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Summary. - Seven pregnant ewes at the 10th to 12th week of pregnancy were vaccinated with 
foot-and-mouth disease (FMD) vaccine type Asia-1. All pregnant animals responded well with antibody 
production without any adverse effects. The maximum antibody titer was noted 3 to 4 weeks after the 
vaccination. In the colostrum a high level of maternal antibodies persisted from 12 hrs to 6 weeks after birth. 
Irrespective of the presence of the maternal antibodies, the vaccinated lambs responded with antibody 
production within the first week of vaccination. The antibodies persisted up to the 12th week of vaccination. 
In another experiment five sheep were vaccinated with FMD type O vaccine and challenged with 
10,000 TCID50 of virulent type O cell culture-adapted virus. The antibody titers in the vaccinated animals 
prior to challenge ranged between 1.26 to 1.65, while the four control sheep remained free from detectable 
antibody against virus type O. Pyrexia and viraemia developed present in all the control sheep but were 
absent in the vaccinated ones. Charasteristic primary lesions on the dorsum of the tongue were observed 
after 48 hrs of virus challenge in the control sheep but were absent in the vaccinated ones. 
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Introduction 

FMD, which affects cloven-footed animals is endemic in 
India. Lot of work has been carried out to control this disease 
in cattle and swine, but very little in sheep. It is known that 
FMD in adult sheeps tends to be relatively mild or even 
inapparent (Geering, 1967). In addition, FMD virus (FMDV) 
infection of adult sheep invariably produces a prolonged carrier 
state (Burrow, 1968). Therefore, to reduce its incidence and 
hasten its eventual control, it is important to vaccinate the entire 
sheep population in endemic areas against FMD. 

But the information on vaccination effects in pregnant 
ewes and their immune response is lacking. Similarly, the 
protective quality of passive antibodies acquired by lambs 
from FMD vaccinated ewes, as well as the effect of these 
antibodies on the immunogenic response in such lambs after 
FMD vaccination is not clearly known. In due consideration 
of these points, w e  contemplated a study on the immune 
response of pregnant sheep to FMD vaccine type Asia-1 to 
know the status of maternal antibodies in lambs and the 
immune response of such lambs to FMD vaccination. 

A t  present the vaccine used for cattle is also recom­
mended for sheep, but adequate information about the po­
tency of FMD vaccine in sheep is not available. The reason 
may be that the evaluation of FMD vaccine in sheep cannot 
be done by a needle challenge as in the case of cattle. Thus 
also a study was conducted to elaborate a suitable method 
of challenge for vaccinated sheep. 

Materials and Methods 

Cells. BHK-21 C-13 (Glasgow) and BHK-21 Razi suspension 
cell lines were used. 

Media. Eagle's MEM-G with 10% bovine serum was used for 
growing cells in monolayer as well as in suspension. For virus 
infection MEM with with 5% tryptose phosphate broth and 2% 
bovine serum (PEG-treated) was used. 

Cell culture. Both BHK-21 monolayers and suspension cells 
maintained at IVRI, Bangalore were used in the present study. The 
BHK-21 monolayer cells were prepared in test tubes for serum 
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neutralization tests. For vaccine preparation, the virus w a s  grown 
in suspension cells as  described b y  Kadoi et al. (1975). 

Virus. The 63/72 strain o f F M D V  type Asia-1, original isolated 
from 6 month-old bull calf in Maharashtra State in 1972 w a s  used. 
The cattle tongue virus adapted to BHK-21 monolayer cells (6 
passages) and BHK-21 suspension cells (2 passages) w a s  used for 
the infection o f  BHK-21 suspension cells. The Madras strain of 
FMDV type O isolated in 1975 during an outbreak in Tamil Nadu 
w a s  also used in this study. 

Virus assay. The infectivity titration (TCID50) w a s  performed 
in BHK-21 C-13 monolayer cells and the titre w a s  calculated in a 
standard way.  The complement fixing (CF) antigen titer w a s  
determined by a microtest a s  described by Telling (1975). 

Preparation ofvaccine. T he virus w a s  harvested from BHK-21 
suspension cells 2 0  hrs post infection (p.i.). Suitability of the 
clarified virus antigen for  vaccine w a s  assessed by infectivity and 
CF titers and the virus w a s  inactivated by BEI. The CF antigen 
titer was  160CFU/ml and the infectivity titer w a s  10 6  2TClD5o/ml 
o f  the virus suspension used for vaccine preparation. 

