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 CHAPTER-1 

INTRODUCTION 

Cell culture is collection of cells from an animal or its embryo and in vitro propagation 

by providing their physical and chemical requirements. It is widely used in biological sciences to 

propagate viruses either for diagnostic or vaccine production and many other purposes (Butler, 

2003). The cultured cells are categorized as primary cells, when taken directly from the animals, 

or established cell line with a potential to grow indefinitely under laboratory conditions. Cell 

lines derived from immortal cells are used for a variety of research purposes. Cells are grown as 

adherent culture like epithelial or fibroblastic cells or in suspension form like cells of 

lymphoblastoid lineage. Most cells derived from solid tissues are adherent in nature. Moreover, 

adherent cell lines are provided matrix coated micro-carriers for their attachment. These micro- 

carriers enable their survival and proliferation in suspension culture (Freshney, 1998). Based 

upon the tissue of their origin, the cells are categorized as fibroblasts, skeletal muscle, cardiac, 

and epithelial (liver, breast, kidney, etc) cells. A number of cell lines are developed from 

mammalian, primates, reptiles and insects. Most common mammalian cell lines include Baby 

Hamster Kidney (BHK-21), Vero, HeLa, Chinese Hamster Ovary (CHO), Median Durbine 

Chicken Kidney (MDCK), Median Durbine Bovine Kidney (MDBK) etc. BHK-21 is an adherent 

kidney fibroblastic cell line that was established in 1962 and is widely used for propagation of 

animal viruses (Wei-Wei et al. 1998) and production of biologics (Bundo et al. 1989). 

 Foot and Mouth Disease (FMD) is a viral disease of cloven footed animals such as cattle, 

buffalo, sheep, goat, deer, camel etc (Klein, 2008; Pereira, 1981). The disease is characterized by 

pyrexia, lameness, and vesicular lesion on dorsum of tongue, feet and udder (Grubman et al., 

2004). This disease causes massive economic losses in dairy animals that are measured in terms 
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of high mortality and morbidity, loss in milk production, working efficiency, quality of hide and 

weight gain, abortions, cost of treatment and consternation to the farmers (Murphy et al. 1999; 

Awan et al. 2009). Causative agent of the disease belongs to genus Apthovirus of Picornaviridae.  

There are seven dissimilar serotypes of FMD virus such as “O”, “A”, “C”, “Asia-1”, SAT-I, 

SAT-II, and SAT-III. None of the serotypes have cross immunity against each other. Serotype 

“O” is the most common worldwide. The disease is endemic in Pakistan and outbreaks are 

mainly caused by “O”, “A” and “Asia-1” serotypes (Ajmal et al. 1989; Awan et al. 2009 and 

Khawaja et al. 2009). FMD virus was isolated from clinical specimen by growing on bovine 

thyroid primary cells followed by subsequent adaptation on the BHK-21 cell line (Khawaja et al. 

2009) and was confirmed through virus neutralization test (VNT), complement fixation test 

(CFT), Enzyme Linked Immunosorbant Assay (ELISA) or Reverse Transcriptase Polymerase 

Chain reaction (RT-PCR) (Murphy et al, 1994: Adam and Marquardt, 2002; Reid et al. 2003).  

Currently, various approaches are used to control FMD including implementation of strict 

bio security measures, movement restrictions on the animal and their products from the infected 

regions, proper disinfection of animal housing facilities, culling of infected animal and use of 

effective vaccination (Kretzmer et al. 2002; Amass et al. 2004; Singh 2003 and Velthuis and 

Mourits, 2007). Keeping in view poor economic condition of the farmers and without any 

compensation, culling of infected animals is not possible in developing countries. Mass 

vaccination of the susceptible population is the only effective way to control and eradicate the 

disease. Chemically inactivated gel based multivalent vaccines are used for immuno-prophylaxis, 

but outbreaks are common even after their use (Meyer and Kundersen, 2001). In Pakistan, 

inactivated trivalent vaccine is used to vaccinate the animals (Muhammad 2012; Altaf et al. 

2012). The maternally derived anti-FMD virus antibodies protect the newborn animals against 
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the disease immediately after birth and the antibodies may also interfere with development of the 

active immunity which follows post vaccination (Kitching and Salt 1995). Currently, used 

vaccines have a narrow antigenic spectrum, quite expensive and provide short-term protection to 

the inoculated animals (Rodrigue and Grubman, 2009).   

FMD virus serotypes cab be propagated on Baby Hamster Kidney (BHK-21) cells in 

stationary culture (Roux flasks) but doesn’t provide the required titer of the virus immunogen 

(Khuwaja et al. 2009). High cell density is required for mass production of virus serotypes. 

Various cell culture systems like roller culture bottles, multilayer dishes, micro carriers and 

suspension cultures are available for enhanced bio mass production of FMD virus serotypes 

(Ferrari et al. 1990; Freedman et al. 1996 and Slivac et al. 2006). The roller culture system may 

be an economical way to propagate high density cells and subsequently augment biological titer 

of the virus. The present study is therefore designed to attain the following objectives. 

OBJECTIVES  

Following factors affecting biomass production of baby hamster kidney cell line (BHK 21) 

through roller culture bottle system are optimized.  

1. Cell density 

2. Rolling speed of the cell culture bottles 

3. Volume of cell culture medium per bottle 

4. Concentration of Fetal Calf Serum in growth medium 

5. Incubation time and temperature  
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Moreover, following factors affecting biomass production of foot and mouth disease virus 

(FMDV) through roller culture bottle system are also optimized. 

1. Incubation temperature for interaction of the virus with the cells 

2. Biological titer of the virus 

3. Concentration of Fetal Calf Serum in cell culture medium 
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CHAPTER-2 

REVIEW OF LITERATURE 

Agriculture and Livestock are economically imperative sectors of Pakistan. Livestock is 

the major supporting sector of about 30-35 million of people living in rural areas. Small scale 

livestock farmers keeps 4-5 cattle/buffalo, 6-7 sheep/goat and 10-12 chickens and ducks in the 

rural areas. The share of agriculture sector in Pakistan’s (GDP) is over 20.90 percent, out of 

which the livestock sector has over 11.5 % share in national GDP. Overall the livestock has more 

than 55.1% share in the agriculture sector. Pakistan has nearly 68.3 million cattle and Buffaloes, 

65.5 million goats, 29 million sheep and 1.3 million camels. Total 2.327 million tons of meat and 

46.44 million tons of milk are being provided by these dairy animals every year (Economic 

Survey of Pakistan, 2011-2012). Pakistan‘s livestock faces many nutritional, managemental and 

infectious issues and are directly or indirectly affects the dairy farming. Out of many infectious 

diseases, Foot and Mouth Disease (FMD) is common in Pakistan and causing severe economic 

loss to dairy farmers (Nazir, 2006). 

2.1. Foot and Mouth Disease (FMD) 

Foot and Mouth Disease (FMD) is a highly contagious viral infection of cloven-hoofed 

animals (Klein, 2008), which has worldwide occurrence. The disease is endemic in Pakistan. 

FMD outbreaks have been documented in Argentina, Brazil, Botswana, Bolivia, China, Ecuador, 

Egypt, Guinea, Israel, Jordan, Kazakhstan, Korea, Lebanon, Palestine, Russia, South Africa and 

Turkey in 2006-2007.  
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2.1.1. Taxonomy 

FMD virus was documented in 1963 by the International Committee on Taxonomy of 

Viruses (ICTV) as member of Aphthovirus in the Picornaviridae. The name, Picornaviridae is 

derived from a Latin word ‘Pico’ (meaning small) and ‘rna’ for RNA, which refers to the size 

and genome type of the virus. The genus name ‘Aphthovirus’ refers to the vesicular lesions 

developed in cloven-footed animals (OIE, 2009). 

2.1.2. Historical background  

Molecular structure of FMD virus was investigated using x-ray crystallography technique 

(Acharya et al. 1989). An Italian Monk Girolamo Fracastoro in 1546 reported first incidence of 

FMD outbreak (Sutmoller et al. 2003) while Friedrich Loeffler in 1897 proved that it is a viral 

ailment. Blood of the infected animal was passed through porcelain filter (0.2 µm) and the 

filtrate caused the disease in susceptible animals. This proved that the causative agent is not a 

bacterium because only viruses can pass through porcelain filters. This necessitated many 

scientists to work on the disease and the laboratories incepted conducting research on various 

aspects of the virus infected animals. On the other hand, gigantic economic loses demanded the 

establishment of separate FMD section in research centers. The first research center for FMD 

was established in Germany in 1909 followed by another research center in England at Pirbright. 

Similar measures were taken by USA in 1954 at Plum Island (Brown, 2003).  

2.1.3. Etiology 

FMD is caused by Apthovirus of Picornaviridae (Domingo et al. 2002; Ishimaru et al. 

2004). The FMD virion is approximately 25 nm in diameter. Under the electron microscope, the 
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virion appears as round particle with a smooth surface. FMD virus is distinguished from other 

Picornaviruses by its being lack of a surface canyon, receptor- binding site for entero and cardio-

viruses. Antigenically, seven different serotypes of FMD virus are contributing in the prevalence 

of the disease in animals (Murphy et al. 1999; Domingo et al. 2002). The genetic variation in 

FMD viral genome exists due to absence of proof-reading in the 3D-encoded RNA dependent 

RNA polymerase and competitive selection (Curry et al, 1995). Mutants with a selective 

advantage in the prevailing environment are better represented than other viruses. Mutation rate 

in FMDV ranges from 10-3 to 10-5 per nucleotide site per genome replication. This high error rate 

leads to differences in replicated genomes from the original parental genome of the virus 

(Grubman et al, 2004).  

2.1.4 Geographical Distribution of Serotypes 

Geographically, Europe has type A, O and C, Asia has type “A”, “O” and “Asia 1” and 

Africa has “A”, “O”, “SAT1, 2 and 3” (Fenner et al. 1993). Pakistan has serotype O, A and Asia-

1. The disease is more prevalent in cattle. Primarily, Type “A” and “O” were identified (Vallee 

and Carre, 1922) then type “C” was identified (Trautwein, 1927). Later on new emerging strains 

from South African Territories (SAT) were demonstrated. From Pakistan, isolation of serotypes 

A, O, C and Asia-1 has been reported (Ahmad and Khan, 1988). Similar serotypes have been 

reported to infect the cattle population in India, Afghanistan, Iran and China (Kesy, 2002; Tosh 

et al. 2002; Perez et al. 2005; Zahur et al. 2006) whereas serotypes SAT-1, SAT-II and SAT-III 

are common in South African Territories. In Pakistan, the most commonly prevalent FMD virus 

serotype isolated from the infected animals is type “O” (Zulfiqar, 2003).These all seven 

serotypes are considered diverse and do not configure immunity against each other. There are 

lots of subtypes in each serotype (Buxton and Fraser, 1977). The disease is endemic in Middle 
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East. Pakistan, one of the Asian countries is also in the list where FMD is still persistent (Iqbal et 

al, 2011). Europe is FMD free, Australia, Korea and Japan have also been eradicated the FMD 

(Merck Manual, 2002). Phylogeny of FMD serotype “A” virus circulating in Pakistan and 

Afghanistan during 2002-2009 revealed the presence of A-Iran05 and 3 other unnamed lineages. 

The A-Iran05 lineage is still evolving as revealed by the presence of 7 distinct variants, the 

dominant being the A-Iran05AFG-07 and A-Iran05BAR-08 sub-lineages (Jamal et al. 2011). 

Characterization of serotype O FMD viruses circulating in Pakistan and Afghanistan between 

1997 and 2009 revealed the presence of Pak98, Iran2001 and Pan-Asia lineages within the ME-

SA (Middle East South Asia) prototypes. The Pan-Asia lineage is currently dominant in the area 

and is evolving with time as revealed by the appearance of distinct variants e.g. Pan-Asia-II and 

a new variant designated here as Pan-Asia-III (Jamal et al. 2011). 

 2.1.5. Economic Significance  

FMD is worldwide considered to be economically important disease. According to OIE 

manual the disease, FMD is found on List “A” of infectious diseases and has been reported that it 

is the big hurdle in the intercontinental deal of animals and their products (Trautwein, 1927). 

Reduced yield of milk and meat, abortion in later stages of pregnancy, (Rauf et al. 1981), death 

of young animals are the main economic losses of the disease (Singh, 2003; Yadav, 2003). The 

disease is therefore described as transboundry animal (TADs) and highly contagious (Ferris et al. 

2002; Zahur et al. 2006). Many countries restrict the import of dairy animals or their products on 

account of potential losses caused by the disease (Cottam et al, 2006). 
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2.1.6. Sign and symptoms  

FMD causes high mortality in youngs and low in adults. In young ages, FMD progresses 

multi focal myocarditis which leads to heart failure (Sharma and Adhlakha, 1995). The disease is 

diagnosed by few cardinal symptoms such as pyrexia, increased salivation and formation of 

vesicular lesions on gum, epithelium of muzzle, on teets, interdigital space of claws of infected 

animals (Grubman et al. 2004). During disease period, vesicles rupture and form the ulcerative 

lesions (Rauf et al. 1981). The acute phase of the disease lasts for about 5 to 7 days. In few cases, 

the disease may enter into incurable condition such as panting which is due to disturbance in the 

production thyroxin. In lactating animals there is anorexia, depression and marked drop in milk 

production. However, clinical signs are mild in sheep and goat (Callen et al. 1998). Moreover, 

virulence of the various serotypes of the virus depends upon the host species (Donadson, 1998).  

2.1.7. Pathogenesis  

 Incubation period of the disease is 2 to 14 days, depending upon initial infectivity titer of 

the virus at time of exposure, route of infection, host susceptibility and viral strain (Rubino 

1946). Initial site for viral replication is lung epithelium or pharyngeal areas (Domanski at el. 

1959) followed by quick diffusion of the virus to oral or pedal epithelium (Donaldson et al. 

1970). Abrasion in skin and mucosal membranes can also infect the animals but needs high 

infectivity titer of the virus (Mkercher and Gailuinas, 1969). The virus is excreted from infected 

animals through saliva, feces, milk, urine, semen, exhaled air and nasal discharge (Donaldson 

1983). After attachment of the virus onto the cell surface, the virus enters into the cell cytoplasm 

that is primary target site for its replication (Fenner at el. 1993). RNA of the virus acts as mRNA 

and is directly translated into large virus polypeptides. RNA of the virus enters into the particles 
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which are then released through cytolysis. The virus multiplies at the site of infection where 

primary vesicles are formed in 1-4 days. The virus localizes in the distant epithelia and 

secondary vesicles appeared (Meyer and Knudsen, 2001). Arial transfer of droplets is a common 

way of the disease transmission in close premises (Alexanderson et al. 2003). Vesicle formations 

on the tongue, lips, feet etc, in animals develops viremia results into pyrexia.   Contagious period 

lasts for 24 hours followed by clinical onset of the disease. However, FMD infected cattle is the 

main source of the virus among all the species. The carriers animals recovered from the disease 

are potential source of the virus and cause of new outbreaks (Meyer and Knudsen, 2001: Cox et 

al., 2005). The long term survival of the virus in the refrigerated infected animal meat is source 

of its national and international spread through the food chain. The virus is resistant to dry 

condition. It can persist on hay and straw about 15 weeks and on hides for much longer time, in 

slurry up to 6 months, in urine for 39 days, on soil up to 3 to 25 days (Ryan et al. 2008). It is 

stable at 4oC or at freezing temperature but is unstable in muscles due to acid production during 

setting of meat. Contagious nature of the virus, immunosupression and environmental stress are 

common factors for spread of the disease (Ryan et al. 2008). 

2.1.8. Diagnosis  

It is necessary for efficient control of the disease to differentiate the carrier and healthy 

animals before appearance of clinical signs (Callens and Clereq, 1997). Control of the disease 

and its laboratory diagnosis is a difficult job on account of its various serotypes and sub-

serotypes (Doll, 2001). In morbid animals, the tissue samples are processed for virus diagnosis 

through serological tests such as complement fixation test (CFT) and serum neutralization test 

(SNT). In most of the laboratories these tests have been replaced by ELISA for its rapid 

diagnosis (Ferris and Dawson, 1988). On the other hand, the virus is isolated and characterized in 
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the laboratories using the latest and highly sensitive Polymerase Chain Reaction (PCR) technique 

(Doel et al, 1993,).  

2.1.9. Complement Fixation Test (CFT)  

Compliment fixation test (CFT) is used to differentiate main serotypes of FMD virus and 

also helps in identification of the vaccinal serotypes of the virus. In past, complement fixation 

test had unique worth in many FMD laboratories. It needs a complete practical knowledge of 

anti-complementary reactions. It is the technique that differentiates seven serotypes of the virus 

(Lobo et al. 1973). For the production of the vaccine and characterization of its serotype is matter 

of vital concern (Rauf et al. 1981). Sub typing and serological typing enhanced by means of 

panel of monoclonal antibodies that give precise antigenic outline of a fresh strain. Contrast in 

isolates and vaccine viruses with the application of conservative method of serotyping, virus 

neutralization tests and CFT, in addition to profiling the isolates by monoclonal antibodies was 

presented by author. Both etiquettes of examination mutually provided knowledge on the 

interactions between the viruses (Jung et al, 1995). The antigenic identification of antigen and 

antibody through CFT is founded on fixation of complement by antigen-antibody combination 

(Cowan and Trautman, 1967). The measured volume of the complement whose fixation is to be 

required is depicted by examining residual complement with an indicator consisting of sheep 

RBCs sensitized by specific haemolysin (antiserum to sheep RBC). Haemolysin vanishes and the 

absence of haemolysin in the test predicts the fixation of complement. Standardization of every 

component of the system is necessary before starting the test. CFT has been widely used since 

long time and it is still practiced in the diagnosis of FMD and detection of the virus involved. 

Special protocol is required to run this test (Buxton and Fraser, 1977). ELISA being more 

sensitive test has replaced the CFT but due to some intermediate problems such as the 
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accessibility of ELISA reader, plates and other antigens make CFT as prime choice in many 

laboratories (Ferris and Dawson, 1988). The test depends on serotype. It is still used in some of 

the transcaucasian countries near Europe and in the regional laboratories of Iran. CFT permits 

low cost screening of serum samples for different agents within a single assay, and is a useful 

tool for the serological diagnosis of acute respiratory infections. Vaccine matching tests such as 

virus neutralization, enzyme-linked immunosorbent assay with polyclonal antibodies and 

complement fixation are still performed in a relatively small number of laboratories around the 

world (Paton et al. 2005). The CFT is still an economical, rapid, and valid test for the diagnosis 

and sero-surveillance of outbreaks of FMD (Tariq, 2006).  

2.1.1.0 Virus Neutralization Test (VNT)  

VNT has been designed as approved test for international trade by OIE.Rweyemamu et 

al, 2008 suggested that VNT is mainly suitable in laboratory for detecting intra-type antigenic 

discrepancy. It also includes the antigenic epitopes exclusively liable for virus strain and evoking 

defensive antibody. In diverse neutralization test systems the antigenic relationship were found 

autonomous of the adopted system and also were understood to actually reflexive antigenic 

variation. Differentiation of FMD virus strain was brought into being suitable for micro 

neutralization test. Comparisons were established as matching pairs in order to minimize the 

variations during the test. The assessment of the significance of association obtained is done by 

mutual conflict of the system. Anti-sera from vaccinate animals were more specific than 

convalescent animals. Serum quality of CFT appeared more critical than the VNT. Serotype “O” 

of FMD virus isolates are differentiated using micro-serum neutralization test (Wani et al. 1997). 

The isolates of three type of “O” FMDV from the herds of cattle in Haryana, Karnal and Punjab 

in 1988 during outbreaks and in Haryana these isolates were compared accordingly with “O” 
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type vaccine strain. It was found through serum neutralization test that field isolates were 

intimately associated with reference strain. Analysis can diverge between different laboratories 

on the basis of end point taken. Laboratories must set up the criteria by reference to typical 

reagents which can be gained for FMD from the FAO. Commonly in the serum/virus mixture, a 

titer of 1/45 or additional of the ultimate serum dilution is taken as positive. Uncertain 

measurement lies in range of titer of 1/16 to 1/32 and more serum samples are subjected for 

testing. If the sample taken as secondary has titer of 1/16 or more then animals are regarded as 

positive. A titer of 1/8 or less than 1/8 is regarded as negative (OIE, 2000).  

2.1.1.1.    Enzyme Linked Immunosorbent Assay (ELISA)  

OIE approved another test for international trade that is indirect sandwich ELISA. It is a 

substitute in most of the laboratories for CFT and VNT for daily screening all over the world 

(Ferris and Dawson, 1988). Over the past ten years it has become very popular in the diagnostic 

labs of veterinary. It matches fine with VNT and does not undergo biological inconsistency that 

is intrinsic to VNT. In this test rabbit antiserum is encrusted on unlike rows in micro-titer plates 

to all of the seven FMDV serotypes. These are known as “capture” sera. Suspensions of the test 

samples are supplied to each row and apposite controls are also integrated. In each of the FMDV 

serotype anti-sera of guinea pig is added followed by rabbit anti-guinea pig serum linked to an 

enzyme. Boundless reagents are removed through extensive washing between each step. If 

colored reaction appeared after the addition of enzyme substrate then it is the indication of 

positive reaction. This can be viewed through naked eye if strong positive reaction but it is 

rational to interpret the result with spectrophotometer setting suitable wavelength. A positive 

reaction is predicted by absorbance measurement of more than 0.1. ELISA can also be used to 

recognize the serotypes of FMD virus. We should confirm the values giving readings close to 0.1 
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by repetition of test or by intensification of antigen through tissue culture passage, after CPE has 

formed. ELISA is much more supplementary, particular, precise, authentic and detailed test that 

gives 99% realistic and answering results (Alonso et al. 1992). This sero-diagnostic method is 

the basic requirement for the serotype of FMDV detection and verification that infects animals 

for the purpose of scheming appropriate immune-prophylaxes program and successful 

immunotherapy (Muhammad and Ahsan, 2003-4)   In the developing countries like Pakistan it is 

out of reach of minor stack holders because it is expensive and too pricy but the developing 

countries have been using it since 1971. Factors like deficiency of trained persons, knowledge 

about the importance of ELISA, expensive equipment and chemicals and lack of interest are the 

major reasons for implementation of ELISA. Different standardized and commercially accessible 

plates of Enzyme Linked Immunosorbent Assay were introduced by McCullough Parkinson 

(2004) for the purpose of their binding capability for pure FMDV antigen, ratio of binding, their 

variation coefficient in a plate, between different plates and in different batches of plates. A 

‘spot-test’ was designed for this reason for quick and proficient identification of particular 

antibody when that antibody has low levels or infected with other intrusive proteins. It was found 

that the performance of the majority of polystyrene and PVC (polyvinyl chloride) plates was well 

maintained. Immunoplates were used to obtain the lowest variation coefficients. Antibodies 

specific to FMD virus are serologically evaluated by ELISA (Hamblin et al. 1984).  

