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Summaiy. - F o o t  a n d  m o u t h  d i s e a s e  v i r u s  ( F M D Y )  t y p e  ' O '  w a s  
i n a c t i v a t e d  e i t h e r  w i t h  f o r m a l d e h y d e  o r  b i n a r y e t h y l e n e i m i n e  (BED. 
V a c c i n e s  w e r e  p r e p a r e d  w i t h  i n a c t i v a t e d  v i r u s  i n c o r p o r a t i n g  a l u m i ­

n i u m  h y d r o x i d e  g e l  o r  m i n e r a l  oi l  a s  a n  a d j u v a n t .  T h e  a n t i b o d y  

r e s p o n s e  i n  s h e e p  w a s  m o n i t o r e d  b y  s e r u m  n e u t r a l i z a t i o n  a n d  

E L I S A  t e s t  f o r  a p e r i o d  o f  s i x  m o n t h s .  S i g n i f i c a n t  d i f f e r e n c e  i n  

a n t i b o d y  r e s p o n s e  w a s  n o t  o b s e r v e d  b e t w e e n  v a c c i n e s  i n a c t i v a t e d  

w i t h  f o r m a l d e h y d e  o r  B E I .  O n  t h e  o t h e r  h a n d  s i g n i f i c a n t  d i f f e r e n c e  

i n  t h e  a n t i b o d y  r e s p o n s e  w a s  n o t i c e d  b e t w e e n  a l h y d r o g e l  a n d  o i l  

v a c c i n e s .  T h e  h i g h  t i t e r  o f  a n t i b o d i e s  s t i m u l a t e d  b y  o i l  a d j u v a n t  

v a c c i n e s  p e r s i s t e d  l o n g e r  t h a n  t h o s e  o f  a l h y d r o g e l  v a c c i n e s  w i t h i n  

t h e  p e r i o d  o f  s t u d y .  
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Introduction 

F o o t  a n d  m o u t h  d i s e a s e  ( F M D )  is  a n  e c o n o m i c a l } -  s i g n i f i c a n t  d i s e a s e  i n  I n d i a .  

T h e  c o n t r o l  o f  t h e  d i s e a s e  is e f f e c t e d  a t  p r e s e n t  b y  v a c c i n a t i o n .  F o r  e f f e c t i v e  

c o n t r o l  o f  t h e  d i s e a s e  w h o l e  s u s c e p t i b l e  p o p u l a t i o n  s h o u l d  b e  v a c c i n a t e d  

i n c l u d i n g  t h e  s m a l l  r u m i n a n t s  b u t  t h e r e  is n o  m u c h  d a t a  a s  r e g a r d s  t h e  d o s e  o f  

t h e  v a c c i n e ,  t y p e  o f  t h e  v a c c i n e  a n d  t h e  v a c c i n e  a n d  t h e  i m m u n e  s t u d y  o f  t h e  

v a c c i n a t e d  s h e e p .  
E v e n  t h o u g h  t h e  d i s e a s e  i n  s h e e p  is m i l d  a n d  i n a p p a r e n t  ( G e e r i n g .  1967;  

B u r r o w s ,  1968) it f r e q u e n t l y  p r o d u c e s  a p r o l o n g e d  c a r r i e r  s t a t e .  F o r  e f f e c t i v e  
c o n t r o l  o f  F M D  i n  e n d e m i c  a r e a s  s y s t e m a t i c  v a c c i n a t i o n  p r o g r a m m e  is  a m u s t  i n  
s h e e p  t o  m i n i m i z e  i ts  i n c i d e n c e .  A c c o r d i n g  t o  A l l  I n d i a  C o o r d i n a t e d  R e s e a r c h  
P r o j e c t  f o r  E p i d e m i o l o g i c a l  S t u d i e s  o n  F o o t  a n d  M o u t h  D i s e a s e  r e p o r t  1990. i n  
r e c e n t  y e a r s  t h e  o u t b r e a k  o f  t h e  d i s e a s e  w i t h  F M D  t y p e  ' O '  is  m a x i m a l  i n  t h i s  
c o u n t r y .  K e e p i n g  t h i s  i n  v i e w  a s y s t e m a t i c  s t u d y  o n  t h e  a n t i b o d y  r e s p o n s e  o f  
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F M D  t y p e  ' O '  v a c c i n e  p r e p a r e d  b y  u s i n g  d i f f e r e n t  i n a c t i v a n t s  a n d  a d j u v a n t s ,  
w e r e  c a r r i e d  o u t  i n  s h e e p .  

Materials and Methods 

Vims strain. Madras strain of type "0" virus isolated in 1975 from Tamilnadu and maintained at the 
Indian Veterinary Research Institute (IVRli. Mukteswar was used. 

