
CHAPTER II

LITERATURE REVIEW

RABIES VIRUS

1. Background

Rabies in man has been c a l l e d  "hydrophobia"  due t o  the  
prominent  c l i n i c a l  d read  o f  w a te r .  The d i s e a s e  appea rs  t o  have 
been f i r s t  recog n ized  in  dogs ,  and t h a t  t h e  r e s p o n s i b l e  é t i o l o g i e  
agent  was known as "Rab ies  v i r u s "  by P as t e u r  in  1880. Rabies 
v i r u s  i s  a rh a b d o v i ru s  o f  t h e  L y ssa v i ru s  group.  I t s  t y p i c a l  
d i s t i n c t  b u l l e t - s h a p e d  morphology i s  shared  w ith  o th e r  
rhabdovi ruses  which i n f e c t  v e r t e b r a t e s ,  i n v e r t e b r a t e s  and p l a n t s  
a l though  withou t  any a p p a r e n t  g e n e t i c  i n t e r r e l a t i o n s h i p .  The
core  o f  the r a b i es v i r u s  i s  a h e l i c a l  s t r u c t u r e of n e g a t i v e
s t r a n d e d  RNA and a c l o s e l y a s s o c i a t e d  l a y e r of p r o t e i n
r ib o n uc leocaps id  t h a t  forma a c y l i n d e r  c o n s i s t i n g  of  30 t o  35 
c o i l s ,  approx im ate ly  50 nm wide and 165 nm long (2 2 ) .  The 
s u r f a c e  envelope,  d e r i v e d  from h os t  c e l l  membrane, i s  covered  by 
r e g u l a r l y  spaced k n o b l ik e  s p ik e s ,  6 to  7 nm long ,  e x cep t  a t  the  
f l a t  end of  t h e  p a r t i c l e  where th e  membrane i s  f r e q u e n t l y  
d ep ressed .

The r e p l i c a t i o n  o f  r a b i e s  v i r u s  i s  s i m i l a r  to  t h a t  of
o t h e r  n e g a t i v e - s t r a n d e d  RNA v i r u s e s , which occu rs  in the
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cytoplasm o f  t h e  i n f e c t e d  c e l l s .  The f i r s t  e ve n t  i s  t o  i n i t i a t e  
t r a n s c r i p t i o n  i n t o  mRNA by RNA-dependent RNA polymerase ( v i r u s  
t r a n s c r i p t a s e )  and mRNA i s  then t r a n s l a t e d  t o  form 40S p o s i t i v e  
s t ran ded  RNAs, which se rve  as tem pla te  f o r  subsequen t  p ro du c t io n  
of  n eg a t iv e  s t r a n d e d  progeny RNA (23).

2. V i r a l  Ant igens

Kaplan (3)  de f ined  f iv e  p r o t e i n s  o f  r a b i e s  v i r u s  as 
n u c l e o p r o t e i n , n o n s t r u c t u r a l  p r o t e i n  and polymerase  d e s ig n a t e d  
N,NS and L r e s p e c t i v e l y ,  a re  l inked  to  the  v i r a l  RNA to  form 
h e l i c a l  s t r u c t u r e .  The g ly c o p ro te in  (G) and the  m a t r ix  p r o t e i n  
(M) a re  a s s o c i a t e d  w ith  membrane. The G p r o t e i n  i s  r e s p o n s i b l e  
fo r  e l i c i t i n g  and r e a c t  ng with the  n e u t r a l i z i n g  an t ibody  as wel l  
as fo r  the  i n d u c t i o n  o f  the  c e l l - m e d i a t e d  immune re sponse  and fo r  
c o n f e r r i n g  immunity a g a in s t  a l e t h a l  c h a l l e n g e  in  animals  
( 2 4 ,2 5 ,2 6 ) .  The M p r o t e i n  and l i p i d  in t he  v i r a l  envelope  
appears  to  be a s s o c i a t e d  with hem agg lu t ina t ing  p r o p e r t i e s .  The L 
p r o t e i n  i s  a s s o c i a t e d  with  t r a n s c r i p t a s e  a c t i v i t y  n e c e s s a r y  f o r  
t h e  r e p l i c a t i o n  o f  r a b i e s  v i r u s .  The major a n t i g e n s  of  v i r a l  
n uc leocaps id  a r e  phosphory la ted  N and NS p r o t e i n s .  There a re  
t h r e e  a n t i g e n i c  s i t e s  on N and two on NS p r o t e i n  (27 ) .  Two major 
a n t i g e n i c  s i t e s  o f  N and one of  NS p r o t e i n  have a l r e a d y  been 
lo c a te d  by chemica l  and enzymatic c leavage  and t h e s e  s i t e s  can be 
recognized  by bo th  T and B c e l l s  (28).  Although a n t i b o d i e s  to  
n u c leo caps id  can be d e tec ted  in the  serum of v a c c in é e s  who 
rece ived  i n a c t i v a t e d  v acc ines  (29),  i t  i s  s t i i i  u n c e r t a i n  whether 
the se  n u c l e o c a p s id  p r o t e i n s  a re  t a r g e t s  in h os t  de fen se  a s  the
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g l y c o p r o t e i n .

The pane l  o f  monoclonal  a n t i b o d i e s  a g a i n s t  
n u c le o c a p s id  and g ly c o p r o t e i n  can de i sons t ra te  a n t i g e n i c  v a r i a t i o n  
among i s o l a t e s  o f  r a b i e s  v i r u s  from d i f f e r e n t  animal s p e c i e s  in 
d i f f e r e n t  g e o g ra p h i c a l  a r e a s ,  and has a l s o  provided a means to  
d i f f e r e n t i a t e  between r a b i e s  and r a b i e s  r e l a t e d  v i r u s e s  t h a t  a r e  
i n d i s t i n g u i s h a b l e  u s in g  f l u o r e s c e n t  n u c leo c a p s id  an t ibody  t e s t s .

At p r e s e n t ,  t h e  s t a n d a r d  vac c ine  s t r a i n s  appear to  
g ive  adequa te  p r o t e c t i o n  th roughou t  t h e  world but  e x t e ns io n  of  
t h e  a n t i g e n  v a r i a t i o n s  s i g h t  l e a d  t o  some r e v i s i o n  of  t he  
recommendations f o r  vacc ine  and an t i s e ru m  p roduc t ion  in r e l a t i o n  
to  l o c a l  r e q u i r e m e n t s .

3. Negri  Body

Negri  body,  the  most h e l p f u l  d i a g n o s t i c  f i n d in g  in 
r a b i e s ,  was d e s c r ib e d  by Negri  in 1903 (30).  These
i n t r a c y t o p l a s m i c  bod ies  a re  dense  masses of  r a b i e s  v i r a l  p r o t e i n  
and v i r i o n s  (31 ) .  By l i g h t  microscopy,  they  appear as ro u n d - to -  
ovoid  d a r k - b l u e  s t r u c t u r e s  in t o l u i d i n e  b l u e - s t a i n e d  s e c t i o n s  and 
p u rp le  t o  red  in  G iem sa-s ta ined  smears .  In hematoxylin and e o s in  
s t a i n ,  they  appear  as a c i d o p h i l i c  i r r e g u l a r  s t r u c t u r e s  of  v a r i o u s  
s i z e s  (ave rage  o f  1-27 jum) and shapes .  Three d i f f e r e n t  
morphologic t y p e s  o f  r a b i e s  v i r u s - a s s o c i a t e d  Negri bod ies  have 
been d e s c r i b e d  by Miyamoto and Matsumoto (32).  By e l e c t r o n  
microscopy,  t h e  s t r u c t u r e  of  type  1 p a r t i c l e  i s  ro u n d - to -  
e lo n g a ted  w i th  an average  width o f  120 t o  130 nyu. They have
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s l i g h t l y  e l e c t r o n - d e n s e  homogeneous co re  surrounded by a s i n g l e  
o r  double  ag ranu la r  o sm iop h i i i c  membrane. o t h e r  p a r t i c l e s  ( t y p e  
2) a r e  r o u n d - t o - s l i g h t y  e lo n g a t e d ,  more e l e c t r o n - d e n s e  co re  
su rrounded  by a c l e a r  halo  bounded by a s i n g l e  a g r a n u l a r  dense  
membrane. The l a s t  type  i s  b u l l e t - s h a p e d ,  80-90 mp wide,  
su r rounded  by a double membrane, and seen both  w i th in  and o u t s i d e  
th e  Negri  bodies.  Negri bod ies  a re  u s u a l l y  found in F u r k i n j e  
c e l l s  o f  the  cerebe l lum,  neurons o f  hippocampus,  b r a in s t e m ,  
s p i n a l  cord as wel l  as c e r e b r a l  c o r t e x ,  p y r am id a l - g a n g l io n  
c e l l s  o f  Ammon’s horn,  axons and d e n d r i t e s  encoun te r  w i t h i n  t h e  
n e u r o p i l  and g l i a l  c e l l s .

H is to pa tho log ic  changes  of  t he  c e n t r a l  nervous  system 
a l s o  depend on the  s t r a i n  o f  r a b i e s  v i r u s .  In e x p e r im e n t a l  
r a b i e s  i n f e c t i o n  with  " f ix e d "  r a b i e s  s t r a i n ,  massive damage o f  
neu rons  with  widespread inflammat ion  a r e  f r e q u e n t l y  found and 
Negri  bod ies  are u s u a l l y  a b s e n t .  This  i s  in  c o n t r a s t  t o  t h a t  
found in i n f e c t io n  with  " s t r e e t "  r a b i e s  s t r a i n .  Neuronal  
s t r u c t u r e  i s  u s u a l ly  p re se n te d  in t h e  l a t t e r  group and Negri  body 
i s  e v i d e n t  (33).

CLINICAL FEATURES OF RABIES

In human, r a b i e s  p r e s e n t s  in  one of  two forms;  
e n c e p h a l i t i c  o r  p a r a l y t i c  which a r e  ana logous  t o  f u r i o u s  and dumb 
r a b i e s  in t he  dog r e s p e c t i v e l y .  A wound o r  a b r a s io n  of  t h e  s k i n ,  
u s u a l l y  i n f l i c t e d  by a r a b id  an imal ,  i s  t he  major p o r t a l  e n t r y  of  
v i r u s  which i s  exc re ted  in s a l i v a .  However, a small  number o f  
c a s e s  have been r ep o r ted  a f t e r  n o n b i t e  exposu re s .  These in c lu d e d
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c o n ta c t  K ith  a e r o s o l i z e d  r a b i e s  v i r u s  in caves  i n h a b i t e d  by rab id  
b a t s  (34) and in l a b o r a t o r y  a c c i d e n t s  w i th  i n f e c t e d  a e r o s o l i z e d  
t i s s u e s  (3 5 ) .  Exposure of  s a l i v a  of  r a b id  an imals  to  c o n ju n c t i v a ,  
BUCOUS membranes o f  mouth, g e n i t a l i a  and on a b r a s io n s  can a l s o  
cause r a b i e s  ( 3 6 ) .  Rabies has o cc u r re d  in r e c i p i e n t s  who 
rece ived  c o r n e a l  t r a n s p l a n t s  from donors  who d ied  of  undiagnosed 
r a b i e s  (1 1 ) .  The t r a n s p l a c e n t a l  ro u te  has never  been r e p o r t e d  in 
human, bu t  K el l  documented in c a t t l e  (37 ) .