2.0. Cell Culture  

Cell culture is cultivation of cells from animals or their embryos. It is commonly used in 

many laboratories of bio sciences such as immunology, biotechnology, toxicology, physiology, 

biochemistry, etc. Primary cell culture is labor intensive and is maintained in vitro only for a 

limited period. In contrast, continuous cell line is serially passaged for a limited number of cell 
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divisions (about thirty) or otherwise for unlimited generation. The continuous cell lines are 

transformed tumor cells. Different cell lines are derived from clinical tumors and are available all 

the time for laboratory. Establishment of cell culture facilities in research potentiated the 

advancement in research work in area of virology. Monolayer of the continuous cell line is 

developed under hygienic or sterile environment which ultimately improved the techniques for 

biochemical assays, biological titration of viruses, genomics, monoclonal antibody and 

production of pharmaceuticals such as insulin and interferon (Freshney, 1998). Cultivation of 

FMD virus in animal host species and cell culture of FMD virus serotypes can be isolated in 

various animal host species, and the virus is cultivated on mucous membrane of buccal mucosa 

and tongue of the calves or foot-pad of guinea pigs. The FMD virus is adopted and cultured on 

cell culture (Maitland and Maitland, 1931). Two to seven days-old un-weaned mice from inbred 

strain were used for the cultivation and propagation of FMDV by intramuscular or intra-

peritoneal route of inoculation. The virus multiplies in heart and skeletal muscles (Skinner, 

1951). A range of laboratory animals such as mice, chick embryos, tissue cultures which are 

susceptible to many viruses and hence are used for isolation of FMD virus (Lennete and 

Schmidt, 1964).  

The Baby Hamster Kidney (BHK) cell line has been established since 1962 to facilitate 

work on isolation, characterization and vaccine production of FMD virus serotypes (MacPherson 

and Stoker, 1962). Primary Bovine Thyroid cells (BTY) (Snowdon, 1966) and primary lamb or 

calf kidney cells are sensitive systems for the isolation of FMD Virus types. FMD virus is grown 

initially in unweaned mice (Ferris et al. 2002) and then adopted to grow on monolayer of black 

goat fetal lungs cells (Shin et al. 2003). Two primary cell cultures such as Bovine Thyroid cells 

(BTY) and lamb kidney cells and two continuous cell lines such as BHK and IB-RS-2 are used 
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for culturing of adopted FMD virus serotypes (Cavanagh et al, 1978). Monolayer of BTY cells 

are most susceptible for culturing of FMD virus. FMD virus contains a highly immunogenic loop 

of VP-1 (Acharya et al. 1989). This loop has a conserved sequence Arg-Gly-Asp (RGD) that is 

used in its cell interaction (Fox et al. 1989: Baxt and Becker, 1990). The sequence (RGD) of 

FMD virus type A12 is important for cell binding and development of cytopathic effect. Point 

mutation or deletion mutation of the sequence makes the virus noninfectious for in vitro cell 

culture (Mason et al. 1994; McKenna et al. 1995). However, deletion in the sequence makes the 

virus avirulent for cattle, even at higher doses of challenge infection (McKenna et al. 1995). 

Binding of specific antibodies with RGD sequence (integrin, αv β3) in the pathogenic FMD virus 

neutralizes its infectivity in the cell culture (Berinstein et al. 1995). Bovine Kidney Cell Culture 

(BKCC) is superior to unweaned mouse for isolation of FMD virus from field samples from 

infected cattle, buffaloes, sheep, goats and yaks (Tewari et al. 1980). The samples when 

passaged on BKCC 2-3 times show cytopathic effects within 24-48 hours. Such BKCC adopted 

virus is pathogenic for unweaned mice. Syrian Baby Hamster Kidney fibroblast (and its clones) 

is commonly used as adherent or suspension cells for FMD virus research and its vaccine 

production (MacPherson and Stoker, 1962; Kalanidhi et al. 1992). Apthovirus type A22 

strain550 and type O1 strain 194 has been propagated and concentrated in rabbits or BHK-21 

cells (Perevozchikova et al. 1986). Apthovirus types O, A, C and Asia-1from cattle tongue 

sample also has been adapted on pig kidney cell lines IBRS-2 and MVPK. It means that FMD 

virus grows and provides higher infectivity titers on BHK-21 cells than that of IBRS-2 and 

MVPK (Nair, 1987).  

The infectivity titer of FMD virus in clinical samples is insufficient for its molecular 

characterization so require its propagation on cell cultures to have sufficient amount of the 
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antigen. The process of virus cultivation on the primary cell culture requires several days (Ferris 

and Dawson, 1988). FMD virus is recovered from 134 (67%) out of 201 epithelial tissue samples 

through culture method on bovine thyroid or kidney cell cultures (Westbury et al. 1988). FMD 

virus “O” type can be adapted to BHK-21 cell line with a single passage, using 30-minute virus 

adsorption and 72 hours cultivation (Gugiu et al. 1989). Sometimes FMD virus persists in BHK- 

21 cells and may result in co-evolution of the cells and the infecting resident virus. The virulence 

of FMD virus for the BHK-21 cells is gradually increased and ultimately the cells become 

partially resistant to the virus (Escarmis et al. 1998). The samples are collected from carrier or 

infected animals using probing and are inoculated on primary bovine kidney (BK) and bovine 

thyroid cell cultures. In such cases, the cytopathic effect (CPE) is seen two days thereafter 

(Sakamoto et al. 2002).  

2.1. Factors affecting Baby Hamster Kidney (BHK-21) cells  

Various physico-chemical factors such as cells, medium, serum and physical conditions 

influence the growth of cells during in vitro culture. For this work, aliquots of frozen cell 

population (-1360C) may be used. Cytofluorometric analysis of BHK-21 cell populations 

cultivated under normal conditions, in the presence of 10% whole serum, cells enter in G1 phase 

of the cell cycle after arresting their growth to transfer into the quiescent state (Kruman et al. 

1981). Various fractions of bovine serum affect growth of BHK-21 cells. The fraction with 

molecular weight of 100000 daltons has growth-promoting ability but do not support growth up 

to the level of whole bovine serum. The intensity of cell proliferation is achieved in the presence 

of the whole serum or in the presence of combined serum fractions with molecular weight of 

100,000 – 200,000 daltons and fraction with low-molecular weight of 14,000 daltons. However, 

neither of these two fractions shows similar effect (Kruman et al. 1984). Baby hamster kidney 
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cells (BHK-21) at low density on gelatin coated dishes proliferate actively in the mixture of 

Dulbecco’s modified medium and Ham’s F12 medium (1:1) containing high density lipoproteins 

(HDL), transferrin and fibroblast growth factor (FGF). This serum free medium combination 

supports cell proliferation at a rate equal to serum containing medium even at low seeding cell 

density i.e., 1000 cells per 35-mm dish. Epidermal growth factor (EGF), although mitogenic for 

BHK-21 cells, is less efficient than acidic and basic FGF. Basic FGF is 10 times more potent 

than acidic FGF. BHK-21 cells requirement for transferrin appears to be minimal since cells are 

exposed to HDL in the absence of transferrin. BHK-21 cells are grown in stirring flask 

containing micro-carrier show the highest cell density within 72 hours of incubation. The 

infectivity titer of FMD virus in BHK-21 in micro-carrier containing spinner flasks yield 10 

times more than that of conventional monolayer in roller bottle culture system (Ferrari et al. 

1990). There are different methods for counting the cells. MTT 3-(4, 5-dimethylthiazol-2- yl)-

2,5- diphenyl tetrazolium bromide assay is a colorimetric method to assess cell viability. It is 

extensively used for counting biomass of proliferating lymphocytes, BHK-21 cells, Vero cells 

and guinea pig ventricular myocytes. Components of the growth medium and their byproducts 

affect the growth of Chinese Hamster Ovary (CHO) cells. Growth inhibitors are glucose and 

ammonia. In cell culture medium, L-glutamine is unstable in solution form and hence a main 

source of ammonia. It is inferred during cell multiplication in the growth medium that net 

amount of L-glutamine is utilized with production of net amount of ammonia. Asparagine 

supports CHO cell growth as a substitute for L-glutamine. Glucose fed batch culture is grown on 

asparagine supplemented cell culture medium. In such medium, cell concentration reaches to 

peak level of 3.4 x 10 6 per ml due to low concentration of glucose and ammonia production. 

This yield is 1.8 times more than that of control experiment having 1.15g glucose initially and 
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0.29 g glutamine per liter of growth medium and without additional glucose fed later on (Kurano 

et al. 1990). Goat serum supports the growth of primary cultures of fibroblast from chicken 

embryo and hamster kidney. Goat serum may be preferred for its utilization in cell culture for 

scientific research and national economy (Castillo et al. 1991). Fetal calf serum, PEG-treated 

bovine serum and PEG-treated goat serum directly affect the growth of BHK cells during its in 

vitro culture. PEG-treated bovine serum is better than PEG treated goat serum and equivalent to 

fetal calf serum. Bovine serum treated with PEG is effectively used for the cultivation and 

maintenance of BHK-21 cells. Moreover, various concentrations of FBS in Eagle’s minimal 

essential medium are prepared and supplemented to   monolayer of chick cells to check their 

effect on multiplication of the cells. The cells supplemented with growth medium containing 5 – 

30 % of FBS show increased cell yield with same density at stationary phase medium. The 

results show that the replication of the cells is dependent on the concentration of FBS up to 20 % 

(Ryan 1997). Addition of serum in basal medium serves as a source of nutritional and chemical 

factors for the cells. Fetal Calf Serum (FCS) is extensively used in number of synthetic media in 

many cell culture laboratories (Paranjape, 2004). National institute of virology, Pune, is 

conducting research on virus isolation and identification from clinical samples using tissue 

culture techniques. Fetal bovine serum (FBS) is used initially. However, it is costly and 

sometimes uncertainly available. Various other sera obtained from different animals such as 

newborn calf, horse, sheep, and human are tried. The most suitable serum is goat serum (GS) for 

primary cultures and various cell lines. For propagation of primary cultures from different 

animals such as chick embryo, monkey kidney, mouse peritoneal macrophages, etc. goat serum 

is used to supplement the medium. Fetal Bovine Serum (FBS) is also used in comparison to see 

the growth pattern, morphology and culture characteristics. Mass cultivation, quantification and 
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virus susceptibility is also performed. Effect of various nutrients, metabolic essentials and virus 

replication is also recorded. Monoclonal antibodies against Japanese encephalitis (JE) are also 

characterized. The results from both the media are compared and conclusion is drawn that GS 

support more cell proliferation (Paranjape, 2004). Encourage dependent cells adhere the 

substrate (glass/ plastic) with the help of adhesion molecules such as fibronectin and calcium and 

magnesium ions. Such cells can be detached either by adding EDTA solution or versine solution 

that chelate the bivalent ions and thus detach the cells. Trypsin can also be used to detach cells. It 

hydrolyses adhesion molecules, thus separating cells from substrate as well as from each other. 

Trypsin (0.25%) dissociates keratinocytes within 5 minutes.  

2.2. Culture Systems  

Various cell lines such as monkey kidney cell line and primary chicken embryo cell lines 

are propagated in micro-carrier culture flasks. The cell proliferation rate in final cell density 

depends on the number of micro-carrier in the cell culture medium and initial seeding density ( 

Giard et al, 1978). It is estimated that 0.1-0.2 g of beads per liter of the cell culture medium with 

seeding density of 20,000 cells per cm2 of bead surface is optimal. The micro-carrier culture 

system is compared with the stationary and roller culture system. The cell density obtained from 

roller bottles is two times more than that of stationary cultures while the cell density of micro-

carrier is three times more than stationary cultures at a bead concentration of 2.5 – 1 g per liter. 

BHK-21 cells in micro-carriers in the bioreactor to produce a stock of Pasteur are grown for 

strain of rabies virus (Mered et al, 1980). Perfusion mode operation of this bioreactor produced 

between two- and four fold larger yields (cells/ml) than traditional stationary cell culture systems 

(i.e., Blake, and Roller bottles or cell factory multi-trays). The method employed harvested 281 

of rabies virus in 200 h (infectivity titer 0.6 +/- 1.4 x 107 LD50 per ml) in a single operation. The 
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risk of contamination is thus reduced when compared with traditional stationary methods which, 

in order to obtain the same amount of virus, would require the operation of 285 Blake bottles, or 

143 Roller bottles, or 15 Cell Factory multi-trays (10 trays). By perfusion mode operation of the 

bioreactor, 89% of the cell culture medium was recovered as vaccinal virus, which contrasts with 

the yield of only 50 -59% using traditional cell culture systems (Gallegos et al. 1995). The roller 

bottle culture system consists of racks for the storage of bottles containing monolayer of 

mammalian cells providing cell culture medium. The roller bottle culture system provides cell 

inoculation, media change and harvesting of cells. Development of such system supports the 

large scale production of mammalian cells. In vitro retinal cells are propagated on horizontal 

rotating roller drum in roller culture incubator at 36.50 C (Rzeczinski et al. 2006). Moreover, 

Hybrodoma (H9r9) cells are also grown in roller bottles to record the effect of various FCS 

concentrations (3 and 5%) (Sathya et al. 2008). 

3.0  Control 

FMD can be controlled by vaccination but this is tricky because of the existence of 

multiple FMD virus serotypes, Variety of host species including wildlife. Diagnostic techniques 

and effective vaccines significantly improve the control in both the free and the affected parts of 

the world (Paton et al. 2009). Moreover, well-organized animal health systems, disease 

surveillance, ante-mortem and post-mortem inspection of all cattle population successfully help 

in plummeting the risk of FMD transmission Sutmoller (2003). One of the appropriate 

approaches to control the disease is to prevent infected animals from entering the principal 

trading routes for pigs, cattle and buffaloes (Perry et al. 2002). A supplementary policy to 

consider is to protect livestock populations adjacent to these trading routes by vaccination. 

However, Epidemiological support is critical for an effective and efficient disease control or 
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eradication program (Torres et al. 2002). The farms where bio-security measures are not 

practiced more often are at risk for dissemination of the virus (Amass et al. 2004). It is 

investigated that a single shot of vaccination protects the cows against FMD and that probably no 

virus transmission occurs within a vaccinated herd (Orsel et al. 2007). In order to control the 

disease following strategies are adapted in endemic areas (1) evaluation of FMD status at 

national level; (2) animal movement control; (3) instituting vaccination and suppressing virus 

transmission to achieve absence of clinical disease; (4) get rid from FMD with vaccination in 

accordance with the OIE standards; (5) achieving freedom from FMD without vaccination in 

accordance with the OIE standards; and (7) maintenance of FMD free zone (Rweyemamu et al. 

2008).  

3.1 Vaccine and vaccination  

Inactivated FMD vaccine is used in many countries including Pakistan but occurrence of 

many subtypes within a serotype of the virus is the main hindrance in controlling the disease 

through vaccination (Piatti et at. 1995). Sub level of FMD virus immunogen per dose of the 

vaccine is one of the causes of vaccine failure. However, a required amount of the immunogen 

per dose can provoke an effective immune response. The adjuvant used in the vaccine potentiate 

the retention time of the immunogen at the injection site that ultimately enhance antibody 

response of the vaccinates (Barteling, 1991). There are many other factors such as mycotoxicated 

feed, tick infestation, hemoparasites, bovine viral diarrhea, ephemeral fever, etc which are 

incriminated as cause of failure of immunoprophylaxis (Rashid et al, 2009). In Pakistan, disease 

is endemic and outbreaks occur throughout the year. However, intensity of the disease is high 

during winter season. More than 88% outbreaks of the disease are caused by serotype”O”, 8% 

due to serotype “Asia -1” and 4% with type “A” (Khawaja et al. 2009; Zulfiqar et al. 2003; 
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Awan et al. 2009). Asia 1 serotype of the FMD virus causes the second largest number of disease 

outbreaks in India. Information about circulating viruses in the country is essential for selection 

of serotype for the vaccine production. Most of the FMD vaccines are prepared by inactivating 

the virus by BEL or acetylethylimine. Formaldehyde modulates the configuration of immunogen 

molecules but doesn’t inactivate its RNA that may enter in the cytoplasm of the cell and cause 

disease outbreaks. This could be a possible reason of outbreak of the disease after vaccinating the 

animals with formaldehyde inactivated FMD virus vaccine (Brown, 1991). FMD virus is 

inactivated using Formaldehyde and Binary ethleneimine (BEI). Both the inactivants have their 

own mode of action and BEI is preferred because of its least interference in the configuration of 

the virus immunogen (Doel et al, 1993). In order to produce a safe killed FMD vaccine, BEI at 

concentration of 1.6 mM inactivates the virus within 8 to 10 hours. Adjuvants are grouped 

according to their physical characteristics and mode of action such as particulate adjuvants, oil 

and emulsifier based adjuvants those providing control delivery of antigen, adjuvants based on 

specific targeting of antigen and gel type adjuvants. They may act nonspecifically to improve an 

immune response to an antigen with the formation of Depot or very specifically by a delivery 

system (Jennings et al. 1998). Stability of vaccines adjuvanted with Montanide (water in oil 

emulsion) and comparative immunogenicity of vaccine formulations was studied by (Miles et al. 

2004). Three oils such Montanide ISA-206, Montanide ISA-57 and Montanide ISA-50V are used 

for FMD formulation. Among various adjuvants (Montanide ISA-206, Montanide ISA-57 and 

Montanide ISA-50V), the vaccine admixed with Montanide ISA -57 gives best result in the 

vaccinated animals. Oil based killed FMD vaccine provides longer duration of immunity. Unlike 

cattle, goats show late immune response for oil adjuvanted vaccines. Universal use of oil based 

killed FMD vaccine controls the disease (Patil et al 2002). Recombinant vaccines are the 
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gateway in modern biotechnology and provide broad range protection using multivalent vaccine 

production. In order to enhance the efficacy of vaccine and immune response effect of chemical 

adjuvants on DNA vaccination is studied that shows that vaccines admixed with adjuvants 

provide long time immunity (Jin et al. 2004). 

3.2. Antibody Response 

The inactivated whole-virus vaccine containing adjuvant is used to control the disease 

(Barteling and Vreeswijk, 1991). The pathogen specific antibodies provide protection to the 

animals against infection (Muhammad and Ahsan, 2004). Such protection requires high titer of 

the neutralizing antibodies (McCullough et al. 1992). Oil based FMD virus vaccine is successful 

in endemic areas. However, it is difficult to differentiate the antibody response due to recovery 

or vaccination. The recovered animals despite having high titer of neutralizing antibodies may 

shed the virus and are potential source of infection for other susceptible animals in their vicinity. 

Currently, an ELISA test is used to detect anti non-structural (NS) protein antibodies that can 

differentiate antibody response due to infection and vaccination (Mezencio et al. 1998; Shen et 

al. 1999; Oem et al. 2007). T cells dependent antigenic epitopes of the virus proteins stimulate 

CD + and CD8 + cells specific immunity. Such T-cells dependent responses are antigen specific 

and are restricted by Major Histocompatibility complex (MHC) genes. These MHC genes 

encode for Class I and Class II for the presentation of peptides to the immune system. After 

infection or vaccination, T-cells mediated antiviral responses are recorded in cattle and swine. In 

infected animals; virus is cleared from the body through cell mediated immunity. Th2 are 

stimulated by IL-4 while Th1 expression is suppressed including IFNϒ (Forshubor et al. 1996; 

Bembridge et al. 1998). Route of vaccination, biological titration of the virus and amount of 

immunogen affect the immune response in the vaccinated animals. Effective immune response 
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depends upon the proper and timely good quality vaccine (Doel, 2005). T helper cell responses 

play role to protect the animal from FMD and presence of FMD virus specific MHC class II 

restricted responses in cattle. T cell dependent immune responses to FMD virus are recorded in 

the pigs.  Chemically inactivated FMD vaccines require cold chain for its preservation, periodic 

revaccination and dissemination of virus during production process (Mason et al. 2003). The 

vaccine virus induces antibody response in the vaccinates (Grubman et al, 2004). The Th cells in 

response to the antigen produce cytokines which interact with immunocytes and synergized or 

antagonized effects of each other. Both Th1 and Th2 contribute to overcome the pathogen. The 

balance of the cytokines determines the outcome of the disease in susceptible animal. FMD virus 

activates Th-1 cells for production of IFNγ and IL-2; while the Th2 cells produce IL-6 and IL-10 

(Barnard et al. 2005; Eble et al. 2006). FMD virus and adjuvant increase the level of Th1 and 

Th2 (Jin et al. 2004; Shi et al. 2005). Virus induce immunity provokes the synthesis of cytokines 

that is essential for triggering the antibody production. The pathway followed by cytokines helps 

in vaccine production against virus challenges (Ahlers et al. 2001). Chemically inactivated FMD 

vaccine induces production of gamma interferon (IFN-γ) and MHC-restricted Tc-cell responses 

(Efrian et al. 2008). 

Viral activity neutralizes by specific antibodies is an important component of immunity 

against viruses. Neutralizing antibodies neutralizes viral epitopes and thus inactivate their 

infectivity. It is observed that variations among the virus serotypes in eliciting early antibody 

response in cattle, although neutralizing antibody response against all four serotypes are 

detectable as early as day 4 Ppost vaccination (PV). The duration of immunity is maintained for 

a longer period. The neutralizing antibody titers are maintained well above 2 log10 even after 6 

months PV irrespective of virus serotypes. This finding suggested the possibility of two 
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vaccinations per year for maintaining herd immunity (Patil et al. 2002). A standard dose vaccine 

formulation fully protected cattle against direct challenge (Golde et al. 2005). Experiments are 

conducted on antibody response to FMD vaccine, and observed that repeated vaccinations were 

required to attain a good protective immunity level in regularly vaccinated herds (Gajendragad et 

al. 2005).  