Hyperimmune sera w ere prepared against type 'O' in guinea pigs. 
Experimental animals. Albino guinea pigs oť either sex weighing 450-500 g were obtained from 

IVRI. Yelahanka. Bangalore. Albino rabbits weighing 4-5 kg obtained from private breeding farm 
were used. 

HHK-21 cells. Both monolayer and suspension cultures were used. The monolayer cultures were 
prepared in test tubes for serum neutralization test and suspension cultures w ere prepared for virus 
preparation as described by Kadoi ei at. (1975). 

Preparation of seed vims. Virus isolated from cattle tongue and adapted in BHK-21 cells (8 
passages) was used for the preparation of seed v irus in BHK-21 suspension cultures. 

l ints assay. The infectivitv titration of virus samples was performed in BHK-21 clone 13 
monolayer cells and the TC1D<„ titer was calculated as usual. 

Complement fixation test. The  C F  antigen titer was determined by a micro methods as described by 
Telling (1975). 

Preparation of alhydrogel vaccine. The  virus was harvested f rom BHK-21 suspension cells 20 hr 
after infection. Suitability of the virus for vaccine preparation was assessed by determining infectivitv 
and C F  titer after clarification. T h e n  the virus was inactivated by using formaldehyde or  BEI. 

T h e  vaccine was formulated to contain 70 parts of virus and 30 parts of alhydrogel in glycocol 
buffer at final pH 8.7 when inactivated w ith 0.06 l'o formalin for 48 hr  at 26 °C. The  vaccine was 
concentrated after 14 days and saponified (Kumar  et at.. 1979). 

The  inactivation of virus with BEI (0.001 mol/l)  was done  according to Bahnemann  et at. (1974). 
T h e  inactivation was stopped by adding 20 °o sodium thiosulphate and the vaccine was formulated 
with alhydrogel as described above. 

The oil adjuvant vaccine was prepared by mixing 60 parts of inactivated virus. 30 parts of mineral oil 
and 10 parts of lanolin and by blending for 5 min in a sterilized blender. When  the correct viscocity of 
the  vaccine was achieved a simple test was conducted t o  know whether a stable emulsion was 
formed.  

Qnalin control vaccines. The  vaccines were tested for sterility in various bacteriological media as 
described by Cruickshank et al. (19751. Safety tests of the vaccines were conducted according the  
British Veterinary Codex (1965). Potency tests of the vaccines were conducted in guinea pigs (Lucam 
et al.. 1964). 

Vaccination of slieep. 24 non-vaccinated sheep against F M D  type 'O '  were purchased f rom 
organised farm. The  animals were screened against F M D V  type 'O '  antibodies. Vaccines prepared 
under  different treatments were compared by vaccinating the sheep in different group and the 
antibody response was monitored bv serum neutralization (SN) test and ELISA. 

Results 

T h e  a n t i b o d y  r e s p o n s e  o f  s h e e p  t o  t h e  f o r m a l i n e  i n a c t i v a t e d  g e l  v a c c i n e  i s  

p r e s e n t e d  i n  T a b l e  1. A n  a v e r a g e  S N  a n t i b o d y  t i t e r  o f  1 .48  w a s  n o t e d  a t  t h e  f i r s t  

w e e k  p o s t  v a c c i n a t i o n .  T h e  t i t e r  s t e a d i l y  i n c r e a s e d  a n d  r e a c h e d  a m a x i m u m  o f  

1 .93  a t  t h e  4 t h  w e e k  a n d  t h e n  d e c l i n e d .  A n  a v e r a g e  E L I S A  t i t e r  o f  4 1  w a s  n o t e d  
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Table 1. Immune response of sheep to formalin inactivated FMD vaccine 

A. Aluminium hydroxide gel as adjuvant 

Titer 
Sheep Type 
No. of assay Weeks post vaccination 

1 2 3 4 8 12 16 20 24 

SN 1.35 1.40 1.40 1.86 1.95 1.56 1.40 1.26 1.10 
124 

ELISA 25 25 50 50 100 50 25 25 Nil 

SN 1.46 1.70 1.86 1.95 1.70 1.65 1.70 1.40 1.26 
126 

ELISA 50 50 50 100 50 50 50 25 25 

SN 1.65 1.86 1.95 2.00 1.95 1.56 1.26 1.26 1.10 
131 

ELISA 50 50 100 200 100 50 25 Nil Nil 

Average SN titer 1.48 1.65 1.73 1.93 1.86 1.59 1.45 1.30 1.15 
Average ELISA titer 41 41 66 116 83 50 33 16 8 

B. Mineral oil as adjuvant 

SN 1.46 1.65 1.70 1.86 2.00 2.30 2.30 2.00 2.16 
133 

ELISA 25 50 50 50 100 200 200 100 100 

SN 1.86 2.25 2.16 2.25 2.16 2.16 2.16 2.00 2.00 
136 

ELISA 50 200 200 200 200 100 100 100 50 

SN 1.35 1.70 1.86 1.70 2.16 2.16 2.25 2.00 1.95 
137 

ELISA 25 50 50 50 100 100 200 100 100 

Average SN titer 1.55 1.86 1.90 1.93 2.10 2.20 2.23 2.00 2.03 
Average ELISA titer 33 100 100 100 100 133 166 100 83 

Vaccine dose 1.25 ml. 

a t  t h e  first w e e k  p o s t  v a c c i n a t i o n  a n d  r e a c h e d  a m a x i m u m  o f  116 a t  t h e  4 t h  w e e k  
a n d  t h e r e a f t e r  d e c l i n e d .  