The r i s k  o f  deve lop ing  c l i n i c a l  r a b i e s  depends on the  
amount of  v i r u s  c o n t e n t  in s a l i v a ,  s e v e r i t y  o f  b i t e ,  and l o c a t i o n  
of  Kound. V i ru s  m u l t i p l i e s  in muscle and c o n n e c t iv e  t i s s u e  but  
remains l o c a l i z e d  f o r  p e r i o d s ,  then  p r o g r e s s e s  a long  the  axoplasm 
of p e r i p h e r a l  n e r v e s  t o  g a n g l i a  and e v e n t u a l l y  t o  the  c e n t r a l  
nervous system ( 3 8 ) .

Once i n f e c t i o n  o cc u rs ,  t he  c l i n i c a l  cou rse  can be d iv id e d  
i n t o  5 s t a g e s  (36)  ะ incuba t ion  p e r i o d ,  prodrome, acu te  
n e u r o l o g i c a l  phase ,  coma, and dead o r  r e c o v e ry .

1. I n c u b a t i o n  Per iod

The i n t e r v a l  between exposure  and th e  appearance  of  
i l l n e s s  a t t r i b u t a b l e  to  r a b i e s  i s  t h e  i n c u b a t io n  p e r io d .  This 
s t ag e  i s  e x t r e m e ly  v a r i a b l e ,  u s u a l l y  3 to  8 weeks but  ranging  
from 1 day to  5 y e a r s .  I t  depends upon t h e  s i z e  o f  the  v i r a l  
inoculum, t h e  s e v e r i t y  of  t he  wound, and t h e  l en g th  of  the  n eu ra l  
path  from the  wound t o  the  b r a in .  The s h o r t  i n c u b a t io n  per iod  
u s u a l l y  fo l lo w s  b i t e s  on the  f ace ,  head and neck.
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2. Prodrome

The i n i t i a l  symptoms o f  c l i n i c a l  r a b i e s  occu r  a t  t he  
t ime o f  v i r a l  invas ion  i n to  the  c e n t r a l  nervous sys tem .  These 
symptoms are  u s u a l l y  e i t h e r  v a r i a b l e  o r  n o n s p e c i f i c ,  and Hay be 
d e s c r i b e d  as t i n g l i n g ,  i t c h i n g ,  bu rn ing ,  c o ld n e s s ,  numbness o r  as 
s imply  as pain a t  t he  s i t e  of  b i t e .  Local  symptoms, s t a r t i n g  a t  
t h e  s i t e  o f  b i t e ,  g r a d u a l l y  sp read  t o  invo lve  the  whole l imb and 
o c c a s i o n a l l y  invo lve  the  whole body. About o n e - t h i r d  t o  two- 
t h i r d s  of  a l l  p a t i e n t s  with  r a b i e s  can be expec ted  t o  n o t i c e  some 
s o r t  o f  abnormal s e n s a t i o n  in t he  reg ion  of  the  b i t e  a t  t h e  s t a r t  
o f  i l l n e s s .  o t h e r  symptoms inc lude  f e v e r ,  easy f a t i g a b i l i t y ,  
g a s t r o i n t e s t i n a l  symptoms, m usc u lo sk e le ta l  pa in  which may 
resemble  in f lu e n z a  o r  an upper r e s p i r a t o r y  t r a c t  i n f e c t i o n .  
These symptoms a re  n o n - d ia g n o s t i c  and a l s o  occur in  most p a t i e n t s  
who have been b i t t e n  bu t  never deve lop  the  d i s e a s e .

3. Acute N eu ro log ica l  Phase

E n c e p h a l i t i c  r a b i e s  ะ This  form of r a b i e s  o c c u r s  in  
more than  80% of human c a s e s .  The e a r l i e s t  n e u r o l o g i c a l  symptom 
i s  h y p e r a c t i v i t y  t h a t  re sembles  i n t e n s e  a n x i e ty  r e a c t i o n  o r  
n e rvousness .  Fever i s  u s u a l l y  t h e  only  o b j e c t i v e  f i n d i n g .  With 
hours  to  days,  t h e  p a t i e n t  e x h i b i t s  a l t e r n a t i n g  i n t e r v a l s  o f  
con fus ion  and calm. During c o n fu s io n a l  s t a t e ,  s i g n s  o f  autonomic 
d i s t u r b a n c e s  a re  o c c a s i o n a l l y  obse rved .  Ab t h e  d i s e a s e  
pro gres se s ,  confus ion  becomes ext reme,  and may ev o lv e  t o  wild  
a g i t a t i o n  and a g g r e s s i v e n e s s .  This  p e r io d  of  i r r i t a b i l i t y  i s  
g r a d u a l l y  rep laced  by d e p re s s io n  o f  con sc iou sn es s  and coma.
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Most e n c e p h a l i t i c  r a b i e s  p a t i e n t s  have a e ro -  and 
hydrophobia .  Some v ic t im s  have t h e s e  phobic  s i g n s  as an i n i t i a l  
symptom p r i o r  t o  any h y p e r a c t i v i t y .  Aerophobia  and hydrophobia 
may not  p e r s i s t  throughout  the  whole c o u r s e .  The c l i n i c a l  
p a t t e r n  of  e n c e p h a l i t i c  r a b ie s  i s  shown in  F igure  1.

P a r a l y t i c  Rabies ะ O n e - f i f t h  of  human c a ses  may p r e s e n t  
as p a r a l y t i c  r a b i e s .  I t  i s  l e s s  r e a d i l y  d iagnosed  because  of  i t s  
a t y p i c a l  p r e s e n t a t i o n .  C er ta in  animal v e c t o r s ,  d i f f e r e n t  v i r u s  
s t r a i n s ,  a b i t e  s i t e  on the lower l im bs ,  and u n su c c es s fu l  
pos texposu re  immunization may p r e d i s p o s e  to  t he  c l i n i c a l  
p r e s e n t a t i o n  . For example, human p a r a l y t i c  r a b i e s  has been 
a s s o c i a t e d  w i th  vampire bat  b i t e s  (39) and w i th  s q u i r r e l  b i t e s  
(40).

The major s ign s  in e n c e p h a l i t i c  r a b i e s  appear  l a t e  in 
p a r a l y t i c  c a s e s .  The c l i n i c a l  d i f f e r e n c e s  a r e  t h e  r e l a t i v e  
s p a r i n g  o f  c on sc iou sn es s  in p a t i e n t s  w i th  p a r a l y t i c  r a b i e s .  
Weakness u s u a l l y  s t a r t s  in the  b i t t e n  e x t r e m i t y  and p r o g r e s s iv e ly  
in v o lv es  a l l  l im bs .  During the  e a r l y  phase ,  t he  obvious s ign s  
a re  myoedema a t  p e rcuss ion  s i t e s  (41) and p i ]o e r e c t i o n . This 
myoedema i s  no ted  the  s t a r t  of n e u r o l o g i c a l  phase ,  even dur ing  
th e  prodrome, and p e r s i s t s  u n t i l  t h e  p r e t e r m in a l  s t a g e .  Only 
h a l f  o f  t h e  p a r a l y t i c  p a t i e n t s  e x p e r i e n c e  ae ro -and  hydrophobia .  
The course  of  t he  d i s e a s e  i s  l e s s  f u lm in a n t  and the  s u r v iv a l  i s  
longer  than  t h a t  in  e n c e p h a l i t i c  rabic-E. The c l i n i c a l  p a t t e r n  of  
p a r a l y t i c  r a b i e s  i s  shown in Figure  2.
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4. Coma

When coma supe rvenes .  both  groups a re  
i n d i s t i n g u i s h a b l e .  I t  i s  ex t remely  d i f f i c u l t  t o  d iag no se  
r a b i e s  in a comatose p a t i e n t .  Meticulous  h i s t o r y  t a k i n g  and 
d i a g n o s t i c  l a b o r a to r y  t e s t s  must be performed to  exc lude  from 
o t h e r  causes of  c e n t r a l  nervous  system i n f e c t i o n  e s p e c i a l l y  in 
r a b i e s  endemic a re a s .

5. Recovery

The f a t e  o f  v i c t im s  has no t  changed d e s p i t e  i n t e n s i v e  
c a r e  p lu s  t r e a tm e n t  w i th  a d e n in e - a r a b in o s id e  and i n t e r f e r o n .  
Three wel l  documented c a s e s  o f  recovery  have been r e p o r t e d  
(4 2 ,4 3 ,4 4 ) .  C o n c e n t r a t io n s  o f  r a b i e s  a n t i b o d i e s  in b lood  and 
c e r e b r o s p i n a l  f l u i d  per formed s e r i a l l y  were c o n s id e r ed  too  high  
t o  have r e s u l t e d  from v a c c in e .

C l in i c a l  p r e s e n t a t i o n s  of  dog r a b i e s  a r e  s i m i l a r  to  
t h a t  observed  in human. I n c u b a t io n  p e r io d  in dog a f t e r  exp o su re ,  
however,  i s  s h o r t e r  than  t h a t  in human and u s u a l l y  between t h r e e  
and twelve  weeks but  may vary  from few days to  more than  s i x  
months (12).

Fur io us  Rabies ะ O ne- fou r th  o f  r a b id  dogs may p resen t as f u r i o u s ,  
o r  agg re s s iv e  mad-dog form. Extreme e x c i t a t i o n ,  e x a g g e ra t e d  
re sponse  to  s t i m u l i ,  and a g g r e s s i v e  behav io r  u s u a l l y  l a s t s  1 t o  7 
days (12 ,45 ) .  Abnormal behavior includ es attempt to  ea t wood, 
s o i l ,  s tones  or  o t h e r  f o r e i g n  o b j e c t s  which when found in  the  
stomach a t  necropsy have long been con s ide red  pathognomonic of
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r a b i e s .  D i l a t i o n  o f  the  p u p i l s  and a non focus ing  s t a r e  «ay give 
the  eyes a s q u i n t i n g ,  f r i g h t e n i n g  app ea rance .  S a l i v a t i o n  may be 
s t i m u l a t e d  and t h e  head c h a r a c t e r i s t i c a l l y  he ld  a t  a downward 
ang le ,  c a u s in g  d r o o l i n g  o r  f r o t h i n g  o f  t e n a c io u s  s a l i v a .  
C h a r a c t e r i s t i c s  o f  dog with  f u r i o u s  r a b i e s  a r e  f ro thy-m ou th ,  the  
ho ld ing  o f  t h e  t a i l  t i g h t l y  between the  r e a r  l e g s .  A t tack ing  
people o r  o t h e r  an imals  w ithou t  warning,  and b i t i n g  t h e i r  cages 
a re  a l s o  main c h a r a c t e r s .  Between paroxysms o f  fu ry ,  i t  l i e s  
q u i e t l y  b u t  s t i m u l i  may p r e c i p i t a t e  i t  once more i n t o  paroxysmal 
r a g e .