Binary ethyleneimine (BE!) inaclivalion of FMDV. 2-bromo-
ethylamine hydrochloride (BEA) (Aldrich Chemical Co.) was  
used for preparation of BEI. 0.1 mol/l BEA w a s  prepared in 
0.2 N NaOH and the cyclization w a s  allowed to proceed in at 
3 7  °C  fo r  6 0  mins  a s  described by Bahnemann  et al. (1974). 

The  temperature o f  a required volume o f  viral antigen initially 

adjusted t o  3 7  °C. BEI ( 1 %  v/v) w a s  added to virus suspension to 

obtain a final concentration o f  0.001 mol/l after  cyclization. Inac-

tivation of BEI w a s  done  for  2 0  hrs at 3 7  ° C  after  which cold 

sodium thiosulphate was  added to a final concentration o f  2%.  

Formulation of the vaccine. BEI-inactivated gel vaccine was  

formulated by using 7 0  parts of  virus, 3 0  parts o f  gel and 1 part of  

glycine buffer  t o  adjust  p H  8.7 and stirred fo r  12 hrs. Then the 

vaccine was  kept at  4 °C.  Af ter  two  weeks,  50 per cent o f  the 

supernatant f rom the top  w a s  removed. The  vaccine was tested for 

sterility, safety and potency. Saponin was  added to the final 

product ( 5  mg/dose). 

Experimental animals. Albino-guinea pigs o f  either sex weig­

hing 450 - 500  g were obtained f rom Animal Experimentation 

Station Yelahanka, Bangalore. Local breed o f  1 - 2 years-old 

pregnant sheep unvaccinatcd against F M D  obtained f rom local 

villages were screened against F M D V  type Asia-1 and O antibo­

dies. Those  found negative for antibodies were selected for  expe­

riments. 

Vaccination of ewes. Seven pregnant ewes  in the middle of 

pregnancy were screened against virus type Asia-1 antibodies and 

found negative. These animals were grouped into two batches and 

each batch w a s  vaccinated a s  follows. 

Batch I. Five pregnant sheep were vaccinated with 1.25 ml of 

BEI-inactivated aluminium hydroxide gel saponified vaccine ty­

pe  Asia-1. F our lambs born out o f  these vaccinated mothers were 

fed with colostrum. They  were used for the study o f  persistence 

of antibodies u p  to 4 weeks. Three  o f  these lambs were vaccinated 

at 4 weeks o f  age with 0.5 ml dose  o f  the same vaccine. 

Batch 2. T w o  pregnant sheep were  vaccinated with 1.25 ml o f  

BEI-inactivated aluminium hydroxide gel saponified vaccine ty­

pe Asia-1. The lambs born out o f  these vaccinated mothers were 

fed with colostrum. These  lambs were used t o  study the persisten­

ce  o f  maternal antibodies up to 6 weeks and then vaccinated w 

0.5 ml  o f  the same vaccine at the sixth week o f  age. 

Post-vaccination serum samples f rom the  ewes were collect 

at  different intervals fo r  assessing antibody titers. Blood samp] 

f rom lambs were collected at 12, 15, 2 4  and 48  hrs, and 1 tc 

weeks after  their birth fo r  assessing the maternal antibody tite 

Serum samples were collected f rom these lambs t o  assess t 

antibody level 1 - 1 2  weeks post vaccination. 
Challenge of sheep. All the vaccinated and unvaccinated she 

were challenged with 10,000 TCID50 o f  tissue culture adapt 

virus type O by intradermolingual route. 

Serum neutralization (SN) test. A constant amount of  vii 

(IOOTCID50) and variable serum dilution method o f  Cas; 

(1967) was employed. Twofold dilutions o f  the tested sera ws 

mixed with standard virus and allowed to react fo r  1 hr  at 3 7  ° 

The  mixtures were then assayed fo r  residual infectivity 

BHK-21 monolayer cell cultures. S N  titers were expressed as  1 

values o f  reciprocals of  the  highest positive dilutions. 

ELISA. Dynatech Immulon 9 6  well plates were used in t 

indirect ELISA performed according t o  A b u  Elzein and Crowtl 

(1978) with slight modification. Antibody levels in sera w< 

quantitated by titration. The  highest dilution which gave a distil 

measurable difference between the control and the test serum v 

taken as  the titer. 