A mathematical model of the influence of FMD antigen stability and dose on the bovine 

immune response is investigate and the results suggest that vaccine stability may not have a 

pronounced impact on the timing of the T cell response, but will affect its magnitude and 

duration, stable vaccine benefits more from multiple doses, and it is possible to compensate for 

poor stability with increased dose. Adjuvanted FMD virus “O” type vaccine when injected to one 

year old buffalo calves induced detectable level of anti-FMD virus neutralizing antibodies 

(Muhammad et al. 2009). 
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CHAPTER-3 

MATERIALS AND METHODS 

3.1. Biomass production of Baby Hamster Kidney cells 

3.1.1. Source of Baby Hamster Kidney cells and activation 

Baby Hamster Kidney (BHK-21) cells were procured from Department of Microbiology, 

University of Veterinary and Animal Sciences (UVAS), Lahore. The cryopreserved cells (-1960 

C) were revived using standard procedure (Hussain et al. 2004). Ampoule containing the frozen 

BHK-21 cells was placed in a water bath at 370 C for thawing. As soon as the content of the 

ampoule was liquefied, the cell suspension was mixed with 5 ml warm, filter sterilized growth 

medium (370 C). The BHK-21 cell suspension was transferred to a glass Roux flask (175 cm2) 

containing 30 ml of Glasgow minimum essential medium (GMEM) with Earl’s salts 

(Biomedical; USA). The medium was supplemented with penicillin (1000 IU/ml), streptomycin 

(200µg/ ml), gentamicin (50µg/ ml), amphotericin B (5µg/ml) and 5 % fetal calf serum (FCS). 

The Roux flask was incubated at 37 °C with 5 % CO2 for 72 hours. The cells were examined 

under inverted microscope (Nikon) after every 24 hours. After having complete monolayer, the 

cells were harvested and transferred to four new Roux flasks (175 cm2) to scale up the cells. 

These cells after propagation were transferred to roller bottles (480 cm2: Duran, GmbH, 

Germany) each containing 100 ml of the medium in order to observe the factors affecting its 

biomass production. 
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3.1.2.  Factors affecting the biomass production of BHK-21 cells in Roller Bottles    

3.1.2.1   Seeding density 

Effect of seeding density on the biomass production of BHK-21 cells was monitored in 

the nine roller culture flasks. Five, 10 and 15 million cells were seeded in each of the three 

respective sets of the bottles. Each of the bottles was having 100 ml of the growth medium and 

each of the nine cell seeded bottles was incubated at 37 °C for 60 hours in the incubator at 3 rpm.  

3.1.2.2.   Amount of growth medium  

Fifteen roller bottles (480 cm2) were divided into five groups (A, B, C, D and E), each 

having three bottles. Twenty five, 50, 100, 125 and 150 ml of the growth medium was 

transferred to each of the three bottles of group A, B, C, D and E respectively. About 10 million 

BHK-21 cells were seeded in each of the 15 bottles and incubated at 37 °C for 60 hours in the 

incubator at 3 rpm.  

 3.1.2.3.   Concentration of the fetal calf serum   

Fifteen roller bottles (480 cm2) were divided into five groups (A, B, C, D and E), each 

having three bottles. Hundred ml of the maintenance medium without FCS was added in each of 

the 15 bottles. The FCS was added in each of the three bottles of group A, B, C, D and E at the 

rate of 0, 5, 7, 9 and 11 % respectively. About 10 million BHK-21 cells were seeded in each of 

the 15 bottles. Each of the bottles was incubated at 37 °C for 60 hours in the incubator at 3 rpm.  
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3.1.2.4.   Incubation period  

Fifteen roller bottles (480 cm2) were divided into five groups (A, B, C, D and E), each 

having three bottles. One hundred ml of the growth medium supplemented with 5% FCS was 

added to each of the bottle. About 10 million BHK-21 cells were seeded in each of the 15 bottles. 

Each of the three bottles of group A, B, C, D and E was incubated at 37 °C for 24, 36, 48, 60 and 

72 hours at 3 rpm, respectively. 

3.1.2.5.    Incubation temperature  

Twelve roller bottles (480 cm2) were divided into five groups (A, B, C and D), each 

having three bottles. One hundred ml of the growth medium supplemented with 5% FCS was 

added to each of the bottle. About 10 million BHK-21 cells were seeded in each of the 12 bottles. 

Each of the three bottles of group A, B, C and D was incubated at 33, 35, 37, and 39°C for 60 

hours at 3 rpm, respectively. 

1.1.2.6. Rolling speed  

Fifteen roller bottles (480 cm2) were divided into five groups (A, B, C, D and E), each 

having three bottles. One hundred ml of the growth medium supplemented with 5% FCS was 

added to each of the bottle. About 10 million BHK-21 cells were seeded in each of the 15 bottles. 

Each of the three bottles of group A, B, C, D and E was incubated at 37 °C for 72 hours at 1, 2, 

3, 4 and 5 rpm, respectively. 
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3.1.2.7.    Culture system 

Nine culture vessels of either Roux flask (175 cm2: n=3), Roller Bottles (480 cm2: n=3) 

or micro-carriers containing stirring bottles (n=3) were used for this experiment. Thirty five ml 

of the growth medium was added in each of the three Roux flasks. One hundred ml of the growth 

medium was added in each of three roller bottles. However, two hundred ml of the growth 

medium was added in each of three stirring bottles. Ten million BHK-21 cells were seeded in 

each of the nine culturing vessels. Each of nine culture vessels such as Roux flask, roller bottle 

culture and micro-carrier stirring bottles were incubated at 370C in the still, roller and in 

incubator equipped with magnetic stirrer for 60 hours, respectively.  

3.1.3 Harvesting and counting of cells 

The cells from each of the culture vessel were harvested and counted (Davis, 2002). The 

growth medium in each of the culture vessel containing monolayer of BHK-21 cells was 

discarded and replaced with 3 ml warm (370C) trypsin solution (0.025 % : Bio west)/ Roux flask, 

5 ml of the trypsin solution/ roller bottle and 7 ml in each of the vessel containing micro-carrier. 

Each of the culture vessels was incubated at 370 C for 5 minutes and processed for pipetting to 

separate the monolayer. The suspended cells were transferred to a test tube containing 10 ml of 

cold (100 C) growth medium. Cells thus harvested were centrifuged at 400 x g for 4 min. Pellet 

of cells was re-suspended in 5ml of maintenance medium. The cell suspension (0.1 ml) was 

mixed with the equal amount of trypan blue solution (0.4% w/v) and incubated for 5 minutes at 

250 C. After cleaning the chambers of Neubauer Hemocytometer with 70% ethanol, it was 

covered with cover slip. The mixture of cells and trypan blue solution was poured on to the 

chamber by placing the tip of pipette at the edge.  A filter paper was used to blot the excessive 
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fluid spread from filling the grove. The hemocytometer was placed under microscope with 10 x 

objective and stained and unstained cells were counted. Dead cells were stained as blue while 

live cells remained unstained. The cells in central and four cornered squares of the counting 

chamber were counted for recording the viability of cells. The cells touching the upper or left 

boundaries were included and the cells touching lower or right boundaries were excluded. Total 

concentration of the cells in original cell suspension per ml was calculated as per following 

formula: 

Total count x 1000 x dilution factor per ml 

3.1.4. Statistical Analysis 

The cell count in each of the culture vessels (n=3) in each of the experiment was 

tabulated and each value was transformed into log value. Each of the three log values were 

processed for calculation of mean and standard deviation. The mean of each parameter were 

analyzed using ANOVA at 5% probability level (SPSS 13.0). Each of the mean value was 

compared with either of the other values using Duncan multiplication test (SPSS: 13.0).  

3.2. Cultivation of Foot and Mouth disease virus 

 FMD virus serotypes (“O”, “A” and “Asia-1”) was obtained from Department of 

Microbiology, FVS, UVAS, Lahore and was cultivated on monolayer of BHK-21 cells in 

different culture systems. The effect of incubation temperature and FCS concentration on 

biological titer of FMD virus type “O” was determined. Also effect of culturing systems such as 

still culture, roller bottle and stirring bottles containing micro-carrier on biological titer of “O”, 

“A” and “Asia-1” serotypes of FMD virus was determined. 
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3.2.1. Incubation temperature 

Effect of incubation temperature on biological titer of FMD type “O” virus was observed. 

Twelve roller bottles after attaining complete monolayer of BHK-21 cells were divided into four 

groups (A, B, C and D) each having three bottles. Each of the bottles was provided with 100 ml 

of the maintenance medium supplemented with 1% FCS. After giving infection of FMD type 

“O” virus (3 ml), in each of twelve bottles,  each bottle of group A, B, C and D was incubated at 

330C, 350C, 370C and 390C for 48 hours, respectively. After 48 hours of the incubation, CPE of 

the virus was observed under inverted microscope.  

3.2.2. Fetal Calf Serum  

Effect of FCS concentration on biological titer of FMD type “O” virus was observed. 

Each of the eighteen cell culture bottles after attaining complete monolayer of BHK-21 cells 

were replaced with 100 ml of the maintenance medium and were divided into six groups (A, B, 

C, D, E and F), each group containing three bottles. Sterilized FCS was added at the rate of 0, 1, 

2, 3, 4, and 5 % aseptically in each of the bottles of group A, B, C, D, E and F, respectively. 

Monolayer in each of the bottles was infected with 3 ml of freshly grown FMD “O” virus. Each 

of the bottles was incubated at 370C for 48 hours and CPE of the virus in each bottle was 

observed under inverted microscope. 

3.2.3. Culture system 

Effect of culturing systems such as still culture (Roux flasks), roller bottle culture and 

spinning bottle containing micro-carrier (each culture system has three culture vessels) on the 

biological titer of “O”, “A” and “Asia-1” serotypes of FMD virus was observed. In each of the 
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vessels of the culture systems, complete monolayer of BHK-21 cells was provided with 35, 100 

and 200 ml of the maintenance medium containing 1% FCS, respectively. Each of the Roux 

flasks, roller bottles and spinning bottle containing micro-carrier culture vessels was infected 

with 3, 5 and 7 ml of FMD type “O”, “A” and “Asia-1” virus, respectively and incubated at 370C 

for 48 hours. Status of monolayer of the cells was noticed under inverted microscope.  

3.2.4. Biological Titration of FMD Virus (TCID50) 

The virus suspension showing CPE in either of the bottles of culture system in each of the 

above mentioned experiments was harvested and processed for biological titration to determine 

tissue culture infective dose 50 (TCID50) (Reed and Muench, 1938). Hundred ul of the growth 

medium was added in each well of the 96 well plates (Flat bottom). The BHK-21 cells were 

transferred to the plate. This culture plate was incubated at 370C for 48 hours until complete 

monolayer is formed. Using Multi channel micro pipette with sterile tips, an additional 80 µl of 

growth medium was added to each well of the plate. In this way, total growth medium in each 

well of the plate became 180 ul. Using single channel micropipette, 20 µl of each of the above 

mentioned virus suspension was added to each of the eight wells of column 1. In each of the 

eight wells of column 1, the virus was diluted as 1:10. Using multi channel micropipette, after 

mixing the virus suspension, 20 µl of the suspension from each well of column 1 was transferred 

to respective wells of the column 2, in each well of the column 2 the virus was diluted as 1:100. 

The dilution was kept continued up to column 10. Twenty µl from each well of the column 10 

was discarded in a beaker containing 0.1 % pyodine solution. The wells of column 11 and 12 

were kept as control as non infected cells. In this way each of the virus serotype of FMD was 

diluted as 10 folds directly on cells. The cell plates were incubated at 370C for 72 hours.  
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The complete destruction of monolayer (CPE) in each well was recorded and TCID50 was 

calculated using formula described as: 

PD= infectivity > 50% - 50/ infectivity > 50%- infectivity < 50% 

PD stands for proportional distance. 

3.2.5. Statistical Analysis 

The effect of serum concentration, incubation temperature and cell culture system on 

biomass production/infectivity titer of the FMD virus (TCID50) was determined. Log value of 

each TCID50 value of the virus was calculated. Then the log values of each serum concentration, 

each incubation temperature and each type of culture system was processed for calculation of 

mean and SD values. Mean of each of the above mentioned parameters were compare using one 

way ANOVA followed with DMR at 5% level of probability (SPSS 13.0).  

3.3.   Montanide oil based trivalent FMDV vaccine 

Each of the FMD virus serotype was cultivated, titrated and processed for vaccine 

production. This process consists of inactivation, sterility and safety testing and mixing with 

stabilizer and adjuvant. 

3.3.1. Inactivation  

Each of the serotypes of FMD virus was inactivated by using Binary Ethyleneimine 

(Bahneman et al. 1975). BEI was prepared by dissolving 0.1 M, 2-bromoethylamine 

hydrobromide in 0.2 N sodium hydroxide solution and incubating at 370C for one hour. BEI 

solution was mixed with each of the virus suspension at the rate of 0.001 M and incubated at 250 
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C for 24 hours. Contents of each culture vessels were transferred to new containers and BEI 

solution was again added at the same concentration as mentioned above. Each culture vessel was 

re incubated at 250C for 24 hours. Sodium Thiosulphate was added in each of the virus 

suspension at the rate of 2% to neutralize the residual amount of BEI molecules.  

3.3.2. Sterility test 

The inactivated viral suspension was subjected to sterility testing by transferring one ml 

of BEI inactivated virus suspension of each serotypes mixed in each of the broths such as triptose 

broth (10 ml), Sabouraud’s broth and mycoplasma broth. Each of the inoculated broth in the test 

tube was incubated at 370C for 10 days and was observed for bacterial and fungal growth. No 

growth in either of the broth indicated that viral suspension is free from mycotic and bacterial 

contamination (OIE, 2009). 

3.3.3.  Safety test 

The viral suspension was subjected for safety test. Three sterilized test tubes were taken 

in a rack and labeled as 1, 2 and 3. One ml of BEI inactivated viral suspension (“O”, “A” and 

“Asia-1”) was transferred to each of the labeled tube aseptically. At the same time, 96 well flat 

bottom cell culture plate of BHK-21 cells monolayer was prepared. The monolayer of each of the 

well of the plate was washed with sterilized PBS and supplemented with 100 ul of maintenance 

medium containing 1% FCS. Inactivated virus suspension was added to wells in triplicate. The 

plate was then incubated at 370 C for 72 hours. Post incubation, the wells were examined at 40 x 

under inverted microscope. The cytopathic effect (if any) was recorded (Altaf et al. 2012). 
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3.3.4. Addition of preservative 

Thiomersal sodium was added in virus suspension of each serotype at the rate of 0.05% 

and mixed with Montanide ISA-70 oil as given below. 

3.3.5. Mixing with oil (ISA-70 Montanide)   

Montanide ISA-70 was mixed with virus suspension containing different levels of 

immunogen/infectivity titer of each serotypes of FMD virus at ratio of 3:2. Oil with virus 

suspension was blended at 3000 rpm for 5 minutes to prepare the uniformly homogenized 

vaccine. Composition of each of the vaccine is given below. 

3.3.6. Vaccine Label 

FMD TRIVALENT VACCINE (# 1) 

Each 3 ml dose of the vaccine contains 0.1 ml of 107 TCID50 unit/ml of each type 
“A”,”O” and “Asia-1” of FMD virus 
 
Composition:                                        Dosage:                               Instructions: 
Each ml contains                                   Cattle/buffalo:  3ml              Shake well before use 
Viral suspension                0.3 ml          Route:                                  Keep at 4-60 C 
Montanide ISA-70 oil       1.8 ml          Deep intramuscular              Use before six months 
PBS                                     0.9 ml  
Thiomersal sodium          0.05 % 
 

FMD TRIVALENT VACCINE (# 2) 

Each 3ml dose of vaccine contains 0.2 ml of 107 TCID50 unit/ml of each type “A”,”O” 
and “Asia-1” of FMD virus 
 
Composition:                                        Dosage:                               Instructions: 
Each ml contains                                   Cattle/buffalo:  3ml              Shake well before use 
Viral suspension                0.2 ml          Route:                                  Keep at 4-60 C 
Montanide ISA-70 oil       1.8 ml           Deep intramuscular              Use before six months 
PBS                                   0.6 ml 
Thiomersal sodium            0.05 % 
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FMD TRIVALENT VACCINE (# 3) 

Each 3ml dose of vaccine contains 0.3 ml of 107 TCID50 unit/ml of each type “A”,”O” 
and “Asia-1” of FMD virus 
 
Composition:                                        Dosage:                               Instructions: 
Each ml contains                                   Cattle/buffalo:  3ml              Shake well before use 
Viral suspension                0.9 ml          Route:                                  Keep at 4-60 C 
Montanide ISA-70 oil       1.8 ml           Deep intramuscular              Use before six months 
PBS                                   0.3 ml 
Thiomersal sodium            0.05 % 
 
 
 
FMD TRIVALENT VACCINE (# 4) 

Each 3ml dose of vaccine contains 0.4 ml of 107 TCID50 unit/ml of each type “A”,”O” 
and “Asia-1” of FMD virus 
 
Composition:                                        Dosage:                               Instructions: 
Each ml contains                                   Cattle/buffalo:  3ml               Shake well before use 
Viral suspension                1.2 ml          Route:                                  Keep at 4-60 C 
Montanide ISA-70 oil       1.8 ml           Deep intramuscular              Use before six months 
PBS                                   0.0 ml 
Thiomersal sodium          0.05 % 

3.4. Evaluation of FMD trivalent vaccines 

Twenty five experimental buffalo calves (6 months of age) were selected from Buffalo 

Research Institute (BRI), Patokki, District Kasur and were divided into five groups A, B, C, D 

and E (each group contains five calves). Each of the 5 calve of group A, B, C and D were 

vaccinated (3ml: deep intra muscular) using vaccine # 1, 2, 3 and 4, respectively. The calves of 

group E were kept as control (non-vaccinated). Each calf of each group was given first boost 

using the same vaccine, dose and route on 60 day post priming. The blood (5 ml) was collected 

from jugular vein of each of the calves on 0, 1, 2, 3 and 6 months post priming. Each of the 

blood samples was stored at 40 C for one hour followed with incubation at 370 C for two hours. 
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The serum from each blood sample was separated and transferred into properly labeled serum 

vials. Each of the serum samples was stored at – 400 C till required for monitoring anti FMD 

virus Complement Fixation antibody (Lobo et al. 1973).  

3.5. Complement Fixation Test (CFT) 

The antibody titer in each of these samples was determined by Complement Fixation Test 

(CFT), using multi channel micro titrating 96 well plastic plates (Kartell; Italy). For the test, 

amboceptor (anti sheep erythrocyte antibodies) was raised in rabbits and processed for its 

titration (Merchant and Packer, 1983). A 5 ml of blood was collected in a test tube containing 

heparin (one unit per ml of the blood) from jugular vein of an experimental lab sheep. The test 

tube was gently agitated to mix the anticoagulant to prevent clotting. The blood was centrifuged 

at 400 g for 3 minutes. The supernatant was discarded. Five ml of normal saline (0.9 % aqueous 

solution of sodium chloride) was added to the sedimented sheep erythrocytes (RBCs) and re-

suspended by gentle inverted motion. The erythrocyte suspension was centrifuged at the same 

speed and time. This process of washing of the RBC was repeated till supernatant became clear. 

At the end, the packed RBCs were re-suspended in phosphate buffer saline (PBS) to prepare 1 

and 5 % suspension. The washed sheep erythrocyte (SRBC) suspension was used to raise anti-

serum (amboceptor) in the rabbits (Merchant and Packer 1983). About 0.1, 0.3, 0.5, 0.7, 0.9 and 

1 ml of the RBCs suspension was injected to each of the three experimental rabbits on first, 3rd, 

5th, 7th, 9th and 11th day post first injection through intra venous route of the ear vein. On twenty 

one day post 1st injection 3 ml blood was collected from ear vein of each of the three rabbits 

separately and transferred to each of the respective labeled test tubes. The serum collected from 

each vial was pooled and processed for monitoring anti sheep RBCs heamagglutinating 

antibodies in 96 welled round bottomed micro titration plastic plates using the technique 
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described by (Swayne et al, 1998). The PBS (50 ul, pH 7.2) was added in each of the twelve 

wells of 3 rows of the plate using 8-channeled micropipette. Amboceptor (50 μl) was added in 

first well and its two-fold dilution was made up to well No. 11. Washed SRBC (50 μl: one 

percent suspension) were added from first to well No. 12 and served as control for sheep RBCs. 

The plate was incubated at the room temperature (250 C) for 60 minutes. The heam-agglutination 

(HA) activity of the serum was noted. The highest dilution of the serum showing HA activity 

was HA units of the antibodies/ml of the serum. Suppose well # 8 is the highest dilution of the 

serum showing HA activity. The serum dilution in well # 8 was 256. The well # 9 was not 

showing the HA activity but was having sub agglutinating of the amboceptors. The serum was 

diluted so as to have sub agglutination level of ambocepto and mixed with equal volume of 5% 

SRBC suspension. The mixture of SRBC suspension was incubated at the room temperature for 

10 min and subjected to centrifuge at 400x g for 3 minutes. The supernatant was removed and 

the packed RBCs were re-suspended in veronal buffer to have 2 percent RBCs suspension. These 

antibodies (Amboceptors) coated RBCs were used for titration of complement. 

Blood (3ml) was collected directly from heart of each of the three male apparently 

healthy guinea pigs and transferred to each of the respective labeled test tubes. The blood was 

allowed to clot and processed for separation of its serum. The serum from each of the three 

guinea pigs was pooled and stored at 40 C for determining its hemolytic activity, veronal buffer 

(50ul ) was added to each of the 12 wells of two rows of the above mentioned micro titration 

plate using multi channel micro pipette. Guinea pig serum (50 ul) was added to 1st well of each 

of the two rows of micro titration plate and processed further as two fold dilution up to well #11 

of the plate. The sensitized RBCs (amboceptor coated RBCs: 50 ul) were added to each of the 12 

wells of each row. The plate was incubated at the room temperature for 10 minutes and subjected 
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to centrifugation in low temperature centrifuge machine. The highest dilution of the guinea pig 

serum showing hemolytic (HL) activity was the HL units of the serum. Division of this dilution 

by 4 resulted into dilution having 4 HL units of the complements. Such diluted guinea pig serum 

was used in final CFT. 