Dumb Rabies  : The whole c l i n i c a l  c ou rs e  u s u a l l y  l a s t s  1 to  4 days 
(46).  P a r a l y s i s  commonly beg ins  a t  t h e  head and neck,  then one 
or  bo th  h in d  l e g s ,  caus ing  the  dogs t o  sway o r  f a l l .  The jaws 
f a i l  open and muscles o f  d e g l u t i t i o n  become p a r a ly z e d ,  caus ing  
d r o o l i n g  of  s a l i v a  and i n a b i l i t y  to  swallow e i t h e r  food o r  wate r ,  
but  t h i s  i s  u n r e l a t e d  to  t he  symptom o f  hydrophobia  which i s  seen 
only  in human c a s e s .  I n c re a s in g  p a r a l y s i s  o f  t h e  h in d q u a r t e r s  
ex tends  p r o g r e s s i v e l y  fo rwards ,  a l th ou g h  no t  always uni fo rmly  
b i l a t e r a l .  The r a b id  dog becomes comatose and dea th  ensues ,  
u s u a l l y  from r e s p i r a t o r y  f a i l u r e .

Rabies  in dog i s  e i t h e r  p a r a l y t i c  type  from the  
o u t s e t ,  o r  r a p i d l y  becomes so ,  a f t e r  i n i t i a l l y  p re se n te d  as 
f u r i o u s  r a b i e s .  '*-•

D i f f e r e n c e  between dog and human r a b i e s  i s  t h a t  
c l i n i c a l  forms in dog cannot  be s e p a r a t e d  i n t o  two d i s t i n c t  
e n t i t i e s  a s  t h o s e  in human. Dumb r a b i e s  in  dog,  i n s t e a d  of
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Rabies i n f e c t i o n  a lm os t  always fo l low s  the  b i t e  o f  a 
r a b i d  animal harboring  t h e  v i r u s  in s a l i v a ,  a l though  can be 
a c q u i r e d  v i a  nasa l  r o u te s ,  mucosal and a e r o s o l  exposu re s .  In 
o r d e r  to  complete i t s  cyc le  w i th  p ro du c t io n  of  c l i n i c a l  s i g n s  and 
f u r t h e r  t r an s m iss ion  of  t h e  i n f e c t i o n ,  t he  v i r u s  has t o  be 
t r a n s p o r t e d  c e n t r i p e t a l l y  from the  s i t e  o f  t h e  b i t e  t o  t h e  
c e n t r a l  nervous system where m u l t i p l i c a t i o n  t a k e s  p lace  and th e n  
c a r r i e d  c e n t r i f u g a l l y  to  n e u r a l  and e x t r a n e u r a i  s i t e s  such  as 
s a l i v a r y  g lands .  This c y c l e  i s  modif ied  and even i n t e r r u p t e d  by 
t h e  i n f lu e n c e  of g e n e t i c  s u s c e p t i b i l i t y  f a c t o r s  in  t h e  h o s t ,  
immunologic p re ssu re  and f i n a l l y  by the  s t r a i n  and v i r u l e n c e  o f  
t h e  v i r u s .  These complex mechanisms,  undoubted ly ,  p lay  a r o l e  in  
s e v e r a l  puzz l ing  a sp ec t s  o f  r a b i e s  i n f e c t i o n  which in c lu d e  t h e  
long incuba t ion  p e r io d ,  two u n ique ly  d i f f e r e n t  c l i n i c a l  
m a n i f e s t a t i o n s ,  a b o r t i v e  i n f e c t i o n s  as wel l  as  r e c o v e ry ,  and 
r a p i d i y  p ro g r e s s iv e  f a t a l  outcome once c l i n i c a l  s i g n s  a p p e a r .  
P a th o g e n e s i s  s t u d i e s  have been c a r r i e d  out  f o r  over a c e n t u r y  and 
s h e d  impor tan t  new l i g h t  on t h e s e  a s p e c t s .

T r a n s i t  of r a b i e s  v i r u s  t o  the  c e n t r a l  nervous system 
l o i  l o w i n g  v i r a l  i n o c u la t io n  has been s tu d ie d  l a r g e l y  in r o d e n t s  
u s in g  r o u t i n e  h i s to lo g y ,  f l u o r e s c e n t  a n t ibody  s t a i n i n g  and 
e l e c t r o n  microscopy.  Fol lowing  i n t r a m u s c u la r  i n o c u l a t i o n  in

h a v i n g  l o n g e r  s u r v i v a l  p e r i o d ,  u s u a l l y  has  a r a p i d  c o u r s e ,  t h u s
i n d i c a t i n g  t h a t  dog w i th  dumb f e a t u r e s  a c t u a l l y  i s  f u r i o u s  r a b i d
dog t h a t  have a  v e ry  s h o r t ,  u n r e c o g n i z e d  a g g r e s s i v e  s t a g e .
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newborn h am s te r s ,  c l o s e l y  mimicking exposure  from a deep animai 
b i t e ,  an e a r l i e s t  ev idence  of  v i r a l  r e p l i c a t i o n  was found in 
muscle c e l l s  a t  t he  p e r i p h e r a l  i n o c u l a t i o n  s i t e  ( 1 9 ,4 7 ,4 8 ,4 9 ) .  
The r o l e  o f  t he  neuromuscular  and n e u r o t e n d in a l  s p i n d l e s  as well 
as n i c o t i n i c  r e c e p t o r  t o  a c e t y l c h o l i n e  has been sugges ted  
(50 ,51 ,52)  By e l e c t r o n  microscopy,  v i r a l  p a r t i c l e s  were found 
budding in moderate  numbers from the  plasma membranes of  i n f e c t e d  
but  undamaged muscle c e l l s  i n t o  e x t r a c e l l u l a r  sp ace s .  The v i r a l  
genome was then  t aken  up i n t o  the  unm yel ina ted  nerve  endings of  
the p e r i p h e r a l  n e r v e s  o f  both  sensory  and motor pathways a t  t h e s e  
sensory s t r e t c h  p r o p r i o c e p t o r s  and neuromuscular  j u n c t i o n s  
r e s p e c t i v e l y .  The r o l e  of  a c e t y l c h o l i n e  r e c e p t o r ,  as  r a b i e s 
b ind ing  s i t e  o r  p r o d u c t i v e  r e c e p t o r  (53) has been confi rmed by 
s u c c e s s f u l  c o m p e t i t i v e  i n h i b i t i o n  exper iment  w ith  a lpha  
bungaro tox in  and d - t u b o c u r a r i n e  (51) .  Monoclonal  a n t i b o d i e s  to  
a lpha  s u b u n i t  o f  t h e  a c e t y l c h o l i n e  r e c e p t o r  a l s o  s p e c i f i c a l l y  
block v i r a l  b in d in g  in v i t r o  (54).  Sequence homology o f  amino 
a c id  between r a b i e s  v i r a l  g ly c o p r o t e i n  and snake venom 
curarem im et ic  n e u r o t o x i n s  has a l s o  been dem ons t ra ted  (55).  
However, t h e s e  f i n d i n g s  do no t  imply t h a t  b in d in g  of r a b i e s  v i r u s  
must occur  s o l e l y  a t  a c e t y l c h o l i n e  r e c e p t o r  s i n c e  many c e l l s  such 
as Hela c e l l  t h a t  can be i n f e c t e d  do n o t  c o n t a i n  t h i s  r e c e p t o r .

Rabies v i r u s  may remain a t  t he  i n o c u l a t i o n  s i t e  f o r  a 
c o n s i d e r a b l e  p e r i o d ,  s i n c e  amputa t ing the  f o o t  o f  the  mice seven 
weeks a f t e r  foo tpad  i n o c u l a t i o n  markedly reduced m o r t a l i t y  r a t e  
(56).  Immunosuppression i n c re a s e d  m o r t a l i t y  and sh o r ten ed  the  
time a t  which t h e  v i r u s  s t ayed  a t  t he  i n o c u l a t i o n  s i t e  (57) .  I t
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i s  p o s s ib l e  t h a t  some immune mechanisms a re  invo lved  in e v e n tu a l  
r e l e a s e  of  v i r u s  from myocytes,  thus  i n f l u e n c i n g  t h e  d u r a t i o n  of  
t h i s  e c l i p s e  p er iod .  Rabies v i r u s  reaches  the  c e n t r a l  nervous  
system by pas s ive  t r a n s p o r t  th rough  r e t r o g r a d e  axop lasm ic  flow 
(5 8 ,5 9 ) .  I n h i b i t i o n  of  axoplasm ic  flow of t he  s c i a t i c  nerve  by 
c o l c h i c i n e  and v i n b l a s t i n e  p reven ted  r a b i e s  in e x p e r i m e n t a l l y  
i n f e c t e d  mice. The sa s e  can be achieved  by nerve  s e c t i o n  (6 0 ) .  
S eq u en t i a l  s t u d i e s  dem ons t ra ted  v i r a l  accumula t ion  a t  d o r s a l  r o o t  
g a n g l i a  and a t  soma of motor neurons  where t h e r e  were r ibosomes 
n eces sa ry  fo r  v i r a l  r e p l i c a t i o n .  In the  s p i n a l  c o r d ,  t h e r e  i s  
u n c e r t a i n t y  about the  r e l a t i v e  involvement- o f  s e n so ry  and motor 
pathways. Schneider  (61) found the  d o r s a l  and l a t e r a l  horns  
predominant ly  a f f e c t e d .

