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CHAPTER 1 

INTRODUCTION 

Livestock sector is an important component of agriculture in Pakistan. This sector is 

mainstay of 35-40 million people for sustaining their livelihood. In Pakistan, livestock is 

regarded as an important segment of daily life as it is a main source of highly nutritive food in 

the form of milk and meat. Livestock is also a source of draught power especially in the rural 

family and agriculture set up. Animal skins and hides are used in the local leather and garment 

industry. Moreover, living animals and their byproducts including skins and hides are also 

exported to earn foreign exchange. The overall livestock contribution to National Gross 

Domestic Product (GDP) is 11.5 per cent. Overall the livestock has over 55.1% share in the 

agriculture sector (Economic Survey of Pakistan, 2011-2012). 

Pakistan is located at the eastern edge of Iranian plateau and North-Western geologic 

Indian plate in South Asia. The province of Punjab in Pakistan is the most populous area in terms 

of animal and human populations. At present, population of cattle and buffaloes in Punjab is 

14.41 and 17.75 million, respectively (Livestock Census, 2006). Over 71% of the buffalo 

population in Punjab is kept in irrigated areas, which contributes around 70 per cent of total milk 

production of Pakistan (Khan et al. 2007). Majority of buffalo is reared by the small dairy 

farmers who generally own five to eight buffalo heads for supplying milk in the urban market 

(Afzal, 2010). However, the above narrated benefits from the livestock are hampered by many 

factors such as good supply of feed and fodder, poor husbandry practices and occurrence of 

many infectious diseases. 
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Foot and Mouth Disease (FMD) is the most common in Asia, Africa, Middle East, 

Australia, New Zealand, Chile, Japan and America (OIE, 2007). Many of the European countries 

are recognized as free from the disease (OIE, 2007). Uruguay and Argentina have not reported 

any outbreak of the disease since April 1994 (Sahle, 2004). In Pakistan, the disease is quite 

endemic and its widespread outbreaks across the country are reported every year (OIE, 2007). In 

Punjab, maximum production losses in buffaloes are attributed to the disease as all rearing and 

lactating animal age groups suffer from the disease. It is an endemic viral problem of both cattle 

and buffalo with overall morbidity and case fatality rates of 11.89 and 2.12 per cent, respectively 

(Ajmal et al. 1985). It is a highly contagious disease of cloven footed animals; domesticated 

cattle, buffalo, pigs, sheep, goats and deer (Kitching et al. 2005). Other animal species such as 

Reindeer, Black buck, Fellow deer, African buffalo, Bison, Elk, Guar, Gayal, Kudu, Yak, Wild 

boar, African and Asian elephants also suffer from the disease (Schaftenaar, 2002; Nyamsuren et 

al. 2006; Rhyan et al. 2008). In addition, domestic (chicken, turkey, guinea fowl, duck and 

geese) and free-living (starling, seagull and house-sparrow) birds can be experimentally infected 

(Kaleta, 2002). 

FMD virus is a member of Picornaviridae (Damingo et al. 2002; Ishimaru et al. 2004). Its 

genome is single stranded, positive sense Ribose Nucleic Acid (RNA). Capsid of the virus is 

composed of four structural viral proteins named as VPI, VP2, VP3 and VP4, each having 60 

copies (Grubman and Baxt, 2004). The virus has seven serotypes (Grubman and Baxt, 2004). 

From Pakistan, isolation of serotypes A, O, C and Asia-1 has been reported. 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 
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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).  

The most common route of FMD virus transmission and spread is direct contact amongst 

the infected and non-infected animals. The mechanical transfer of the virus from infected to 

susceptible animals through cuts or abrasions and mucosal membrane is quiet frequently 

reported. Infection by deposition of the droplets or droplet-nuclei (aerosols) in the respiratory 

tract of susceptible animals is another mode of virus transmission (Alexandersen et al. 2003). 

Virus contaminated clothing, shoes, vehicles, veterinary instruments; introduction of infected 

cattle and buffalo; transferring of cattle and buffalo stock from an infected neighboring village, 

shared drinking and grazing localities, wildlife and migrating birds have a basic role in spread of 

the virus (Cleland et al. 1995; Chamnanpood et al. 1996; Bastos et al. 2000; Kaleta, 2002; 

Sutmoller and Casas, 2002; Hargreaves et al. 2004; Bhattacharya et al. 2005; Maroudam et al. 

2008; Rweyemamu et al. 2008 and Wee et al. 2008). Sheep play quite an important role in the 

epidemiology of FMD (Griffin O’ Reilly, 2003; Mansley et al. 2003; Thrusfield et al. 2005). 

