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ABSTRACT: Footh & Mouth Disease (FMD) “O” type vaccine was produced on Baby Hamster Kidney (BHK)-
21 cell line.  BHK-21 cells were grown in tissue culture flasks. Monolayers were obtained after 48 hours at 37 oC.  
Confluent monolayers were infected with FMD “O” type virus (TCID

50
 104.5/ml).  Cytopathic effect (CPE) in the 

form of clumping and detachment of the cells was observed after 48 hours.  Vaccine was found free of any bacterial 
and mycolplasma contamination. Systemic reaction was observed after injecting cattle, mice and guinea pigs with 
the virus (TCID

50
 106/ml).  Nine calves of about 6-8 month of age were vaccinated using the same titer used for 

safety test and challenged with the virulent virus (TCID
50

 104.5/ml).  All the animals withstood the challenge and did 
not show any reaction.  Both of the 2 unvaccinated animals after challenge showed typical FMD lesions.  Mouth 
lesions from ten FMD suspected animals were also collected and adaptation of these field isolates was performed 
by passages on BHK-21 cell line. No viral CPE was obtained from these field isolates after 3 passages.  Suspected 
antigens were also got typed for FMD.  The types O (60%), A (20%), and Asia-1 (10%) were found present using 
ELISA

Keywords: BHK, vaccine, challenge, virulent, adaptation, cytopethic effect, antigens.

ÖZET: Şap Hastalığı “0” tipi aşısı, bebek Hamster Böbreğinin (BHK) 21 hücre hattında üretilmiştir. BHK-21 hüc-
releri doku kültürü şişelerinde dönüştürülmüştür. Otuzyedi 0C’ de 48 saatin sonunda mono katmanlar elde edilmiş-
tir. Birleşen mono katmanlara, Şap hastalığı “O”tipi virüsü bulaştırılmıştır. Hücrelerin kümelenmesı ve ayrılması 
formunda, Sitopatik etki 48 saat sonra gözlenmiştir. Herhangi bir bakteri ve mikoplazma kontaminasyonu için aşı 
ücretsiz tedarik edilmiştir. Bu virüse   (TCID

50
 106/ml) maruz kalan sığır, fare ve kobaylarda sistematik reaksiyonlar 

gözlenmiştir. Yaklaşık 6-9 aylık yaşa sahip 9 buzağı, güvenlik testi için kullanılan aynı titrede aşı yapılmış ve öldü-
rücü virüse (TCID

50
 104.5/ml) meydan okunmuştur. Tüm hayvanlar bu zorluğa dayanmış ve herhangi bir reaksiyon 

göstermemiştir. Bu zorluktan sonra, iki aşılanmayan hayvanın her ikisi de tipik Şap hastalığı lezyonu göstermiştir. 
Şap hastalığı şüphesi olan 10 hayvandan alınan ağız lezyonları toplandı ve bu alan izolatlarının adaptasyonu, BHK 
21. Hücre hattı üzerinden geçişlerle gerçekleştirilmiştir. Üç geçişten sonra bu alan izolatlarından herhangi bir viral 
sitopatik etki elde edilmemiştir.  Şüpheli antijenler de Şap hastalığı için dikkate alınmıştır. ELISA testi ile O (60%), 
A (20%), ve Asia-1 (10%) tiplerinin varlık gösterdiği belirlenmiştir.  

Anahtar Kelimeler: Adaptasyon, Antijenler, Aşı, BHK, ,direnç, virülent, adaptation, Sitopatik etki.
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INTRODUCTION

Foot and mouth disease (FMD) is a contagious 
disease of mammals and causes severe economic los-
ses in susceptible cloven-hoofed animals.  The direct 
and indirect losses due to FMD in Pakistan are repor-
ted (Zulfiqar, 2003). The disease is characterized by a 
vesicular condition of the feet, buccal mucosa and, in 
females, the mammary glands. The severity of clinical 
signs varies with the strain of virus, the exposure dose, 
the age and breed of animal, the host species and its 
degree of immunity (Ministry of Agriculture Fisheries 
and Food, 1986). Of the Domesticated species such as, 
cattle, pigs, sheep, goats and buffaloes are susceptible 
to FMD,  in addition, many species of cloven-hoofed 
wildlife, such as deer, antelope and wild pigs may be-
come infected (F.A.O., 1984).