Once r a b ie s  v i r u s  has reached  the  c e n t r a l  nervous  system,  
r a p i d  d i s s em in a t io n  o c c u r s .  Budding from the  plasma membranes 
o f  neurons and g l i a  c e l l s  w i th  p re sence  of  v i r u s  in t he  
i n t e r c e l l u l a r  spaces and ev idence  of  d i r e c t  c e l l - t o - c e l l  
t r a n s m is s io n  or  d i r e c t  t r a n s n e u r o n a l  t r a n s f e r  from p e r i k a r y a  and 
d e n d r i t e s  to  a d j a c e n t  axon t e r m i n a l s  have been documented 
( 6 2 ,6 3 ,6 4 ,6 5 ) .  R ecen t ly ,  G i l l e t  e t  a l  (66) has p ro v ided  ev id en ce  
t h a t  r a b i e s  v i r u s  t r a v e l s  by r e t r o g r a d e  f a s t  axonal  t r a n s p o r t  
(200-400 mm/day) fo l lo w in g  s t e r e o t a x i c  i n o c u l a t i o n  i n t o  the  
s t r i a t u m .  Based on s t u d i e s  by Johnson ( 6 7 ,6 8 ) ,  t h e r e  i s  
s e l e c t i v e  v u l n e r a b i l i t y  o f  neurons  t o  r a b i e s  i n f e c t i o n  in  t he  
l im bic  system with r e l a t i v e  s p a r i n g  of  n eocor tex  in  t h e  e a r l y  
s t a g e  of  invas ion .  These f i n d i n g s  r e a d i l y  e x p l a i n  b e h a v io r a l  
a b n o r m a l i t i e s ,  l o s s  o f  n a t u r a l  t i m i d i t y ,  abnormal s ex ua l
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behav io r ,  and a g g r e s s i v e n e s s  in c l i n i c a l  r a b i e s .  E v en tua l ly ,  
widespread i n f e c t i o n  o f  neurons l eads  to  t e r m in a l  coma and dea th .  
Neurons a re  t he  c e n t r a l  nervous  system c e l l s  s e l e c t i v e l y  involved 
in r a b i e s  i n f e c t i o n  a l th o u g h  i n f e c t i o n  of  a s t r o c y t e s  and g l i a l  
c e l l s  has been r e p o r t e d  in animals  and humans ( 2 1 ,6 3 ,6 9 ,7 0 ) .  
G l i a l  c e l l s  a re  s i g n i f i c a n t l y  l e s s  s u s c e p t i b l e  than  neurons  to  
r a b i e s  v i r u s  i n f e c t i o n  in v i t r o  (71) .  The p re sence  of  h ig h ly  
s i a l y l a t e d  g a n g l i o s i d e s  o f  GTib, GQib, p lay  a r o l e  in t he  b ind ing  
of r a b i e s  v i r u s  t o  t h e  membrane of  ch ick  embryo r e l a t e d  c e l l s .  
This might e x p l a in  neu ronot rop ism  s in c e  l a r g e r  amounts of  t h e s e  
g a n g l i o s id e s  a re  found in  neurons than in g l i a l  c e l l s  (72 ,7 3 ) .

The c l i n i c a l  m a n i f e s t a t i o n s  of  r a b i e s  have been 
cons ide red  to  be due t o  d i r e c t  v i r a l  i nvas ion  of  t he  nervous 
system. The ascend ing  wave of r a b i e s  i n f e c t i o n  in  c e n t r a l  
nervous system p reced es  s h o r t l y  t he  s ign  of  p a r a l y s i s  in  animals 
(19).  The r e l a t i v e  s c a r c i t y  of  inf lammat ion in the  b r a in  t i s s u e  
with  absence of  c e l l  d e s t r u c t i o n  p o in t  to  derangement in 
fu n c t io n s  as t he  main cause  o f  l e t h a l i t y .  P r e l im in a r y  s t u d i e s  in 
mouse n e u r o b la s to m a - r a t  gl ioma hybr id  c e l l s  (74 ,75) and in r a b i e s  
i n f e c t e d  r a t  b r a in  (76 ,77 )  showed t h a t  t h e r e  were m o d i f i c a t i o n s  
in o p i a t e  and m u sc a r in i c  a c e t y l c h o l i n e  r e c e p t o r  a f f i n i t y .  
Functiona l  a l t e r a t i o n s  o f  neurons  have been wel l  dem onst ra ted  
d u r ing  the  e v o l u t i o n  of  e xpe r im en ta l  f i x ed  r a b i e s  i n f e c t i o n  (78).  
Three d i s t i n c t  phases  o f  b r a in  a c t i v i t i e s  and s l e e p  p a t t e r n  
changes were c h a r a c t e r i z e d  and a re  i n d i c a t i v e  of  impairment of 
p a r t i c u l a r  neu rona l  f u n c t i o n  in the  p resence  o f  r a b i e s  v i r u s  in 
v a r io u s  r e g io n s  of  t h e  b r a i n .
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However, t he  presence  of  v i r u s  a lone  may not  be the  only 
f a c t o r  in d e t e r m in in g  the c l i n i c a l  symptoms and s i g n s .  Once the 
v i r u s  has g a in ed  access  to  the  c e n t r a l  nervous system, rap id  
development of  symptoms and dea th  do no t  n e c e s s a r i l y  ensue .  High 
t i t e r s  o f  r a b i e s  v i r u s  in the  b r a in  and s p in a l  cord can be found 
in animals long  b e f o r e  c l i n i c a l  s i g n s  o f  the  d i s e a s e  appear (79).  
Numerous e v id en c e  i n d i c a t e  t h a t  i n f e c t i o n  by r a b i e s  v i r u s  may 
lead  to  v a r i o u s  outcome 1 i . e .  i n a p p a r e n t  o r  a b o r t i v e  i n f e c t i o n ,  
s u r v iv a l  w i t h  and without  r e s i d u a l  s i g n s ,  and d e a th .  The 
p reva lence  o f  a b o r t i v e  dog r a b i e s  in  n o r th e r n  p a r t  o f  Thailand 
was found t o  be 17 pe rce n t  (80) .  A bor t ive  r a b i e s  and recovery 
from c l i n i c a l  r a b i e s  with or  w i thou t  r e s i d u e  has been r e p e a te d ly  
r e p o r t e d  among many sp e c ie s  ( 4 2 , 4 3 , 8 1 , 8 2 , 8 3 , 8 4 , 8 5 , 8 6 ) .  The 
mechanisms m e d ia t in g  t h i s  r e s i s t a n c e  and recovery  a re  c e r t a i n l y  
complex and p ro b a b ly  mediated by combinat ion  of  f a c t o r s  involv ing  
v i r o l o g i e ,  immunologic and g e n e t i c  a s p e c t s .

Mice o f  v a r io u s  s t r a i n s  show d i f f e r e n t  s u s c e p t i b i l i t y  to 
" s t r e e t "  r a b i e s  i n f e c t i o n  (87).  Th is  d i f f e r e n c e ,  e s p e c i a l l y  t h a t  
of  r e s i s t a n t  SJL /J  mice, was a s s o c i a t e d  with  r e s t r i c t i o n  of  v i r a l  
r e p l i c a t i o n  w i t h i n  the c e n t r a l  nervous system. L im i t a t io n  of  
r e p l i c a t i o n  c o r r e l a t e d  with p re sence  of  n e u t r a l i z i n g  ant ibody 
which deve loped  only in r e s i s t a n t  s t r a i n s  s u gg es t in g  t h a t  the  
immune re s p o n s e  under g en e t i c  c o n t r o l  when i t  deve lops  e a r l y  i s  
p r o t e c t i v e  o r  a b l e  to  abo r t  d i s e a s e  (88) .  Rabies v i r u l e n c e  can 
a l s o  be d e te rm in ed  by s t r a i n  of  t h e  v i r u s .  "Fixed" r a b i e s  v i r u s  
i n j u r e s  neu rons  more e x t e n s iv e ly  than  " s t r e e t "  v i r u s  s t r a i n  thus  
l o s s  t he  c a p a b i l i t y  fo r  producing  Negri bod ies  (32) .  The
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r e s p o n s ib l e  f o r  t he  i nd u c t ion  and b ind ing  of n e u t r a l i z i n g  
a n t i b o d i e s ,  and f o r  c o n f e r r i n g  immunity a g a i n s t  l e t h a l  cha l len ge  
with r a b i e s  v i r u s  (9 0 ,9 1 ,9 2 ,9 3 ) .  A na lys i s  of  v a r i a n t s  s e l e c t e d  in 
v i t r o  with  a n t i - g l y c o p r o t e i n  monoclonal  a n t i b o d i e s  has revea led  
t h a t  on ly  one amino a c id  s u b s t i t u t i o n  a t  p o s i t i o n  333 of the  
g ly c o p ro t e in  a f f e c t s  v i r u l e n c e  in a d u l t  mice ( 9 0 , 9 4 ) .  This 
apa thogen ic  v a r i a n t  v i r u s  has been shown to  d i f f e r  from i t s  
pa thogenic  p a r e n t a l  v i r u s  in i t s  a b i l i t y  to  i n f e c t  neurons in 
vivo and in v i t r o  ( 9 5 ) .  Rate of c e l l - t o - c e l l  s p re a d ,  number of  
i n f e c t e d  neurons  and the  degree  of  c e l l u l a r  n e c r o s i s  were much 
lower in t h e  ca se  o f  apa thogen ic  v i r u s ,  a l though  the  d i s t r i b u t i o n  
of  i n f e c t e d  neurons  in  the  b ra in  wa3 s i m i l a r  f o r  both v i r u s e s .  
Moreover, a d d i t i o n  o f  r a b i e s  v i r a l  n e u t r a l i z i n g  an t ibody  
comple te ly  p re v e n te d  c e l l - t o - c e l l  sp read  of  apa thogen ic  v a r i a n t  
v i r u s  bu t  no t  o f  p a r e n t a l  v i r u s .  However, n o n - l e t h a l  c e n t r a l
nervous system i n f e c t i o n  with  a t t e n u a t e d  v i r u s  ERA/BHK i s  not  
e n t i r e l y  due t o  i n h e r e n t  p r o p e r t i e s  o f  t he  v i r u s  t h a t  r e s t r i c t  
i t s  m u l t i p l i c a t i o n  in  the  c e n t r a l  nervous system, s inc e  
su pp re ss ion  of  h os t  immune response  produces  a l e t h a l  i n f e c t i o n  
( 9 6 ) .  D e f ec t iv e  i n t e r f e r i n g  p a r t i c l e s  may be an o th e r  f a c t o r ,  in 
a d d i t i o n  t o  v a r i a t i o n  in  g ly c o p ro te in  s t r u c t u r e  t h a t  might r e s u l t  
in r e s i s t a n c e  and p robably  s u r v iv a l  ( 9 7 , 9 8 ) .  N atu ra l  i n f e c t i o n  
with l e s s  pa t i iogenic  v i r u s  s t r a i n s  and smal l  i n f e c t i o u s  doses ,  
might al low t h e  h o s t  to  c l e a r  t h e  i n f e c t i o n  i f  t h e r e  i s
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b i o l o g i c a l  p r o p e r t i e s  o f  r a b i e s  v i r u s  have been s u g g e s t e d  t o
c o r r e l a t e  w i t h  c h a n g e s  in  t h e  a n t i g e n i c  p h e n o ty p e  ( 8 9 ) .  R ab ie s
v i r u s  c o n t a i n s  f i v e  p r o t e i n s .  The s i n g l e  g l y c o p r o t e i n  i s
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s u f f i c i e n t  t ime fo r  a c t i v e  i n d u c t i o n  o f  immune response  and 
p e rh a p s  i n t e r f e r o n .  A v e r y  h igh  l e v e l  o f  i n t e r f e r o n  was d e t e c t e d  
in  r a b i e s  v i r u s  i n f e c t e d  r a t  b r a i n  w i th o u t  b e n e f i c i a l  e f f e c t .  I t  
i s ,  however, p o s s ib l e  t h a t  i n t e r f e r o n  p roduc t ion  i s  too  l a t e  to  
have any e f f e c t  (99).

