
CHAPTER V

DISCUSSION

The aim o f  t h is  work vas to  determ ine the d is tr ib u tio n  of 
rab ies v iru s  in  th e variou s regions o f the brain and sp in a l cord 
in both human and dog rab ies, using  an immunohistochemical 
techn ique.

We used immunoperoxidase s ta in in g  U P) for the d e tec tio n  
o f the ra b ies  a n tig en  because i t s  a h igher s e n s i t iv i t y  compared 
to  o ther co n v en tio n a l methods has been demonstrated (1 5 0 ,1 5 1 ). 
A v id in -b io tin -p ero x id a se  complex was used in th is  study to  
am plify the s e n s i t i v i t y  o f the IP system .

The s e n s i t i v i t y  o f the ABC method in our study was only  
86.7% compared to  100% o f FAT or MIT. The r e la t iv e  in s e n s i t iv i t y  
o f the IP s ta in in g  may be due to  d if f e r e n t  techn iques in t is s u e  
p rep aration s. FAT was done on brain im pression smear whereas IP 
in t h is  study was done on th in  h is t o lo g ic a l  se c t io n s  o f 6 /IE 
th ick n ess . The im pression smear may con ta in  more rab ies v iru s  
than the 6 /in s e c t io n .

Previous stu d ied  by Kotwal and Narayan (1 5 0 ), using  
im pression smears o f  mouse brain, showed the d ir e c t  IP t e s t  to
have a s e n s i t i v i t y  o f 93.3% compared to  99% for FAT.
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The use o f  ABC was found to  d ra m a tica lly  increase the  
in te n s ity  o f  s ta in in g  and provided a g rea ter  s e n s i t iv i t y ,  when 
compared to  the d ir e c t  IP method (1 5 3 ).

I t  does not on ly  provide a s u ita b le  s e n s it iv e  method for  
dem onstrating ra b ies  v ir a l  antigen  in  CNS specim ens, but i t  a lso  
has other s ig n i f ic a n t  advantages. I t  i s  easy  to  perform, does 
not require exp en sive  equipment, such as a f lu o r e sc en t m icroscope, 
n o n sp e c if ic  s ta in in g  i s  minimal, the s tr u c tu r a l in te g r ity  o f the

U s i n g  p a r a f f i n - e m b e d d e d  s e c t i o n s ,  A i i j & r i a  a n d  J h a i a

( 1 5 1 ) ,  s h o v e d  a  v e r y  h i g h  s e n s i t i v i t y  f o r  I P  d i r e c t  s t a i n i n g

( 9 7 . 9 2 % )  c o m p a r e d  t o  S e l l e r ’ s  s t a i n  ( 9 6 . 7 1 % )  a n d  FAT ( 9 8 % ) .

nervous t i s s u e i s m aintained en ab lin g  a d e ta ile d study of c e l l
morphology and hence s i t e s  o f in fe c t io n ,  and one has the
a d d itio n a l b e n e f it o f a permanent record in the form of the
sta in ed  s l id e .

Our attem pts to  produce ra b b it a n t i-r a b ie s  IgG, as a 
primary antibody for  s ta in in g , were somewhat d issap p o in tin g . 
Although the p u r ity  o f our product, fo llo w in g  chromatography of  
the hyperimmune serum using Protein  A-Sephadex, was high, by IEP 
c r i t e r ia ,  i t  was rather u n sa tis fa c to ry  in the s ta in in g  procedure. 
We had problems w ith  rather low s ta in in g  in t e n s i t i e s  in the 
neurons and n eu ro g lia s  and a r e la t iv e ly  high background of 
n o n sp e c if ic  s ta in in g .

Equine a n t i-r a b ie s  g lo b u lin , la b e led  with flu o r e sc e in  
iso th io cy a n a te  (BBL) i s  prepared fo r  use in the routine
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f lu o r e sc en t t e s t in g .  However, the f lu o r e sc e in  component did not 
in te r fe r e  with our s ta in in g  procedures, and the reagent gave a 
high s e n s i t i v i t y ,  d ep ic tin g  very in te n s iv e  brown in c lu sio n  bodies 
and e x c e l le n t  s ta in in g  of the cytop lasm ic neurons and n eu rop il, 
a l l  a g a in st a very c le a r  background.

This commercial reagent i s  o f course rather exp en sive, 
but th is  i s  m itiga ted  by the high d ilu t io n  (1 :5 0 0 ), a t which i t  
may be s a t i s f a c t o r i l y  used.