FMD virus  a positive sense single-stranded RNA 
virus belongs to picornaviridae family occurring in 
seven serotypes that is O, A, C, Asia-1, SAT1, SAT2, 
SAT3, with a wide diversity (Domingo et al., 2002).  
Due to highly contagious nature and economic impor-
tance of FMD, the laboratory diagnosis and serotyping 
of the virus is very important (Kitching and Donaldson, 
1987).  Confirmation of the virus is very important for 
its diagnosis.  Different tests such as Enzyme Linked 
Immunosorbent Assay (ELISA) (Ferris and Dawson, 
1988; Roeder and Le Blanc Smith, 1987., Bergmann 
et al., 2003), PCR (Amarel- Doel et al., 1993; Bastos, 
1998), Hybridisation (Woodbury et al., 1995) and se-
quencing are done for its typing, subtyping and con-
firmation. A portable real-time reverse transcriptase-
polymerase chain reaction assay is also reported for the 
rapid detection of foot and mouth disease virus (Cal-
lahan et al., 2002). A solid-phase competition ELISA 
for measuring antibody to foot and mouth disease virus 
is also reported (Mackay et al., 2001).  The tissue of 
choice for laboratory diagnosis is infected epithilium.  
Established cell lines, such as BHK-21, continuous pig 
kidney cell, and primary cells such as bovine thyroid 
cell, and lamb kidney cell can be used for virus pro-
pagation (Clarke and Spier, 1980).  Un-weaned mice 
are an alterative to cell culture. Some field viruses may 
require several passages before they become adapted to 
mice (Skinner, 1960). The control of FMD is usually 
a national responsibility.  Routine vaccination against 
FMD is used in many countries.  Some countries pre-
fer the use of strict movement controls and slaughter of 
infected animals. Because of the presence of multiple 

serotypes of the virus, FMD vaccine should be multi-
valent to ensure antigenic coverage against prevailing 
viruses.  Selection of viral strains for the production of 
vaccine is very important (Paton et al., 2005). 

The objective of this study was to prepare a vacci-
ne against “O” type FMD on BHK-21 cell line as most 
of the cases are found caused by this type not only in 
Balochistan but also in Pakistan. The objective of this 
study was also to collect FMD field samples from dif-
ferent areas of Balochistan, and to make attempts to 
get them adapted on BHK-21 cell line and to prepare 
a vaccine from these field isolates after the typing and 
sub-typing is done.   This vaccine will be very effective 
to control the disease as it will be produced from the 
strains causing the disease in the province or even in 
the country.

MATERIALS AND METHODS

Virus Source: The FMD virus “O” type was obta-
ined from Veterinary Research Institute, Lahore.  The 
virus was stored at -20o C.  

Propagation of virus in cell culture: Seed virus 
(FMD “O” type) stored at –20oC was first checked to 
make sure there is no contamination in the virus.  Steri-
lity was checked with slight modification according to 
the method described (European  Pharmacopeia, 2008). 
Briefly, the seed virus was mixed in 10 ml of growth 
medium and filtered through a 0.2 micron filter. The 
content from the filter was streaked on nutrient agar 
plate and in PPLO broth and was incubated for 10 days 
at 37o C.   

