
CHAPTER I

INTRODUCTION

Epidemiology o f  Rabies.

I n f e c t i o n  with the  r a b i e s  v i r u s ,  has been a dreaded  
d i s e a s e  th roughou t  recorded  h i s t o r y .  I t  was recognized  in the  
a n c i e n t  c i v i l i z a t i o n s  of  Egypt, Greece  and Rome (1 ) .

Human r a b i e s  i s  one o f  t he  most severe  of  a l l  
communicable d i s e a s e s .  World wide,  a t o t a l  o f  about  1,000 f a t a l  
c a s e s  a re  r e p o r t e d  annual ly  to  t h e  WHO and the  a c tu a l  number must 
be c o n s i d e r a b l y  more.

Unl ike  smal lpox,  r a b i e s  has  an e x t e n s i v e ,  u n c o n t r o l l a b l e ,  
sy lvan  r e s e r v o i r ,  comprising such  an im a ls  as b a t s ,  c oy o te s ,  
fo x es ,  j a c k a l s ,  mongooses, skunks ,  and w ease l s ,  so t h e r e  i s  no 
p o s s i b i l i t y  o f  c o n t ro l  by the  mass v a c c i n a t i o n  of  an imals .  
F u r t h e r ,  in Tha i l and ,  the  r e l u c t a n c e  t o  d e s t r o y  " s t r e e t - d o g s " ,  
many of which become ra b id ,  a g g r a v a t e s  t h e  problem. Approximately 
more than 300 c a s e s  of  r a b i e s  a re  r e p o r t e d  every  year in Thai land  
( 2 ) .

S a l i v a  c o n ta in in g  v i r u s ,  i n t r o d u c e d  i n t o  humans, by the  
b i t e  of  a r a b id  animal,  i s  the  most u sua l  means of t r a n s m i s s io n ,  
a l th ough  i n f e c t i o n  v ia  s c r a t c h e s  o r  t h e  r e s p i r a t o r y  t r a c t  have 
a l s o  been r e p o r t e d .  Bats  produce i n f e c t i o u s  a e r o s o l s  and domestic
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p e t s  f r e q u e n t l y  l i c k  t h e i r  owners.

The v i r u s  r e s p o n s i b l e  fo r  t h e  d i s e a s e  i s  known as " s t r e e t  
v i r u s " ,  ( v i r u s  de rage  de r u e ) .  Th is  v i r u s  passaged  f i f t y  t im es ,  
i n t r a c e r e b r a l l y  in r a b b i t s ,  i s  known as " f i x e d  v i r u s " ,  ( v i r u s  
f i x e ) .  However, t he  a t t e n u a t i o n  i s  on ly  p a r t i a l ,  s i n c e  " f ix e d  
v i r u s "  i s  s t i l l  p a thogen ic  fo r  humans and an im als .

P r o p e r t i e s  o f  Rabies Virus .

Rabies i s  a rh abd o v i ru s ,  i t s  v i r i o n s  a r e  b u l l e t  shaped,  
having one rounded and the  o th e r  p l a n a r  end.  R egu la r ly  shaped 
p r o j e c t i o n s  cover  t h e  s u r f a c e ,  each w i th  a knob l i k e  s t r u c t u r e  a t  
i t s  d i s t a l  end. The h e l i c a l  n u c l e o c a p s id ,  18 nm. in  wid th ,  
c o n s i s t s  o f  one molecule o f  s i n g l e  s t r a n d e d  RNA, of  n e g a t i v e  
p o l a r i t y ,  many i d e n t i c a l  c o p ie s  of  N p r o t e i n  (69 ,000 d) and a few 
cop ies  of  the  Rh'A dependent ,  RNA t r a n s c r i p t a s e  (3 ) .

The v i r a l  envelope c o n s i s t s  o f  a l i p i d  b i l a y e r  and the  
e x t e r n a l  p r o j e c t i o n s  a re  g ly c o p r o t e in  (G p r o t e i n ,  8,000 d ) .  Two 
matrix p r o t e i n s ,  which a re  no t  g ly c o s y l a t e d ,  Ml (40 ,000  d) and M2 
(25,000 d ) ,  r e i n f o r c e  the  envelope  i n t e r n a l l y .  The g ly c o p r o t e in  
p r o j e c t i o n s ,  which a l s o  a c t  as  h em ag g lu t in in s  to  goose 
e r y t h r o c y t e s ,  a t t a c h  the  v i r i o n  to  h o s t  c e l l  r e c e p t o r s .

Serology.

Up u n t i l  t h e  t ime t h a t  r a b i e s  was recog n ized  as a member 
of  the L y ssa v i ru s  genus ,  i t  was tho u gh t  to  be a s i n g l e  a n t i g e n i c  
" s p e c ie s " .  Now however,  i t  has been grouped w i th  s e v e r a l
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s e r o l o g i c a l l y  r e l a t e d  v i r u s e s ,  two from N ig e r ia ,  the  Lagos ba t  
v i r u s ,  i s o l a t e d  in 1958 from Eidolon helvam (4 ) ,  t h e  Mokola 
v i r u s ,  i s o l a t e d  in 1968 from a shrew (5 ) ,  and ano the r  froE South 
A f r i c a ,  the  Duvenhage v i r u s ,  i s o l a t e d  from a human in 1970, who 
d ie d  fo l lowing a b i t e  from a ba t  (6 ) .