We did attem pt to  look a t any d iffe r e n c e s between our
rab bit antibody and the BBL product u sin g  the Western b lo t
tech n iq u e , but our prelim inary r e s u lt s were rather asbiguou:ร ร.ทd
we decided to sh elv e  th is  exam ination and return to  the £&in
study u sin g  th e BBL antibody in our s ta in in g  procedures.

The r e s u lt s  o f our s tu d ie s  showed th a t the rab ies v ir a l  
antigen  i s  d is tr ib u te d  in n eu ro g lia s  as w ell as in neurons, 
in both rabid dogs and in fec ted  humans. Thus rab ies i s  not an 
e x c lu s iv e  in fe c t io n  o f neurons in e ith e r  sp e c ie s . The data 
presented  in Table 6 (dogs) and Table 9 (humans) provide good 
evidence for t h is  p ro p osition .

Further, our s tu d ie s  in both fu r io u s and dumb dogs and in 
human e n c e p h a lit ic  and p a ra ly tic  forms o f the d ise a se , showed 
th at the d is tr ib u t io n  o f the v ir a l  a n tig en  i s  anatom ically  s im ila r  
in each o f th ese  forms of in fe c t io n .

The d is tr ib u t io n  of ra b ies  v ir u s  has been p rev io u sly  
stu d ied  in the dog, by I to e t a l . (1 2 6 ) . However, th e ir  examination
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vas r e s tr ic te d  to  the brain  stem and sp in a l cord o f the n a tu r a lly  
in fe c te d  dogs. Their r e s u l t s ,  so far as they go, are in agreeaent 
v ith  our fin d in g s.

We found a la rg e  amount o f antigen  in the sp in a l cord o f  
both fu riou s and dumb dogs, and most p a r tic u la r ly  in the brain  o f  
Dog 4, which had the lo n g est su rv iv a l period (5 d ays).

Data obtained from the other dogs, with sh orter  su r v iv a l  
p er iod s, showed on ly  moderate or l i t t l e  d issem in ation  o f  the  
v ir u s  through the b ra in , the ex ten t o f which, roughly c o r r e la te d  
with the time e lap sed  between the on set o f the d is e a s e  and 
u ltim a te  s a c r i f ic e .

S tud ies in human ra b ies  using  l ig h t  m icroscopy, have 
demonstrated in c lu s io n  b od ies in  a s tr o cy te s  although t h i s  has 
been regarded as an uncommon fin d in g  (2 1 ,6 2 ). Seventeen p ercen t 
o f human rab ies ca ses  reported  by Tangchai e t  a i .  (21) were 
found to have in c lu s io n  b od ies p o s it iv e  a s tr o cy te s . These were 
m ostly in the f lo o r  o f the th ird  v e n tr ic le ,  p araven tricu lar  area  
and brain stem. However, the amount o f in c lu sion  bod ies p o s i t iv e  
a str o c y te s  was u su a lly  minimal. Small aggregates o f m atrix and 
v ir a l  p a r t ic le s  w ith in  a s tr o c y te s  and o ligod en drocytes have a ls o  
been observed by e le c tr o n  microscopy (6 2 ,6 9 ). I d e n t i f ic a t io n  o f  
an tigen  in a s ig n if ic a n t  number o f g l i a l  c e l l s  in cur stu d y , 
e s p e c ia l ly  in P a tien t 5, d i f f e r s  somewhat from p rev iou s  
rep orts (2 1 ). This d iscrepancy  i s  most l ik e ly  due to d if f e r e n c e
in technique.