The CFT was performed as per recommendations of (Cruickshank, 1975: OIE 2000). The 

brief procedure is as following. The veronal buffer (50 μl) was added from well # 1 to well # 12 

of the immuno-plate. The calf serum (50 μl) was added in well # 1 and its two-fold dilution was 

made up to well # 9.  FMD virus type “O” (50 ul) was added from well # 1 to well # 10. The 

plate was incubated at the room temperature for 10 minutes. Guinea pig serum (50 μl) having 4 

HL unit of the complement was added in well # l to well # 11 and the plates were incubated at 

37°C for ten minutes. Finally, 50 μl of the sensitized sheep  RBC (2%) were added from well # 1 

to well # 12 of each row of the plate. The highest dilution of the serum showing no hemolysis of 

the sensitized RBCs was the titer of anti FMDV “O” CFT antibodies. In this way each of the 

serum samples was processed for monitoring its antibody titer against “O”, “A” and “Asia-1” 

types of FMD virus. 

3.6. Statistical Analysis 

The serum antibody titer of each calf of each group on 0, 30, 60, 90 and 180 days post 

priming was processed for calculation of its geometric mean titer (GMT) (Villagas and Purchase, 

1989). The GMT data of each group on 30, 60, 90 and 180 days post priming was processed for 

calculation of mean (CGMT) and SD values. These CGMT values of the antibody titer of each 

vaccinated group were compared using one way analysis of variance (ANOVA and subsequently 

Duncan multiplication test (SPSS 13.0)). 
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CHAPTER-4 

RESULTS 

4.1. Effect of nutritional and physical factors on biomass production of BHK-21 cells 

4.1.1. Nutritional factors   

There was positive effect of ratio of growth medium and fetal calf serum concentration 

on the biomass production/ growth of BHK-21 cells. 

4.1.1.1. Growth medium amount 

Growth medium provides all necessary elements required for the growth of cells in in 

vitro culture. Effect of different volumes of Glasgow minimum essential medium (GMEM) with 

5% fetal calf serum (FCS) was monitored for the growth of BHK-21 cells in roller culture 

bottles. Cell density in each bottle was 10 million and the results of cell count / bottle of the 

medium are shown in Table 4.1 (Figure 4.1). It was observed that bottles containing 25 ml of the 

growth medium supported cell density up to 2.1x106, 2.5x106 and 2.4x106 and their log values 

were 6.32, 6.39 and 6.38, respectively in each of the three bottles. Mean ± standard deviation of 

these log values was 6.36 ± 0.038. The bottles containing 50 ml of the growth medium supported 

cell density up to 3.8x106, 3.6x106 and 4.0x106 and their log values were 6.57, 6.55 and 6.60 

respectively in each of the three bottles. Mean ± standard deviation of these log values was 6.57 

± 0.026. The bottles containing 100 ml of the growth medium supported cell density up to 

4.3x107, 4.3x107and 4.5x107and their log values were 7.63, 7.63 and 7.65 respectively in each of 

the three bottles. Mean ± standard deviation of these log values was 7.63 ± 0.011. The bottles 
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containing 125 ml of the growth medium supported cell density up to 4.6x107, 4.9 x107and 

4.6x107 and their log values were 7.66, 7.69 and 7.66 respectively in each of the three bottles. 

Mean ± standard deviation of these log values was 7.67 ± 0.018. The bottles containing 150 ml 

of the growth medium supported cell density up to 4.5x107, 5.0x107 and 4.6x107 and their log 

values were 7.65, 7.69 and 7.66 respectively in each of the three bottles. Mean± standard 

deviation of these log values was 7.67 ± 0.020. Mean cell density of each volume of the growth 

medium was significantly different from each other (p <0.05). It was further noticed that 

minimum cell growth in bottle having 25 ml of medium was significantly less than the cell 

density observed in bottle having 50 ml or more amount of the medium. The cell density in 

bottles having medium 100 ml (7.63), 125 ml (7.67) & 150 ml (7.67) were not significantly 

different but each of the cell density was significantly higher than that of bottle having either 25 

ml (6.63) or 50ml medium (6.57) as p<0.05. 

4.1.1.2. Fetal calf serum 

Effect of different concentrations of FCS in GMEM was monitored on biomass/ growth 

of BHK-21 cells in roller culture bottles. Cell density in each bottle was 0.1 million cells/ ml of 

the medium and the results in the form of cell count / bottle as shown in Table 4.2 (Fig 4.2). It 

was observed that bottles supplemented with 0 % FCS supported cell density up to 2.6 x 105, 2.5 

x 105 and 2.1 x 105 /ml of the medium and their log values were 5.41, 5.39 and 5.32, respectively 

in each of the three bottles. Mean ± standard deviation of these log values was 5.37 ± 0.047.  The 

bottles supplemented with 5 % FCS supported cell density up to 3.7 x 107, 3.8 x 107 and 3.7 x 

107 and their log values were 7.56, 7.57 and 7.56 respectively in each of the three bottles. Mean 

± standard deviation of these log values was 7.56 ± 0.005. The bottles supplemented with 7 % 

FCS supported cell density up to 4.7 x 107, 4.7 x 107 and 4.8 x 107 and their log values were 
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7.67, 7.67 and 7.68 respectively in each of the three bottles. Mean ± standard deviation of these 

log values was 7.67 ± 0.005. The bottles supplemented with 9 % FCS supported cell density up 

to 4.9x107, 4.7x107 and 4.8x107 and their log values were 7.69, 7.67 and 7.68 respectively in 

each of the three bottles. Mean ± standard deviation of these log values was 7.68 ± 0.010. The 

bottles supplemented with 11% FCS supported cell density up to 4.9x 107, 4.7x 107 and 4.8 x 107 

and their log values were 7.69, 7.67 and 7.68 respectively in each of the three bottles. Mean ± 

standard deviation of these log values was 7.68 ± 0.010. Mean cell density of each of the 

percentage of FCS was significantly different (p>0.05). It was further added that the bottle 

having 0% of FCS was significantly less than the cell density observed in bottle having 5 % FCS 

(p>0.05). The cell density in the bottles having 5 % (7.56), 7 % (7.67), 9 % (7.68) and 11 % 

(7.68) of FCS were not significantly different but each of the bottles, cell density was 

significantly higher than that of bottle with 0 %.  

4.1.2. Physical factors  

4.1.2.1. Initial cell density 

 Effect of different cell densities of initial inoculums was monitored on growth of BHK-

21 cells in roller culture bottles. Inoculums of initial cell density was 5 million, 10 million and 15 

million and the results in the form cell count / bottle as shown in Table 4.3 (Fig 4.3). It was 

observed that bottles containing 5 million cells/ bottle supported cell yield up to 2.3 x 107, 

2.1x10
7
and 2.4x10

7
 and their log values were 7.36, 7.32 and 7.38 respectively in each of the 

three bottles. Mean± standard deviation of these log values was 7.35 ± 0.030. The bottles 

containing ten million cells/ bottle supported cell yield up to 4.5 x 107, 4.3x10
7
and 4.6x10

7
and 
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their log values were 7.65, 7.63 and 7.66 respectively in each of the three bottles. Mean± 

standard deviation of these log values was 7.64 ± 0.015.  

The bottles containing 15 million cells/ bottle supported cell yield up to 4.6 x 107, 4.8x10
7
and 

4.6x10
7
and their log values were 7.66, 7.68 and 7.66 respectively in each of the three bottles. 

Mean± standard deviation of these log values was 7.66 ± 0.011. Mean cell density of each 

volume of growth medium was significantly different (p>0.05). It was further noted that 

minimum cell growth in bottles having 5 million of initial cell density was significantly less than 

the cell density observed in bottle having 10 million (7.64) and 15 (7.66) million (p>0.05). The 

cell density in bottles having 10 million (7.64) and 15 million (7.66), were not significantly 

different but each of the cell density was significantly higher than that of bottle 05 million (7.35) 

as p>0.05. 

4.1.2.2. Incubation period  

Effect of different times of incubation was monitored on growth of BHK-21 cells in roller 

culture bottles. Cell density in each bottle was 10 million irrespective of time of incubation and 

the results in the form of cell count / bottle was shown in Table 4.4 (Figure 4.4). It was observed 

that bottles provided 24 hours of incubation period supported cell density up to 2.2x107, 2.2x107 

and 2.1x107and their log values were 7.34, 7.34 & 7.32 respectively in each of three bottles. 

Mean± standard deviation of these log values was 7.33 ± 0.011. The bottles provided 36 hours of 

incubation period supported cell density up to 3.4 x107, 3.6x107and 3.7x107and their log values 

were 7.53, 7.55 and 7.56 respectively in each of three bottles. Mean± standard deviation of these 

log values was 7.55 ± 0.015. The bottles provided 48 hours of incubation period supported cell 

density up to 4.7x107, 4.9x107& 4.7x107and their log values were 7.67, 7.69 & 7.67 respectively 
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in each of three bottles. Mean± standard deviation of these log values was 7.67 ± 0.011. The 

bottles provided 60 hours of incubation period supported cell density up to 4.7x107, 4.9x107& 

4.9x107and their log values were 7.67, 7.69 & 7.69 respectively in each of three bottles. Mean± 

standard deviation of these log values was 7.68 ± 0.011. The bottles provided 24 hours of 

incubation period supported cell density up to 1.3 x107, 1.2x107 and 1.2x107and their log values 

were 7.11, 7.07 and 7.07 respectively in each of three bottles. Mean± standard deviation of these 

log values was 7.07 ± 0.023. Mean cell density of each time period of incubation was different as 

p>0.05. It was further noted that minimum cell growth in bottle provided 72 hours of incubation 

time was significantly less than the cell density observed in bottle provided with 60 hours of 

incubation (p>0.05). The cell density in bottles endow with 48 hours (7.67) and 60 hours (7.68) 

were not significantly different but each of the cell density was significantly higher than that of 

bottle incubated either for 24 hours (7.33) or 72 hours (7.07) as p>0.05. The cell density in 

bottles endows with 24 hours (7.33) and 36 hours (7.55) were not significantly different but each 

of the cell density was significantly lesser than that of bottle incubated either for 60 hours (7.68). 

4.1.2.3. Incubation temperature  

Effect of different incubation temperature was monitored on growth of BHK-21 cells in 

roller culture bottles. Cell density in each bottle was 10 million cells per bottle irrespective of its 

incubation temperature and the results in the form cell count / bottle are shown in Table 4.5. 

Keeping in view all the other nutritional (GMEM & FCS) and physical parameters (time & 

revolution speed) constant, the temperature of incubation was variable as  330C, 350C ,37 0C and 

390C and the results in the form cell count / bottle as shown in Table 4.5 (Figure 4.5). Mean cell 

density of each volume of growth medium was significantly different as p>0.05.  It was observed 

that the bottles incubated at 330C supported cell growth up to 1.3 x 107, 1.5 x 107 and 1.6 x 107 



RESULTS 
 

46 

and their log values were 7.11, 7.17 and 7.20 respectively in each of three bottles. Mean± 

standard deviation of these log values was 7.16 ± 0.046. The bottles incubated at 350C supported 

cell growth up to 3.3 x 107, 3.7 x 107 and 3.8 x 107 and their log values were 7.51, 7.56 and 7.57 

respectively in each of three bottles. Mean± standard deviation of these log values was 7.54 ± 

0.032. The bottles incubated at 370C supported cell growth up to 4.8 x 107, 4.9 x 107 and 4.9 x 

107 and their log values were 7.68, 7.69 & 7.69 respectively in each of three bottles. Mean± 

standard deviation of these log values was 7.68 ± 0.005. The bottles incubated at 390C supported 

cell growth up to 1.2 x 103, 1.2 x 103 and 1.1 x 103 and their log values were 3.07, 3.07 and 3.05 

respectively in each of three bottles. Mean± standard deviation of these log values was 3.06 ± 

0.010. It was further noted that minimum cell growth in bottle incubated at 390C (3.06) was 

significantly less than the cell density observed in bottle incubated at 370C (7.68) and 350C 

(7.54) as (p>0.05). The cell density in bottles provided 350C (7.54) and 370C (7.68) were not 

significantly different but each of the cell density was significantly higher than that of bottle 

incubated at 390C. Remarkably different result was observed in bottles incubated at 390C. Mean 

± standard deviation of these antilog values was 3.06 ± 0.010. 

4.1.2.4. Revolution speed  

Effect of different revolution speed was monitored on growth of BHK-21 cells in roller 

culture bottles. Cell density in each bottle was 10 million cells per bottle irrespective of its speed 

of revolution and the results in the form cell count / bottle as shown in Table 4.6 (Figure 4.6). It 

was observed that bottles revolving at speed 01 rpm and supported cell density up to 2.3x104, 

2.5x104 and 2.6x104 and their log values are 4.36, 4.39 and 4.41 respectively in each of three 

bottles. Mean± standard deviation of these log values was 4.39 ± 0.025. The bottles revolving on 

speed 02 rpm and supported cell density up to 6.8 x104, 6.9 x104 and 7.0 x104 and their log 
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values were 4.86, 4.83 and 4.84 respectively in each of three bottles. Mean± standard deviation 

of these log values was 4.83 ± 0.015. The bottles revolving on speed 03 rpm and supported cell 

density up to 4.8 x107, 4.7 x107and 4.9 x107and their log values were 7.68, 7.67 and 7.69 

respectively in each of three bottles. Mean± standard deviation of these log values was 7.68 ± 

0.010. The bottles revolving on speed 04 rpm and supported cell density up to 2.2x103, 

2.1x103and 2.2x103and their log values were 3.34, 3.32 and 3.35 respectively in each of three 

bottles. Mean± standard deviation of these log values was 3.33 ± 0.015. The bottles revolving on 

speed 05 rpm and supported cell density up to 3.5 x102, 3.0 x102and 2.8 x102 and their log values 

were 2.54, 2.47 and 2.44 respectively in each of three bottles. Mean± standard deviation of these 

log values was 2.49 ± 0.051. Mean cell density of each revolution speed was significantly 

different as p>0.05. It was further noted that minimum cell growth in bottle revolving at 05 rpm 

was significantly less than the cell density observed in bottle revolving at 03 rpm (p>0.05). The 

cell density in bottles rotated at 01(4.39) and 02 (4.83) rpm were not significantly different but 

each of the cell density was significantly lesser than that of bottle rotated at 03 rpm (7.68). 

4.1.2.5  Culture system 

Filter sterilized GMEM supplemented with 5% FCS  was added in each of the three Roux 

flask (35 ml/ flask), Roller bottle (100 ml/bottle) and Micro-carrier culture vessel (200 

ml/bottle). BHK-21 cells were added in each of the flask/bottle at the rate of 10 million cells/ ml. 

Cells of each culture vessel after incubation at 370C for 60 hours were counted and displayed in 

Table 4.7 and Figure 4.7. It was observed that the cells grew in the form of monolayer and 

reached to the cell density of 1.9 x107, 2.4 x 10 7 and 1.7 x107 in each of the Roux flask and log 

values of the each cell count of each of the Roux flasks were 7.27, 7.38 and 7.23. Mean ± 

standard deviation of these log values was 7.29 ± 0.07. The cells grew in the form of 
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monolayer on inner surface of the rolling bottles and reached to the cell density of 4.5 x107, 4.9 x 

10 7 and 4.4 x107 in each of the Roller bottle. Log values of the cell count of each of the three 

Roller bottles were 7.65, 7.69 and 7.64. Mean ± standard deviation of these log values 

was 7.66 ± 0.02.  The cells grew on the inner surface of the cell culture bottle as well as on 

surface of micro-carriers and cell density per 200 ml of the growth medium in each of the three 

micro-carrier culture vessels were 1.8 x108, 2.4 x 108 and 2.5x108 cells. The log values of the cell 

count of each of the three micro-carrier culture vessels were 8.25, 8.38 and 8.39. Mean ± 

standard deviation of these log values was 8.34 ± 0.07. The cell count in each of the 

culture vessel was significantly different from each other (p<0.05). There was minimum cell 

count in Roux flask and maximum cell count in micro-carrier culture vessels (Table 4.7). 
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Table 4.1: Effect of growth medium quantity on scale up of BHK-21 cells in roller 
bottles 

 

* Growth 
Medium 

(volume) 

Cell count (log 10 ) 

Bottle 1  Bottle 2  Bottle 3  **Mean±Std.dev 

25 ml 2.1x10
6
(6.32)  2.5x10

6
(6.39) 2.4x10

6
(6.38)

 6.36a ± 0.038 

50 ml 3.8x10
6
(6.57) 

 
3.6x10

6
(6.55) 4.0x10

6
(6.60)

 6.57b ± 0.026 

100 ml 4.3x10
7
(7.63) 

 
4.3x10

7
(7.63) 4.5x10

7
(7.65)

 7.63c ±0.011 

125 ml 4.6x10
7
(7.66) 

 
4.9x10

7
(7.69) 4.6x10

7
(7.66)

 7.67c ±0.018 

150 ml 4.5x10
7
(7.65) 

 
5.0x10

7
(7.69) 4.6x10

7
(7.66)

 7.67c ±0.020 

*Glasgow minimal essential medium (GMEM)         **Mean & standard deviation of log values  

 

Seeding density was 10 million cells per bottle (n =3), 5 % serum was added in the Glasgow 

minimum essential medium (GMEM) and the bottles were incubate at 37°C for 48 hours. Cells 

were harvested from each bottle and counted. The cell count was shown in the respective box of 

the Table 4.1. Log of each value determined and was depicted in parenthesis, then mean Std.dev 

of the three log values was calculated and was shown in respective box. The mean values having 

similar superscript are not significantly different (p< 0.05).  
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Figure 4.1: Growth rates of BHK-21 cells cultured in roller bottles at different volumes 
of growth medium 

 

 

Seeding density was 10 million cells per bottle (n =3), 5 % serum was added in the Glasgow 

minimum essential medium and the bottles were incubate at 37 °C for 48 hours. Cells were 

harvested from each bottle and counted. The cell count was shown in the respective box of the 

Figure 4.1. Mean Std.dev of the three log values was calculated and was shown in respective 

box. The mean values having similar superscript are not significantly different (p< 0.05).  
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Table 4.2: Effect of serum concentration on the yield of BHK-21 cells cultured in roller 
bottles 

 
 
  

*Serum 
concentration 

(%)  

Cell count (log 10 ) 

Bottle 1  Bottle 2  Bottle 3  

**Mean ± 

std.dev 

0 %  2.6x10
5
(5.41) 2.5x10

5
(5.39) 2.1x10

5
(5.32) 5.37a ± 0.047 

5 %  3.7x10
7
(7.56) 3.8x10

7
(7.57) 3.7x10

7
(7.56) 7.56b ± 0.005 

7 %  4.7x10
7
(7.67) 4.7x10

7
(7.67) 4.8x10

7
(7.68) 7.67b ± 0.005 

9 %  4.9x10
7
(7.69) 4.7x10

7
(7.67) 4.8x10

7
(7.68) 7.68b ± 0.010 

11 %  4.9x10
7
(7.69) 4.7x10

7
(7.67) 4.8x10

7
(7.68) 7.68b ± 0.010 

*FCS (Fetal calf serum)                                                **Mean ± standard deviation of log values 

 

Seeding density was 10 million cells per bottle, 100 ml of M-199 medium was added in each 

bottle and the bottles were incubated at 37 °C for 48 hours. Cells were harvested from each bottle 

and counted. The cell count was shown in the respective box of the Table 4.2. Log of each value 

determined and was depicted in parenthesis, then mean Std.dev of the three log values was 

calculated and was shown in respective box. The mean values having similar superscript are not 

significantly different (p> 0.05).  
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Figure 4.2: Growth rate of BHK-21 cells cultured in roller bottles at various 
concentrations of Fetal Calf Serum 

 

Seeding density was 10 million cells per bottle, 100 ml of GMEM was added in each bottle and 

the bottles were incubated at 37 °C for 48 hours. Cells were harvested from each bottle and 

counted. The cell count was shown in the respective box of the Figure 4.2. Mean and Std. dev of 

the three log values was calculated and was shown in respective box. The mean values having 

similar superscript are not significantly different (p> 0.05).  
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Table 4.3: Effect of seeding density on yield of BHK-21 cells cultured in the roller 
bottles 

 

 

*Amount of 
cells 

(millions) 

Cell count (log 10) 

Bottle 1  Bottle 2  Bottle 3  **Mean±Std.Dev  

5 2.3x10
7
(7.36) 2.1x10

7
(7.32) 2.4x10

7
(7.38) 7.35a ± 0.030 

10 4.5x10
7
(7.65) 4.3x10

7
(7.63) 4.6x10

7
(7.66) 7.64b  ± 0.015 

15 4.6x10
7
(7.66) 4.8x10

7
(7.68) 4.6x10

7
(7.66) 7.66b ± 0.011 

*Initial cell density                                                        **Mean ± standard deviation of log values 

 

100 ml of the GMEM supplemented with 5 % serum was added in each bottle and the bottles 

were incubated at 37 °C for 48 hours. Cells were harvested from each bottle and counted. The 

cell count was shown in the respective box of the Table 4.3. Log of each value determined and 

was depicted in parenthesis, then mean Std.dev of the three log values was calculated and was 

shown in respective box. The mean values having similar superscript are not significantly 

different (p> 0.05).  
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Figure 4.3: Growth rate of BHK-21 cells cultured in roller bottles at various seeding 
density 

 
One hundred ml of the GMEM supplemented with 5 % serum was added in each bottle and the 

bottles were incubated at 37 °C for 48 hours. Cells were harvested from each bottle and counted. 