Other r e l a t e d  s p e c i e s  a re  t he  Obodhiang v i r u s ,  i s o l a t e d  
from mosquitoes in t h e  Sudan (7) and the  Kotonkan v i r u s  i s o l a t e d  
from a s p ec ie s  o f  - idgeB in  N ig e r i a  (8 ) .  The N ig e r i an  horse  
v i r u s ,  a l s o  produces a d i s e a s e  re sembl ing  r a b i e s ( 9 ) .

Complement f i x a t i o n  a ssays  have i n d i c a t e d  c lo s e  a n t i g e n i c  
s i m i l a r i t y  between t h e  L y s s a v i r u s e s ,  a l though  only l i m i t e d  c r o s s ­
r e a c t i v i t y  can be shown by v i r a l  n e u t r a l i z a t i o n  (10).

P a th ogenes i s  of  Rabies I n f e c t i o n .

Following the  i s o l a t i o n  of  " s t r e e t  v i r u s "  from t h e  s a l i v a  
o f  ra b id  dogs by Louis P a s t e u r ,  he i n j e c t e d  i t  i n t o  t h e  b r a i n s  
o f  r a b b i t s .  The r a b b i t s  e v e n tu a l l y  became p a r a ly se d  and d ie d  
w i th in  2-3 weeks.

Af te r  s e v e r a l  such pa s sa ge s ,  the  " f ix e d  v i r u s ” had 
somewhat changed c h a r a c t e r i s t i c s .  I t  f a i l e d  to  i n f e c t  an im als  
u n l e s s  i n j e c t e d  d i r e c t l y  i n t o  the  b r a in  and when a d m in i s t e r e d  by 
o t h e r  p a r e n t e r a l  r o u t e s ,  i t  could p r o t e c t  l a b o r a to r y  an imals  
a g a i n s t  a subsequent  c h a l l e n g e  with v i r u l e n t  " s t r e e t  v i r u s " .

The c l i n i c a l  m a n i f e s t a t i o n s  o f  r a b i e s  i n f e c t i o n  a r e  very  
s i m i l a r  in both dog and human. The s i t e  and depth  of  b i t e  a re
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The v i r u s  m u l t i p ly  in t h e  i n f e c t e d  h os t  and p r o g r e s s  
a long the  ne rves  reach ing  th e  c e n t r a l  nervous  system (CNS). Here 
they  p ropaga te  in t he  a r e a  o f  t h e  s p i n a l  o r  d o r s a l  roo t  g a n g l i a ,  
b r a i n  stem and cerebrum and then  can be passed  to  o th e r  o rg an s ,  
such as t he  s a l i v a r y  g la n ds ,  s k i n ,  h a i r  f o l l i c l e s  and c o r n e a l  
c e l l s  (11).

O bse rv a t io ns  in t h e  human and the  dog have d iv ided  t h e  
d i s e a s e  i n t o  two d i s t i n c t  c a t e g o r i e s .  The e n c e p h a l i t i c  o r  f u r i o u s  
form, and the  p a r a l y t i c  o r  dumb form (1 ,  12) .  At the  p r e s e n t ,  i t  
i s  no t  p o s s i b l e  to  de te rm ine  whether  t h e  very  obvious d i f f e r e n c e s  
in t h e s e  two m a n i f e s t a t i o n s  o f  t h e  d i s e a s e  a r e  due to  d i f f e r e n c e s  
in t he  immune re sponses  of  t h e  h o s t  o r  in the  p a th og enes i s  of  
the  i n f e c t i o n  i t s e l f .

Iwasaki  (13 ) ,  Smith (14) and Tignor (15) have each 
d i s c u s s e d  t h e  r o l e  of  the  immune r e sp o n se  in t he  development of  
t h e  d i s e a s e .  IEsunosuppressed  mice t a k e  longer  to  succumb to  
r a b i e s  i n f e c t i o n  than  do immunocompetent mice.  F u r th e r  t h e  o n s e t  
o f  p a r a l y s i s  fo l lowing  t r a n s i e n t  immunosuppression,  i s  r e l a t e d ,  
t e m p o ra l ly ,  to  a r e t u r n  t o  immune r e s p o n s iv e n e s s .  The " e a r l y  
d ea th"  phenomenon (13,  14, 15, 16) has been observed in humans 
e x h i b i t i n g  a p o s i t i v e  immune re s p o n s e  involvement ,  p a r t i c u l a r l y  
when a s s o c i a t e d  with  a p r i o r  immunization.

