
CHAPTER IV 

RESULTS

1. Immunoperoxidase s ta in in g  for D etection  o f R abies V iral 
Antigen in T issu es

The immunoperoxidase s ta in in g  for d e te c t io n  o f  v ir a l  
an tigen  by using a v id in -b io tin -p e r o x id a se  complex was m odified  
from methods p rev io u sly  described  by Hsu and co-w orkers (153) and 
Johnson e t  a l . (157).

1.1 Preparation and is o la t io n  o f rab b it a n t i -r a b ie s  IgG

Sera obtained  from 2 rab b its immunized w ith  ra b ies  
antigen  and CFA were assayed for n eu tr a liz in g  antibody on day 7 
a f te r  f i r s t  b o o ster . L evels o f n e u tr a liz in g  a n tib o d ie s  as 
determined by RFFIT in both rab b its were 5 .4  and 6 .0  IU/ml. A fter  
the second b o o ster , antibody le v e ls  rose to  7.95 and 8 .5  IU/ml 
r e sp e c t iv e ly .

The IgG fr a c t io n  was iso la te d  from th e pooled  
hyperimmune sera  from both rab b its by s a l t  p r e c ip ita t io n  and 
a f f in i t y  chromatography using Protein  A-Sepharose CL-4B. Two 
peaks of p rotein  were obtained  when measured a t 280 nm (F ig u re3 ). 
The m ajority o f serum p ro te in s other than I go passed  
through the column (peak 1 ) , s in ce  p rotein  A has the ca p a c ity  to  
bind s p e c i f i c a l ly  and with high a f f in i t y  to  th e IgG o f
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most sp e c ie s  (1 5 9 ,1 6 0 ). The bound IgG was subsequently e lu ted  
Kith acid  and recovered m ostly in peak 2 (fr a c tio n  No.2 5 -2 8 ). 
Purity check was made by im m unoelectrophoresis with swine a n t i-  
rabbit serum as w ell as goat a n t i-r a b b it  IgG (Figure 4A,B). The 
p rote in  con cen tration  o f p u r if ie d  a n t i-r a b ie s  IgG was 5 .4  Eg/ml 
according to  Lowry method and n e u tr a liz in g  a c t iv i t y  was
5.99 lU /m l. IgG from Peak 2 was used in the subsequent 
t e s t s  and the optim al d ilu t io n  fo r  s ta in in g  was determined by 
checkerboard t i t r a t io n .

1 .2  D eterm ination o f fa c to r s  a f fe c t in g  t he immunoper­
ox id a se s t a i ning

Various con cen tra tion s o f  rab b it a n t i-r a b ie s  IgG 
(1 :1 0 , 1 :2 0 , 1 :40, 1 :80 , 1:100 and 1:120 d ilu t io n )  were t i t r a te d  
a g a in st 2 d if f e r e n t  con cen tra tion s o f 2 l o t s  o f b io tin y la te d  goat 
a n ti-r a b b it  IgG (1:100 and 1:200 d i lu t io n s )  as shown in Table 1A, 
d ilu t io n s  o f 1:80 and 1:100 o f primary antibody (1 Ab) and 1:200 
o f secondary antibody (2 Ab) o f lo t  I r e su lte d  in a g rea ter  
in te n s ity  o f cytop lasm ic s ta in in g  o f  Purkinje c e l l s  and gave a 
c le a r e r  background when used to  s ta in  the cerebellum  se c tio n  o f  
P a tien t 5.  1:100, 1:120 d ilu t io n s  o f  1 Ab a lso  gave good r e s u lt s  
with 1:100 d ilu t io n  o f 2 Ab o f lo t  II on medulla o f Dog 6. A 
greater  d ilu t io n  o f the 1 Ab r e su lte d  in weaker s ta in in g  (Table 1 
A). As compared to  1 Ab of ra b b it a n t i-r a b ie s  IgG the  
equine a n t i-r a b ie s  giobulin-EEL a t 1: 300 or 1:500 d ilu t io n  gave 
a more s e n s it iv e  r e su lt  on both s e c t io n s .  Secondary antibody
u s e d  w a s 1 : 3 0 0  d i l u t i o n  ( T a b l e  1 B ) .  E q u i n e  a n t i - r a b i e s
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globulin-BBL was thus chosen for further study.