The cell count was shown in the respective box of the Figure 4.3. Mean and Std.dev of the three 

log values was calculated and was shown in respective box. The mean values having similar 

superscript are not significantly different (p> 0.05).  
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Table 4.4: Effect of incubation period on yield of BHK-21 cells in roller bottles 
 

Incubation 
time (Hours) 

Cell count (log 10) 

Bottle 1  Bottle 2  Bottle 3  *Mean± Std.Dev  

24 2.2x10
7
(7.34) 2.2x10

7
(7.34) 2.2x10

7
(7.34) 7.33a ± 0.011 

36 3.4x10
7
(7.53) 3.6x10

7
(7.55) 3.6x10

7
(7.55) 7.55a ± 0.015 

48 4.7x10
7
(7.67) 4.9x10

7
(7.69) 4.8x10

7
(7.67) 7.67b

   
± 0.011 

60 4.7x10
7
(7.67) 4.9x10

7
(7.69) 4.8x10

7
(7.68) 7.68b ± 0.011 

72 1.3x10
7
(7.11) 1.2x10

7
(7.07) 1.2x10

7
(7.07) 7.07 c ±  0.023 

*Mean ± standard deviation of log values 

100 ml of the Glasgow minimal essential medium supplemented with 5 % serum was added in 

each bottle and the bottles were incubate at 37 °C. Seeding density was 10 million cells per 

bottle (n =3). Cells were harvested from each bottle and counted. The cell count was shown in 

the respective box of the Table 4.4. Log of each value determined and was depicted in 

parenthesis, then mean Std.dev of the three log values was calculated and was shown in 

respective box. The mean values having similar superscript are not significantly different (p> 

0.05). 
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Figure 4.4: Growth rate of BHK-21 cells cultured in roller bottles at various time 

intervals 
 

 

100 ml of the Glasgow minimal essential medium supplemented with 5 % serum was added in 

each bottle and the bottles were incubate at 37 °C. Seeding density was 10 million cells per 

bottle (n =3). Cells were harvested from each bottle and counted. The cell count was shown in 

the respective box of the Figure 4.4. Mean and Std.dev of the three log values was calculated and 

was shown in respective box. The mean values having similar superscript are not significantly 

different (p> 0.05. 
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Table 4.5: Effect of incubation temperature on yield of BHK-21 cells cultured in the 

roller bottles 
 

 

Incubation 
temperature 

Cell count (log 10) 

Bottle 1  Bottle 2  Bottle 3  
*Mean ± 
std.dev 

33°C  1.3x10
7
(7.11) 1.5x10

7
(7.17) 1.6x10

7
(7.20) 7.16a ± 0.046

35°C  3.3x10
7
(7.51) 3.7x10

7
(7.56) 3.8x10

7
(7.57) 7.54b  ± 0.032

37°C  4.8x10
7
(7.68) 4.9x10

7
(7.69) 4.9x10

7
(7.69) 7.68b  ± 0.005

39°C  1.2x10
3
(3.07) 1.2x10

3
(3.07) 1.1x10

3
(3.05) 3.06c ± 0.010

*Mean ± standard deviation of log values 

100 ml of the GMEM supplemented with 5 % serum was added in each bottle and the bottles 

were incubated at various temperatures (0C) for 48 hours. Cells were harvested from each bottle 

and counted. The cell count was shown in the respective box of the Table 4.5. Log of each value 

determined and was depicted in parenthesis, then mean Std.dev of the three log values was 

calculated and was shown in respective box. The mean values having similar superscript are not 

significantly different (p> 0.05).  
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Figure 4.5: Effect of temperature on multiplication of BHK-21 cells cultured in roller 
bottles  

 

100 ml of the GMEM supplemented with 5 % serum was added in each bottle and the bottles 

were incubated at various temperatures (0C) for 48 hours. Cells were harvested from each bottle 

and counted. The cell count was shown in the respective box of the Figure 4.5. Mean and Std.dev 

of the three log values was calculated and was shown in respective box. The mean values having 

similar superscript are not significantly different (p> 0.05).  
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Table 4.6: Effect of rolling speed on BHK-21 cells proliferation in the roller culture 
system 

 

*Revolution   
Speed      
(rpm ) 

Cell count (log 10 ) 

Bottle 1  Bottle 2  Bottle 3  **Mean± Std.Dev  

01 2.3x10
4
(4.36) 2.5x10

4
(4.39) 2.6x10

4
(4.41) 4.39a ±0.025 

02 6.8x10
4
(4.86) 6.9x10

4
(4.83) 7.0x10

4
(4.84) 4.83b  ± 0.015 

03 4.8x10
7
(7.68) 4.7x10

7
(7.67) 4.9x10

7
(7.69) 7.68c ± 0.010 

04 2.2x10
3
(3.34) 2.1x10

3
(3.32) 2.2x10

3
(3.35) 3.33d  ± 0.015 

05 3.5x10
2
(2.54) 3.0x10

2
(2.47) 2.8x10

2
(2.44) 2.49e ± 0.051 

     *Speed in revolution per minute   (rpm)                     **Mean ± standard deviation of log values 

 

Seeding density was 10 million cells per bottle (n =3), 5 % serum was added in the Glasgow 

minimum essential medium and the bottles were incubated at 37 °C for 48 hours. Cells were 

harvested from each bottle and counted. The cell count was shown in the respective box of the 

Table 4.6. Log of each value was determined and depicted in parenthesis, then mean Std.dev of 

the three log values was calculated and was shown in respective box. None of the mean values 

are similar, each is having different superscript indicates that all the values are significantly 

different (p> 0.05). 
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Figure 4.6: Growth rate of BHK-21 cells cultured in roller bottles at various rolling speed. 
 

 
Seeding density was 10 million cells per bottle (n =3), 5 % serum was added in the Glasgow 

minimum essential medium and the bottles were incubated at 37 °C for 48 hours. Cells were 

harvested from each bottle and counted. The cell count was shown in the respective box of the 

Figure 4.6. Log of each value was determined and depicted in parenthesis, then mean Std.dev of 

the three log values was calculated and was shown in respective box. None of the mean values 

are similar, each is having different superscript indicates that all the values are significantly 

different (p> 0.05). 

 

 

4.39a ±0.025
4.83b ± 0.015

7.68c ± 0.010

3.33d ± 0.015

2.49e ± 0.051

0

1

2

3

4

5

6

7

8

9

1 2 3 4 5

M
ea

n 
ce

ll
 d

en
si

ty
 in

 lo
g

10
 v

al
ue

s 

Rotation speed in revolution per minutes (rpm) 



RESULTS 
 

61 

Table 4.7   Biomass production of BHK-21 cells using different culture systems 

 

 
Cell Culture System 

 

 
Cell count (log 10 ) 

Bottle 1 Bottle 2 Bottle3 Mean± Std.dev 
 
Roux Flask  
 

1.9 x 107 (7.27) 2.4 x 107 (7.38) 1.7 x 107 (7.23) 7.29a ± 0.07 

 
Roller Bottle  
 

4.5 x 107(7.65) 4.9 x 107 (7.69) 4.4 x107 (7.64) 7.66b ±  0.02 

 
Micro-carrier  
 

1.8 x 108 (8.25) 2.4 x108 (8.38) 2.5 x108 (8.39) 8.34c ± 0.07 

 

 Ten million cells (BHK-21) were added in each of the three culture vessels/ bottles (n =3) of 

conventional (35 ml GMEM/ Roux flask), Roller bottle (100 ml GMEM/bottle and Micro-carrier 

culture (200 ml GMEM/bottle) were seeded. The Glasgow minimal essential medium (GMEM) 

was supplemented with 5 % serum. Each of the culture vessels of each of the culture system was 

incubated at 37 °C for 60 hours. Cells were harvested from each bottle and counted. The cell 

count was shown in the respective box of the Table 4.7. Log of each value determined and was 

depicted in parenthesis. Mean and Std.dev of each of the three log values was calculated and was 

shown in respective box. The mean values having different superscript are significantly different 

(p<0.05).  
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Figure 4.7  Biomass productions of BHK-21 cells using different culture systems 

 

Ten million cells (BHK-21) were added in each of the three culture vessels/ bottles (n =3) of 

conventional (35 ml GMEM/ Roux flask), Roller bottle (100 ml GMEM/bottle and Micro-carrier 

culture (200 ml GMEM/bottle) were seeded. The Glasgow minimal essential medium (GMEM) 

was supplemented with 5 % serum. Each of the culture vessels of each of the culture system was 

incubated at 37 °C for 60 hours. Cells were harvested from each bottle and counted. The cell 

count was shown in the respective box of the Figure 4.7. Mean and Std.dev of each of the three 

log values was calculated and was shown in respective box. The mean values having different 

superscript are significantly different (p<0.05).  
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4.2 Factor affecting the biomass production (Biological titer) of FMD virus   serotypes 

(“O”, “A” and “Asia-1”) 

 4.2.1.     Culture system 

 The FMD virus serotypes (“O”,”A” and “Asia-1”) were inoculated in each of the three 

bottles/flasks of each of the three culture system containing BHK-21 cells. After incubation of 

these culture vessels at 370C for 48 hours, the biological titer of each type of the virus was 

determined. The Log values of the biological titer were shown in parenthesis. The mean and 

standard deviation of three Log values of the same row was shown in the last box of the 

respective row (Table 4.8 and Figure 4.8: Table 4.9 and Figure 4.9: Table 4.10 and Figure 4.10). 

4.2.1.1    Roux flask 

It was observed that the virus type “O” harvested from the monolayer of BHK-21 cells in 

each of the Roux flask reached to biological titer (TCID50) of 106.6, 106.3 and 106.5 and log10 

values of the each biological titer of each of the Roux flasks were 6.6, 6.3 and 6.5. Mean ± 

standard deviation of these log10 values was 6.46± 0.15 (Table 4.8). 

The virus type “A” harvested from the monolayer of BHK-21 cells grown in Roux flask 

reached to biological titer (TCID50) of 106.3, 105.9 and 106.0 and log10 values of the each biological 

titer of each of the Roux flasks were 6.3, 5.9 and 6.0.  Mean ± standard deviation of these 

log values was 6.06± 0.2 (Table 4.9). 

The virus type “Asia-1” harvested from the monolayer of BHK-21 cells grown in each of 

the Roux flask reached to biological titer (TCID50) of 105.9, 106.2 and 106.4 and log10 values of the 
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each biological titer of each of the Roux flasks were 5.9, 6.2 and 6.4.  Mean ± standard 

deviation of these log values was 6.1± 0.2 (Table 4.10). 

4.2.1.2. Roller Bottle 

The FMD “O” virus harvested from the monolayer of BHK-21 cells in Roller Bottles 

reached to biological titer (TCID50) of 107.2, 107.4 and 107.0 in each of the Roller bottle and log10 

values of the each biological titer count of each of the Roller Bottle were 7.2, 7.4 and 7.0. Mean 

± standard deviation of these log values was 7.20 ± 0.20 (Table 4.8). The FMD“A 

“virus harvested from the monolayer of BHK-21 cells grown in Roller Bottles reached to 

biological titer (TCID50) of 107.1, 107.4 and 107.2 in each of the Roller bottle and log10 values of 

the each biological titer count of each of the Roller Bottle were 7.1, 7.4 and 7.2.  Mean ± 

standard deviation of these log1 0values was 7.20 ± 0.15 (Table 4.9). The FMD “Asia-

1” virus harvested from the monolayer of BHK-21 cells in Roller Bottles reached to biological 

titer (TCID50) of 106.8, 107.0 and 107.2 in each of the Roller bottle and log10 values of the each 

biological titer count of each of the Roller Bottle were 6.8, 7.0 and 7.2.  Mean ± standard 

deviation of these log1 0values was 7.20 ± 0.20 (Table 4.10). 

4.2.1.3. Micro-carrier culture vessel 

The FMD “O” virus harvested from the monolayer of BHK-21 cells in Micro-carrier culture 

vessels reached to biological titer (TCID50) of 108.3, 108.0 and 108.1 and log10 values of the each 

biological titer count of each of the Micro-carrier culture vessels were 8.3, 8.0 and 8.1. Mean ± 

standard deviation of these log10 values was 8.13 ± 0.15 (Table 4.8). The FMD “A” virus 

harvested from the monolayer of BHK-21 cells in micro-carrier culture vessels reached to 

biological titer (TCID50) of 108.2, 108.3 and 108.2 and log values of the each biological titer of 



RESULTS 
 

65 

each of the Micro-carrier culture vessels were 8.2, 8.3 and 8.2. Mean ± standard deviation of 

these log values was 8.2 ± 0.05 (Table 4.9). The FMD “Asia-1” virus harvested from the 

monolayer of BHK-21 cells in Micro-carrier culture vessels reached to biological titer (TCID50) 

of 107.7, 108.2 and 108.3 and log values of the each biological titer of each of the Micro-carrier 

culture vessels were 7.7, 8.2 and 8.3. Mean ± standard deviation of these log10 values was 8.01 ± 

0.3 (Table 4.10). 

4.2.2.   Incubation temperature  

Effect of different incubation temperature was monitored on biological titer (TCID50) of 

FMD type “O” virus in roller culture bottles. Cell density in each bottle was 10 million 

irrespective of its incubation temperature and the results in the form biological titer (TCID50) / 

ml of medium are shown in Table 4.11 (Figure 4.11). It was observed that the bottles incubated 

at 330C supported biological titer (TCID50) up to 106.1, 106.1 and 106.2 and their log values were 

6.1, 6.1 and 6.2 respectively in each of the three bottles. Mean± standard deviation of these log 

values was 6.1 ± 0.05. The bottles incubated at 350C supported biological titer (TCID50) up to 

106.8, 106.5 and 106.6 and their antilog values were 6.8, 6.5 and 6.6 respectively in each of the 

three bottles. Mean± standard deviation of these log values was 6.6 ± 0.1. The bottles incubated 

at 370C supported biological titer (TCID50) up to 107.1, 106.8 and 107.2 and log values were 7.1, 6.8 

& 7.2 respectively in each of three bottles. Mean± standard deviation of these antilog values was 

7.0 ± 0.2. The bottles incubated at 390C supported biological titer (TCID50) up to 103.6, 103.8 and 

103.1 and log values were 3.6, 3.8 and 3.1 respectively in each of three bottles. Mean± standard 

deviation of these log values was 3.5 ± 0.3. It was further added that minimum biological titer in 

bottle incubated at 390C (3.5) was significantly less than the titer observed in bottle incubated at 

370C (7.0) and 350C (6.6) as (p<0.05).  
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4.2.3.     Fetal Calf Serum  

Effect of different concentrations of fetal calf serum in GMEM was monitored on the 

biological titer (TCID50) of FMD type “O” virus on BHK-21 cells in roller culture bottles. Cell 

density in each bottle was 10 million irrespective of its FCS concentration and the results in the 

form cell count / ml of medium as shown in Table 4.12 (Fig 4.12). It was observed that bottles 

supplemented with 0 % FCS supported biological titer (TCID50) up to 103.3, 103.5 and 103.0 and 

log values were 3.3, 3.5 and 3.0 respectively in each of the three bottles. Mean ± standard 

deviation of these log values was 3.2 ± 0.025.  The bottles supplemented with 1 % FCS 

supported biological titer (TCID50) up to 107.1, 106.9 and 107.3 and log values were 7.1, 6.9 and 7.3 

respectively in each of the three bottles. Mean ± standard deviation of these log values was 7.1 ± 

0.020. The bottles supplemented with 2 % FCS supported biological titer (TCID50) up to 106.8, 

107.2 and 107.0 and log values were 6.8, 7.2 and 7.0 respectively in each of the three bottles. Mean 

± standard deviation of these log values was 7.0 ± 0.020. The bottles supplemented with 3 % 

FCS supported biological titer (TCID50) up to 106.2, 106.5 and 106.1 and log values were 6.2, 6.5 

and 6.1 respectively in each of the three bottles. Mean ± standard deviation of these log values 

was 6.2 ± 0.020. The bottles supplemented with 4 % FCS supported biological titer (TCID50) up 

to 105.5, 106.1 and 105.7 and log values were 5.5, 6.1 and 5.7 respectively in each of the three 

bottles. Mean ± standard deviation of these log values was 5.7 ± 0.030. The bottles supplemented 

with 5 % FCS supported biological titer (TCID50) up to 105.1, 105.5 and 105.1 and log values were 

5.1, 5.5 and 5.1 respectively in each of the three bottles. Mean ± standard deviation of these log 

values was 5.2 ± 0.023. 
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Table 4.8: Biological titer of FMD “O” virus cultivated in Roux flask, Roller Bottle and 
Micro- carrier culture system 

 

Cell Culture System 
 

TCID50 0f FMD virus type “O” using various culturing methods 
(log 10) 
 Bottle 1 Bottle 2 Bottle3 Mean± Std.dev 

 
Roux Flask  
 

106.6  (6.6) 106.3( 6.3) 106.5(6.5) 6.46 ± 0.15 

 
Roller Bottle  
 

107.2(7.2) 107.4 (7.4) 107.0(7.0) 7.20 ± 0.20 

 
Micro-carrier  
 

108.3(8.3) 108.0(8.0) 108.1(8.1) 8.13  ± 0.15 

 

The FMD “O” virus was inoculated in each of the three bottles/flasks containing BHK-21 cells. 

After incubation of these culture vessels at 370C for 48 hours, the biological titer of the virus was 

determined and shown in respective box of the above mentioned Table. The Log10 values of the 

cell counts were shown in parenthesis. The mean and standard deviation of three Log10 values of 

the same row was shown in the last box of the respective row. 
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Figure 4.8: Biological titer of FMD “O” virus cultivated in Roux flask, Roller Bottle and    
Micro- carrier culture system   

 

The FMD “O” virus was inoculated in each of the three bottles/flasks containing BHK-21 cells. 

After incubation of these culture vessels at 370C for 48 hours, the biological titer of the virus was 

determined. The mean and standard deviation of three log values of the same row was shown in 

the box. 
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Table 4.9: Biological titer of FMD “A” virus cultivated in Roux flask, Roller Bottle and 
Micro- carrier culture system 

 

Cell Culture System 
 

TCID50 0f FMD virus type “A” using various culturing methods. 
 Bottle 1 Bottle 2 Bottle3 Mean± Std.dev 

 
 
Roux Flask  106.3(6.3) 105.9(5.9) 106.0(6.0) 6.067 ± 0.20 

 
Roller Bottle 107.1(7.1) 107.4(7.4) 107.2(7.2) 7.233 ± 0.15 

 
Micro carrier Bottle  108.2(8.2) 108.3(8.3) 108.2(8.2) 8.233 ± 0.05 

 

 

The FMD “A” virus was inoculated in each of the three bottles/flasks containing BHK-21 cells. 

After incubation of these culture vessels at 370C for 48 hours, the biological titer of the virus was 

determined and shown in respective box of the above mentioned Table. The Log10 values of the 

cell counts were shown in parenthesis. The mean and standard deviation of three Log10 values of 

the same row was shown in the last box of the respective row. 
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Figure 4.9 Biological titer of FMD “A” virus cultivated in Roux flask, Roller Bottle and 
Micro- carrier culture system 

 

The FMD “A” virus was inoculated in each of the three bottles/flasks containing BHK-21 cells. 

After incubation of these culture vessels at 370C for 48 hours, the biological titer of the virus was 

determined and shown in respective box of the above mentioned Table. The mean and standard 

deviation of three log values are mentioned in the box. 
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Table 4.10: Biological titer of FMD “Asia-1” virus cultivated in Roux flask, Roller Bottle 
and Micro- carrier culture system 

 

Cell Culturing System TCID50 of FMD virus type “Asia-1” using various culturing 
methods. 
 Bottle 1 Bottle 2 Bottle3 Mean± Std.dev 

 
 
Roux Flask  
 

105.9 (5.9) 10.6.2(6.2) 106.4(6.4) 6.1 ± 0.2 

 
Roller Bottle  
 

106.8(6.8) 107.0(7.0) 107.2(7.2) 7.0 ± 0.2 

 
Micro-carrier  
 

107.7(7.7) 108.2(8.2) 108.3(8.3) 8.0 ± 0.3 

 

The FMD “Asia-1” virus was inoculated in each of the three bottles/flasks containing BHK-21 

cells. After incubation of these culture vessels at 370C for 48 hours, the biological titer of the 

virus was determined and shown in respective box of the above mentioned Table. The Log10 

values of the cell counts were shown in parenthesis. The mean and standard deviation of three 

Log10 values of the same row was shown in the last box of the respective row. 
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Figure 4.10 Biological titer of FMD “Asia-1” virus cultivated in Roux flask, Roller Bottle 
and Micro- carrier culture system 

 

The FMD “Asia-1” virus was inoculated in each of the three bottles/flasks containing BHK-21 

cells. After incubation of these culture vessels at 370C for 48 hours, the biological titer of the 

virus was determined and shown in respective box. The mean and standard deviation of three log 

values of the same row was shown in the box. 
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Table 4.11: Effect of Incubation temperature on biomass production of FMD “O” virus 
(TCID50)    

 

Incubation 
temperature 

       TCID50 of FMD virus type “O” (log 10) 

Bottle 1  Bottle 2  Bottle 3  
Mean ± std.dev 

 

33 °C  106.1 (6.1) 106.1   (6.1) 106.2  (6.2) 6.1 ± 0.05 

35 °C  106.8 (6.8) 106.5   (6.5) 106.6  (6.6) 
6.6 ± 0.1 

37 °C  107.1   (7.1) 106.8  (6.8) 107.2   (7.2) 
7.0 ± 0.2 

39 °C  103.6    (3.6) 103.8   (3.8) 103.1   (3.1) 3.5 ± 0.3 

 

 

FMD type “O” virus was inoculated to roller bottles having monolayer of BHK-21 cells. 100 ml 

of the Glasgow minimal essential medium supplemented with 1 % serum was added in each 

bottle and the bottles were incubated at 33 °C, 35 °C, 37 °C and 39 °C. Seeding density of BHK-

21 cells was 10 million (n =3). After incubation of 48 hours, virus was harvested and biological 

titer (TCID50) from each of the three bottles was shown in Table 4.11. Log of each value 

determined and was depicted in parenthesis, Mean and Std.dev of the three log values was 

calculated and was shown in respective box.  
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Figure 4.11: Effect of Incubation temperature on biomass production of FMD “O” virus 
(TCID50)   

 

FMD type “O” virus was inoculated to roller bottles having monolayer of BHK-21 cells. 100 ml 

of the Glasgow minimal essential medium supplemented with 1 % serum was added in each 

bottle and the bottles were incubated at 33 °C, 35 °C, 37 °C and 39 °C. Seeding density of BHK-

21 cells was 10 million (n =3). After incubation of 48 hours, virus was harvested. Mean and 

Std.dev of the three log values was calculated and was shown in respective box.  
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Table 4.12: Effect of Fetal Calf Serum concentration on biomass production of FMD “O” 
virus (TCID50) 

 

Fetal Calf  
serum 

Concentration 

 TCID 50  FMD virus type “O”(log 10) 

Bottle 1  Bottle 2  Bottle 3  Mean ± std.dev 

0 % 103.3 (3.3) 103.5(3.5) 103.0(3.0) 
3.2  ± 0.25 

1 % 107.1 (7.1) 106.9(6.9) 107.3(7.3) 
7.1  ± 0.20 

2 % 106.8 (6.8) 107.2(7.2) 107.0(7.0) 
7.0 ± 0.20 

3 % 106.2(6.2) 106.5(6.5) 106.1(6.1) 
6.2 ± 0.20 

4 % 105.5(5.5) 106.1(6.1) 105.7(5.7) 
5.7 ± 0.30 

5 % 105.1(5.1) 105.5(5.5) 105.1(5.1) 
5.2 ± 0.23 

 

 

Effect of different concentrations Fetal Calf serum was monitored. The FMD type “O” virus was 

inoculated in each of the three bottles containing BHK-21 cells. After incubation of these culture 

vessels at 370C for 48 hours, the biological titer (TCID50) of the virus was determined and shown 

in respective box of the above mentioned Table. The Log10 values of the cell counts were shown 

in parenthesis. The mean and standard deviation of three Log10 values of the same row was 

shown in the last box of the respective row. 
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Figure 4.12:  Effect of Fetal Calf Serum concentration on biomass production of FMD “O” 
virus (TCID50) 

 

Effect of different concentrations of Fetal Calf serum was monitored. The FMD type “O” virus 

was inoculated in each of the three bottles containing BHK-21 cells. After incubation of these 

culture vessels at 370C for 48 hours, the biological titer (TCID50) of the virus was determined. 