Working seed virus was given 3 passages on BHK-
21 cell line before infecting the final cell culture.  The 
BHK-21 cells were grown in tissue culture flasks at 
37oC using Hank’s growth medium according to the 
method described (Villegas, 1989) with slight modifi-
cation.  Monolayer from one tissue culture flask was 
transferred into 4 other flasks for the purpose of cell 
propagation.  A 0.25% trypsin solution was added in 
each flask and incubated at 37o C for 5 minutes to sepa-
rate the individual cells and then the cells were trans-
ferred to other flasks and fed with growth medium and 
incubated at 37o C for growth. The BHK-21 cells were 
also kept in liquid nitrogen in freezing media.  Once 
the monolayers were completed, the media was remo-
ved from each flask and the monolayers were washed 
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2-3 times with PBS.  Each flask was infected with the 
“O” type of FMD virus (TCID

50
 104.5/ml) by adding 

3-4 drops of the virus suspension and incubated for 45 
minutes at 37oC for virus attachment.  The flasks were 
then fed with the growth medium.  There were some 
uninfected flasks kept as well in the same incubator as 
controls.  Flasks were examined next day for viral CPE 
and compared with the control flasks.  Flasks showing 
CPE were marked and culture fluid from these flasks 
was harvested and pooled together.  Virus titration was 
conducted (Cunningham, 1973) in 96-well tissue cultu-
re plates before using the culture fluid for vaccine pre-
parartion.  The BHK-21 cell line was grown in 96-well 
tissue culture plate and infected with ten fold dilutions 
of the virus. The plate was examined daily for CPE and 
virus titer was calculated.  

Dispensing of vaccine: Vaccine was made using 
the method described (Doel and Staple, 1982; Barteling 
and Vreeswijk, 1991) with slight modification, briefly 
0.1% aluminium hydroxide gel was made and glycocol 
buffer (NaCl 10.4g, NaOH 5.4g, Glycine 15.8g, Distil-
led water 90 ml) was added at the rate of 1% to the gel.  
The gel and the glycocol buffer both were autoclaved 
separately.  The FMD Virus “O” type (TCID50

 106/ml) 
was inactivated by adding formalin at the rate of 0.1% 
and kept overnight.  Equal amount of inactivated vi-
rus and gel was mixed and churned for 36-48 hours.  
The vaccine was bottled at the rate of 50 ml per bottle 
(Dose: 5ml/large animal) and labeled with instructions. 
The vaccine was stored at 40 C.

Safety & Sterility tests: Safety tests were perfor-
med on the final product of virus (European Pharmaco-
peia, 1993). Unvaccinated for FMD, with no history of 
previous FMD, two calves 6-8 month of age were selec-
ted at Government Dairy Farm, Livestock Department 
Quetta.   In calves intradermally on the dorsal surface 
of the tongue 0.1 ml of vaccine was injected at 10 sites 
and the animals were observed for 4 days to see for any 
reaction.  The 5th day 3 full bovine dose was given sub-
cutaneously to each and the animals were observed for 
another 7 days.   Guinea pigs and mice were also used 
to test the safety of the vaccine. Two guinea pigs and 5 
mice were given 2 ml and 0.5 ml of vaccine (Europe-
an Pharmacopeia, 1986) subcutaneously, respectively.   
These laboratory animals were kept under observation 
for 7 days for any death or any local or systemic reac-
tion.  Sterility was also checked as discussed before to 
see for the presence of any contamination. 

Challenge & Protection test: About 6-8 month of 
age, 9 calves out of 11 were vaccinated and challenged 
(Vianna et al., 1993) and  for this purpose unvaccina-
ted calves with previous no history of disease were se-
lected.  Two calves were kept unvaccinated and only 
challenged.  Three groups (3 in each group) were made 
and were given 5 ml, 1 ml, and 0.5 ml of the vaccine 
respectively. Three weeks later the vaccinated and non-
vaccinated animals were challenged with 0.1 ml of the 
FMD “O” type virus (TCID50

104.5/ml) intradermally on 
the dorsal surface of the tongue at two sites.  The ani-
mals were observed for 15 days for any local or syste-
mic reaction. 