Both humoral and c e l l u l a r  mechanisms a re  impor tan t  in 
s u c c e s s f u l  c le a ra n c e  o f  r a b i e s  v i r u s .  N e i the r  can o p e r a t e  in 
i s o l a t i o n .  Deple t ion  of  B c e l l s  by anti-mu-serum t r e a tm e n t  
c o n v e r t s  an inappa ren t  c e n t r a l  nervouB system i n f e c t i o n  in mice 
w i th  a v i r u l e n t  high egg p as sa g e  (HEP) s t r a i n  of  r a b i e s  v i r u s  t o  
one w i th  60 pe rcen t  m o r t a l i t y .  F u r t h e r ,  d e p l e t i o n  o f  T c e l l s  
w i t h  an t i thym ocy te  serum o r  T and B c e l l s  with  cyclophosphamide 
p o t e n t i a t e s  i n f e c t i o n  (1 0 0 ) .  Adoptive t r a n s f e r  in t h e s e  
cyclophosphamide t r e a t e d  mice e a r l y  a f t e r  i n f e c t i o n  w ith  immune 
c e l l s  o f  T o r  B s u b s e t s  cou ld  reduce  the  m o r t a l i t y .  The b e s t  
r e s u l t  was observed when u n f r a c t i o n a t e d  donor c e l l s  were 
a d o p t i v e l y  t r a n s f e r r e d .  Ant ibody  a c t s  by n e u t r a l i z a t i o n  and 
l y s i s  o f  v i r u s - i n f e c t e d  c e l l s .  T c e l l s  e x e r t  t h e i r  p r o t e c t i v e  
e f f e c t  no t  only through t h e  i n d u c t i o n  o f  r a b i e s  an t ibody  (101) ,  
bu t  a l s o  through ly m p h o c y to to x i c i t y  e f f e c t .  The e f f i c a c y  of  
p o s t - e x p o s u r e  p r o t e c t i o n  by i n a c t i v a t e d  t i s s u e  c u l t u r e  v a c c in e s  
c o r r e l a t e s  with  c e l l  med ia ted  c y t o t o x i c  response  (102).  Lethal  
i n f e c t i o n ,  on the  o th e r  hand,  w i th  s t r e e t  r a b i e s  v i r u s  s t r a i n  i s  
a lways  a s s o c i a t e d  with lack  o f  such a response  (103).  Return o f  a 
c y t o l y t i c  T c e l l  re sponse  in  immunosuppressed mice c o r r e l a t e s
w i th  recovery  (96 ,104) .
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In c o n t r a s t  to  t h e  b e n e f i c i a l  r o l e  of  t he  immune re sponse  
in r a b ie s  i n f e c t i o n ,  i t  has been sugges ted  t h a t  an immune 
response  to  r a b i e s  v i r u s  may a l s o  c o n t r i b u t e  t o  t h e  d i s e a s e  
p ro cess  (105) .  Immunosuppressed mice take  lo n g e r  t o  succumb to  
r a b i e s  v i r u s  i n f e c t i o n  than  immunocompetent mice,  and t h e  o n s e t  
o f  p a r a l y s i s  a f t e r  e xp e r im en ta l  immunosuppression i s  t e m p o r a l ly  
r e l a t e d  to  the  r e t u r n  o f  immune r e s p o n s iv e n e s s  ( 1 3 ,1 4 ,1 5 ) .  
Pass ive  t r a n s f e r  o f  r a b i e s  immune serum o r  s e n s i t i z e d  c e l l s  to  
i n f e c t e d  immunosuppressed animals a c c e l e r a t e s  t h e  appea rance  of  
p a r a l y s i s  and d ea th .  H i s t o l o g i c a l  examinat ion  the n  r e v e a l s  
marked inflammat ion  and deg e ne ra t ion  of  c e n t r a l  nervous  system 
parenchymatous t i s s u e  (1 4 ,1 0 6 ) .  This " e a r l y  d ea th  phenomenon" was 
f i r s t  observed in monkeys, mice and l a t e r  in  humans wi th  
u n su cces s fu l  immunization a t t e m p ts  (1 6 ,1 7 ,5 6 ,1 0 7 ,1 0 8 ) .  T h e r e f o r e ,  
immune re sponses  may have dua l  e f f e c t s  in r a b i e s  i n f e c t i o n s .  A 
p r e c i s e  ba lance  has t o  be s t r u c k  between e x t e n t  o f  v i r a l  
i n f e c t i o n  of  t h e  c e n t r a l  nervous system and t im ing  o f  t h e  iEEune 
response  in o r d e r  t o  produce the  " e a r l y  dea th"  o r  s u r v i v a l  with  
s u c ce s s f u l  c l e a r a n c e  o f  v i r u s .  When the  b r a i n  c e l l s  a re  
e x t e n s iv e ly  i n f e c t e d ,  immune d e s t r u c t i o n ,  e i t h e r  by a n t i b o d y  and 
complement or  by c y t o l y t i c  T c e l l s ,  c o n t r i b u t e s  t o  massive 
c e l l u l a r  n e c r o s i s  r e s u l t i n g  in severe  d i s e a s e  o r  d e a t h .

Host immune re sponse  may play a r o l e  in d e t e r m in in g  t h e  
c l i n i c a l  p r e s e n t a t i o n  o f  e i t h e r  e n c e p h a l i t i c  o r  p a r a l y t i c  r a b i e s  
in mire (13).  Rabies i n f e c t e d  immunocompetent mice u s u a l l y  
e x h ib i t e d  an ascend ing  p a r a l y s i s  o f  t he  l im bs ,  whi le  
immunosuppressed mice developed  e n c e p h a l i t i s  w i th  on ly  minor
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p a r a l y s i s .  H i s t o p a t h o l o g i c a l  changes d i f f e r e d  markedly between 
th e s e  two groups in  t h a t  marked inf lammat ion and d eg e n e ra t io n  of 
c e n t r a l  nervous  system parenchymatous t i s s u e s  were obse rved  in 
immunocompétent s i r e .  This was in c o n t r a s t  to  l im i t e d  
d e g e n e r a t i o n  and n e c r o s i s  of  i n d i v i d u a l  neurons and mild 
m i c r o g l i a l  r e a c t i o n  in immunosuppressed mice.  In human r a b i e s ,  
the  immune r e sp o n se  say a l so  in f lu e n c e  c l i n i c a l  m a n i f e s t a t i o n s .  
P a t i e n t s  who had c e l l u l a r  response  to  r a b i e s  v i r u s ,  as  dete rmined  
by lymphocyte p r o l i f e r a t i o n  assay in v i t r o ,  m an ifes ted  c l i n i c a l l y  
as e n c e p h a l i t i s  r a t h e r  than p a r a l y s i s  and tended  t o  d i e  f a s t e r  
(109) .  This  f i n d i n g ,  however, does no t  exc lude  d i f f e r e n c e s  in the  
s t r a i n  o f  v i r u s  and in v i r a l  d i s t r i b u t i o n  as de te rm in in g  f a c t o r s .  
The l e s s  fu lm inan t  and slower c l i n i c a l  cou rse  in p a r a l y t i c  r a b i e s  
may be due t o  f a i l u r e  of  v i r a l  g l y c o p r o t e i n  t o  be p r e s e n t  in 
l a r g e  q u a n t i t i e s  on the  neuronal  s u r f a c e  membrane. T h is  has 
been p r e v i o u s l y  shown in the  case  of  " s t r e e t "  v i r u s  s t r a i n  in 
n eu ra l  c e l l  l i n e s  and l a b o ra to ry  ro d e n t s  when compared t o  " f ixed"  
v i r u s  s t r a i n  (110) .  C o r r e l a t i o n  with  v i r a l  d i s t r i b u t i o n  o th e r  
than  by d i s t r i b u t i o n  o f  Negri bod ies  has never been r e p o r t e d  with 
two d i f f e r e n t  c l i n i c a l  p r e s e n t a t i o n s ,  t h u s  unab le  t o  exclude 
v i r a l  d i s t r i b u t i o n  as a de te rm in ing  f a c t o r .  In a d d i t i o n ,  
autoimmune phenomenon, i . e .  c e l l u l a r  r e a c t i v i t y  to  myelin b a s ic  
p r o t e i n ,  i s  obse rved  in e n c e p h a l i t i c  and p a r a l y t i c  human r a b i e s .  
P a t i e n t s  w ith  r e a c t i v i t y  to  myelin b a s i c  p r o t e i n  may have a more 
r a p id  p r o g r e s s io n  o f  t h e i r  d i s e a s e s  (109) .  The r o l e  of  myelin 
b a s i c  p r o t e i n  has been p re v io u s ly  r e p o r t e d  in p a t i e n t s  with 
p o s t i n f e c t i o u s  and p o s tv ac c in a l  e n c e p h a lo m y e l i t i s  where the
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degree of c e l l u l a r  o r  humoral r e sponse s  has been c o r r e l a t e d  with 
the  d i s e a se  s e v e r i t y  (11 1 ,1 12 ,11 3 ,1 1 4 ) .  In case  o f  human r a b i e s ,  
myelin b a s i c  p r o t e i n  r e a c t i v i t y  in p a t i e n t s  with 
a c c e l e r a t e d  d e a t h  may merely r e f l e c t  an epiphenomenon 
a s s o c ia t e d  w i th  widespread  damage.

In c o n t r a s t  t o  p a t i e n t s  w i th  p o s tv a c c in a l  
e n c e p h a lo m y e l i t i s ,  a n t im y e l i n  b a s i c  p r o t e i n  a n t ibody  has  no t  been 
d e t e c te d  in t h e  serum o r  c e r e b r o s p i n a l  f l u i d  from r a b i e s  
p a t i e n t s .  T h is  i s  a l s o  t r u e  in t he  case  of  a n t i r a b i e s  an t ibody .  
Only 20 p e r c e n t  o f  r a b i e s  p a t i e n t s  had s e ro c on v e r s io n  d u r in g  the  
e a r l y  s t age .  The a t t e m p t  to  d e t e c t  a n t ibody  t o  P2 , a 
n e u r i to g e n ic  a n t i g e n ,  in expe r im en ta l  a l l e r g i c  n e u r i t i s ,  in 3 
p a t i e n t s  with  p a r a l y t i c  r a b i e s  a l s o  f a i l e d  (u n p u b l i sh ed  d a t a ) .  
Autoimmune phenomenon s i m i l a r  t o  those  in a cu te  G u i l l a i n  Barre '  
syndrome was p roposed  by Chopra e t  a l .  (1 7 ) ,  in  view of 
n e u r o p a th o lo g ic a l  changes in  t h e s e  p a t i e n t s .  There i s  need fo r  
f u r t h e r  d e t a i l e d  s t u d i e s  to  p ro v ide  US with  an u n d e r s t a n d in g  of 
the  p a th og e ne t i c  mechanisms invo lved .