The mean and standard deviation of three log values of the same row was shown in the last box. 
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4.3.1 Effect of Immunogen level on antibody response of buffalo calves to FMD trivalent 

vaccine 

Montanide ISA-70 based Foot and Mouth Disease (FMD) “O”,”A” and “Asia-1” virus 

vaccine was prepared containing either 0.1 ml , 0.2 ml ,0.3 ml and 0.4 ml of each of the serotype 

of the virus / dose of the vaccine (3 ml).  One ml suspension of each serotype of the virus was 

containing 107 units of TCID50 titer.  

4.3.1.1     FMD virus “Type O” 

Each of the vaccines when injected to each of the five buffalo calves (6 months of age) 

induced anti FMD – complement fixing (CFT) antibody titer against serotype “O” of the virus 

(Table 4.7 and Figure 4.7). The anti-FMD “O” type virus CFT antibody titer of the calves in 

control group (non vaccinated calves) on 30 day was 0, 0, 0, 0 and 0. The CFT antibody titer on 

60 day was 0, 0, 0, 0 and 0. The CFT antibody titer on day 90 was 0, 0, 0, 0 and 0. The CF 

antibody titer on day 180 was 0, 0, 0, 0 and 0. The GMT of the anti FMD “O” CFT antibody titer 

of calves of this group on 30, 60, 90 and 180 days post priming were 0, 0, 0, 0 and 0 

respectively. The CGMT ± standard deviation was 0.0 ± 0.0. The anti-FMD “O” type virus CFT 

antibody titer of the calves in group 1 (3 ml vaccine dose contained 0.1 ml of each serotype of 

the virus suspension) on 30 day was 2, 2, 2, 2 and 2. The CFT antibody titer on 60 day was 2, 2, 

4, 2 and 4. The CFT antibody titer on day 90 was 4, 4, 4, 2 and 4. The CF antibody titer on day 

180 was 2, 2, 4, 2 and 2. The GMT of the anti FMD “O” CFT antibody titer of calves of this 

group on 30, 60, 90 and 180 days post priming were 1, 1.4, 1.8 and 1.2 respectively. The CGMT 

± standard deviation was 1.3 ± 0.4435. The anti-FMD “O” type virus CFT antibody titer of the 

calves in group 2 (3 ml vaccine dose contained 0.2 ml of each serotype of the virus suspension) 
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on 30 day was 4, 4, 4, 4 and 4. The CFT antibody titer on 60 day was 4, 4, 8, 4 and 8. The CFT 

antibody titer on day 90 was 4, 4, 4, 4 and 8. The CF antibody titer on day 180 was 4, 4, 4, 8 and 

8.  The GMT of the anti FMD “O” CFT antibody titer of calves of this group on 30, 60, 90 and 

180 days post priming were 2, 2.4, 2.2 and 2.4 respectively. The CGMT ± standard deviation 

was 2.2 ± 0.20. The anti-FMD “O” type virus CFT antibody titer of the calves in group 3 (3 ml 

vaccine dose contained 0.3 ml of each serotype of the virus suspension) on 30 day was 8, 8, 8, 8 

and 8. The CFT antibody titer on 60 day was 32, 32, 16, 32 and 32. The CFT antibody titer on 

day 90 was 32, 64, 64, 64 and 64. The CF antibody titer on day 180 was 256, 256, 256, 256 and 

256. The GMT of the anti FMD “O” CFT antibody titer of calves of this group on 30, 60, 90 and 

180 days post priming were 3, 4.8, 5.8and 7.8 respectively. The CGMT ± standard deviation was 

5.3 ± 2.0. The anti-FMD “O” type virus CFT antibody titer of the calves in group 4 (3 ml vaccine 

dose contained 0.4 ml of each serotype of the virus suspension) on 30 day was 8, 8, 8, 16 and 8. 

The CFT antibody titer on 60 day was 32, 32, 32, 32 and 32. The CFT antibody titer on day 90 

was 64, 64, 64, 64 and 64.. The CF antibody titer on day 180 was 256, 256, 256, 256 and 256. 

The GMT of the anti FMD “O” CFT antibody titer of calves of this group on 30, 60, 90 and 180 

days post priming were 3.2, 5.0, 6.0 and 8.0 respectively. The CGMT ± standard deviation was 

5.5 ± 1.53. 

4.3.1.2. FMD virus “Type A”  

Each of the vaccines when injected to each of the five buffalo calves (6 months of age) 

induced anti FMD – complement fixing (CFT) antibody titer against serotype “A” of the virus 

(Table 4.8 and Figure 4.8). The anti-FMD “A” type virus CFT antibody titer of the calves in 

control group (non vaccinated calves) on 30 day was 0, 0, 0, 0 and 0. The CFT antibody titer on 

60 day was 0, 0, 0, 0 and 0The CFT antibody titer on day 90 was 0, 0, 0, 0 and 0. The CF 
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antibody titer on day 180 was 0, 0, 0, 0 and 0. The GMT of the anti FMD “A” CFT antibody titer 

of calves of this group on 30, 60, 90 and 180 days post priming were 0, 0, 0, 0 and 0 

respectively. The CGMT ± standard deviation was 0.0 ± 0.0. The anti-FMD “A” type virus CFT 

antibody titer of the calves in group 1 (3 ml vaccine dose contained 0.1 ml of each serotype of 

the virus suspension) on 30 day was 2, 2, 4, 2 and 2.. The CFT antibody titer on 60 day was 2, 2, 

2, 2 and 4. The CFT antibody titer on day 90 was 2, 4, 4, 4 and 2. The CF antibody titer on day 

180 was 4, 4, 4, 2 and 4 The GMT of the anti FMD “A” CFT antibody titer of calves of this 

group on 30, 60, 90 and 180 days post priming were 1.2, 1.2, 1.6, and 1.8 respectively. The 

CGMT ± standard deviation was 1.45 ± 0.300. The anti-FMD “A” type virus CFT antibody titer 

of the calves in group 2 (3 ml vaccine dose contained 0.2 ml of each serotype of the virus 

suspension) on 30 day was 4, 4, 2, 4 and 4.. The CFT antibody titer on 60 day was 4, 4, 4, 4 and 

4.The CFT antibody titer on day 90 was 8, 4, 8, 4 and 4.. The CF antibody titer on day 180 was 

4, 4, 4, 4 and 8. The GMT of the anti FMD “O” CFT antibody titer of calves of this group on 30, 

60, 90 and 180 days post priming were 1.8, 2.0, 2.4 and 2.2, respectively. The CGMT ± standard 

deviation was 2.1 ± 0.2517. The anti-FMD “A” type virus CFT antibody titer of the calves in 

group 3 (3 ml vaccine dose contained 0.3 ml of each serotype of the virus suspension) on 30 day 

was 8, 8, 8, 8, and 8. The CFT antibody titer on 60 day was 16, 8, 16, 8 and 32. The CFT 

antibody titer on day 90 was 16, 64, 64, 64 and 64 The CF antibody titer on day 180 was 64, 64, 

64, 64 and 64. The GMT of the anti FMD “A” CFT antibody titer of calves of this group on 30, 

60, 90 and 180 days post priming were 3, 3.8, 5.8 and 6.0 respectively. The CGMT ± standard 

deviation was 4.4 ± 1.86. The anti-FMD “A” type virus CFT antibody titer of the calves in group 

4 (3 ml vaccine dose contained 0.4 ml of each serotype of the virus suspension) on 30 day was 8, 

8, 8, 8 and 8. The CFT antibody titer on 60 day was 8, 16, 8, 8 and 8. The CFT antibody titer on 
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day 90 was 64, 64, 64, 32 and 64.. The CF antibody titer on day 180 was 64, 64, 64, 64 and 64. 

The GMT of the anti FMD “A” CFT antibody titer of calves of this group on 30, 60, 90 and 180 

days post priming were 3, 3.2, 5.8 and 6.8 respectively. The CGMT ± standard deviation was 4.4 

± 1.86.  

4.3.1.3. Type Asia-1 virus 

Each of the vaccines when injected to each of the five buffalo calves (6 months of age) 

induced anti FMD – complement fixing (CFT) antibody titer against serotype”Asia-1” of the 

virus (Table 4.9 and Figure 4.9). The anti-FMD “Asia-1” type virus CFT antibody titer of the 

calves in control group (non vaccinated calves) on 30 day was 0, 0, 0, 0 and 0. The CFT antibody 

titer on 60 day was 0, 0, 0, 0 and 0. The CFT antibody titer on day 90 was 0, 0, 0, 0 and 0. The 

CF antibody titer on day 180 was 0, 0, 0, 0 and 0. The GMT of the anti FMD “Asia-1” CFT 

antibody titer of calves of this group on 30, 60, 90 and 180 days post priming were 0, 0, 0, 0 and 

0 respectively. The CGMT ± standard deviation was 0.0 ± 0.0. The anti-FMD “Asia-1” type 

virus CFT antibody titer of the calves in group 1 (3 ml vaccine dose contained 0.1 ml of each 

serotype of the virus suspension) on 30 day was 2, 2, 2, 2 and 2. The CFT antibody titer on 60 

day was 4, 4, 8, 8 and 8. The CFT antibody titer on day 90 was 4, 4, 8 and 4.  The CF antibody 

titer on day 180 was 4, 4, 4, 8 and 8. The GMT of the anti FMD “Asia-1” CFT antibody titer of 

calves of this group on 30, 60, 90 and 180 days post priming were 1, 2.6, 2.2, and 2.4 

respectively. The CGMT ± standard deviation was 2.0 ± 0.71 The anti-FMD “Asia-1” type virus 

CFT antibody titer of the calves in group 2 (3 ml vaccine dose contained 0.2 ml of each serotype 

of the virus suspension) on 30 day was 4, 4, 8, 4 and 8. The CFT antibody titer on 60 day was 8, 

8, 8, 16 and 16.The CFT antibody titer on day 90 was 16, 16, 16, 16 and 16.  The CF antibody 

titer on day 180 was 8, 8, 8, 16 and 8. The GMT of the anti FMD “Asia-1” CFT antibody titer of 
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calves of this group on 30, 60, 90 and 180 days post priming were 2.4, 3.4, 4.0, and 3.2 

respectively. The CGMT ± standard deviation was 3.4 ± 0.83.  The anti-FMD “Asia-1” type 

virus CFT antibody titer of the calves in group 3 (3 ml vaccine dose contained 0.3 ml of each 

serotype of the virus suspension) on 30 day was 4, 8, 8, 8, and 8. The CFT antibody titer on 60 

day was 8, 16, 16, 16 and 16. The CFT antibody titer on day 90 was 64, 64, 128, 16 and 128 The 

CF antibody titer on day 180 was 128, 128, 256, 256 and 128. The GMT of the anti FMD “Asia-

1” CFT antibody titer of calves of this group on 30, 60, 90 and 180 days post priming were 2.8, 

3.8, 6 and 7.4 respectively. The CGMT ± standard deviation was 5.0 ± 2.15. The anti-FMD 

“Asia-1” type virus CFT antibody titer of the calves in group 4 (3 ml vaccine dose contained 0.4 

ml of each serotype of the virus suspension) on 30 day was 8, 8, 8, 8 and 8. The CFT antibody 

titer on 60 day was 16, 16, 32, 16 and 32The CFT antibody titer on day 90 was 64, 64, 64, 64 and 

128. The CF antibody titer on day 180 was 128, 128, 128, 256 and 256.. The GMT of the anti 

FMD “Asia-1” CFT antibody titer of calves of this group on 30, 60, 90 and 180 days post 

priming were 3, 4.4, 6.2 and 7.4 respectively. The CGMT ± standard deviation was 5.2 ± 1.85. 

4.3.2. Effect of boosting on antibody response of buffalo calves to oil based FMD trivalent 
(“O”, “A” and “Asia-1”) vaccine  

4.3.2.1. Boosting response of Control group (non vaccinated) 

Each of the vaccines when injected to each of the three buffalo calves (6 months of age) 

induced anti FMD – complement fixing (CFT) antibody titer against  serotypes “O”,”A” and 

“Asia-1” of FMD virus (Table 4.16 and Figure 4.16 : Table 4.17 and Figure 4.17 : Table 4.18 

and Figure 4.18 : Table 4.19 and Figure 4.19). Each of the calves in group 1 (3 ml vaccine dose 

contained 0.1 ml of each serotype of the virus suspension) was boosted on day 60 post priming. 

The anti-FMD type “O” virus CFT antibody titer of the calves in control group (non vaccinated 
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calves) on 30 day after priming was 0,0 and 0 while of boosting was 0, 0and 0. The CFT 

antibody titer of the calves on day 60 after priming was 0,0 and 0 while of boosting was 0, 0and 

0. The CFT antibody titer of the calves on day 90 after priming was 0,0 and 0 while of boosting 

was 0, 0and 0. The CFT antibody titer of the calves on 180 day after priming was 0,0 and 0 while 

of boosting was 0, 0and 0. The GMT of the anti FMD “O” CFT antibody titer of calves of this 

group on 30, 60, 90 and 180 days post priming were 0, 0, 0, 0 and 0 respectively. The anti-FMD 

type “A” virus CFT antibody titer of the calves in control group (non vaccinated calves) on 30 

day after priming was 0,0 and 0 while of boosting was 0, 0and 0. The CFT antibody titer of the 

calves on day 60 after priming was 0,0 and 0 while of boosting was 0, 0and 0. The CFT antibody 

titer of the calves on day 90 after priming was 0,0 and 0 while of boosting was 0, 0and 0. The 

CFT antibody titer of the calves on 180 day after priming was 0,0 and 0 while of boosting was 0, 

0and 0. The GMT of the anti FMD “A” CFT antibody titer of calves of this group on 30, 60, 90 

and 180 days post priming were 0, 0, 0, 0 and 0 respectively. The anti-FMD type “Asia-1” virus 

CFT antibody titer of the calves in control group (non vaccinated calves) on 30 day after priming 

was 0,0 and 0 while of boosting was 0, 0and 0. The CFT antibody titer of the calves on day 60 

after priming was 0,0 and 0 while of boosting was 0, 0and 0. The CFT antibody titer of the 

calves on day 90 after priming was 0,0 and 0 while of boosting was 0, 0and 0. The CFT antibody 

titer of the calves on 180 day after priming was 0,0 and 0 while of boosting was 0, 0and 0. The 

GMT of the anti FMD “Asia-1” CFT antibody titer of calves of this group on 30, 60, 90 and 180 

days post priming were 0, 0, 0, 0 and 0 respectively. 

4.3.2.2. Boosting response of Group 1 

The anti-FMD type “O” virus CFT antibody titer of the calves in group 1 (3 ml vaccine 

dose contained 0.1 ml of each serotype of the virus suspension) on 0 day after priming was 0,0 
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and 0 while of boosting was 0, 0and 0. The CFT antibody titer of the calves on 30 day after 

priming was 2, 2 and 2 while of boosting was 2, 2 and 2. The CFT antibody titer of the calves on 

day 60 after priming was 2, 2 and 4 while of boosting was 4, 4 and 2. The CFT antibody titer of 

the calves on day 90 after priming was 8, 4 and 8 while of boosting was 16, 8 and 8. The CFT 

antibody titer of the calves on 180 day after priming was 4, 8 and 8 while of boosting was 16, 64 

and 64. The GMT of the anti FMD “O” CFT antibody titer of calves of this group on 30, 60, 90 

and 180 days post priming and boosting were 0, 1, 1.3, 2.6 and 2.6 and 0, 1, 1.6, 3.3 and 5.3 

respectively. The anti-FMD type “A” virus CFT antibody titer of the calves in group 1 (3 ml 

vaccine dose contained 0.1 ml of each serotype of the virus suspension) on 0 day after priming 

was 0,0 and 0 while of boosting was 0, 0and 0. The CFT antibody titer of the calves on 30 day 

after priming was 2, 2 and 2 while of boosting was 2, 2 and 2. The CFT antibody titer of the 

calves on day 60 after priming was 2, 2 and 4 while of boosting was 4, 4 and 2. The CFT 

antibody titer of the calves on day 90 after priming was 8, 4 and 8 while of boosting was 16, 8 

and 8. The CFT antibody titer of the calves on 180 day after priming was 4, 8 and 8 while of 

boosting was 16, 64 and 64. The GMT of the anti FMD “A” CFT antibody titer of calves of this 

group on 30, 60, 90 and 180 days post priming and boosting were 0, 1, 1.3, 2.6 and 2.6 and 0, 1, 

1.6, 3.3 and 5.3 respectively. The anti-FMD type “Asia-1” virus CFT antibody titer of the calves 

in group 1 (3 ml vaccine dose contained 0.1 ml of each serotype of the virus suspension) on 0 

day after priming was 0,0 and 0 while of boosting was 0, 0and 0. The CFT antibody titer of the 

calves on 30 day after priming was 2, 2 and 2 while of boosting was 2, 2 and 2. The CFT 

antibody titer of the calves on day 60 after priming was 2, 4 and 2 while of boosting was 4, 4 and 

4. The CFT antibody titer of the calves on day 90 after priming was 4, 8 and 8 while of boosting 

was 16, 16 and 16. The CFT antibody titer of the calves on 180 day after priming was 8, 8 and 4 
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while of boosting was 64, 32 and 32. The GMT of the anti FMD “Asia-1” CFT antibody titer of 

calves of this group on 30, 60, 90 and 180 days post priming and boosting were 0, 1, 1.3, 2.6 and 

2.6 and 0, 1, 2, 4 and 5.3 respectively.  

4.3.2.3. Boosting response of Group 2 

The anti-FMD type “O” virus CFT antibody titer of the calves in group 2 (3 ml vaccine 

dose contained 0.2 ml of each serotype of the virus suspension) on 0 day after priming was 0,0 

and 0 while of boosting was 0, 0and 0. The CFT antibody titer of the calves on 30 day after 

priming was 4, 4 and 4 while of boosting was 4, 4 and 4. The CFT antibody titer of the calves on 

day 60 after priming was 4, 8 and 4 while of boosting was 4, 8 and 4. The CFT antibody titer of 

the calves on day 90 after priming was 8, 8 and 16 while of boosting was 32, 32 and 32. The 

CFT antibody titer of the calves on 180 day after priming was 32, 16 and 32 while of boosting 

was 64, 128 and 64. The GMT of the anti FMD “O” CFT antibody titer of calves of this group on 

30, 60, 90 and 180 days post priming and boosting were 0, 2, 2.3, 3.3 and 4.6 and 0, 2, 2.3, 5 and 

6.3 respectively. The anti-FMD type “A” virus CFT antibody titer of the calves in group 2 (3 ml 

vaccine dose contained 0.2 ml of each serotype of the virus suspension) on 0 day after priming 

was 0,0 and 0 while of boosting was 0, 0and 0. The CFT antibody titer of the calves on 30 day 

after priming was 4, 4 and 2 while of boosting was 4, 4 and 4. The CFT antibody titer of the 

calves on day 60 after priming was 4, 2 and 4 while of boosting was 4, 4 and 4. The CFT 

antibody titer of the calves on day 90 after priming was 8, 8 and 8 while of boosting was 32, 32 

and 16. The CFT antibody titer of the calves on 180 day after priming was 16, 64 and 16 while of 

boosting was 128, 128 and 128. The GMT of the anti FMD “A” CFT antibody titer of calves of 

this group on 30, 60, 90 and 180 days post priming and boosting were 0, 1.6, 1.6, 3 and 4.6 and 

0, 2, 2, 4.6 and 6 respectively. The anti-FMD type “Asia-1” virus CFT antibody titer of the 
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calves in group 2 (3 ml vaccine dose contained 0.2 ml of each serotype of the virus suspension) 

on 0 day after priming was 0,0 and 0 while of boosting was 0, 0and 0. The CFT antibody titer of 

the calves on 30 day after priming was 4, 4 and 4 while of boosting was 4, 4and 8. The CFT 

antibody titer of the calves on day 60 after priming was 8, 8 and 4 while of boosting was 4, 8 and 

8. The CFT antibody titer of the calves on day 90 after priming was 32, 32 and 32 while of 

boosting was 32, 64 and 64. The CFT antibody titer of the calves on 180 day after priming was 

64, 32 and 32 while of boosting was 128, 128 and 128. The GMT of the anti FMD “Asia-1” CFT 

antibody titer of calves of this group on 30, 60, 90 and 180 days post priming and boosting were 

0, 2, 2.6, 5 and 5.3 and 0, 2.3, 2.4, 5.6 and 6 respectively.  