FMD field isolates adaptation and typing: Mouth 
lesions from 10 FMD suspected animals were collected 
in a sterile screw capped tube in 5 ml of buffer glycerin 
(0.04 M phosphate buffer with equal amount of glyce-
rol, 1% Gentamycin, pH 7.2).  The adaptation of field 
isolates was carried out using BHK-21 cells according 
to the method described with slight modification (Clar-
ke and Spier, 1980). The epithelium sample from each 
animal was blotted dry on absorbent paper to reduce the 
glycerol content and then chopped with a scissors in a 
beaker containing PBS.  The suspected epithelium was 
ground in a sterile pestle and mortar using sterile sand 
and 2-3 ml of tissue culture media containing antibio-
tics.  The suspension was clarified by centrifugation at 
2000 rpm for 10 minutes.   The supernatant was filtered 
by a 0.2 micron filter and used to inoculate BHK-21 
cells.  BHK-21 cells were incubated at 37oC for 72 ho-
urs and examined daily for viral CPE.  Three passages 
were given for each sample.

Ten field samples (mouth epithelium) of the sus-
pected animals were also sent to Institute for Animal 
Health, Pirbright, Surrey, UK., through National Veteri-
nary Laboratory, NARC, Islamabad for typing . Samp-
les were typed by ELISA.

RESULTS AND DISCUSION

No contamination was observed in nutrient agar 
plates and PPLO broth streaked with the FMD “O” type 
virus after 10 days of incubation at 37o C. This virus 
was further used to infect BHK-21 cell line to produce 
vaccine.

Confluent monolayers were obtained after 48 ho-
urs in the tissue culture flasks incubated at 37o C.  Vi-
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ral CPE was observed after 48 hours in infected flasks.  
There was clumping, aggregation and detachment of 
the cells in the infected flasks.  Cells were collected, 
pooled together and saved at -20o C.  Uninfected flasks 
were observed for comparison and were found with in-
tact monolayers.  Virus titer for the pool culture was 10 
-6 TCID

50
/ml 

Both the calves did not show any unwanted reacti-
on except there was redness observed at the surface of 
the tongue where needle was pricked.  The final product 
was found safe as no death, local or systemic reaction 
was observed in guineapigs and mice.  The vaccine was 
found free of bacterial and mycoplasma contamination.  

The vaccine was found potent and safe as no feet 
lesions and vesicles in oral cavity were observed in any 
of the vaccinated animals after challenge, except for 
one of the calves among 3 given 0.5 ml of the vaccine 
which showed some mild laceration at the dorsal surfa-
ce of the tongue.  There was slight redness on the sur-
face of the tongue 0f all animals due to the prick of the 
needle but no typical mouth lesions which are characte-
ristic of FMD observed in any of the animals.  Almost 
similar results have been reported by other workers as 
well (Vianna et al., 1993). Among 2 unvaccinated ani-
mals one showed very typical lesions such as vesicles 
on the feet and in the oral cavity while lesions in the 
other unvaccinated animal were present but were not 
that severe.  This severity of the lesion could be due to 
the degree of immunity as reported by others as well 
(Ministry of Agriculture, Fisheries and Food, 1986).  

None of the field viral strain got adapted from sus-
pected epithelium on BHK-21 cell line because no CPE 
was observed even after 3 passages. Similar results have 
been reported (Clarke and Spier, 1980) as BHK-21 cells 
are less sensitive than primary cells for detecting low 
amount of antigens. Also there are reports that some fi-
eld viruses need several passages before they become 
adapted (Skinner, 1960). Lamb kidney cell could be a 
good option for adaptation of virus.  In addition, passa-
ges of suspected suspension in mice for the concentra-
tion of the virus before inoculating cell cultures can be 
tried to obtain good results.

The suspected materials from 10 animals were 
typed through ELISA. Out of 10 six were found type 
“O” (60%), two were Asia-1 (20%), and 1 was found 
type A (10%), while one of the samples was negative.  
This could be due to very low or no antigen presence. 

Being “O” the aggressive type (Kitching, 2005), In Pa-
kistan O A and Asia 1 are reported with almost simi-
lar results (Zulfiqar, 2003). Typing of this vaccine is of 
great importance before preparing an effective vaccine 
because there is no cross immunity among the different 
types.
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