Trans-boundary FMD spread is through trade of contaminated milk, meat, animal and semen 

(Sutmoller, 2001; Sutmoller and Olascoaga, 2003; Gue´rin and Pozzi, 2005 and Martı´nez-

Lo´pez et al. 2008).  

No area in Pakistan with the animal population can be considered safe, due to non -

availability of good quality effective FMD vaccine, uncontrolled and round the year livestock 

movements, unreliable epidemiological data, etc. The thickly livestock populated Punjab is at 

high risk of getting FMD outbreaks, as in the province there is increasing contact of healthy 

animals with the infected ones who keep on moving in this area from FMD-endemic countries 
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like Afghanistan (Perez et al. 2006). Currently, various approaches used to control FMD include 

movement restrictions on the animal and their products from the infected regions, proper 

disinfection of animal housing facilities and use of effective vaccination (Amass et al. 2004; 

Singh et al. 2007 and Velthuis and Mourits, 2007). The maternally derived anti-FMD virus 

antibodies protect the newborn animals against 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). Chemically inactivated gel based multivalent vaccines are 

used for immuno-prophylaxis, but outbreaks are common even after their use (Meyer and 

Kundersen, 2001). Currently, used vaccines have a narrow antigenic spectrum, quite expensive 

and provide short-term protection to the inoculated animals (Rodriguez and Grubman, 2009).  

Regardless of its huge economic importance, the disease occurrence has not been 

properly investigated taking into consideration different risk factors. The currently, available 

data does not adequately indicate real magnitude of FMD in the country. The present study was, 

therefore, designed to investigate potential epidemiological aspects and the risk factors 

associated with FMD prevalence in Pakistan. The major objectives of this research work 

included: 

•  Epidemiological investigations to estimate: 

• Prevalence of FMD in various districts of Punjab province 

• Various risk factors (vaccine type, calves, meteorological and 

distance of village from hospital) contributing in the spread of 

disease  
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• Ranking of FMD among major bovine/buffalo diseases prevalent 

in Pakistan 

• Study of prevalence of various FMD virus serotypes infecting livestock in different   

districts of Punjab  

• Study of various physico-chemical factors which contribute towards 

inactivation/survival of FMDV 

• Factors affecting the immune response of FMDV vaccination under field conditions 

• Community/field trial to estimate the efficacy of FMDV vaccine (s) 
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CHAPTER 2 

REVIEW OF LITERATURE 

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

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

livestock farmers keeps 2-3 cattle/buffalo, 3-4 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 (Economic Survey of Pakistan, 2011-2012). 

2.1 BUFFALO 

Pakistan is fortunate enough in having two best sub-tropical breeds of buffalo (Nili-Ravi 

and Kundi). Nili Ravi breed has higher milk yield potential than that of Kundi due to its early 

maturity and shorter calving interval (Haq, 2000). The buffalo (Bubalus bubalis) population in 

Punjab province of Pakistan is 17.70 million heads (Livestock Census, 2006) which plays an 

important role in overall economy of country. The buffalo is considered black gold of South Asia 

where more than 95% milk yield is contributed by this animal (Javaid et al. 2009). This animal 

has been regarded as World’s second most important milk producer (Bhatti et al. 2009). The 

animal provides more than 68 percent of the total milk produced in the country (Bilal et al. 

2006). At world level India ranked number one in buffalo milk yield followed by Pakistan, China 

and Egypt (FAO, 2005). Irrigated areas of Punjab have the higher number of buffaloes with most 
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population being present in the central Punjab. The most buffalo populated districts of Punjab 

province are Faisalabad, Jhang and Sheikhupura (Khan et al. 2007). 

2.2 FOOT AND MOUTH DISEASE  

Foot and mouth disease (FMD) is a highly contagious viral infection of cloven-hoofed 

animals (Klein, 2008), which has worldwide occurrence. FMD outbreaks have been recorded in 

Argentina, Bolivia, Botswana, Brazil, China, Ecuador, Egypt, Guinea, Israel, Jordan, 

Kazakhstan, Korea, Lebanon, Palestine, Russia, South Africa and Turkey in 2006-2007. In 

United Kingdom, last outbreak of FMD occurred in 2001, while other countries of Europe. North 

America, Central America, Australia, and New Zealand have been free for many years (OIE, 

2007). The last FMD outbreak in U.S. was recorded in 1929. 