c r u c i a l  f a c t o r s  in  d e t e r m i n i n g  t h e  d e g r e e  o f  p e n e t r a t i o n  o f  t h e
v i r u s  and i t s  r a t e  o f  s p r e a d ,  and h e n c e ,  t h e  r a p i d i t y  o f  t h e
o n s e t  o f  i n f e c t i o n .
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The a c t u a l  d i s t r i b u t i o n  of  t he  v i r u s  w i t h i n  the  nervous 
t i s s u e ,  a l s o  app e a rs  to play  a r o l e  in t h e  o c c u r re n c e  of  
p a r a l y t i c  r a b i e s ,  as  suggested  by Chopra (17) and Sheahan (18).  
Comparing h o s t s  w i th  the  symptoms of p a r a l y s i s  and e n c e p h a l i t i s ,  
fewer i n c l u s io n  b od ie s  were found in the  c e r e b r a l  c o r t e x  in the  
p a r a l y t i c ,  than  in the  e n c e p h a l i t i c  form. Also in f lammatory  
r e a c t i o n s  appeared  to  be g e n e ra l ly  con f in ed  t o  th e  s p i n a l  r e g io n s  
in p a r a l y t i c  r a b i e s  r a t h e r  than to  the  c e r e b r a l  c o r t e x .

F u r t h e r ,  an ascending  wave of r a b i e s  i n f e c t i o n  o f  t he  
CNS, s h o r t l y  p re ce d e s  the  onse t  o f  p a r a l y s i s  (1 9 ) .  Johnson (20) 
noted t h a t  r a b i e s  v i r u s  appeared to  s e l e c t i v e l y  damage th e  l im bic  
system whi le s p a r i n g  neocor tex  du r ing  t h e  e a r l y  s t a g e s  o f  t h e  
d i s e a s e .  This  o b s e r v a t io n  c o r r e l a t e s  with  t h e  c l i n i c a l  symptoms. 
So, the  d i s t r i b u t i o n  of  the v i r u s  w i th in  the  nervous  system,  may 
wel l  p r e d i c a t e  t h e  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  i n f e c t i o n .

Since p re v io u s  s t u d i e s  on human p a r a l y t i c  (17) and 
e n c e p h a l i t i c  (21) r a b i e s  have not  been a t t em p ted  t o  a s s e s s  t he  
re levance  of  v i r a l  d i s t r i b u t i o n ,  excep t  f o r  t h e  p re se nc e  of  
i n c lu s io n  bod ies  on such pa th og enes i s ,  we a re  a t t e m p t i n g ,  in t h i s  
s tudy,  to  expose  any c o r r e l a t i o n  between t h e  d i s t r i b u t i o n  of  
v i r u s  and i t s  s p e c i f i c  c l i n i c a l  m a n i f e s t a t i o n s .  We s h a l l  
co n c e n t r a t e  p a r t i c u l a r l y ,  on the  e a r l y  s t a g e s  o f  i n f e c t i o n ,  
before  the  v i r u s  becomes widely d i s t r i b u t e d  in nervous  t i s s u e .  
Our s t u d i e s  w i l l  i n v e s t i g a t e  both the  p a r a l y t i c  and e n c e p h a l i t i c  
modes.

Examining t h e  e a r l y  s t a g e s  o f  i n f e c t i o n ,  we e x p ec t  t o  be
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a b le  t o  d em o n s t ra t e  an abundance o f  t h e  v i r u s  in the  s p i n a l  cord 
in t he  p a r a l y t i c  f o r a ,  compared to  a l a r g e  preponderance of  the  
v i r u s  in t h e  b r a i n  in the  e n c e p h a l i t i c  form. The p resence  of  the  
v i r u s  w i l l  be d e f in e d  and q u a n t i t a t e d  in neurons and non-neuron 
c e l l s  by t h e  immunohistochemical  t e c h n iq ue  of  p e rox ida se  
s t a i n i n g .

Although t h e  major purpose o f  t h i s  s tudy  i s  to  d e f in e  the  
d i s t r i b u t i o n  o f  r a b i e s  v i r u s  in t h e  nervous  Bystea o f  human 
p a t i e n t s  a f f l i c t e d  wi th  e i t h e r  p a r a l y t i c  o r  e n c e p h a l i t i c  r a b i e s ,  
we r a r e l y  e n c o u n te r  human s u f f e r e r s ,  e x c e p t  those  who a r e  in  the  
t e r m in a l  s t a g e  o f  the  d i s e a s e .  T h e r e f o r e  d a t a  o b ta in e d  from 
s tud y  in  human might  only r e v e a l  a uni fo rm d i s t r i b u t i o n  of  
a n t i g e n  in  eve ry  c e n t r a l  nervous system re g io n s .  So, we s h a l l  
make t h e s e  s t u d i e s  in rab id  dogs, when we can r e a d i l y  s tudy  th e  
e a r l y  s t a g e s  o f  t h e  d i s e a s e ,  c o n f i d e n t  t h a t  we can e x t r a p o l a t e  
our f i n d i n g s  t o  t h e  human s i t u a t i o n .
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