63

There was no c o r r e la tio n  between the d is t r ib u t io n  of 
ra b ies  v ir a l  an tigen  in neurons or g i ia l  c e i l s  and c l i n ic a l  
m a n ifesta tio n s. P a tien ts  who had su rv iv a l time o f 7 days or le s s  
(P a tie n ts  1 ,3 ,4  and 6) had greater amount o f a n t ig e n -p o s it iv e  
neurons in brain stem and sp in a l cord regard less o f the c l i n ic a l  
type. P a tien ts  1 ,3  and 4 had a c la s s ic a l  p resen ta tio n  o f  
e n c e p h a lit ic  rab ies  w ith no demonstrable weakness o f lim bs during  
the pre-term inal phase. Deep tendon r e f le x e s  were preserved  
during the e n t ir e  c l i n ic a l  course. Widespread neuronal 
involvement o f s im ila r  degree in d if fe r e n t  neuroanatom ical 
reg ion s (su p r a te n to r ia l, in fr a te n to r ia l  s tru c tu res  and sp in a l  
cord) was ev id en t when the su rv iv a l time exceeded 7 days as 
demonstrated in P a tien ts  2 ,5  and 7. Further, the p resence o f  
v ir a l  antigen  in cereb ra l cortex  did not p a r a lle l  w ith  the  
degree o f d isturban ce o f con sc io u sn ess, p.abies v ir a l  a n tig en  was 
e a s i ly  demonstrable by the immunofluorescent t e s t  in the fr o n ta l  
area o f one p a r a ly t ic  p a tie n t (P a tien t 10 in referen ce  109) who 
had quadrip leg ia  and weakness o f resp ira tory  muscle req u ir in g  
v e n tila to r y  support and ex h ib ited  only sign  o f euphoria and was 
s t i l l  conscious and r a tio n a l at the time of brain  b iopsy . 
In te r e s t in g ly , P a tien t 5 i n i t i a l l y  presented w ith e p iso d ic  
a tta ck s o f nonconvulsive a b sen ce -lik e  se izu r es  5 days p r io r  to  
the on set o f limb weakness. I t  i s  not known whether se izu r e  
a c t iv i t y  can be induced by the presence o f v iru s  in g l i a l  c e l l s .  
This p a tien t had no e le c t r o ly t e  abn orm alities and i n t r a c t a b l e  

con vu lsion s appeared when she lapsed in to  coma.
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N either the v ir a i  d is tr ib u t io n  nor the asount o f v ir a l  
antigen  p a ra lle led  inflam m ation. Inflammation was not con fin ed  
to  medulla and sp in a l cord in p a tien ts  Kith p a r a ly s is  or to  
cerebrum and brain stem in p a t ie n ts  Kith e n c e p h a lit is  as had been 
p rev io u sly  d escribed  (1 7 ,2 1 ,4 0 ,6 2 ,1 1 8 ,1 6 1 ) . Length o f su rv iv a l  
or incubation period did not a f fe c t  the in te n s ity  o f  
inflam m ation. P a tien t 1, Kho had a su rv iva l period o f 5 d ays, 
had moderate inflammatory rea c tio n s comparable to  th a t o f  
P a tien t 5 Kho liv e d  16 days a f te r  on set o f symptoms.

The p ath ogen esis o f p a r a ly tic  rab ies i s  not y e t f u l ly  
understood. Transm itting animal host such as vampire bat and 
s tr a in  o f the v iru s (39) are probably not the on ly  im portant 
determ inants. Hemachudha, e t  a l .  (109) reported 16 c a se s  o f  
human rab ies; 7 o f them presented  with p a r a ly s is , and a l l  o f  them 
had been b itte n  by c a ts  or dogs. This i s  a lso  true in the c a se s  
reported here as w e ll as in those described  by Chopra (1 7 ) . The 
same dog th at tran sm itted  p a r a ly tic  rab ies to  one p a tie n t caused  
c la s s ic a l  e n c e p h a lit ic  ra b ies  in another, thus did not support 
the importance o f v ir a l  s tr a in  (personal communication: 
Dr.T.Hemachudha).

U nsuccessful immunization attem pts, a w idely  quoted  
im pression as p red isp osin g  fa c to r  to  p a ra ly tic  r a b ie s , were not 
found in a l l  o f th ese  p a t ie n ts . Only 4 o f 18 p a t ie n ts  w ith  
p a r a l y t i c  r a b i e s  in  two s e r i e s  reported were given postexposure  
prophylaxis (1 7 ,1 0 5 ). One of 3 p a r a ly tic  cases p resen tin g  here 
had postexposure v a cc in a tio n  with Semple vaccin e.
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I t  has been found th at m edulla and sp in a l cord o f human 
p a r a ly t ic  rab ies  are Bainly in volved  with ex ten s iv e  neuronal 
damage and in f  lamination whereas in e n c e p h a lit ic  ra b ies , i t  i s  
the brain stem and cerebrum, p a r t ic u la r ly  the lim bic system  
(1 7 ,2 1 ,4 0 ,6 2 ,1 1 8 ,1 6 1 ) . In clu sion  b od ies were found in the brain  
cortex  in fewer p a tien ts  with p a r a ly s is  than with e n c e p h a lit is  
(1 7 ,2 1 ) . Our fin d in g s , on a lim ited  number o f p a t ie n ts , showed 
r e la t iv e ly  l i t t l e  neuronal damage. Ke fe e l  th at v ir a l  
lo c a l iz a t io n  and inflammation may not account for the d iffe r e n c e s  
in c l i n i c a l  p resen ta tio n s .