4.3.2.4. Boosting effect on group 3 

The anti-FMD type “O” virus CFT antibody titer of the calves in group 3 (3 ml vaccine 

dose contained 0.3 ml of each serotype of the virus suspension) on 0 day after priming was 0,0 

and 0 while of boosting was 0, 0and 0. The CFT antibody titer of the calves on 30 day after 

priming was 8, 8 and 8 while of boosting was 8, 8 and 8. The CFT antibody titer of the calves on 

day 60 after priming was 16, 16 and 32 while of boosting was 16, 16 and 16. The CFT antibody 

titer of the calves on day 90 after priming was 64, 128 and 64 while of boosting was 128, 128 

and 128. The CFT antibody titer of the calves on 180 day after priming was 128, 128 and 256 

while of boosting was 64, 128 and 64. The GMT of the anti FMD “O” CFT antibody titer of 

calves of this group on 256, 512, 256 and 180 days post priming and boosting were 0, 3, 4.3, 6.3 

and 7.3 and 0, 3, 4, 7 and 8.3 respectively. The anti-FMD type “A” virus CFT antibody titer of 

the calves in group 3 (3 ml vaccine dose contained 0.3 ml of each serotype of the virus 

suspension) on 0 day after priming was 0,0 and 0 while of boosting was 0, 0and 0. The CFT 

antibody titer of the calves on 30 day after priming was 8, 8 and 8 while of boosting was 8, 8 and 
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8. The CFT antibody titer of the calves on day 60 after priming was 8, 16 and 16 while of 

boosting was 16, 16 and 16. The CFT antibody titer of the calves on day 90 after priming was 64, 

64 and 32 while of boosting was 64, 128 and 128. The CFT antibody titer of the calves on 180 

day after priming was 16, 128 and 128 while of boosting was 512, 256 and 256. The GMT of the 

anti FMD “A” CFT antibody titer of calves of this group on 30, 60, 90 and 180 days post 

priming and boosting were 0, 3, 3.6, 5.6 and 6.6 and 0, 3, 4, 6.6 and 8.3 respectively. The anti-

FMD type “Asia-1” virus CFT antibody titer of the calves in group 3 (3 ml vaccine dose 

contained 0.3 ml of each serotype of the virus suspension) on 0 day after priming was 0,0 and 0 

while of boosting was 0, 0and 0. The CFT antibody titer of the calves on 30 day after priming 

was 8, 8 and 16 while of boosting was 8, 8 and 8. The CFT antibody titer of the calves on day 60 

after priming was 16, 8 and 16 while of boosting was 16, 32 and 32. The CFT antibody titer of 

the calves on day 90 after priming was 64, 64 and 128 while of boosting was 128, 128 and 128. 

The CFT antibody titer of the calves on 180 day after priming was 256, 256 and 256 while of 

boosting was 512, 512 and 256. The GMT of the anti FMD “Asia-1” CFT antibody titer of 

calves of this group on 30, 60, 90 and 180 days post priming and boosting were 0, 3.3, 3.6, 6.3 

and 8.0 and 0, 3, 4.6, 7 and 8.6 respectively.  

4.3.2.5. Boosting effect on group 4 

The anti-FMD type “O” virus CFT antibody titer of the calves in group 4 (3 ml vaccine 

dose contained 0.4 ml of each serotype of the virus suspension) on 0 day after priming was 0,0 

and 0 while of boosting was 0, 0and 0. The CFT antibody titer of the calves on 30 day after 

priming was 8, 8 and 8 while of boosting was 8, 8 and 8. The CFT antibody titer of the calves on 

day 60 after priming was 16, 32 and 32 while of boosting was 16, 32 and 32. The CFT antibody 

titer of the calves on day 90 after priming was 64, 64 and 32 while of boosting was 128, 128 and 
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128. The CFT antibody titer of the calves on 180 day after priming was 64, 128 and 256 while of 

boosting was 64, 128 and 64. The GMT of the anti FMD “O” CFT antibody titer of calves of this 

group on 256, 256, 256 and 180 days post priming and boosting were 0, 3, 4.3, 5.6 and 6.6 and 0, 

3, 4.6, 7 and 8 respectively. The anti-FMD type “A” virus CFT antibody titer of the calves in 

group 4 (3 ml vaccine dose contained 0.4 ml of each serotype of the virus suspension) on 0 day 

after priming was 0,0 and 0 while of boosting was 0, 0and 0. The CFT antibody titer of the 

calves on 30 day after priming was 8, 8 and 8 while of boosting was 8, 8 and 8. The CFT 

antibody titer of the calves on day 60 after priming was 4, 16 and 8 while of boosting was 8, 8 

and 16. The CFT antibody titer of the calves on day 90 after priming was 16, 64 and 64 while of 

boosting was 64, 64 and 64. The CFT antibody titer of the calves on 180 day after priming was 

64, 128 and 128 while of boosting was 128, 256 and 256. The GMT of the anti FMD “A” CFT 

antibody titer of calves of this group on 30, 60, 90 and 180 days post priming and boosting were 

0, 3, 3, 5.3 and 6.6 and 0, 3, 3.3, 6 and 7.6 respectively. The anti-FMD type “Asia-1” virus CFT 

antibody titer of the calves in group 4 (3 ml vaccine dose contained 0.4 ml of each serotype of 

the virus suspension) on 0 day after priming was 0,0 and 0 while of boosting was 0, 0and 0. The 

CFT antibody titer of the calves on 30 day after priming was 8, 8 and 16 while of boosting was 8, 

8 and 8. The CFT antibody titer of the calves on day 60 after priming was 16, 32 and 16 while of 

boosting was 16, 8 and 8. The CFT antibody titer of the calves on day 90 after priming was 64, 

64 and 16 while of boosting was 64, 64 and 64. The CFT antibody titer of the calves on 180 day 

after priming was 128, 256 and 256 while of boosting was 256, 256 and 256. The GMT of the 

anti FMD “Asia-1” CFT antibody titer of calves of this group on 30, 60, 90 and 180 days post 

priming and boosting were 0, 3.3, 4.3, 5.3 and 7.6 and 0, 3, 3.3, 6 and 8 respectively. 
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Table13:  Antibody response of buffalo calf to different levels of immunogen of each 
serotype of Foot and Mouth Disease virus in trivalent vaccine 

 

 

Immuogen 
amount 
/dose 
    n=5 

Seroty
pe of 
FMD 
virus 
 

Anti FMD virus Compliment fixation antibody titer on days post priming 

0 30 
 

60 
 

90 
 

180 
 

CGMT 
(Log2) 
±Std.Dev 

106.2 “O” 0,0,0,0,0 
(0) 

2,2,2,2,2 (1) 2,2,4,2,4 
(1.4) 

4,4,4,2,4 
(1.8) 

2,2,4,2,2 
(1.2) 

1.3a ± 0.4 

“A” 0,0,0,0,0 
(0) 

2,2,4,2,2 
(1.2) 

2,2,2,2,4 
(1.2) 

2,4,4,4,2 
(1.6) 

4,4,4,2,4 
(1.8) 

1.4 a±0.30 

“Asia-
1” 

0,0,0,0,0 
(0) 

2,2,2,2,2 (1) 4,4,8,8,8 
(2.6) 

4,4,4,8,4 
(2.2) 

4,4,4,8,8(2.4) 2.0a± 0.71 

2x106.2 “O 0,0,0,0,0 
(0) 

4,4,4,4,4( 2) 4,4,8,4, 8 
(2.4) 

4,4,4,4,8 
(2.2) 

4,4,4,8,8 
(2.4) 

2.2 b± 0.2 

“A” 0,0,0,0,0 
(0) 

4,4,2,4,4 
(1.8) 

4,4,4,4,4 (2) 
 

8,4,8,4,4 
(2.4) 

4,4,4,4,8 
(2.2) 

2.1b± 0.25 

“Asia-
1” 

0,0,0,0,0 
(0) 

4,4,8,4,8 
(2.4) 

8,8,8,16,16(
3.4) 

16,16,16,16,
16 (4) 

8,8,8,16,8 
(3.2) 

3.4b± 0.83 

3x106.2 “O” 0,0,0,0,0 
(0) 

8,8,8,8,8 (3) 32,32,16,32,
32 (4.8) 

32,64,64,64,
64(5.8) 

256,256,128,
256,256 (7.8) 

5.3c ± 2.0 

“A” 0,0,0,0,0 
(0) 

8, 8, 8, 8, 8 
(3) 

16,,8,16,8,3
2 (3.8) 

16,64,64,64,
64 (5.6) 

64,64,64,64,6
4(6) 

4.6c± 1.88 

“Asia-
1” 

0,0,0,0,0 
(0) 

4,8,8,8,8(2.
8) 

8,16,16,16,1
6(3.8) 

64,64,128,16
,128(6) 

128,128,256,
256,128(7.4) 

5.0C± 2.15

4x106.2 “O” 0,0,0,0,0 
(0) 

8,8,8,16,8 

(3.2) 

32,32,32,32,

32 (5) 

64,64,64,64,

64 (6) 

256,256,256,

256,256 (8) 

5.5c ± 1.5

“A” 0,0,0,0,0 
(0) 

8, 8, ,8 ,8 ,8   

(3) 

8,16,8,8,8 

(3.2) 

64,64,64,32,

64(5.8) 

64,64,32,64,

64 (5.8) 

4.4 c± 1.86

“Asia-
1” 

0,0,0,0,0 
(0) 
 

8,8,8,8,8, 
(3) 

16,16,32,16,
32(4.4) 

64,64,64,64,
128(6.2) 

128,128,128,
256,256(7.4) 

5.2C ±1.85
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Montanide ISA-70 based trivalent Foot and Mouth Disease (FMD) “O”,”A” and “Asia-1” virus 

vaccine was prepared containing either 0.1 ml , 0.2 ml ,0.3 ml and 0.4 ml of each of the serotype 

of the virus / dose of the vaccine (3 ml). Each of the vaccine was injected (3 ml: deep 

intramuscular: neck) to each of the five buffalo calves (6 months of age). Blood samples (3 ml) 

from each of the calves of each group were collected on 0, 30, 60, 90, and 180 days post priming. 

The serum from each blood sample was separated , stored in properly labeled vials at -80 0C and 

processed for monitoring anti-FMD “Asia 1” type virus complement fixing (CFT) antibodies. 

The geometric mean (GMT) antibody titer of the virus is shown in the Table 4.13. The 

cumulative geometric mean (CGMT) antibody titer and Std.Dev is shown in respective box. The 

mean values having similar superscript are not significantly different (p< 0.05).  
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Figure 4.13: Antibody response of buffalo calf to different levels of immunogen of each 
serotype of Foot and Mouth Disease virus in trivalent vaccine  

Montanide ISA-70 based trivalent Foot and Mouth Disease (FMD) “O”,”A” and “Asia-1” virus 

vaccine was prepared containing either 0.1 ml , 0.2 ml ,0.3 ml and 0.4 ml of each of the serotype 

of the virus/dose of the vaccine (3 ml). Each of the vaccine was injected (3 ml: deep 

intramuscular: neck) to each of the five buffalo calves (6 months of age). Blood samples (3 ml) 

from each of the calves of each group were collected on 0, 30, 60, 90, and 180 days post priming. 

The serum from each blood sample was separated , stored in properly labeled vials at -80 0C and 

processed for monitoring anti-FMD “Asia 1” type virus complement fixing (CFT) antibodies. 

The geometric mean (GMT) antibody titer of the virus is shown in the Fig. 4.13. The mean 

values having similar superscript are not significantly different (p< 0.05).  
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Table 4.14: Effect of priming and boosting on antibody response of buffalo calves to oil 
based trivalent vaccine containing 106.2 units of immunogen of “O”, “A” and 
“Asia-1” serotypes of Foot and Mouth Disease virus   

 

Days 
Post-
priming 
and 
*boosting 

Anti FMD virus Compliment fixing antibody response of buffalo calves to 
trivalent oil based FMD vaccine (group 1) 
Type “O” FMD Type “A” FMD  Type “Asia-1” FMD 

Priming 
(GMT) 

Boosting
(GMT) 

Priming 
(GMT) 

Boosting 
(GMT) 

Priming 
(GMT) 

Boosting 
(GMT) 

0 0,0,0  
(0) 

0,0,0 
 (0) 

0,0,0 
 (0) 

0,0,0 
 (0) 

0,0,0  
(0) 

0,0,0  
 (0) 

30 2,2,2  
(1) 

2,2,2  
(1) 

4,2,2 
 (1.3) 

2,2,2  
(1) 

2,2,2 
(1) 

2,2,2 
  (1) 

60 
(Boosting) 

2,2,4  
(1.3) 
 

4,4,2 
(1.6) 

2,4,4 
 (1.6) 

4,4,2 
 (1.6) 

2,4,2  
(1.3) 

4,4,4   
(2) 

90 8,4,8 
 (2.6) 

16,8,8 
(3.3) 

4,4,4 
 (2) 

16,16,16 (4) 4,8,8 
 (2.6) 

16,16,16 
 (4) 

180 4,8,8  
(2.6) 
 

16,64,64 
(5.3) 

4,8,4  
(2.3) 

16,32,32 (4.6) 8,8,4 
 (2.6) 

64, 32,32 
(5.3) 

 

 

Each of the vaccines when injected to each of the three buffalo calves (6 months of age) induced 

anti FMD – complement fixing (CFT) antibody titer against  serotypes “O”,”A” and “Asia-1” of 

FMD virus. Each of the calves in group 1 (3 ml vaccine dose contained 0.1 ml of each serotype 

of the virus suspension) was boosted on day 60 post priming. 
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Figure 4.14: Effect of priming and boosting on antibody response of buffalo calves to oil 
based trivalent vaccine containing 106.2 units of immunogen of “O”, “A” and 
“Asia-1” serotypes of Foot and Mouth Disease virus   

 

Each of the vaccines when injected to each of the three buffalo calves (6 months of age) induced 

anti FMD – complement fixing (CFT) antibody titer against  serotypes “O”,”A” and “Asia-1” of 

FMD virus. Each of the calves in group 1 (3 ml vaccine dose contained 0.1 ml of each serotype 

of the virus suspension) was boosted on day 60 post priming. 
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Table 4.15: Effect of priming and boosting on antibody response of buffalo calves to oil 
based trivalent vaccine containing 2x106.2 units of immunogen of “O”, “A” 
and “Asia-1” serotypes of Foot and Mouth Disease virus   

 

Days 
Post-
priming and 
*boosting 

Anti FMD virus Compliment fixing antibody response of buffalo calves to 
trivalent oil based FMD vaccine (group 2) 
Type “O” FMD Type “A” FMD  Type “Asia-1” FMD 

Priming 
(GMT) 

Boosting 
(GMT) 

Priming 
(GMT) 

Boosting(
GMT) 

Priming 
(GMT) 

Boosting 
(GMT) 

0 0,0,0 
 (0) 

0,0,0  
(0) 

0,0,0 
 (0) 

0,0,0 
 (0) 

0,0,0  
(0) 

0,0,0  
(0) 

30 4,4,4  
(2) 

4,4,4  
(2) 

4,4,2  
(1.6) 

4,4,4  
(2) 

4,4,4  
(2) 

4,4,8 
 (2.3) 

60 (Boosting) 4,8,4 
 (2.3) 

4,8,4  
(2.3) 

4,2,4 
 (1.6) 

4,4,4 
 (2) 

8,8,4 
 (2.6) 

4,8,8 
 (2.6) 

9 8,8,16 
 (3.3) 

32,32,32 
(5) 

8,8,8  
(3) 

32,32,16 
(4.6) 

32,32,32 
(5) 

32,64,64 
(5.6) 

180 32,16,32 
(4.6) 
 

64,128,64 
(6.3) 

16,64,16 
(4.6) 

128,128,1
28 (6) 

64,32,32 
(5.3) 

128,128,128 (6) 

 

Each of the vaccines when injected to each of the three buffalo calves (6 months of age) induced 

anti FMD – complement fixing (CFT) antibody titer against  serotypes “O”,”A” and “Asia-1” of 

FMD virus. Each of the calves in group 2 (3 ml vaccine dose contained 0.2 ml of each serotype 

of the virus suspension) was boosted on day 60 post priming. 
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Figure 4.15: Effect of priming and boosting on antibody response of buffalo calves to oil 
based trivalent vaccine containing 2x106.2 units of immunogen of “O”, “A” 
and “Asia-1” serotypes of Foot and Mouth Disease virus   

                 

Each of the vaccines when injected to each of the three buffalo calves (6 months of age) induced 

anti FMD – complement fixing (CFT) antibody titer against  serotypes “O”,”A” and “Asia-1” of 

FMD virus. Each of the calves in group 2 (3 ml vaccine dose contained 0.2 ml of each serotype 

of the virus suspension) was boosted on day 60 post priming. 
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Table.4.16: Effect of priming and boosting on antibody response of buffalo calves to oil 
based trivalent vaccine containing 3x106.2 units of immunogen of “O”, “A” 
and “Asia-1” serotypes of Foot and Mouth Disease virus   

 

 

Days 
Post-
priming 
and 
*boosting 

Anti FMD virus Compliment fixing antibody response of buffalo calves to 
trivalent oil based FMD vaccine (group 3) 
Type “O” FMD Type “A” FMD  Type “Asia-1” FMD 

Priming 
(GMT) 

Boosting 
(GMT) 

Priming 
(GMT) 

Boosting 
(GMT) 

Priming 
(GMT) 

Boosting 
(GMT) 

0 0, 0,0 
(0) 

0,0,0  
(0) 

0,0,0  
(0) 

0,0,0  
(0) 

0,0,0 
 (0) 

0,0,0 
 (0) 

30 8,8,8  
(3) 

8,8,8 
 (3) 

8,8,8 
 (3) 

8,8,8  
(3) 

8,8,16 
 (3.3) 

8,8,8 
 (3) 

60 
(Boosting) 

16,16,32 
(4.3) 

16,16,16 
 (4) 

8,16,16 
(3.6) 

16,16,16 (4) 16,8,16 
(3.6) 

16,32,32  
(4.6) 

90 64,128,64 
(6.3) 

128,128,1
28 (7) 

64,64,32 
(5.6) 

64,128,128 
(6.6) 

64,64,128 
(6.3) 

128,128,128 
(7) 

180 128,128,256 
(7.3) 

256,512,2
56 (8.3) 

64,128,1
28 (6.6) 

512,256,256 
(8.3) 

256,256,2
56 (8) 

512,512,256 
(8.6) 

 

Each of the vaccines when injected to each of the three buffalo calves (6 months of age) induced 

anti FMD – complement fixing (CFT) antibody titer against  serotypes “O”,”A” and “Asia-1” of 

FMD virus. Each of the calves in group 3 (3 ml vaccine dose contained 0.3 ml of each serotype 

of the virus suspension) was boosted on day 60 post priming. 
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Figure 4.16: Effect of priming and boosting on antibody response of buffalo calves to oil 
based trivalent vaccine containing 3x106.2 units of immunogen of “O”, “A” 
and “Asia-1” serotypes of Foot and Mouth Disease virus   

 

Each of the vaccines when injected to each of the three buffalo calves (6 months of age) induced 

anti FMD – complement fixing (CFT) antibody titer against  serotypes “O”,”A” and “Asia-1” of 

FMD virus. Each of the calves in group 3 (3 ml vaccine dose contained 0.3 ml of each serotype 

of the virus suspension) was boosted on day 60 post priming. 
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Table 4.17: Effect of priming and boosting on antibody response of buffalo calves to oil 
based trivalent vaccine containing 4x106.2 units of immunogen of “O”, “A” 
and “Asia-1” serotypes of Foot and Mouth Disease virus   

 

 

 

Each of the vaccines when injected to each of the three buffalo calves (6 months of age) induced 

anti FMD–complement fixing (CFT) antibody titer against  serotypes “O”,”A” and “Asia-1” of 

FMD virus. Each of the calves in group 4 (3 ml vaccine dose contained 0.4 ml of each serotype 

of the virus suspension) was boosted on day 60 post priming. 

 

 

Days 
Post-
priming 
and 
*boosting 

Anti FMD virus Compliment fixing antibody response of buffalo calves to 
trivalent oil based FMD vaccine (group 4)  
Type “O” FMD Type “A” FMD  Type “Asia-1” FMD 

Priming 
(GMT) 

Boosting 
(GMT) 

Priming 
(GMT) 

Boosting 
(GMT) 

Priming 
(GMT) 

Boosting (GMT) 

0 0,0,0 
(0) 

0,0,0  
(0) 

0,0,0 
 (0) 

0,0,0  
(0) 

0,0,0  
(0) 

0,0,0 
(0) 

30 8,8,8 
(3) 

8,8,8 (3) 
 

8,8,8  
(3) 

8,8,8  
(3) 

8,8,16 
(3.3) 

8,8,8 
(3) 

60 
(Boosting) 

16,16,32 
(4.3) 
 

16,32,32 
(4.6) 

4,16,8 
(3) 

8,8,16 
(3.3) 

16,32,16 
(4.3) 

16,8,8  
(3.3) 

90 64,64,32 
(5.6) 

128,128,1
28 (7) 
 

16,64,64 
(5.3) 

64,64,64 
(6) 

64,64,16 
(5.3) 

64,64,64  
(6) 

180 64,128,128 
(6.6) 
 

256,256,2
56 (8) 

64,128,1
28 (6.6) 

128,256,
256 (7.6) 

128,256,
256 (7.6) 

256,256,256 (8) 
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Figure 4.17: Effect of priming and boosting on antibody response of buffalo calves to oil 
based trivalent vaccine containing 4x106.2 units of immunogen of “O”, “A” 
and “Asia-1” serotypes of Foot and Mouth Disease virus   

 

Each of the vaccines when injected to each of the three buffalo calves (6 months of age) induced 

anti FMD – complement fixing (CFT) antibody titer against  serotypes “O”,”A” and “Asia-1” of 

FMD virus (Figure 4.19). Each of the calves in group 4 (3 ml vaccine dose contained 0.4 ml of 

each serotype of the virus suspension) was boosted on day 60 post priming. 
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CHAPTER-5 

DISCUSSION 

Baby hamster kidney (BHK-21) cell line (adherent cells) grew well in glass/plastics 

culture vessels such as Roux flask, roller bottles (reagent bottle) and micro-carrier culture 

system. The cells grew, adhered and formed monolayer on the surface of Roux flask, inner 

surface of roller bottle and on surface of micro-carriers. BHK-21 cells routinely grow and adhere 

on the plastic and glass surfaces. Adherent cells secrete adhering molecules such as fibronectin; 

plays a major role in the adhesion of many cell types such as fibroblasts, hepatocytes, 

macrophages, etc., on glass or plastic surface and also form cell to cell adhesion. Cations such as 

Ca++ and Mg++ are found to attach on glass surface from one side and bind to fibronectin from 

other side (Urushihara et al. 1977; Freshney, 1998). Cell attachment therefore can be disrupted 

by using chelating agent such as versin or trypsin solution or both of these (versin trypsin 

solution). These chemicals can hydrolyze the fibronectin molecules and detach the cells from the 

substrate and also dissociate from the neighboring cells. Some adherent cells lose their adherent 

property due to lack of their own surface adhesion molecules (knock out gene expression) or 

change in the environment. These cells are known as non adherent cells and can be grown in 

suspension form (Ferrari et al. 1990). There are several nutritional and physical factors that affect 

growth and viability of BHK-21 cells. The growth media provide nutrients to the cells needed for 

their survival. There are number of growth media (M-199, DMEM, GMEM, etc.), that are now 

commercially available for propagation of cells. A growth medium contains carbohydrates, 

amino acids, lipids and fatty acids, proteins and peptides, inorganic salts, vitamins, serum, 

supplements (L. Glutamine, Sodium pyruvate and non-essential amino acids), etc. The 

carbohydrates are glucose, galactose, maltose or fructose. Media with higher amount of sugars 
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support the growth of a wider range of cell types such as high concentration of glucose in 

GMEM favors the rapid multiplication of BHK-21 cells. It was observed that increasing the 

amount of growth medium from 25 ml to 100 ml, increased the cell count significantly (p<0.05) 

while no such increase was observed by further increase in amount of the medium quantity 

(Table 4.1). Increasing amount of growth medium (GMEM) supports the growth of BHK-21 

cells. Further increase in amount of medium in the bottle didn’t show any effect on the cell 

density. This could be attributed to the limitation of space available for the cell attachment and 

their proliferation (Kurano et al. 1990). Amount of the growth medium (volume) has augmenting 

effects on the growth of adherent cells in still culture (Sathya et al. 2008) and non-adherent cells 

in the spinner flasks (Ryan et al. 1997 ).  