T h e  r e s u l t s  w i t h  t h e  f o r m a l i n e  i n a c t i v a t e d  o i l  v a c c i n e  á r e  p r e s e n t e d  i n  T a b l e  1. 
A n  a v e r a g e  S N  a n t i b o d y  t i ter  o f  1.55 w a s  n o t e d  a f t e r  t h e  first w e e k  p o s t  
v a c c i n a t i o n  a n d  r e a c h e d  a m a x i m u m  o f  1.23 at  t h e  16th w e e k  p o s t  v a c c i n a t i o n  
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a n d  t h e n  d e c l i n e d .  E L I S A  t i t e r s  s h o w e d  a n  ident ica l  p a t t e r n .  
T h e  r e s u l t s  w i t h  t h e  BE1 i n a c t i v a t e d  g e l  v a c c i n e  a r e  p r e s e n t e d  in  T a b l e  2 .  A n  

a v e r a g e  S N  a n t i b o d y  t i ter  o f  1.86 w a s  r e c o r d e d  a f t e r  t h e  first w e e k  p o s t  
v a c c i n a t i o n .  T h e  t i te r  i n c r e a s e d  t o  2 .09  at t h e  3 r d  w e e k  a n d  t h e n  s t e a d i l y  
d e c l i n e d  t o  1.39 a t  t h e  2 4 t h  w e e k  p o s t  v a c c i n a t i o n .  

Table 2. Immune response of sheep lo BEI inactivated FMD vaccine 

A. Aluminium hydroxide gel as adjuvant 

Titer 
Sheep Type 
No. of assay Weeks post vaccination 

3 4 8 12 16 20 24 

SN 1.70 1.70 1.95 2.00 1.86 1.86 > 1.56 1.35 1.26 
135 

ELISA 50 50 100 100 50 50 25 25 Nil 

SN 1.95 1.95 2.16 2.00 2.16 2.16 1.86 1.65 1.35 
140 

ELISA 50 50 100 100 100 100 50 50 25 

SN 1.95 2.00 2.16 2.00 1.95 1.95 1.86 1.70 1.56 
141 

ELISA 50 100 200 200 100 100 50 50 25 

Average SN titer 1.86 

OO 
oo 2.09 2.00 1.99 1.99 1.76 1.56 1.39 

Average ELISA liter 50 66 133 133 83 83 41 41 16 

B. Mineral oil as adjuvant 

SN 1.05 1.56 1.70 2.00 2.16 1.95 1.86 1.95 1.86 
123 

ELISA 25 50 50 100 100 100 50 50 50 

SN 1.40 1.56 1.95 2.16 2.16 2.00 2.00 1.86 1.86 
129 

ELISA 50 50 100 100 200 100 100 50 50 

SN 1.05 1.40 1.56 1.95 sic died _ _ _ 

138 
ELISA Nil 25 50 50 - - - - -

Average SN titer 1.16 1.50 1.73 2.03 2.16 1.97 1.93 1.90 1.86 
Average ELISA titer 25 41 66 83 150 100 75 50 50 

Vaccine dose 1.25 ml. 
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T h e  r e s u l t s  w i t h  t h e  B E I  i n a c t i v a t e d  o i l  v a c c i n e  a r e  s h o w n  in T a b l e  2 .  A n  
a v e r a g e  S N  a n t i b o d y  t i te r  o f  1.16 w a s  n o t e d  at  t h e  f i r s t  w e e k  p o s t  v a c c i n a t i o n .  
T h e  t i ter  i n c r e a s e d  t o  2 . 1 6  b y  t h e  8 t h  w e e k  a n d  t h e n  d e c l i n e d  t o  1.86 a f t e r  2 4  
w e e k s  p o s t  v a c c i n a t i o n .  T h e  E L I S A  t i t e r s  s h o w e d  a n  ident ica l  p a t t e r n  o f  
a n t i b o d y  r e s p o n s e .  

R e p e a t e d  e x p e r i m e n t s  w i t h  B E I  i n a c t i v a t e d  v a c c i n e s  w i t h  b o t h  t y p e s  o f  
a d j u v a n t s  y i e l d e d  s i m i l a r  r e s u l t s .  