Our r e s u lt s  did not support the h yp othesis th at  
d if f e r e n t ia l  d is tr ib u tio n  o f r a b ie s  v ir u s  o f the ex ten t o f  
inflammation i s  resp on sib le  fo r  th e d if fe r e n t  c l in ic a l
m a n ifesta tio n s o f  human and canine r a b ie s . I t s  path ogenesis may 
be m u lt i fa c to r ia l ,  involv in g  immunological as w ell as 
p h y s io lo g ica l d istu rb an ces. In f a c t ,  i t  should be noted th a t  
reg ion a l imbalance of n eu rotra n sm itters or neuromoduiators 
lead in g  to  neu rop hysiologic impairment or le s io n  development 
remote from the actual s i t e  o f v ir a l  r e p lic a t io n  has a lso  been 
p o stu la ted  (7 6 ,7 7 ,1 6 2 ) .

C onclusions :

1. The immunoperoxidase s ta in in g  u sin g  a v id in -b io t in -  peroxidase  
complex (ABC) were developed fo r  the d e tec tio n  and
q u a n tita tio n  o f rab ies v ir a l  a n tig en  in cen tra l nervous 
system  w ith high s e n s i t iv i t y  and s p e c i f i c i t y .
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2. No c o r r e la tio n  between d is tr ib u t io n  of rab ies v ir a l  an tigen  
in neurons or g l i a l  c e l l s  and c l in ic a l  m a n ifesta tio n s e ith e r  
in the rabid dogs a t the e a r ly  stage or in human p a t ie n t s .

3. V iral lo c a liz a t io n  i s  co r r e la te d  with su rv iva l period  
( in te r v a l between o n set o f d is e a s e ) .  Human p a tie n ts  as w e ll  
as rabid dogs, whose su rv iv a l periods le s s  than 7 and 5 days 
r e sp e c t iv e ly  had g rea ter  amount of a n tig e n -p o s it iv e  neurons 
in brain stem and sp in a l cord, whereas those who had longer  
su rv iv a l period  had widespread d issem ination  o f ra b ies  
v ir a l antigen  in the e n t ir e  CNS.

4. Other mechanisms than v ir a l  lo c a liz a t io n  may be r e sp o n s ib le  
for th is  d ir e c t  c l i n i c a l  m a n ifesta tio n s.
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Table 1. Checkerboard t i t r a t io n  to  determ ine the optim al d ilu t io n  
of a n tib o d ie s

A. Between primary Ab -  rabbit a n t i-r a b ie s  IgG and 
secondary Ab -  b io tin y la ted  goat a n ti-r a b b it  IgG

lo t  I (0 .9  mg/inl) and lo t  II (0 .6 8  mg/ml ) 
T ryp sin iza tion  at 37’c 5 minutes

Secondary Ab Primary Ab (d ilu t io n )
S ectio n s

d i lu t io n s  1:10 1:20 1:40 1:80 1:100 1:120

P a tien t 5: 
Cerebellum

lo t I 1:100 
1:120

(MOD)* 
+ 1 

(MOD)

+ 1
(MOD)
ร

;ร 2น
im) iw)

+ 1 
INB)
i i .

Dog 6: lo t II 1:100 . + 1 + 2 + 3 + 2
Medulla (MOD) (SL) (NB) (NB)

1:200 - - - + 1 + 1
(NB) (NB)

* I n te n s ity  o f s ta in  ะ -  n e g l ig ib le ,  + 1, + 2 , + 3,
+ 4 maximum obtained

* Background : MOD -  moderate, SL = s l i g h t l y ,
NB = no background
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Table 1. B. Between p r ia a ry  Ab 
and secondary  Ab

T ry p s in iz a t io n

-  eq u in e  a n t i - r a b i e s  globulin-BBL
- b io t in y la t e d  g o a t a n t i - h o r s e  IgG 

(1 .5  mg/ml)
a t  3 7 'c  5 m inutes

S ec tio n s Secondary  Ab
P rim ary  Ab ( d i lu t io n )

