p a t i t i s ,  2 0 0 - 2 0 5  

h o s t  r a n g e  o f ,  161 

h o s t  r e s p o n s e s  to ,  1 7 6 -1 7 8  

h u m a n  im m u n o d e f ic ie n c y ,  2 1 1 -2 1 6  

la b o r a to r y  d i a g n o s i s  o f  in f e c t io n s  

w i th .  2 1 6 -2 1 7  

m a tu r a t io n  o f ,  170 

m in k  c e l l  f o c u s - f o r m in g ,  211 

m o rp h o lo g y  o f ,  1 6 4 , 165 

o r g a n is m ic  n a tu re  o f .  161 

r e c e p t o r s  fo r . 173 

r e p l ic a t io n  o f ,  1 6 6 , 1 6 7 -1 7 3  

R N A , 1 6 5 , 1 6 9 -1 7 0 ,  1 7 2 , 173 

r u b e l la ,  1 9 5 -1 9 6  

s lo w  in f e c t io n s  w i th ,  1 9 9 -2 0 0  

s t r u c tu r e  o f ,  1 6 2 -1 6 3  

s y m m e t r y  o f ,  1 6 3 -1 6 4  

tu m o r ,  2 0 6 -2 1 1  

V o lu t in .  4 1 , 4 4

v o n  M a g n u s  p h e n o m e n o n ,  185 

V  ( v a r ia b le )  r e g io n ,  8 

V W  a n t ig e n ,  113

W a r t  v i r u s e s ,  184

W a te r h o u s e - F r e id e r i c h s e n  s y n d r o m e ,  110

W a ts o n -C r ic k  m o d e l .  5 4
W e s te rn  b lo t ,  o f  v i r u s e s ,  217

W e s te rn  e q u in e  e n c e p h a l i t i s  (W E E ) ,  194

W et w e ig h t ,  4 7

W h e a l - a n d - f la r e  r e a c t io n ,  2 0

W h ip w o r m .  2 6 3

W h ite  b lo o d  c e l l s .  3

W h itlo w , h e r p e t ic ,  180

W h o o p in g  c o u g h ,  117-118

W ild  ty p e ,  7 4

Wuchereria bancrofti, 2 6 5

X e n o g r a f t .  23  

X  f a c to r .  110

Y a w s , 1 2 9 , 130 -131  

Y e llo w  fe v e r  v i r u s .  194 

Yersinia s p p .,  1 1 2 -1 1 3 , 125 

Y e r s in io s e s ,  114

Z - D N A . 5 4

Z e p h ir a n  (b e n z a lk o n iu m  c h lo r id e ) ,  fo r 

s t e r i l i z a t i o n ,  101 

Z o s te r ,  181

Z y g o m y c o s is ,  s u b c u ta n e o u s ,  2 3 2 - 2 3 3  

Z y m o g e n s ,  6 8