2.2.1 Host Range 

FMD has broad host range; the cattle, buffalo, sheep, goat and swine being the 

most susceptible species. All breeds of the animal are quite vulnerable to clinical form of 

disease. The disease severity, however, is lesser in indigenous breeds than those of 

imported ones. Upon experimental infection with some strains of FMD virus, vesicular 

lesions develop on the comb, wattles, eyelids, and feet of domestic birds like chickens, 

turkeys, guinea fowl, ducks and geese,. Vesicular lesions may also develop on the skin 

and mucosal membranes of mouth, on experimental infection, in free-living birds, 

especially the starlings, seagulls and house-sparrows (Kaleta, 2002). Non-domesticated 

animals susceptible to FMD are Reindeer, Black buck, Porcupine, African buffalo, Bison, 
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Fellow deer, Guar, Gayal, Kudu, Yak, Wild boar, African and Asian elephant 

(Schaftenaar, 2002). Lama and Alpaca are not much susceptible and as such do not pose 

risk as FMDV carriers (Wernery and Kaaden, 2003). From African buffaloes, FMD virus 

has been isolated from apparently clinically normal animals (Hedger et al. 1973). In 

bison and elk upon experimental FMD infection, the lesions are observed on oral mucosa 

and feet (Rhyan et al. 2008).  

2.2.2 Pathogenesis 

FMD incubation period (IP) is highly variable depending on the virus strain, virus 

load, transmission route, animal species and husbandry conditions. The IP for farm-to-

farm airborne spread ranges from 4-14 days and 2-14 days in direct contact animals. On 

transmission within a herd or flock, IP varies between 2-6 days (Alexandersen et al. 

2003). The signs of disease appear in 2-3 days post exposure and last for 7 to 10 days 

(Grubman and Baxt, 2004). Variable and prolonged incubation period has been reported 

for the experimentally infected buffaloes (Maroudam et al. 2008). There are three basic 

phases of FMD pathogenesis. In pre-viremic phase, infection and replication of virus 

occurs at primary replication sites. Viremic phase is characterized by vesiculation and 

erosion of epithelia of foot, teat, mouth, prepuce and rumen and post-

viremic/convalescent phase results in long-term persistent infection (Arzt et al. 2011). In 

pre-viremic phase, epithelia of the nasopharynx and larynx are the most consistent sites 

of primary infection but in the period in which viremia is established greater quantity of 

FMD virus is detected in lungs as compared to pharynx (Arzt et al. 2010). During the 
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viremic period, there is extensive replication of FMDV in the palatine tissue and lungs 

(Arzt et al. 2010). FMD virus gains entrance in the memory gland during viremic phase, 

and it replicates in the secretary cells of memory gland (Donaldson, 1987). 

 

2.3 FOOT AND MOUTH DISEASE VIRUS 

2.3.1. 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). 

2.3.2. Morphology 

The FMD virion is approximately 25 nm in diameter. Under the electron 

microscope, the FMD virion appears to be a round particle with a smooth surface. FMDV 

is distinguished from other Picornaviruses by its being lack of a surface canyon, receptor- 

binding site for entero and cardio-viruses. Another feature is the presence of a channel at 

fivefold axis which permits the entry of small molecules such as CsCl into the capsid. 

Buoyant density of FMDV is highest among the Picornaviruses (Grubman and Baxt, 

2004).  
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2.3.3 Genome organization 

The FMDV is a 140-S particle consisting of a single-stranded RNA genome of 

approximately 8200 nucleotides and 60 copies each of four structural proteins (VP1, 

VP2, VP3 and VP4). In addition, a precursor protein (VP0), and a genome–linked protein, 

(VPg) covalently attached to the 5/ terminus of the RNA are also present (Grubman and 

Baxt, 2004). The genome of FMDV comprises of 5/ un-translated region of 1150 

nucleotides followed by a single open reading frame (ORF) of 6890 nucleotides and a 3/ 

untranslated region of approximately 160 nucleotides. The ORF encodes 12 proteins: the 

leader protease (Lpro), four capsid proteins (1A–D), three non-structural proteins (2A–C) 

and four (3A–D) proteins (Jackson et al. 2007). 

2.3.4 Genetic variation 

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. Mutants 

with a selective advantage in the prevailing environment are better represented than other 

viruses (Sahle, 2004). 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 and Baxt, 2004).  

2.3.5 FMD Virus Serotypes and Subtypes 

In early 20th century, antigenic diversity of FMDV was recognized which led to 

the description of seven serotypes. Vallee and Carre (1922) identified two serotypes 
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named as “O” and “A” in France. Type "C" was first identified in Germany by 

Waldmann and Trautwein (1926). Three more serotypes (SAT-I, II, and III) were 

reported from South African Territory by Galloway et al. (1948). Brooksby (1958) 

identified serotype “Asia-1” from the infected epithelial tissues. Within these serotypes, 

60 subtypes of FMD virus were identified on the basis of antigenic variation (Assaged, 

2005).  