1:40 1:80 1:100 1:200 1:300 1:500

P a t ie n t  5: 1:200 + 3 + 3 + 3 + 4 + 4 + 4
C erebellum (MOD) (SL) (SL) (SL) (NB) (NB)
and Dog 6: 1:300 + 3 + 3 + 3 + 4 + 4 + 4
M edulla (MOD) (SL) (SL) (SL) (NB) (NB)

•f
I n t e n s i t y  o f  s t a in  ะ 
Background :

-  n e g l ig ib l e ,  + 1, + 2, + 3,
+ 4 maximum o b ta in e d
MOD = m o d erate , SL = s l i g h t l y ,
NB = no background
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Table 2. D e te rm in a tio n  o f op tim al c o n c e n tra t io n  o f t r y p s in  
p rim ary  Ab -  r a b b i t  a n t i - r a b i e s  IgG d i l .  1:80 
secon dary  Ab- b io t in y la t e d  g o a t a n t i r a b b i t  IgG, 

d i l .  1:200
T ry p s in iz a t io n  a t  37’c 5 m inutes

S e c tio n s
T ry p sin c o n c e n tra t io n (%)

0 0 .0 2 0 .05 0.01 0.15

P a t ie n t  1 : Par i ร t.s.1 
C erebellum

_ ร _
+ 1 + 1

+ 2
พ
พ

P a t ie n t  5 : P a r i e t a l
C erebellum -

+ 2 + 2 
+ 1

พ
พ

* I n t e n s i t y  o f  s t a in  : -  n e g l ig i b l e ,  + 1, + 2 ,+ 3,
+ 4 maximum o b ta in e d  

K : s e c t io n  washed o f f  s l id e
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Table 3. D ura tion  and tem p e ra tu re  fo r  t ry p s in  tre a tm e n t 
prim ary Ab -  r a b b i t  a n t i - r a b i e s  IgG d i l  1:80 
secondary  Ab- b io t in y la t e d  goat a n t i r a b b i t  IgG 

d i l .  1:200
T ry p sin  c o n c e n tra t io n  0.1%

S ec tio n s  of 
P a t ie n ts

Tem perature
D u ra tion  o f t ry p s in  tre a tm e n t ( min )
0 5 6 7 8 10

P a r ie t a l 37 * c -  * + 2 + 3 + 4 + 4 พ
RT - + 1 + 2 + 3 + 3 พ

C erebellum 37 'C - + 1 + 1 + 1 + 1 พ
RT + 1 + 1 พ

* I n te n s i ty  o f s t a in  
K

-  n e g l ig i b l e ,  + 1, + 2, + 3,
+ 4 maximum o b ta in ed  

s e c t io n  washed o f f  s l id e
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Table 4. Com parison o f IP (ABC s e th o d ) , S e l l e r ’ s s t a i n ,  
FAT and MIT

P a t ie n t
No.

S e c tio n s
IP (ABC)

1"Ab 1*Ab 
( r a b b i t )  (equine-BBL)

S e l l e r ’ร 
S ta in

1
FAT MIT

Human
2 Hippocampus + 2a + 3a +b + 3e 12d
3 C erebellum - X 1 - + 3 174 Hippocampus nd + 1 - + 3 19
6 Hippocampus + 1 + 2 + + 3 15
7 Iiippuvcimpua nd T 3 + + 3 12
Dog
1 Hippocampus + 1 + 3 + + 3 10
2 Hippocampus - + 1 + + 3 9
3 Hippocampus nd + 3 + + 3 18

C e rv ic a l nd •f 3 - + 3 18
Lumbar nd + 3 - + 2 nd

4 Hippocampus - + 3 + + 3 nd
5 Hippocampus + 1 2 - + 3 11

C erebellum + 1 + 4 - + 3 11
6 Hippocampus - - - + 3 20

Cerebrum - - - + 3 20
C erebellum + 1 + 2 - + 3 20
C e rv ic a l + 1 + 4 + 3 20

a p o s i t iv e  o r n e g a tiv e  s ta in in g and in t e n s i tyb p o s i t iv e  o r n e g a tiv e  s ta in in g fo r  Negri b o d iesc p o s i t iv e  s t a in in g  and i n t e n s i tyd days a f t e r  :in o c u la tio n in to  mice to d ie
nd not done
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Table 5. C h a r a c te r i s t i c s  o f dogs w ith  ra b ie s