The t e r m i n a l  segment o f  t h e  n a t u r a l  r a b i e s  c y c l e  i s  the  
c e n t r i f u g a l  s p r e a d i n g  from the  c e n t r a l  nervous system along 
autonomic n e r v e s  t o  p e r i p h e r a l  o rgans  such as s a l i v a r y  g lands ,  
adrena l  medul la ,  k idney ,  lung,  l i v e r ,  muscle,  s k in  and h e a r t .  
The success  o f  t h i s  c e n t r i f u g a l  sp read ,  p a r t i c u l a r l y  to  the  
s a l i v a r y  g land fo l lowed  by v i r u s  e x c r e t i o n  in s a l i v a ,  i s  
e s s e n t i a l  to  t h e  c o n t i n u a t i o n  o f  the  c y c l e .  Due to  
g e n e r a l i z a t i o n  o f  t h e  involvement of  both  n e u ra l  and nonneura l
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organs  and t i s s u e s ,  v iremia  was s u s p e c t e d  but  never  confirmed 
with  c e r t a i n t y  (61).  Rabies v i r u s  can be d e t e c t e d  in the s a l i v a  
of  dog up to  13 days before  development  of  d i s e a s e  sign  (115).  
S ev e ra l  s t u d i e s  have shown t h a t  v i r u s  can be recovered
i n t e r m i t t e n t l y  from the s a l i v a  of  asymptomatic dogs and from dogs 
which re c o v e re d  from c l i n i c a l  r a b i e s  (116 ,117) .  This poses  
problem in a s s e s s i n g  the  r i s k  o f  exposu re  and i s  a t h r e a t e n i n g  
problem i f  asymptomatic c a r r i e r  e x i s t s  in l a r g e  numbers in 
c e r t a i n  a r e a .

NEUROPATHOLOGICAL CHANGES IN RABIES

1. Neuropa tho log ica l  Changes in Human Rabies

Neuropa tho log ica l  changes o f  the  c e n t r a l  and
p e r i p h e r a l  nervous  systems of r a b i e s  had been p re v io u s ly  rep o r te d  
( 1 7 ,2 1 ,6 2 ,1 1 8 ,1 1 9 ) .  The g ro s s  exam ina t ion  of  the  c e n t r a l  
nervous  system in  r a b ie s  shows mi ld  a l t e r a t i o n s  c o n s i s t i n g  of  
v a s c u l a r  engorgement and in b r a i n  weight .  Gross p e t i c h i a l  
hemorrhages a r e  r a r e l y  obse rved .  M ic roscopic  changes a re
n o n s p e c i f i c  and u s u a l ly  of  n o n d i a g n o s t i c  va lue  excep t  fo r  the  
p re se nc e  o f  Negri  bodies .  D e s p i t e  the  s e v e r i t y  of  symptoms 
o b se rved ,  p a th o l o g i c a l  changes do n o t  match the  d ram at ic  c l i n i c a l  
p i c t u r e  e x cep t  in a case  r e p o r t  which re v ea le d  massive laminar 
n e c r o s i s  o f  t h e  b ra in  (120).  F u r therm ore ,  t h e r e  I S  an extreme 
p a t h o l o g i c  v a r i a b i l i t y  in human r a b i e s .  The f r e q u e n t ly  noted 
h i s t o l o g i c  changes in human r a b i e s  a r e  p e r iv a s c u l a r  and
parenchymal i n f i l t r a t i o n s  accompanied by neuronal  changes 
p r i m a r i l y  in t h e  gray su bs tan ce .  These a re  no t  s p e c i f i c  and can
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be found in  o th e r  fo ra s  o f  e n c e p h a l i t i s .  Such inflammatorv  
r e a c t i o n s  c o n s i s t  of  small  and l a r g e  mononuclear c e l l s ,  plasma 
c e l l s  and o c c a s io n a l l y  polymorphonuclear  leukocy tes  around smal l  
v e i n s ,  v e n u le s ,  c a p i l l a r i e s  in  t h e  b r a in  stem, s p in a l  co rd ,  
tha lam us ,  c o r t e x ,  basa l  g a n g l i a ,  ce rebe l lum ,  and hippocampus in 
d e c r e a s i n g  frequency.  E x tens ion  o f  t he  inflammatory response  
i n t o  w hi te  m a t te r  i s  a l s o  p r e s e n t ,  e s p e c i a l l y  in the  b r a in  stem, 
ce rebe l lum  and s p in a l  cord .  There i s  u s u a l l y  mild ev idence  of  
l ep tom en ingea l  inf lammation .  Areas  o f  m ic r o g l i a l  agg re g a t io n  in 
a s s o c i a t i o n  wi th  neuronal  d e g e n e r a t i o n  and neuronophagia  (Babe’ s 
nodu les )  a r e  not  common, bu t  become prominent  in  c a ses  w i th  an 
a c c e l e r a t e d  cou rse .  The d i s t r i b u t i o n  of  inf lammatory i n f i l t r a t e s  
in  p a r a l y t i c  r a b i e s  i s  more p rominen t  in the  lumbar and lower 
t h o r a c i c  s p i n a l  cord and medul la .  The inf lammation i s  most 
marked in the  a n t e r i o r  and p o s t e r i o r  horns and in  d o r s a l  r o o t  
g a n g l i a .  H is to p a th o lo g ic  changes o f  c r a n i a l  nerve  and s p i n a l  
r o o t  g a n g l i a  showed c a p s u l a r  c e l l  p r o l i f e r a t i o n  and d e g e n e ra t i o n  
o f  neurons with  v a r i a b l e  d eg re e s  o f  inflammation .  There i s  no 
d i f f e r e n c e  in the  frequency of g a n g l i o n i c  involvement between 
e n c e p h a l i t i c  and p a r a l y t i c  r a b i e s .  A bnorm al i t ie s  a re  found in 
both  groups of  human r a b i e s  bu t  changes a re  more profound in  
p a r a l y t i c  c a s e s .  In e n c e p h a l i t i c  r a b i e s ,  the  axons as wel l  as  
t h e  myelin shea th s  of  p e r i p h e r a l  nerve  t runks  and d o r s a l  nerve  
r o o t s  u s u a l l y  appear swol len .  V acuo la t ion  i s  sometimes noted  in 
axons.  Schwann c e l l s  a r e  found t o  be inc rea sed  in number. 
Leucocy t ic  i n f i l t r a t i o n  i s  noted  around ve ins  in o n e - t h i r d  of  
c a s e s .  Myelin i s  noted to  be a b s e n t  in p e r i p h e r a l  ne rves  (119) .
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In p a r a l y t i c  r a b i e s ,  the  primary  abnormali ty  i s  segmental  
demyei ina t ion  and re m y e l in a t io n  as well as Wal le r ian  d e g e n e ra t io n  
in teased  s i n g l e  f i b e r s  from the  per iphera l  and s p i n a l  ne rve s .  
I n f i l t r a t i o n  by inf lammatory c e l l s  i s  not  a c o n s t a n t  f i n d in g  
(17).

Lyssa o r  Negri  b o d i e s ,  which are  i n t r a c y t o p i a s m i c  
i n c l u s io n s ,  a r e  a most h e l p f u l  d i a g n o s t i c  m icroscop ic  f i n d in g  in 
r a b i e s .  These b od ie s  a re  dense  masses of r a b i e s  v i r a l  p r o t e i n  
and v i r i o n s  as r e v e a l e d  by e l e c t r o n  microscopy and have been 
demonstrated t o  cor re spond  w i th  s i t e s  of  v i r a l  r e p l i c a t i o n  
(6 2 ,6 3 ,7 0 ) .  Negri  bod ies  a r e  found in 75 to 80 p e r c e n t  o f  human 
r a b ie s  c a se s .  They a r e  b e s t  seen  in large  neurons and much l e s s  
f r eq u en t ly  in g l i a l  c e l l s  in r e g io n s  of the b r a in  where t h e r e  i s  
l i t t l e  inf lammatory  r e a c t i o n .  They are  absen t  in a r e a s  where 
neuronal  d e g e n e r a t i o n ,  neuronophagia  and in t e ns e  in f lammat ion  a re  
prominent . Cerebe l lum,  hippocampus,  b ra in  stem, s p i n a l  cord as 
wel l  as c e r e b r a l  c o r t e x  a re  t he  usua l  s i t e s  a t  which Negri  bodies 
a re  d e t e c t a b l e  r e g a r d l e s s  of  the  c l i n i c a l  form of r a b i e s .  
Tangchai e t  a l .  (21) r e p o r t e d  t h a t  Negri bod ies  were f a i r l y  
u b iq u i to u s ly  d i s t r i b u t e d  in t h e  gray m a t te r ,  bu t  were more 
prominent  in the  l a r g e  nerve  c e l l s .  Dupont and E a r l e  (118) 
reviewed 49 c a s e s  o f  r a b i e s  and found t h a t  the  c e rebe l lum  was the  
most f r eq u en t  s i t e  of  Negri bod ies  formation (59.5% o f  c a s e s ) ,  
fol lowed by t h e  hippocampus (42.9% of cases )  and much lower 
frequency in a number oi o th e r  s i t e s  throughout t h e  CNS. The 
f in d ing  of  Negri  b o d ie s  should  n o t  be cons idered  c o n c lu s i v e  f o r  a 
f i n a l  d i a g n o s i s .  By u s ing  S e l l e r ’s impression t e c h n iq u e ,  aBy u s ing  S e l l e r ’s
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s u b s t a n t i a l  p r o p o r t i o n  of  b ra in  specimens from animals  as wel l  as 
human showed s t r u c t u r e s  i n d i s t i n g u i s h a b l e  from Lyssa or  Negri 
bodies bu t  f l u o r e s c e n t - a n t i b o d y  technique  and mouse ino c u la t io n  
t e s t s  remained n e g a t i v e  (121,122).  An i n c r e a s i n g  y i e l d  of 
s e n s i t i v i t y  can be achieved  in f o r m a l i n - f i x e d  paraf f in-embedded 
t i s s u e  by p r e t r e a t m e n t  with t r y p s i n  d i g e s t i o n ,  followed by 
immunofluorescent  s t a i n i n g  of  r a b i e s  a n t i g e n  (123) .  The use of 
t h e  a v i d i n - b i o t i n - p e r o x i d a s e  complex method as wel l  as in s i t u  
h y b r i d i z a t i o n  u s in g  r a d i o l a b e l l e d  DNA probe f o r  nuc leocaps id  are 
a l s o  h ig h ly  s e n s i t i v e  and s p e c i f i c .