Other parameters explored were d ilu e n t  for 1 Ab and 
period  o f in cu b a tion . I t  was found th at d ilu t in g  o f 1 Ab in 2% 
normal goat serum in  fresh  PBS, pH 7.4 and an incubation  tim e of 
45 minutes a t room tem perature were most s a t is fa c to r y .  A very  
weak or f a ls e  n eg a tiv e  s ta in in g  was shown when PBS, pH 7.4  
alone was used as d ilu e n t . When the incubation  time was 
in c r e a s e d ,e .g . up to  2 hours, the in te n s ity  o f s ta in in g  was not 
improved.

The optim al concentration  o f try p sin  th a t was used 
for d ig e s t in g  the aldehyde lin kages a f te r  form alin  f ix a t io n  was 
0.1% (Table 2 ) .  A 0.05% concentration  was inadequate to  improve 
s ta in in g  in t e n s i t y ,  and con cen tration s o f try p sin  o f 0.15% and 
over caused s e c t io n s  to  drop o f f  the g la s s  s l id e s .

The duration  o f trypsin  treatm ent th a t r e su lte d  in 
h ig h est s ig n a l and low background s ta in in g  was 7-8 m inutes, at 
37*c,  when sta in e d  on the p a r ie ta l and cerebellum  s e c t io n s  o f 
P atien t 5 (Table 3 ) .

In h ib it io n  o f n on sp ec ific  background s ta in in g  and 
endogenous p eroxid ase a c t iv i t y  by incubating the s e c t io n s  e ith e r  
in c h il le d  aceton e or 0.3% H2O2 before tr y p s in iz a t io n  was a lso  
tr ie d  but r e s u lt s  were not superior than th ose u sin g  methanol and
HtO2 a fte r  try p sin  treatm ent.
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2. S p e c if ic i ty  o f  Reaction in Immunoperoxidase s ta in in g .
ABC Technique

Control s tu d ie s  included using anti-H erpes sim plex v iru s  
type II as 1 Ab or w ith normal rabbit serum in stea d  o f 1 Ab. 
S ection s o f normal brain  and brain o f AIDS p a tie n t a lso  served  as 
co n tro ls . There was no s ta in in g  rea ction s on th ese  co n tro l 
se c t io n s , thus confirm ing the s p e c i f i c i t y  o f the s ta in in g  system .

3. S e n s it iv i ty  o f Immunoperoxidase s ta in in g . ABC Technique

S e l l e r ’ s s t a in ,  FAT and MIT were a lso  performed on 
various reg ion s o f  the brains (were k in dly  done by Dr.w. 
Tepsumethanon and Dr. c.  Polsuwan, QSMI). Table 4 demonstrated  
the comparative r e s u l t s  between conventional methods and IP 
s ta in in g . S e l l e r ’ s  s ta in  for Negri bodies was p o s i t iv e  in  6 o f 
the 15; a 40% s e n s i t i v i t y .  FAT and MIT had a s e n s i t iv i t y  o f 100% 
(15 out o f 15). The IP s ta in in g  showed a s e n s i t iv i t y  o f 63.6% (7 
of 11). using ra b b it a n t i-r a b ie s  IgG, and 86.7% (13 o f 15) when 
equine a n t i-r a b ie s  Ig-BBL was used.

S e l l e r ’ s s ta in  was the le a s t  s e n s it iv e  method w ith IP 
sta in in g  being th e  in term ediate as compared to  FAT and MIT. 
Equine a n t i-r a b ie s  giobulin-BBL gave a higher s e n s i t iv i t y  than 
rabbit a n t i-r a b ie s  1 gG (86.7% compared to  63.6%).