Discussion 

In m a n y  c o u n t r i e s  f o r  t h e  p r e p a r a t i o n  o f  F M D  v a c c i n e  f o r m a l d e h y d e  i s  u s e d  
a s  a n  inact ivant .  It h a s  b e e n  r e p o r t e d  t h a t  t h e  d e g r e e  o f  i n a c t i v a t i o n  b y  
f o r m a l d e h y d e  i s  n o t  c lear ly  k n o w n  ( G r a v e s .  1963;  W e s s l e n  a n d  D i n t e r ,  1966) 
a n d  s u b s e q u e n t l y  d e r i v a t i v e s  o f  e t h y l e n e i m i n e  h a v e  r e c e i v e d  a t t e n t i o n  f o r  t h e  
inact iva t ion  o f  F M D V  ( B r o w n  er a/., 1963). 

F o r m a l d e h y d e  a n d  B E I  w e r e  u s e d  o n  a c o m p a r a t i v e  b a s i s  i n  t h e  p r e s e n t  s t u d y  
f o r  F M D V  t y p e  ' O '  inac t iva t ion .  T h e  v a c c i n e s  w e r e  p r e p a r e d  a n d  t e s t e d  in  
g u i n e a  p i g s  a n d  s h e e p .  T h e  r e s u l t s  s h o w e d  t h a t  t h e r e  w a s  n o  s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e  i m m u n e  r e s p o n s e  b e t w e e n  t h e s e  i n a c t i v a n t s .  

T h e  i m m u n o g e n i c i t y  o f  F M D  v a c c i n e  c o u l d  b e  c o n s i d e r a b l y  i m p r o v e d  u s i n g  
s u i t a b l e  a d j u v a n t s .  A l u m i n i u m  h y d r o x i d e  g e l .  s a p o n i n  o r  m i n e r a l  o i l  a r e  u s e d  f o r  
t h i s  p u r p o s e .  In  t h e  p r e s e n t  i n v e s t i g a t i o n  t h e s e  a d j u v a n t s  w e r e  e m p l o y e d  i n  t h e  
p r e p a r a t i o n  o f  v a c c i n e s  a n d  t h e  a n t i b o d y  r e s p o n s e  w a s  m o n i t o r e d  b y  S N  t e s t  a n d  
E L I S A  f o r  a p e r i o d  o f  s i x  m o n t h s .  A c c o r d i n g  t o  C a r d a s s i s  er at. (1966)  t h e r e  w a s  
c o r r e l a t i o n  b e t w e e n  t h e  a n t i b o d y  t i te r  a n d  t h e  d e g r e e  o f  i m m u n i t y  i n  s h e e p .  
A c c o r d i n g  t o  t h e m  a n t i b o d y  t i te r  o f  1.80 a n d  a b o v e  c o n f e r r e d  a b s o l u t e  p r o t e c ­
t i o n .  

C o n s i d e r i n g  t h e s e  s t a n d a r d s  t h e  o i l  a d j u v a n t  v a c c i n e  c o n f e r r e d  a b s o l u t e  
p r o t e c t i o n  f o r  a p e r i o d  o f  s i x  m o n t h s  w h e r e a s  t h e  g e l  v a c c i n e  o n l y  f o r  3 -
4 m o n t h s .  

I n  t h e  p r e s e n t  s t u d y  t h e  a p p e a r a n c e ,  t h e  p e r s i s t e n c e  a n d  d e c l i n e  o f  v i r u s  
n e u t r a l i z i n g  a n t i b o d y  t i t e r  w a s  m o n i t o r e d  b y  E L I S A  a n d  S N  t e s t .  A p o s i t i v e  
c o r r e l a t i o n  b e t w e e n  t h e s e  t w o  t e s t s  w a s  o b s e r v e d  i n  a l l  t h e  t e s t s .  D e  S i m o n e  er 
al. ( 1981)  o b s e r v e d  a g o o d  c o r r e l a t i o n  b e t w e e n  t h e  v i r u s  n e u t r a l i z i n g  a n t i b o d i e s  
a n d  E L I S A  a n t i b o d i e s .  

F r o m  t h i s  l i m i t e d  s t u d y  it c a n  b e  c o n c l u d e d  t h a t  t h e  i n a c t i v a t i o n  o f  F M D V  b y  
f o r m a l d e h y d e  a n d  B E I  h a s  n o  i n f l u e n c e  o n  t h e  q u a l i t y  o f  t h e  v a c c i n e ,  w h i l e  
t h e r e  i s  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  v a c c i n e s  w i t h  d i f f e r e n t  a d j u v a n t s ,  a l u m i ­
n i u m  h y d r o x i d e  g e l  a n d  m i n e r a l  o i l .  
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