Dog
Number

Age(m onths), 
Sex

Days from o n se t 
to  d e a th

H is to ry  o f ra b i 
im m unization

F u rio u s
1 12, F 3 -
2 5, M 3 -
3 36, F 2 -

Dumb
4 4, M 5 -
5 24, F 4 +

(v a c c in a te d '
6 4, F 1



Table 6. D istribution of rabies antigen and inflammation in  0IS of dog rabies

Dog Antigen-positive cells Frontal Tempo- Hippo- Parie- Occi- Tha- Basal Cere- Mid- Pons Medulla Cervi- Tbo- Lumbar Sacrum
and inflammation ral campus ta l p ita l lamus ganglia bellum brain cal racic

Furious
fleuron +1 +1 +3 +1 +1 +1 +1 +1 +3 +4 +4 +2 nd* * +3 +3

1 Neuroglia 0 0 0 0 0 0 0 0 +2 +2 +1 0 0 0 0
Inflammation 0 0 +3 0 0 0 0 0 0 +1 0 0 0 0 0
Neuron 0 +1 +1 +1 0 +1 nd +1 +2 nd nd +3 +2 +4 +3

2 Neuroglia 0 +1 +1 0 0 0 0 0 +1 0 0 0 0 0 0
Inflammation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Neuron +2 +1 +3 0 0 +1 +1 +2 +3 +4 +4 +3 +3 +3 +3

3 Neuroglia 0 0 0 0 0 0 +1 +3 +2 +3 +1 +1 +2 +1 +1
Inflammation 0 0 0 0 0 0 0 0 +1 0 +1 0 +1 0 0

Dumb
Neuron +3 +3 +3 +3 +2 +3 +3 +3 +4 +4 +4 +4 +3 +3 +3

4 Neuroglia 0 +1 +1 +1 0 +2 +1 +2 +4 +4 +1 +1 +1 +3 +3
Inflammation 0 0 0 0 0 0 0 0 +2 0 +1 0 0 0 0
Neuron +1 +2 +2 +2 +1 0 +1 +4 +3 +2 +4 +3 +4 +2 13

5 Neuroglia 0 +1 0 0 0 0 +1 0 +1 +1 +1 0 +1 0 0
Inflammation 0 0 0 0 0 0 0 0 0 0 0 0 +2 0 0
Neural 0 +1 0 0 0 0 +2 +2 +4 +3 +3 +4 +4 +3 +4

6 Neuroglia 0 0 0 0 0 0 0 0 +1 0 +1 0 +1 +1 11
Inflammation 0 +1 0 0 0 0 +1 +1 +3 +3 +4 0 +1 +1 11

A n tig e n -p o s it iv e  m ic ro g lia  was r a r e ly  observed  in  a l l  ca ses
* nd - not done
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Table 7. Mean o f amount o f v i r a l  
in  v a r io u s  CNS reg io n s

a n tig e n  in  neurons 
o f dog ra b ie s

and n e u ro g lia s

Dog B rain* B rain  stem and S p in a l cord
Number (n e u ro n /n e u ro g lia )

(
ce rebe llum  

n e u ro n /n e u ro g lia )
(n e u ro n /n e u ro g lia )

F urious
1 1 .3 /0 3 /1 .2 5 2 .7 /0
2 0 .7 /0 .3 1 .5 /1 3/0
3 1 .1 /0 .1 3 .2 5 /2 .2 5 3 /1 .2 5

Dumb
4 2 .8 5 /0 .8 5 3 .7 5 /2 .7 น 3 .2 5 /2
5 1 .3 /0 .3 3 .2 5 /0 .7 5 3 /0 .2 5
6 0 .4 /0 .1 2 .7 5 /0 .5 3 .7 5 /1 .3

* B rain re p re s e n ts  a l l  re g io n s  o f s u p r a te n to r ia l  s t r u c tu r e s  
in c lu d in g  tha lam us



T ab le  8 . C h a r a c t e r i s t i c s  o f  p a t i e n t s  w ith  r a b i e s

P a t ie n t  Age ( y e a r s ) ,  Time and lo c a tio n  S u rv iv a l p e r io d  H is to ry  o f
Number Sex o f b i t e  (Days from o n se t  ra b ie s

to  d e a th )  im m unization

E n c e p h a li t is
1 9, M

2 22, F

3 55, F

4 14, M

P a r a ly s is
5 15, F

6 81, M

61, M

1 month b e fo re ;  dog 
b i t e  on r ig h t  b u tto ck
3 months b e fo re ; dog 
b i t e  on r ig h t  ank le
2 months b e fo re ; dog 
b i t e  on r i g h t  hand, 
l e f t  le g ,  l e f t  b re a s t
1 month b e fo re ;  dog 
b i t e  on b u tto c k