Based on th e  above mentioned r e s u lt s ,  equine a n ti -r a b ie s
globulin-BBL was chosen for th is study due to i t s higher
s e n s i t iv i t y , s p e c i f  i c i t y and sa t is fa c to r y  p attern of antigen
sta in in g .
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4. Regional D is tr ib u tio n  of CNS In fectio n  and Inflammation in 
in fe c te d  Dogs

4 .1  C h a r a c te r is t ic s  o f dogs

D e ta ils  o f c l in ic a l  fea tu res were show n in Table 5. 
The dogs were th ose  brought to  the QSMI as suspected  rab id . Once 
t h e  s y n p t o B S  com patib le with r a b i e s  developed, t h e  d o g s  were 
s a c r if ic e d  and CNS removed for exam ination.

4 .2  R egional d is tr ib u tio n  of CNS in fe c t io n  and 
inflammation

A n tigen -con ta in in g  neurons were present in  alm ost a i l  
reg ion s o f the brain  and sp in a l cord of the rabid dogs (Table 6 ). 
G en erally , the g r e a te s t  number o f a n t ig e n -p o s it iv e  neurons was 
found in the brain  stem and sp in a l cord rather than neurons of 
th e cereb ral c o r te x . Moderate number o f a n tig en - con ta in in g  
neurons in su p r a te n to r ia l stru c tu res  was found only in dog number 
4 th at came w ith dumb p resen ta tio n . Inflammatory rea ctio n  
c o n s is te d  o f p er iv a sc u la r  and, o c c a s io n a lly , parenchymal 
in f i l t r a t io n s  w ith  mononuclear c e l l s .

For s i m p l i f i c i t y ,  th is  data were condensed in 
Table 7. This c le a r ly  showed the preponderance o f ra b ies  v ir a l  
an tigen  in the brain  stem and sp in a l cord compared to  the 
cereb ra l c o r tex , in  th e ea r ly  stage  o f rab ies in fe c t io n  in both 
c l i n i c a l  forms o f the d is e a s s . However in dog number 4 that 
survived  to  5 days a f t e r  the f i r s t  appearance o f c l i n i c a l  s ig n s ,  
v ir a l  antigen  was a ls o  demonstrated in su p ra ten to r ia l s tru c tu r e .
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5. Regional D is t r ibution o f CNS In fe c tio n  and Inflammation in 
Human P a tien ts

5.1 C h a ra c ter istic e s  o f human pa t ie n ts

As summarized in Table 8 , o f 7 p a tie n ts  w ith  r a b ie s ,  
4 had c la s s ic a l  m a n ife sta tio n s w ith a lte r n a tin g  in te r v a ls  o f  
con fu sion  and lucid  calm, aerophobia and hydrophobia, and s ig n s  
o f autonomic d isturbances such as g en era lized  p i io e r e c t io n .  
R apidly p rogressive course to  coma and death was observed in a l l  
th ese  p a tie n ts . The remaining 3 cases had pure motor weakness 
o f a l l  lim bs, as an e a r ly  p resen ta tio n , with predominant 
involvem ent o f proximal m uscles, which subsequently  p rogressed  
to  f la c c id  q uadrip leg ia . Aerophobia and hydrophobia were absen t 
but in sp ira to ry  spasms were observed during the la te  s ta g e . Only 
one p a tien t from the p a r a ly t ic  group received  a com plete cou rse  
of brain t is s u e  derived  (Semple) v a cc in e . MIT confirm ed th e  
presence o f rab ies v iru s  in the brain o f a l l  p a t ie n ts .