Results and Discussion 

The antibody response in pregnant ewes vaccinated w 
vaccine type Asia-1 at the 12th week of pregnancy is c 
picted in Fig. 1. There is shown also the persistence 
maternal antibodies against virus type Asia-1 in three colc 
trum-fed lambs from 15 hrs up to 4 weeks after birth. At t 
15th hr, an average SN titer of 1.84 and ELISA titer 
50 - 100 were observed. At the 24th hr, both the tit< 
slightly rose, but thereafter they gradually declined. At t 
4th week the SN and ELISA titers were 1.62 and <-
respectively. 

The above mentioned lambs were vaccinated at the  A 
week of their age. After the first week of vaccination avera 
SN and ELISA antibody titers were 1.83 and 66, respe 
tively. At the 2nd week the titers o fSN and ELISA increas 
to 2.03 and 100, and then gradually declined to 1.83 and 
at the 8th week of vaccination (Fig. I). 

The antibody response of two pregnant ewes an anotl 
experiment is depicted in Fig. 2. The persistance of maten 
antibodies in the two colostrum-fed lambs of the abo 
mentioned ewes from 12 hrs up to 6 weeks after birth w 
studied. An average SN antibody titer of 1.82 was observ 
at the 12th he. At the 48th hr, the titers increased to 2. 
and 150 in SN test and ELISA, respectively. The titt 
gradually decreased and reached 1.22 and 13 at the ( 
week. 

The above mentioned lambs were vaccinated at the ( 
week of their age. An average antibody response af 
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Fig. 1 
Antibody response in pregnant ewes (batch 1) vaccinated during pregnancy (A) and in their lambs fed on colostrum vaccinatcd mothers (B) 

and in the same lambs after booster vaccination (C) 
Abscissa: t ime af ter  vaccination (A,C) o r  birth (B); ordinate: antibody titer assayed b y  S N  test (upper part) and ELISA (lower part). 

vaccination at the 1st week was 1.48 and 37 in SN test and 
ELISA, respectively. The titer steadily increased and 
reached a maximum of 2.05 at the 6th week and then 
declined to 1.78 at the 12th week. 

All the five vaccinated sheep showed an SN antibody 
titer of 1.80, 1.69 and 1.59 at the 21st, 40th and 60th day, 
respectively. 

Animals were examined after challenge for characteristic 
FMD lesions in the mouth and feet and found negative 
except primary lesions on the dorsum of the tongue. None 
of the vaccinated sheep showed any lesions on the tongue 
at the site of inoculation. Necropsy and histological exami­
nations were also negative. 

In the case of viral diseases threatening young animals, 
maternal immunity in the form of colostrum acts as a 
preventive factor. Therefore, to protect young animals, it is 
convenient to vaccinate their dams to ensure inheritance of 
adequate maternal antibodies. It has been observed in the 

field that calves after 4 months of age are susceptible to 
FMDV but FMD is uncommon in younger calves (Khuk-
horov et al., 1973). It is generally considered that colostral 
immunity protects them up to 4 months age. This may also 
be true in the case of lambs derived from vaccinated ewes 
or from recovered animals for which adequate data are not 
available. It is also not clear, whether FMD colostral immu­
nity can adversely affect immunization of young lambs. It 
has been demonstrated that the presence of colostral anti­
bodies inhibited the serological response to trivalent vaccine 
(Graves ,  1963; Wisn iewski  and Jankowski ,  1971; 
Prudovsky, 1963). 

In the present study the immune response of pregnant 
sheep to aluminium hydroxide gel vaccine type Asia-1 in­
oculated at the 12th week of pregnancy indicated that there 
was no interference in antibody production. All the vacci­
nated pregnant sheep produced a good immune response 
without any ill effect. The maximum antibody titers were 



NAIR, S.P. & SEN, A.K.: FOOT-AND-MOUTH DISEASE VACCINE 

2 5 

2.0 

1.5 

1.0 

B 

Animal No. 134 O 
No. 136 X 

J I I L 

Animal No 34 O 
No 36 X 

_L 

Animal No 34 O 
No 36 X 

12 4 8  12 

200 r 

12 4 8  
weeks weeks 

4 6 
weeks 

- / / -
12 

Fig. 2 
Ant ibody  response in pregnant ewes (batch 2) vaccinated during pregnancy (A) and in their lambs fed with colostrum from immunized 

mothers (B), and the booster response (C) 
For legend see Fig. I. 

observed 3 - 4  weeks after vaccination. The titers declined 
after 8 weeks post vaccination. 

We have also noticed that the antibody titers in dams 
declined in later part of pregnancy although the fall of the 
titer was neither sharp, nor sudden. It was noticed that the 
lambs fed with colostrum showed a high rise of neutralizing 
antibodies within first 24 - 48 hrs. In most cases the latter 
titers were much higher than those of the dams. 