The c e n t r i f u g a l  spread of  v i r u s  in t h e  nerve dur ing 
th e  f i n a l  s t a g e  o f  i n f e c t i o n  to  v a r io u s  o rgans  u s u a l l y  does not  
r e s u l t  in s i g n i f i c a n t  pathology except  in  t he  myocardium. The 
u l t i m a te  e ve n t  in  t he  course  of  r a b i e s  i s  c a r d io v a s c u la r  
d i s t u r b a n c e  e i t h e r  in the  form o f  abnormal c o n d u c t i v i t y  or 
c o n t r a c t i l i t y .  T h is  i s  l i k e l y  to  be due to  m y o c a r d i t i s  (124).

2. N eu ro pa tho log ica l  Changes in Canine Rabies.

P e r i p h e r a l  nerves  serve  as the  pathways fo r  spreading  
of r a b i e s  v i r u s  from i n o c u l a t i o n  s i t e s  to  t he  CNS. In 
exper imenta l  i n f e c t i o n s  with " s t r e e t "  v i r u s ,  r a b i e s  a n t igen  have 
been dem ons t ra ted  in p e r i p h e r a l  nerves by FAT. According to  the 
study of S chne ide r  (125) ,  in 1969, a f t e r  foo tpad  i n o c u la t io n  of 
t h e  r i g h t  h ind l eg  wi th  fox s t r a i n  v i r u s ,  v i r u s  r e p l i c a t i o n  in 
the  CNS of mice cou ld  be demonst ra ted  as e a r l y  as 60 hours in the 
neurons of  s p i n a l  gang l ion  of  s a c r a l ,  a n t e r i o r  and p o s t e r i o r  
p a r t s  o f  lumbar,  and t h o r a c i c  cord a t  2 ,21 ,32  and 8%
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r e s p e c t i v e l y .  Rabies an t ige n  was a l s o  seen  e a r l y  in the  d o r sa l  
roo t  neurons and the  d o r s a l  and l a t e r a l  horns bu t  r a r e l y  v e n t r a l  
horn.  I n f e c t i o n  then sp reads  r a p id l y  t o  t h e  e n t i r e  cord and 
medulla between 130 and 160 hours ,  and w i th  appearance  of 
p a r a l y s i s  o f  h ind  l eg s  w i th in  196 hours .  E a r ly  involvement of 
the b ra in  was dem ons t ra ted  in the  gray m a t t e r ,  and r a b i e s  a n t igen  
was o c c a s i o n a l l y  found in u n i d e n t i f i e d  s t r u c t u r e s  of  the  white 
m a t te r  (p robab ly  axons ) ,  and more p ro m inen t ly  in nerve c e l l  
p ro cesses  s u r ro u nd ing  the  ependyma of t h e  c e n t r a l  s p in a l  cord 
cana l .  They concluded  t h a t  v i r u s  t i t e r s  in  t h e  d i f f e r e n t  CNS 
segments i n c r e a s e d  wi th  t ime.

Johnson (20) proposed t h a t  t h e  e a r l y  s i t e  o f  
r e p l i c a t i o n  depends  on the  i n o c u l a t i o n  s i t e .  The v i r a l  pathway 
to  the  s a l i v a r y  g lands  i s  through the  n erve  o r i g i n a t i n g  near  
v i t a l  nerve c e n t e r s .

I t o  e t  a l .  (126) s tu d ie d  in n a t u r a l l y  i n f e c t e d  dogs, 
and observed v i r u s  in a l l  over the  segments of  Ammon’s horn,  
ce rebe l lum,  c e r v i c a l ,  t h o r a c i c ,  lumbar and s a c r a l  cord by FAT 
which c o r re sp on d in g  with  MIT.

L a s t l y ,  Umoh and Blenden (127) dem ons t ra ted  r a b ie s  
an t igen  in the  c r a n i a l  ne rve s ,  sk in  a t  the  face  and o th e r  t i s s u e s  
exc ised  from e x p e r im e n t a l ly  in o c u la te d  g o a t s  and dogs,  and 
n a t u r a l l y  i n f e c t e d  skunks.  They found t h a t  t h e  c r a n i a l  nerves  
and a t  p o i n t s  c l o s e  to the  b ra in  of  e x p e r i m e n t a l l y  inocu la ted  
animals c o n t a in e d  on ly  l im i t e d  amounts o f  r a b i e s  v i r a l  a n t ig e n .  
This was in c o n t r a s t  to  n a t u r a l l y  i n f e c t e d  skunks t h a t  both
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c r a n i a l  and p e r i p h e r a l  ne rves  were found to  c o n t a in  l a r g e  aaoun ts
of* p 71F i ç* p 71 T F u r t h e r } } 5.ck of* uniferss d i s t r i b u t i c n  throughout.  the  
CNS was o c c a s i o n a l l y  r e p o r t e d .  S i l v a  (128) r e p o r t e d  a dog with 
r a b i e s  v i r u s  in s a l i v a r y  g lands but  no v i r u s  could  be recovered  
in the  b ra in  by MIT. Rabies v i r u s  in s e v e r a l  c a s e s  of  n a t u r a l l y  
r a b i e s  i n f e c t e d  h o r se s  cou ld  be i s o l a t e d  from s p i n a l  co rd ,  but  no 
v i r u s  could be found in  o th e r  p a r t s  o f  the  CNS (129) .

Study o f  r a b i e s  v i r u s  d i s t r i b u t i o n  e i t h e r  in human or 
animals as mentioned abo>e,  however, lack  a p r e c i s e  c o r r e l a t i o n  
between i t s  d i s t r i b u t i o n  and c l i n i c a l  forms of the  d i s e a s e .  Most 
of  t he  s t u d i e s  in human only  r e l i e d  on r o u t i n e  h i s t o l o g i c a l  
examinat ion (H & E) o r  f l u o r e s c e n t  s tudy .  T h e r e f o r e ,  i t  i s  very  
i n t e n s i t y  to  see  whether v i r u s  l o c a l i z a t i o n  may e x p l a i n  the  
d i v e r s i t y  of  c l i n i c a l  symptoms of the  d i s e a s e .

LABORATORY DIAGNOSIS OF RABIES

The d i a g n o s i s  in human depends on c l a s s i c a l
m a n i f e s t a t i o n s  and d e f i n i t e  h i s t o r y  of  exposure .  In endemic 
a r e a ,  not  on ly  the  dog o r  c a t ,  but  any b i t i n g  of  mammals 
i n c lu d in g  roden t s  (130) should be s e r i o u s l y  c o n s id e r e d  as 
p o t e n t i a l l y  r a b id .  However, the d i a g n o s i s  i s  sometimes missed 
e s p e c i a l l y  in non-endemic a re a s .  A f a i l u r e  to  o b t a in  a h i s t o r y  
of animal exposure was noted in 13 to 40 p e r ce n t  o f  p a t i e n t s  who 
d ied  of  r a b ie s  (10 9 ,1 18 ,13 1 ) .  The major reasons  a r e  due to  the  
long incuba t ion  p e r io d  than the  b i t e ,  u s u a l l y  no t  s e v e r e ,  i s  
f o r g o t t e n  and the  p a t i e n t s  came in unconscious and sometimes,  
r a b i e s  i s  no t  i n c lu d e d  in the  d i f f e r e n t i a l  d i a g n o s i s .  The
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c l i n i c a l  r e c o g n i t i o n  can be ex t remely  d i f f i c u l t  f o r  a phys ic ian  
who has n ev e r  seen a case  of r a b i e s ,  o r  a lm os t  imposs ib le  in the  
case  o f  p a r a l y t i c  r a b i e s .  A high degree  o f  awareness o f  the  
v a r i o u s  c l i n i c a l  p r e s e n t a t i o n  of  r a b i e s  as w el l  as  c on f i rm a t ion  
of  t h e  d i a g n o s i s  by a p p ro p r i a t e  l a b o r a to r y  s t u d i e s  a re  r eq u i red  
fo r  e a r l y  d i a g n o s i s .

Rabies  may not  be e a s i l y  d iagnosed  on c l i n i c a l  grounds 
a lo n e .  L ab o ra to r y  d ia g n o s i s  i s  o f t e n  r e q u i r e d  e s p e c i a l l y  in 
p a r a l y t i c  r a b i e s  o r  in cases  w i thou t  h i s t o r y  of  d e f i n i t e  
exposure .  Antemortem d ia g n o s i s  in human c a s e s  may be achieved by 
s e v e r a l  t e c h n i q u e s .  I s o l a t i o n  of  t he  v i r u s  from the  p a t i e n t s ’ 
s a l i v a ,  t e a r ,  c e r e b r o s p i n a l  f l u i d ,  o r  u r i n e  by mouse i n o c u l a t i o n  
i s  p o s s i b l e  bu t  r e q u i r e s  a t  l e a s t  1 week. Demonst ra t ion  of  
r a b i e s  a n t i b o d y  in  blood and c e r e b r o s p i n a l  f l u i d ,  a d e f i n i t e  
ev idence  o f  r a b i e s  i n f e c t i o n  in nonvacc ina ted  i n d i v i d u a l s ,  i s  no t  
h e l p f u l  in  d i f f e r e n t i a t i n g  v a c c in a t io n  induced com p l i ca t io n s  from 
r a b i e s .  The p re se nc e  o f  r a b ie s  v i r a l  a n t i g e n ,  as dem onst ra ted  by 
im munof luorescen t  t ech n iq ue ,  in s a l i v a r y  o r  c o r n e a l  smears (132) 
and in nucha l  s k in  b iopsy  (133) a re  a l s o  c o n s id e r e d  d i a g n o s t i c .  
These p r o c e d u r e s  a r e  l e s s  invas ive  than a b r a in  b iopsy .  Samples 
of  b r a i n ,  i f  o b t a in e d ,  should be s u b j e c t e d  to  mouse i n o c u l a t i o n ,  
f l u o r e s c e n t  a n t ibo d y  s t a i n i n g  or  immunoperoxidase s t a i n i n g  and 
h i s t o l o g i c  a n d /o r  e l e c t r o n  microscopic  exa m in a t io n s .  Excluding 
b r a i n  b io p s y ,  immunocytochemical exam inat ion  o f  sk in  b iopsy 
remains t h e  t e s t  o f  h ig h es t  s e n s i t i v i t y  bu t  i t  a l s o  depends on 
what s t a g e  o f  d i s e a s e  the  sk in  has been taken  (134) .  Biopsy- 
performed d u r in g  l a t e  s t a ge  y i e l d s  more p o s i t i v e  r e s u l t s .  Enzyme
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immunoassay has a l s o  produced s a t i s f a c t o r y  r e s u l t s  in r a b i e s  
a n t ig e n  d e t e c t i o n  in b r a i n  and s a l i v a r y  gland specimens (135) and 
i t  i s  hoped t h a t  t h i s  t ech n iq ue  as well  as immunoblot a s s a y  say 
r e p la c e  the  t ime consuming mouse ino cu la t io n  t e s t .