5 .2  Regional d is tr ib u t io n  of CKS in fe c t io n  and 
i nf 1 animation

Rabies v ir a l  an tigen  was d etected  in alm ost a l l  
r e g i o n s  assessed  from p a tie n ts  with rab ies (Table 9 and 1 0). 
A l t h o u g h  the o v era ll reg ion a l d is tr ib u t io n  o f antigen  was roughly  
s i m i l a r ,  the number, lo c a tio n  and morphologic c h a r a c te r is t ic s  o f  
a n t i g e n - p o s i t i v e  c e l l s  v a r i e d .  A n t i g e n - c o n t a i n i n g  n e u r o n s  were 
found  t h r o u g h o u t  the whole n e u r a x i s .  The number o f a n tig e n ­
p o s it iv e  neurons loca ted  in su p r a te n to r ia l, in fr a te n t o r ia l



57

stru ctu res as w e ll as in sp in a l cord were comparable in 2 o f 3 
p a tien ts  with p a r a ly s is  (P a tien ts  5 and 7) and in on ly  one 
p atien t from th e e n c e p h a lit ic  group (P a tien t 2 ) . The remaining 
(P a tien ts  1 ,3 ,4 ,6 )  had greater involvement o f neurons in brain  
stem and sp in a l cord . A n tig en -p o sitiv e  neurons found in cerebral 
cortex were u su a lly  lo ca ted  in a l l  lay ers o f the gray m atter. 
Involvement o f pyramidal neurons o f the hippocampus was not 
greater than th a t o f th e other regions ir r e s p e c t iv e  o f c l in ic a l  
m a n ifesta tio n s. T his was a lso  true in the case o f Purkinje 
neurons and d en ta te  n u c le i in the cerebellum . Antigen was 
d etected  in d orsa l and v en tra l horn neurons o f the sp in a l cord in 
both c l in ic a l  forms o f the d ise a se . The s i t e  o f the in f l i c t in g  
b ite s  in th ese  p a t ie n ts  did not have any in flu en c e  on the 
d is tr ib u tio n  o f a n tig en  (Table 8 and 9 ) . In n e ith er  o f  the cases  
were evidenced th e e x te n s iv e  d estru c tiv e  anatom ical changes.

A n tigen -con ta in in g  c e l l s  were not lim ite d  e x c lu s iv e ly  
to  neurons. N eu rog lia s were a lso  found to  con ta in  an tigen , 
p a r tic u la r ly  th ose  o f  su p ra ten to r ia l s tru c tu res  o f P a tien t 5 of 
which the number o f a n tig e n -p o s it iv e  g l ia l  c e l l s  was almost 
comparable to  th a t o f neurons. A n tig en -p o sitiv e  c e l l s  c o n s is te n t  
in appearance w ith  a s tr o c y te s  were found t o  be predominantly 
involved among g l i a l  c e l l s .  Amount o f a n tig en  observed in 
neurons and g l i a l  c e l l s  in CNS seemed to  be dependent on the 
length o f su r v iv a l tim e noted a fte r  the f i r s t  appearance of 
prodromal symptoms (Table 8 and 10). Survival tim es a lt e r  onset 
of symptoms to  death  were longer in p a r a ly tic  group (average of 
12 days compared w ith  5 .5  days in the e n c e p h a lit ic  group).
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Inf lamination was sca n t in a l l  cases in r e la t io n  to  
the amount o f v ir a l  antigen  and i t  was not lim ited  to  the sp in a l 
cord in p a r a ly tic  c a ses  (Table 9 ) .  Inflammation, when p resen t, 
was u su a lly  found in the brain  stem and/or sp in a l cord. 
Inflammatory r ea c tio n s  c o n s is te d  o f p erivascu lar  and, 
o c c a s io n a lly , parenchymal in f i l t r a t i o n s  with mononuclear c e l l s .  
S a t e l l i t o s i s ,  neuronal degeneration  and g l ia l  nodules were ra re ly  
observed. The IP s ta in in g  o f an tigen -con ta in in g  neurons, 
n eu rog lia s  and inflammatory r e a c tio n  are shown in Figure 5-10.
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