During the month before parturition a decrease in serum 
antibody titers of dams can be found, so that by the time of 
calving, the colostrum antibody titers are generally higher 
than the serum antibody titers (Graves, 1963; Šrubar and 
Jironová, 1966; Shankar and Uppal, 1981). 

After ingesting colostrum, serum antibodies in a calf 
reached peak titres in 4 - 5 hrs (Šrubar and Jironová, 1966). 
A serum titer of the young may sometimes be as high as that 
of its mother (Larenaudie el al., 1975). In the present study 
with lambs a similar trend of neutralizing antibodies was 

observed. An adequate immune response was observed in 
pregnancy when the pregnant ewes were vaccinated at the 
12th week of pregnancy. 

Colostrum-fed lamb born of vaccinated mothers showed 
an adequate level of antibodies even 12 - 15 hrs after birth. 
Satisfactory antibody titers could be maintained in them up 
to 4 - 5 weeks. Cunliffe and Graves (1979) observed that 
passively immunized lambs resisted infection during the 
first 30 - 40 days of life. 

According to Larenaudie et al. (1975) maternal antibod­
ies persisted for more than 5 months in calves. In the present 
investigation adequate maternal antibody level was noticed 
in lambs up to 6 weeks. However, the maternal antibodies 
declined rapidly from the 5th week onwards. No  colostral 
antibodies were detected in the Iambs born of unvaccinated 
mothers. 

From our study it can be concluded that pregnant ewes 
can be vaccinated at 12 weeks of pregnancy without any 
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u n t o w a r d  reaction.  A n t i b o d y  t i ters  in t h e  d a m s  decl ined 
appreciab ly  b e f o r e  l a m b i n g .  T h e  co los t rum f e d  l a m b s  from 
vacc inated  m o t h e r s  s h o w e d  a h i g h  l e v e l  o f  neutra l iz ing  
ant ibodies  1 2 - 4 8  h r s  a f t e r  b ir th.  A sa t i s fac tory  l e v e l  o f  
maternal  ant ibodies  p e r s i s t e d  u p  t o  4 w e e k s  o f  age .  

It h a s  b e e n  r e p o r t e d  b y  v a r i o u s  w o r k e r s  that p y r e x i a ,  
v i r a e m i a  a n d  p r i m a r y  l e s i o n s  a r e  t h e  m a i n  cl inical  f e a t u r e s  
in s h e e p  detected a f t e r  n e e d l e  c h a l l e n g e  (Fontaine  et al., 

1966;  R i v e r a  et al., 1 9 6 9 ;  G r o s s o  a n d  Gagg ino,  1971).  
A c c o r d i n g  t o  C a r d a s i s  et al. ( 1 9 6 6 )  there  w a s  a corre la ­

t i o n  b e t w e e n  t h e  a n t i b o d y  t i t e r  a n d  t h e  d e g r e e  o f  i m m u n i t y  

in s h e e p .  A c c o r d i n g  t o  t h e m  a n  a n t i b o d y  t i t e r  a b o v e  1 .80 

c o n f e r r e d  a n d  a b s o l u t e  p r o t e c t i o n  w h i l e  t i t e r s  b e t w e e n  1 .80 

a n d  1 .40 p r o v i d e d  a p r o t e c t i o n  a g a i n s t  gene ra l i za t i on ,  a n d  

t h o s e  b e t w e e n  1 .40  a n d  1 .20  c o r r e s p o n d e d  t o  a d o u b t f u l  

p ro t ec t ion .  B u t  i n  t h e  p r e s e n t  c h a l l e n g e  s t ud i e s  it h a s  b e e n  

n o t e d  t h a t  s h e e p  w i t h  a n t i b o d y  t i t e r s  o f  1 .26 a n d  1 .40 w e r e  

p r o t e c t e d  a g a i n s t  g e n e r a l i z a t i o n .  S o  o n  t h e  b a s i s  o f  t h i s  

l imi t ed  s t u d y  i t  m a y  b e  c o n c l u d e d  t h a t  a d e v e l o p m e n t  o f  

p r i m a r y  l e s ion ,  v i r a e m i a  a n d  p y r e x i a  m a y  b e  t a k e n  a s  t h e  

c r i t e r ia  o f  t h e  b r e a k d o w n  o f  i m m u n i t y  i n  t h e  v a c c i n a t e d  

s h e e p .  
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