The f o l lo w in g s  a re  ro u t in e  techn iques  commonly used 
in postmortem d i a g n o s i s  o f  r a b i e s .

1. S e l l e r ’ s Rapid Technique (Impression  o r  Smear)

S e l l e r ’ s r a p id  s t a i n i n g  technique appears  t o  be the  
s i m p le s t  and most economical  (136,137).  s t a i n i n g  r e q u i r e s  two 
dyes ;  methylene b lue  and b a s i c  fuchs in .  S e n s i t i v i t y  o f  S e l l e r ’ s 
r a p id  techn ique  on dog samples was in the  range between 59 and 
99%, whi le i t  was 75 to  80% in the case  of  human r a b i e s  
(138 ,139) .  Although t h i s  t echnique  i s  the  most r a p i d  and 
s i m p le s t ,  i t s  s e n s i t i v i t y  i s  s t i l l  not  s a t i s f a c t o r y .

2. Animal I n o c u l a t i o n

Webster and Dawson (140) repor ted  the  i n o c u l a t i o n  of  
r a b i e s  v i r u s  i n t o  weanling  whi te mice. G re a t e r  s e n s i t i v i t y  i s  
o b ta in e d  by the  use o f  su c k l in g  mice. Mouse i n o c u l a t i o n  t e s t  
(MIT) se rves  as a s t a n d a r d  technique  in comparing t h e  e f f i c a c y  to  
the  o th e r  t e s t s .  By MIT, r a b ie s  v i r u s  can be i s o l a t e d  from 
b r a i n ,  s a l i v a r y  g lan ds  and s a l i v a  specimens (141) .  However, in 
d i a g n o s i s  of r a b i e s ,  b r a i n  specimen i s  r o u t i n e l y  used .  Mice a r e  
kep t  fo r  o b s e r v a t io n  f o r  a t  i e a s t  3 weeks. Disease  s ig n  ill mice 
u s u a l l y  deve lops a t  t h e  end of f i r s t  week. C on f i rm a t ive  t e s t s  
r e q u i r e  dem ons t ra t ion  o f  Negri bodies  as wel l  as  t h e  p re sence  of
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v i r a l  a n t i g e n  by immunofluorescence t e s t  on b ra in  impress ion  
smear .

D isadvan tages  of  t h i s  t echn ique  a r e  t ime consuming,  
p o t e n t i a l  haza rd s  t o  t e c h n i c i a n s ,  and f a l s e  n e g a t i v e  r e a c t i o n  
when decomposed t i s s u e s  a re  used.

3. F lu o r e s ce n t  Antibody Tes t  (FAT)

The FAT enab le s  d e t e c t i o n  o f  r a b i e s  a n t i g e n  in the  b r a in  
b e f o r e  t h e  development of  Negri  b od ies .  I t  can a l s o  be used to  
d e t e c t  v i r a l  an t ige n  in o th e r  t i s s u e s  than  t h e  b r a in  w ith  a h igh 
deg ree  o f  c o r r e l a t i o n  with  MIT (1 2 6 ,1 42 ) .  Besides i t s  
s e n s i t i v i t y ,  t h e  t e s t  a l s o  g ives  n e g l i g i b l e  f a l s e  p o s i t i v e  r e s u l t  
when a p p r o p r i a t e l y  c o n t r o l s  a re  used in p a r a l l e l  and t a k e s  on ly  
45 minutes  t o  know the  r e s u l t ,  t hu s  s u p p l a n t i n g  o ld e r  s t a i n i n g  
methods, i . e .  S e l l e r ’s s t a i n ,  and can a l s o  be used in c o n ju n c t io n  
with  animal i n o c u l a t i o n  t e s t .  FAT can be used  e i t h e r  on b r a in  
im press ion  specimen o r  f o r m a l i n - f i x e d  h i s t o l o g i c a l  s e c t i o n s  
(1 2 3 ,127 ) .  T ryps in  and pepsin  d i g e s t i o n  has  been r e p o r t e d  to  
i n c r e a s e  t h e  s e n s i t i v i t y  and amplify  the  r e a c t i o n  (123 ,127 ,143 ) .

MIT i s  s l i g h t l y  more s e n s i t i v e  th a n  FAT f o r  r a b i e s  
d i a g n o s i s .  When th e se  two t e s t s  a re  per formed by competent  and 
exp e r i en c e d  l a b o r a to r y  workers ,  agreement between them i s  u s u a l l y  
99% o r  h ig h e r  (144) .  The d i sad van tag es  o f  FAT a r e  impermanence of  
s t a i n e d  s l i d e s ,  n o n s p e c i f i c  r e a c t i o n s  and only  f l u o r e s c e n t
mic roscope  be a v a i l a b l e .
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4. Immunoperoxidase s t a i n i n g  (IP)

Immunoperoxidase methods,  p r e s e n t l y  a re  accep ted  widely  
in c l i n i c a l  and r e s e a r c h  l a b o r a t o r i e s .  Various m o d i f i c a t i o n s  to  
p e rox idase  t e c h n i q u e s  have been d e s c r i b e d  such as d i r e c t  method, 
i n d i r e c t  method, p e r o x i d a s e - a n t i p e r o x i d a s e  method (PAP), p r o t e i n  
A-peroxidase  method,  hap ten  l a b e le d  an t ibody  method and a v i d in -  
b i o t i n - p e r o x i d a s e  complex method in  o r d e r  to  i n c r e a s e  the  
s e n s i t i v i t y  (1 4 5 ,1 4 6 ) .

L e v a d i t i  e t  a l .  (147) and A tanas iu  e t  a l .  (148) r e c e n t l y  
in t roduced  p e r o x i d a s e  techn ique  in  d i a g n o s i s  o f  r a b i e s .  The 
p u r i f i e d  an t i s e ru m  was con juga ted  t o  h o r s e r a d i s h  perox idase  by 
g lu t a r a ld e h y d e  (149) and s u b s t r a t e  used  was 3 , ร, -d iam inobenz id ine  
(DAB) p lu s  hydrogen perox ide  (H2O2 ).  This  t echn ique  i s  
subsequen t ly  proved t o  be s e n s i t i v e ,  h ig h ly  s p e c i f i c  and r e q u i r e d  
only an o r d in a r y  l i g h t  microscope.

In 1985, hotwal and Narayan (150) had developed  the  
d i r e c t  IP t e s t  f o r  i n c r e a s i n g  the  s e n s i t i v i t y .  The smears of  
mice b r a in s  i n f e c t e d  w ith  CVS r a b i e s  v i r u s  were performed in  0.5% 
H2O2 in methanol f o r  b locking  of endogenous p e rox ida se  before  
applying  the  h o r s e r a d i s h  pe rox ida se  c on juga ted  a n t i r a b i e s .  The 
r e s u l t  was found t o  be s a t i s f a c t o r y .  The d i r e c t  IP t e s t  was ab le  
to  i d e n t i f y  r a b i e s  v i r a l  a n t i g e n  in o v e r a l l  pe rcen tage  
s e n s i t i v i t y  of  95.3% compared to  99% o f  FAT. In t h i s  recommended 
procedure ,  IP can be used as an a l t e r n a t i v e  to FAT fo r  p rov id ing  
prompt l a b o r a t o r y  d i a g n o s i s  because  o f  c e r t a i n  advantages  t h i s  
t e s t  has over FAT.

I  ใ ๆ- อ ั  เ\ *10
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Â njaria  and Jhala (151) compared the th ree  methods o f  
S e l l e r ’s s t a in ,  FAT and IP on im pression smears and on p a r a ffin -  
embedded s e c t io n s  o f "street"  rab ies v iru s  in fe c te d  mouse b ra in s. 
R esu lts showed th a t s e n s i t iv i t y  o f S e l l e r ’ s method was d e f in it e ly  
l e s s  than FAT (76.2% vs 92.5%) on im pression smear, and d ir e c t  IP 
y ie ld ed  the same r e su lt  as FAT (91.36%). In the case o f  
paraffin-em bedded s e c t io n s , the s e n s i t iv i t y  were comparable 
96.71%, 98%, and 97.2% by th ese th ree methods r e s p e c t iv e ly .

D iscovery  o f a v id in , a g ly cop ro te in  w ith  four binding  
s i t e s ,  w ith  high a f f in i t y  for b io t in ,  a v ita m in , led  to  a v id in -  
b io t in  system  in immunoperoxidase tech n iq u es by Guesdon and 
c o llea g u e s  (1 5 2 ) . The use o f th is  a v id in -b io t in  in te r a c t io n  in  
iffiffiunoenzvmatic technique provides a sim ple and s e n s it iv e  
technique to  lo c a l i z e  antigens in e ith e r  fo r m a lin -f ix e d  or fresh  
frozen t i s s u e s .

Hsu e t  a l .  (153) in 1981, proposed th a t  the a v id in -  
b io tin -p e r o x id a se  complex (ABC) method i s  more s e n s i t iv e  than the 
techn iq ues d escr ib ed  above. These authors used a th r ee -s ta g e  
technique in which b io tin y la ted  secondary antibody was used as a 
bridge between unlabeled primary antibody and an ABC. The 
optimum s ta in in g  using  an ABC conjugate prepared a t a r a t io  of 
4:1 o f a v id in  to  b io tin -p erox id a se  (10 Jjg/ml a v id in  to  2 .5  jug/ml 
b io t in -p e r o x id a s e ) .  They suggested  th a t the high s e n s i t iv i t y  of 
th is  method might be due to the form ation o f large complex 
con ta in in g  m u ltip le  peroxidase m olecu les.
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Based on reasons mentioned above, we then used a v id in -  
b io tin  peroxidase techn iq ue in the study o f v ir a l  d is t r ib u t io n .  
The technique i s  a ls o  not d i f f i c u l t  to  perform s in c e  the 
secondary antibody th a t needs to  be conjugated  to  b io t in  and most 
reagen ts, in c lu d in g  ABC, are com m ercially a v a ila b le . Advantage 
o f th is  method to  FAT i s  th at s tru c tu re  o f the neuronal t i s s u e  
can a lso  be stu d ied  in  d e ta i l  and i t  i s  a ls o  p o s s ib le  to  see  
which c e l l  type i s  predom inately in fe c te d .
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