3 months b e fo re ; dog 
b i t e  on f in g e r
2 months b e fo re ; dog 
b i t e  on l e f t  c a l f

4 months b e fo re ;  dog 
b i t e  on r ig h t  leg

5

8

4

5

16

7 +
(Semple V accine-

14 in je c t io n s )
137



Table 9. D istribution of rabies antigen and inflammation in  CMS of human rabies

Patient iAntigen-positive cells Frontal Tempo- Hippo- Parie- Occi- Tha- Basal Cere- Mid- Pons Medulla Cervi- Tho- I Jim bar Sacrum■ and inflarrmation ral campus ta l p ita l lamus ganglia bellum brain cal racic
Encephalitis Neuron 0 0 0 0 0 +3 +2 +1 +3 +3 +3 +2 0 +3 nd*Aistrocyte 0 0 0 0 0 0 0 0 0 0 +1 0 0 0 nd1 OligodendrocyteInflammation 0+1 00 00 00 00 00 00 00 00 0+1 0+2 0+2 0+2 0+3 ndnd

Neuron +2 +3 +3 +4 +3 +3 +4 +2 +4 +4 +4 +4 +4 +4 +4Astrocyte +1 +1 +1 +1 +1 ' +1 +2 0 +1 0 +1 +1 +2 +1 +12 OligodendrocyteInflammation 00 +10 0+1 00 00 00 00 00 0+1 00 00 00 00 00 0+1
Neuron +2 +2 +2 +2 +2 +3 +3 +1 +4 +4 +4 +3 +3 +4 +4Astrocyte +1 +1 +1 +1 0 +2 +1 0 +1 0 0 +1 0 0 +13 OligodendrocyteInflammation 00 00 +10 +10 00 00 +10 00 +10 00 00 00 00 0+1 0+2
Neuron +2 0 +1 +3 +1 +2 +2 +2 +2 +2 +3 +2 +3 +3 +3Astrocyte 0 0 0 +1 0 +1 +1 0 +1 +1 +1 +1 0 0 +14 OligodendrocyteInflammation 00 00 00 00 00 00 +10 00 00 00 0+4 +10 00 0+2 0+2

Paralysis Neuron +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 +4 ndAstrocyte +3 +3 +3 +4 +4 +3 +4 +4 +4 +2 +3 +4 +3 +2 nd5 Oligodendrocyte +2 +1 +1 +3 +4 +1 +3 +3 +1 +2 +1 +1 0 +1 ndInflammation +1 +1 +1 +1 0 +1 +1 0 +1 +2 +1 0 0 +1 ixl
Neuron +1 +1 +2 +2 +2 +3 +2 +2 +4 +4 +3 +3 +3 +3 ndAstrocyte 0 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +2 +1 nd6 Oligodendrocyte 0 • 0 +1 +1 0 +1 0 0 0 0 0 0 0 0 ndInflammation 0 0 0 0 0 0 0 0 0 0 +2 0 0 0 nd
Neuron +2 +3 +3 +3 +3 +4 nd +3 +4 +4 +4 +2 +3 +4 MAstrocyte +1 +1 +1 +1 +2 0 nd 0 +1 +1 +1 +1 +2 +2 07 OligodendrocyteInflammation +1 +1 +1 +1 +2 +1 nd +1 0 0 0 +1 0 0 00 0 0 0 0 0 0 0 +1 0 +1 0 0 0 0

A n tig e n -p o s it iv e  m ic ro g lia  was r a r e ly  observed  in  a l l  ca ses  *nd -  not done



T ab le  10. Mean o f amount o f v i r a l  a n tig e n  in  neurons and n e u ro g lia s  
in  v a r io u s  CNS re g io n s  o f human r a b ie s

P a t ie n t
Number

Brain*
(n e u r o n /a s t r o c y te /  
o l ig o d e n d ro c y te )

B rain  stem and 
ce rebe llum

(n e u ro n /a s t ro c y te /  
o lig o d e n d ro c y te )

S p in a l cord  
(n e u ro n /a s t ro c y te /  
o lig o d e n d ro c y te  )