It was observed that medium without additive enrichment didn’t support the cell growth. 

Commonly used enrichment additive in the maintenance cell culture medium are Fetal Calf 

Serum (FCS), goat serum, horse serum, allontoic fluid, colostral whey, oval albumin, etc 

(Rehman et al. 2007). Addition of 5 % FCS showed optimum results. The medium supplemented 

with 7%, 9 % showed no significant effect of the cell density (Table-4.2). Sometimes source of 

the serum is contaminated with bovine diarrheal virus, mycoplasma, chlamydia, etc., infectious 

agents that has detrimental effect on the growth and maintenance of the cell line. Serum in the 

medium is an important source of growth factors such as vitamins, minerals anti trypsin agents, 

adherent molecules, growth hormones, etc. in cell culture. The vitamins are precursors for 

various co-factors. Many vitamins especially B group (riboflavin, thiamine, biotin, etc.) are 

necessary for cell growth and their proliferation. Trace elements are zinc, copper, selenium and 

tricarboxylic acid intermediates. Selenium is a strong detoxifier and helps in removing oxygen 
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free radicals (Paranjape 2004). It is therefore important to screen batches of serum for their 

ability to support the growth of cells.  

There are several physical factors (seeding density, time and temperature of incubation, 

rolling speed, etc.) affecting the growth of BHK-21 cells and its viability. Scaling up the cell 

density is the primary target in either of the method as quantity of cell is directly linked with 

initial cell density (Sathya et al. 2008). Seeding density significantly affected the growth 

properties of the cells. It is clear from Table- 4.3 and Figure 4.3 that double amount of cells were 

harvested after 48 hours of incubation by increasing the cell density in the inoculum from 5 

million to 10 million. High yield of hybridoma cells is obtained by increasing the seeding cell 

density (Sadettin et al. 1990). However, low seeding cell density with longer incubation showed 

confluent monolayer of the cells. Cell attachment is dependent on the suitable and consistent 

substrate provided by the vessel/culture bottles. For still culture plastic/ glass Roux flasks are 

used. Space is the limiting factor for obtaining high cell density. Roux flask (175 cm2) yielded 

1.5x107 cells per bottle/ 35 ml of the growth medium while roller bottles (480 cm2) yielded 

4.6x107 cells per bottle/ 100ml of the growth medium (Table 4.3). The roller bottles slowly rotate 

(1-3 rpm) on motorized racks or drums are widely used for producing large quantities of cells 

also glass bottles and provide good substrate for attachment of the cells. Incubation temperature 

is important for cell growth. Incubation temperature (37° C) showed optimum cell growth while 

the reduced growth was obtained by keeping the flasks at lower temperatures (Table 4.5). Low 

temperature suppresses the cell growth (Evelyn et al. 2006). Additionally, the cells grown at 

lower temperatures have reduced metabolic activities as demonstrated by reduced interferon 

production by the CHO cells (Alireza et al. 2006). The rapid decline in the cell yield by keeping 

cells at high temperature in the present study might be due to the fact that enzymatic activities of 
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the mammalian cells seizes at a temperature slightly higher than the optimum temperature. 

Optimum incubation period is one of the critical requirements of the cells to support the cell 

growth. Maximum cell density can be achieved within 60 hours of incubation while an abrupt 

decline in the harvested cell counts was recorded after another incubation of 12 hours (Table 

4.4). The decline in cell yield after achieving confluence could be due to the accumulation of 

metabolic wastes or shortage of the vital ingredients like glutamine in the spent medium (Radlett 

et al. 1971). Many anchorage dependent cells are adapted to grow on micro-carriers to achieve 

high cell density. While considering the cell propagation as monolayer culture, the roller bottles 

are thought to be a better choice (Kunitake et al. 1997; Kretzmer 2002). The major advantage of 

roller bottles over flat surface flasks is that it provides increased surface area for the attachment 

of cells (Sadettin et al. 1990). However, rolling speed is a critical factor for the cell growth. The 

maximum amount of cells were harvested at a rolling speed of 3 rpm while the cell yield was 

relatively less at low or high rolling speeds (Table 4.6, Fig 4.6). Glasgow minimal essential 

medium was found to sustain optimum proliferation of BHK-21 cells. Medium insufficiency at 

low speed and attachment failure at high speed could be the most probable reasons for low cell 

yield.  

 BHK-21 cell line supports the replication of Foot and Mouth disease (FMD) virus which 

is the cause of FMD in cloven footed animals. The virus belongs to Apthovirus of 

Picornaviridae. The virus has single stranded, positive-sense, non-enveloped RNA genome of 8.5 

kb. The RNA of FMDV contains codes for structural and non-structural proteins (Forss et al., 

1984; Racaniello, 2006). The RNA genome is surrounded by the capsid of 60 copies of each of 

the four structural proteins such as VP-1, VP-2, VP-3 and VP-4; of which VP1-3 are external and 

VP-4 is completely internal (Fox et al. 1989). Other than structural proteins there are nine non-
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structural proteins. The antigenic properties of structural proteins of FMDV capsid play 

important role in the classification of FMD virus into seven distinct serotypes namely “O”, “A”, 

“Asia-1”, “C” and SAT I-III (Domingo et al. 2002; Mittal et al. 2005). Various antigenic sites 

have been identified in different serotypes of FMD virus. In FMD type “O” virus four antigenic 

sites (two located on VP-1, 3rd on VP-2 and forth on VP-3) are identified (Kiston et al. 1990: 

Crowther et al, 1993). VP-1 is considered to contain protein for most significant virus attachment 

and serotype specificity. FMD type “Asia-1” virus has four trypsin sensitive and neutralizing 

sites. VP-1 is reported as the major antigenic site Gurumurthy et al, 2002). Two major antigenic 

sites have been identified in FMD type “A” virus; one on VP-1 is trypsin sensitive and the other 

on VP-3 is trypsin insensitive. Two minor sites are located near C-terminus of VP-1 (Thomas et 

al. 1988). FMD virus grew well on BHK-21 cell line (Table 4.8). Virus has ligant molecules and 

host cells have specific receptors. The virus therefore binds with the host cells and genome 

(RNA) of FMDV then enters into cytoplasm (Carolina and Graham, 2012). The virus genome 

directly binds on ribosome of the host cell and starts its primary translation of structural and non 

structural proteins (Barton and Flanegan, 1997; Li and Baltimore, 1988). After translation, 

assembly of virus takes place and cells show clear cyto-pathic effects like clumping, aggregation 

and detachment (Awan et al. 2009). FMD virus serotypes from field do not grow directly on 

monolayer of BHK-21 cells. This could possibly be due to coating of secretary antibodies on 

receptors of the cells (Jackson et al. 1996). The BHK- 21 cell line seems to be less sensitive than 

Bovine Thyroid cells (BTY) due to low expression of cell integrin (Berinstein et al. 1995: 

Khuwaja et al. 2009). There has been many cell line including BHK-21 cells, lamb kidney cells 

and bovine thyroid (BTY) cells used but BTY cells showed the best sensitivity for field strains of 

FMD virus (Ferris et al. 2002). FMD virus can directly grow on primary monolayer of BTY cell 
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then after 2nd, 3rd passages can adapt on BHK-21 cells (Khuwaja et al. 2009). First time growth 

of FMDV on BHK-21 cells after passages on BTY gives 103 units of TCID50/ml. However, 

repeated passages on BTY cells increase TCID50 of FMD up to 106 units of TCID50/ml (Khuwaja 

et al. 2009). FMD virus showed poor growth in BHK-21 cell line having cell culture medium 

without FCS. This could be due to rapid death of cells in the maintenance medium that don’t 

support replication of the virus. Addition of FCS in GMEM supported the maintenance of BHK-

21 cells and also supported the replication of FMD virus. Addition of FCS in GMEM at the rate 

of 0, 1 and 2 % concentration proportionally increased the infectivity titer of FMDV, i.e., 103 

units of TCID50/ml, 107 units of TCID50/ml, 107 units of TCID50/ml, respectively (Table, 4.12 

and Figure 4.12). However, further increase of FCS in GMEM didn’t improve the replication of 

FMDV and hence didn’t show significant increase in the infectivity titer of the virus. FCS 

neutralizes the residual amount of trypsin in inoculums and supports the attachment of cells with 

substrate and also support the maintenance of BHK-21 cells. This could be a possible reason of 

having higher infectivity titer of virus at 1% FCS in the cell culture medium. Further increase of 

the serum in the GMEM improved the multiplication of BHK-21 cells but may not support the 

replication of virus (Gallina et al. 2001). Incubation temperature of 330C and 390C did not 

support the multiplication of BHK-21 cell line in the presence of GMEM supplemented with 

FCS and hence didn’t support the replication of FMD virus. This could be a possible reason of 

having poor infectivity titer of the virus at above mentioned temperature. Incubation temperature 

of 350C and 370C supported the multiplication and maintenance of BHK-21 cells that might had 

supported the replication of FMD virus. This might be a possible reason of high infectivity titer 

of 106.6 units of TCID50/ml and 107.2 units of TCID50/ml at 350C and 370C respectively (Razdan 

et al. 1996). The replication/infectivity titer of virus is directly proportional to number of cells. In 
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the still culture (Roux flask) 75cm2 yielded106 units of infectivity titer per ml. Monolayer of 

BHK-21 cells in roller bottle culture system (480 cm2) showed 107 infectivity titer per ml. BHK-

21 cells on micro-carrier suspension in stirring bottle containing 200 ml of GMEM growth 

medium showed 108 units/ml of infectivity titer of the virus (Table 4.11 and Figure 4.11). Higher 

the density of the cells, higher is the infectivity titer of the virus (Altaf et al. 2012; Khuwaja et al. 

2009; Salivac et al. 2006). FMD virus doesn’t attain attenuated form, so live attenuated form of 

vaccine is not available. Variety of physical factors and chemical agents are used to inactivate 

the virus for vaccine production (Awan et al. 2009; Ghori et al. 2011). Formaldehyde binds with 

amine group of viral capsid proteins thus alters its configuration so these ligand molecules do not 

bind with receptors of host cells and cannot produce the disease and becomes inactivated 

(Bahnemann et al. 1975). However, the RNA of FMD virus is a positive sense nucleic acid that 

can directly enter from formaldehyde inactivated viral suspension into the cytoplasm of host 

cells and may start its replication. FMD outbreaks are not therefore, uncommon even in the 

animals vaccinated with gel based formaldehyde inactivated FMD virus vaccine. This is why, the 

FMD virus was inactivated using Binary Ethyleneamine (BEI) that might have inactivated viral 

nucleic acid and inhibited its replication in the host cells. Such BEI inactivated FMD virus 

suspension qualified safety and sterility test. The BEI molecules do not bind with the capsid 

protein so may not decrease its immunogenicity. Moreover, residual amount of BEI can be 

neutralized with sodium thiosulphate, eliminating its toxicity in the vaccine. The BEI inactivated 

FMDV suspension absorbs quickly from inoculation sites of the vaccinated animals and does not 

elicit the antibody response. The viral suspension is therefore, adsorbed on aluminium hydroxide 

gel or admixed with mineral oil such as Montanide ISA-70. The adjuvant enhanced its retention 

time and induced mild form of granuloma at the inoculation site. The antigen is removed through 
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antigen presenting cells (APC) for production of cell mediated as well as humoral immune 

responses (Tizzard, 1998; Graves 1971; Kimura et al. 1978; Chowdhery et al. 1996; Jennings et 

al. 1998 and OIE manual 2011). The humoral response of the buffalo calves is measured by 

potency testing such as virus notarization test (VNT) and complement fixation test (CFT) 

(Tizzard, 1998; Altaf et al. 2012) and ELISA (Ferris and Dawson, 1988). It was observed that 

higher was the immunogen level of FMD virus per dose of the vaccine, higher was the anti 

FMDV-CFT antibody titer of vaccine (Table 4.13 – 4.16 and Figure 4.13 – 4.16). The antibody 

response of the vaccinated animals is directly proportional to biological titer of the immunogen 

per dose of the vaccine (Muhammad et al. 2011). It was observed in the present study that the 

required level of antibody titer is achieved by incorporating 0.2 ml of the viral suspension having 

infectivity titer of 107 per dose of the vaccine. The volume of the immunogen can be reduced to 

0.1 ml of the viral suspension by increasing two times infectivity titer of the virus. This will open 

a gateway for production of multivalent vaccine against common diseases of cattle and buffalo. 

Multivalent vaccines are commonly prepared against infectious diseases of bovine, caprine, 

canine and poultry (Altaf et al. 2012; Palanisamy et al. 1992). FMD vaccinated animals can resist 

the field exposure of virulent infections through any of the following methods 1) Antibodies bind 

with ligand molecules of the newly entering virus and inhibiting its attachment and replication in 

the host cell (Tizzard, 1998). 2) Specific immunoglobulin (IgG) binds with the virus particles 

and leads to its clearance through phagocytosis by macrophages/neutrophils mediates 

phygocytosis. 3) Immunoglobulins (IgM and IgG) bind with the specific ligand of the virus and 

bind with the phagocytic cells through activated C3b leading to its clearance from 

circulation/tissue through phagocytosis. 4) Binding of the IgG with the virus and its clearance 

through natural killer cells. 5) T- cell dependent immunogens of FMD virus elicits cytokines 
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production such as IL-2, IL-4, IL-5 and INF-α, ultimately enhances the potential antiviral 

activity of natural killer cells and cytotoxic T-cells (Zhang et al, 2011). These activated cells 

recognize the virus specific antigens presented along with MHC class-1 and mediate lysis of 

such virus infected cells (Alireza et al. 2000; Efrain et al. 2008). 
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CHAPTER-6 

CONCLUSIONS 

It is concluded that conventional system (Roux flask: 75 cm2 surface area) support the 

growth of 1.7x107 BHK-21 cells/ flask/35 ml growth medium and yield of 106.2 units of 

biological/ infectivity titer of the virus per ml of the virus suspension. In this way biological titer 

of the virus is 35 x 106 or 3.5 x107 units of FMD virus/bottle. Physico-chemical factors such as 

seeding density (10 million BHK-21 cells/ bottle), growth medium (100 ml/ bottle), fetal calf 

serum (5%), rolling speed (3rpm), incubation temperature (370C) and incubation period (60 

hours) for growth of BHK-21 cells in roller bottles (480 cm2 surface area) yielded more than 

4.5x107 cells/ bottle and 107 units of infectivity titer of the virus/ml of the medium. In this system 

total virus yield was therefore, 100x 107 or 1x 109 units of infectivity titer of the virus per bottle. 

The roller bottle culture system therefore yields 65 times more infectivity titer of the virus than 

that of still culture. The adaptation of this type of culture system in biological production units 

may enhance more than 15 times biological production potential.  
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CHAPTER-7 

RECOMMENDATION  

It was observed that high cell density can be achieved by growing adherent cells in roller 

bottle culture system or micro-carrier in stirring vessels. In this way, many times more infectivity 

titer of the virus can be achieved than that of Roux flasks. However, many times higher cell 

density can be achieved by growing BHK-21 cells on micro-carriers in stirring culture vessels 

and subsequently many folds higher infectivity titer of the virus can be attained by growing the 

virus serotypes in the  stirring culture system. It is therefore recommended to investigate the 

factors effecting BHK-21 cell cultivation on micro-carrier and suspension culture system. 

Moreover, factors augmenting infectivity titer of FMD virus on adherent cells on micro-carrier 

and suspension cultures in spinner flask/biofermentor for improving vaccine production potential 

of biologics production units.  

 

 

 

 

 

 

 

 

 

 



SUMMARY 

110 

CHAPTER-8 

SUMMARY 

Foot and Mouth Disease (FMD) is endemic in Pakistan and killed virus vaccines against 

prevalent serotypes are used for the control of disease. Baby Hamster Kidney (BHK-21) cells as 

monolayer culture are routinely used for the propagation of FMD viruses. Various nutritional 

factors: amount of growth medium and serum concentration as well as physical conditions: 

seeding density, rolling speed, growth time, and incubation temperature for the propagation of 

BHK-21 cells on roller culture bottles were optimized. The roller culture bottles having surface 

area of 480 cm2 were used for the propagation of cells. Feeding of cells with 100 ml of growth 

medium per bottle and supplementation of 5% serum supported the growth of the cells in 

optimum way. Seeding of ten million cells per bottle resulted into the development of complete 

monolayer with maximum cell density within 48 hours. The cultured cells remained confluent up 

to 60 hours while a rapid decline in the number of harvested cells was recorded after 72 hours of 

incubation. Growth rate of the cells was slower at 33° C that increases at 35° C, reaching to its 

maximum at 37° C while cells could not tolerate the temperature of 39° C. The bottles kept at 

rolling speed of 3 rpm yielded maximum amount of cells while higher or lower rotation speed 

negatively affected the cell proliferation.  

Antibody response of buffalo calves to different levels of FMD virus immunogen in 

trivalent vaccine was investigated. The vaccine containing 106.2 units of immunogen/TCID50 of 

each of the three serotypes of FMD virus induced log2(1.3± 0.4) units of anti-FMD “O” 

Complement Fixing Cumulative Geometric Mean antibody (FMD”O” CFT-CGM) titer,  

log2(1.4±0.3) units of anti-FMD”A” CFT-CGM titer and log2(2.0±0.7) units of anti-FMD”Asia-
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1” CFT-CGM titer. The vaccine containing 2x106.2 units of immunogen of each of the three 

serotypes of FMD virus induced log2(2.2±0.2) units of anti- FMD”O” CFT-CGM titer, 

log2(2.1±0.25) units of anti- FMD”A” CFT-CGM titer and log2(3.4±0.8) units of anti-

FMD”Asia-1” CFT-CGM titer. The vaccine containing 3x106.2 units of TCID50 of each of the 

three serotypes of FMD virus induced log2 (5.3 ± 2.0) units of anti-FMD”O” CFT-CGM titer, 

log2 (4.6±1.9) units of anti-FMD”A” CFT-CGM titer and log2 (5.0±2.2) units of anti- 

FMD”Asia-1” CFT-CGM titer. The vaccine containing 4 x 106.2 units of TCID50 of each of the 

three serotypes of FMD virus induced log2(5.5±1.5) units of anti-FMD”O” CFT-CGM titer,  

log2(4.4±1.9) units of anti-FMD”A” CFT-CGM titer and log2(5.2±1.9) units of anti-FMD”Asia-

1” CFT-CGM titer. Moreover, buffalo calves (n=3) which were primed and boosted with 60 days 

interval using vaccine containing 2x106.2units of immunogen of each serotype of FMD virus, 

showed log25.0 and log26.3 units of anti FMD”O”-CFT-GMT antibody titer, log24.6 and log2 6.0 

units of anti FMD”A”-CFT GMT antibody titer, log25.6 and log26.0 units of anti FMD”Asia-1”-

CFT GMT antibody titer, on 30 and 120 days post boosting. 

Each serotype of the virus grew well on BHK-21 cell line. The virus showed poor TCID50 

(log 103.2±0.2) in BHK-21 cells having Glasgow Minimal Essential Medium (GMEM) without 

Fetal Calf Serum (FCS). Addition of FCS in the medium at the rate of one percent increased log 

107.1±0.2 units of virus TCID50. Incubation temperature of 350 C and 370 C supported the 

multiplication and maintenance of BHK-21 cells and yielded log106.6±0.1 and log107.0±0.2units of 

virus TCID50, respectively.  Each serotype of FMD virus showed log106.29±0.07 units of virus 

TCID50 in the stationary monolayer of BHK-21 cells in Roux flask (75cm2), log107.66± 0.02 units 

of virus TCID50 in roller bottles (490 cm2) and log108.34 ± 0.07 units of virus TCID50 on 0.2 g of 

micro-carriers suspending in 200 ml of the growth medium in stirring bottle. The infectivity 
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titer/TCID50 of each of the virus serotypes was significantly higher in roller bottles than that 

achieved in Roux flasks (p<0.05) and was significantly higher in stirring bottle containing micro-

carriers suspending in the growth medium than that of harvested in roller bottle (p<0.05). It is 

concluded that the infectivity titer of the virus is directly proportional to number of BHK-21 cells 

in the culture system. 
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