E n c e p h a l i t is
1 0 .7 /0 /0 2 .5 /0 .2 5 /0 1 .7 /0 /0
oL 3 .1 /1 .1 /0 .1 3 .5 /0 .5 /0 4 /1 .2 5 /0
3 2 .3 /1 /0 .4 3 .2 5 /0 .2 5 /0 .2 5 3 .5 /0 .5 /0
4 1 .6 /0 .4 /0 .1 2 .2 5 /0 .7 5 /0 2 .7 5 /0 .5 /0 .2 5

P a r a ly s is
5 4 /3 .4 /2 .1 4 /3 .2 5 /1 .7 5 4 /3 /0 .7
6 1 .9 /0 .9 /0 .4 3 .2 5 /1 /0 3 /1 .3 /0
7 3 /1 /1 .2 3 .7 5 /0 .7 5 /0 .2 5 3 .2 5 /1 .2 5 /0 .2 5

* B rain  r e p re s e n ts  a l i  re g io n s  o f s u p r a te n to r ia l  s t r u c tu r e s  
in c lu d in g  thalam us
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ENCEPHALITIC RABIES
H y p e rac tiv e ----------> C o n fu sed --------If* -^•A gitated-----Ip --------»-Coma --------------- — >Death

C alm ,C o opera tive Drowsy
Fever 

I tc h in g  
( S i te  o f b i te )

H y p e rs a liv a tio n  
P i io e r e c t io n  
F ived d i l a te d  

p u p i ls
( P e r io d ic a l ly )

Aerophobia
Hydrophobia
Dysphagia

I n s p i r a to r y  spasms 
H y p e rv e n ti la t io n

R e sp ira to ry
f a i lu r e
Hypotension
HR̂ ------ >Ht4
Rare PVC

F igure 1. C l in i c a l  p a t te r n  o f human e n c e p h a l i t i c  r a b ie s ,
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PARALYTIC RABIES -
F u lly  A le rt ♦ R ela tively  Normal 

Confused
1Drowsy

♦  Coma------ ^Death

Fever
F ac ia l d ip a r e s i s  
Q u a d rip a re s is  (prox>) 
U rinary  in c o n tin e n c e  
Myoedema 
P ilo e re c t io n  
A re flex ia

Q u a d rip le g ia  
D y s a r th r ia
Dysphagia 
H y p e rsa liv a t  i  on

R e s p ira to ry  f a i l u r e  H ypotension
I n s p i r a to r y  spasms HRf------- *-HR|
A erophobia ,H ydrophobia  
a re  a b s e n t in  50% 
o f th e  c a se s

F ig u re  2 . C l i n i c a l  p a t t e r n  o f  human p a r a l y t i c  r a b i e s .
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Figure 3. A f f i n i t y  chrom atography o f r a b b i t  a n t i - r a b i e s  
on P ro te in  A-Sepharose CL-4B column.
The column was e lu te d  w ith  0 .05  M a c e ta te  
in  0 .15  M N acl, pH 4 .3 ,
flow r a t e  50 m l/h r; volumn o f f r a c t io n s  3 ml.
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F ig u re  5. Immunoperoxidase s t a in in g  o f r a b ie s  v i r a l  a n tig e n
shoving  in te n s iv e  brown in c lu s io n  b o d ies  in  neurons 
in  th e  a n te r io r  horn o f c e r v ic a l  segment o f s p in a l  
cord  from P a tie n t  6, who p re s e n te d  as p a r a ly t i c  r a b ie s  
(x 400).
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F igure  6. R ab ies  v i r a l  an tig en  in  neurons in  th e  m id b ra in  of 
a dumb dog, Dog 3. Dense p e ro x id a se  r e a c t io n ,  
in  th e  form o f in c lu s io n s , i s  p re s e n t  in  th e  
cy to p lasm  (x 400).
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F ig ure  7. D iffu s e  s ta in in g  o f r a b ie s  v i r a l  a n t ig e n  in  neuron 
and n e u ro p ils  in  th e  m edulla o f a fu r io u s  dog, Dog 1 
(x 200 ).
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F ig ure  9. D iffu se  s t a in in g  of ra b ie s  v i r a l  a n tig e n
in a s t r o c v te s  in  th e  iriidbrain o f Dog 4 (x 400).
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F ig ure  10. Dense p e r iv a s c u la r  i n f i l t r a t i o n s  o f m ononuclear c e l l s  
in  th e  b ra in  stem o f P a t i e n t  4 {x 400).
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