 2.3.6 Physicochemical properties 

Picornaviruses are small RNA viruses that are enclosed within a non-enveloped 

protein shell (capsid). The capsid consists of polypeptides, which are devoid of 

lipoprotein, and hence is stable to lipid solvents like ether and chloroform (Cooper et 

al. 1978). In milk and milk products, the virion is protected, and can survive at 70oC for 

15 seconds and a pH of 4.6. In chilled or frozen bone marrow and lymph nodes, the virus 

can survive for long periods (Mckercher and Callis, 1983).  

2.4 Factors inactivating FMD virus 

2.4.1 Temperature 

Temperature is one of the most common factors affecting virus survival by acting 

on viral proteins and genome. Temperature above 600c for more than 60 min is generally 

sufficient to inactivate most viruses. However, virus inactivation temperature can vary 

due to presence of surrounding organic material (Tang, 2009). The efficiency of thermal 
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inactivation depends on the time and temperature interaction on the virus 

(Kamolsiripichaiporn et al. 2007). 

FMDV survived the heating of milk at 750C or 800C for 15-17 seconds. The virus 

in pasteurized milk was live after evaporation at 650C to 50% of original volume of milk 

(Hyde et al. 1975). Virus in lymph nodes from infected cattle resisted temperature of 69, 

82 and 90°C for 120, 60 and 15 minutes, respectively. However, it was killed in the 

ground beef or meat-balls contaminated with infected lymph node tissue by internal 

temperatures of 93.3, 96.1 or 98.8°C of commercial thermal processing procedures 

(Blackwell et al. 1981). Aerobic thermophilic system inactivates FMDV at temperatures 

higher than 50°C in a minimum time of 48 hours (Bohm, 1984). Walker et al. (1984) 

reported that virus in whole and skim milk was inactivated in 20 minutes at low 

temperature (1000C) and in 2.5 at a temperature of 1480C. Garcia-Vidal et al. (1988) 

observed that thermal processing of ground beef, beef cubes or beef slices effectively 

inactivated FMDV at 75°C for 20 minutes or 80°C for 15 minutes. Lasta et al. (1992) 

reported that the combination of heat and gamma irradiation has virucidal effects on the 

“A”, “O” and “C” serotypes of FMDV. Razdan et al. (1996) reported 4 and 2 log 

reduction in infectivity titers of “Asia-1” and “O” types, respectively, at 370C for 12 

hours. Dekker, (1998) reported that the dry heat treatment of FMDV at 37°C for 14 days, 

50°C for 02 days or 80°C for one hour was not sufficient for its complete inactivation. 

However, treatment of virus suspensions at 37°C for 07 days, 50°C for 02 days or 80°C 

for 3.75 minutes was sufficient for complete inactivation of FMDV. Ponomarev and 

Andreeva (1998) reported a reduction in the infectivity of virus containing suspension at 
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moderate positive temperatures, and demonstrated the mechanism of thermal inactivation 

of virus in suspension. Turner et al. (2000) reported inactivation of FMDV in water at 

66 0C and slurry at 61°C. Bartley et al. (2002) observed that the FMDV can survive at 

4°C for two months on wool, for two to three months in bovine feces or slurry, and more 

than three months on bran and hay. Heat is the most common inactivation method in food 

manufacturing which generally inactivates virus at a temperature above 60oC in few 

minutes (Nuanualsuwan & Cliver, 2003). Inactivation of FMDV has also been reported at 

more than 500C (MacLachlan et al. 2004). Heat resistances of FMDV strains at lower 

temperature (<50°C) is not serotype specific. The effective inactivating temperature is 

approximately 60°C, the FMDV serotype O (OPN) appeared to be the most heat resistant 

when treated at 60°C to 80°C (Kamolsiripichaiporn et al. 2007). Tomasula et al. (2007) 

observed that the milk samples containing FMDV (104 plaque forming units/ml) when 

pasteurized at temperature ranging from 72°C to 95°C at holding times of either 18.6 or 

36 seconds decreased the virus infectivity by 104 to undetectable levels and concluded 

that high temperature short time (HTST) pasteurization method did not completely 

inactivate the viral infectivity in whole and 2% milk, probably because a fraction of the 

virus is protected by the milk fat and the casein protein. Storage period of 30 days at 

20 °C in NaCl is sufficiently effective to inactivate a possible contamination with FMDV 

in beef casings (Wijnker et al. 2012). Compost temperatures of 50°C and 70°C 

inactivated the FMDV in infected pig by day 10 and the viral RNA was degraded in skin 

and internal organ tissues by day 21. In comparison, at ambient temperatures close to 

20°C, FMDV survived to day 10 in the skin tissue specimen of pig and the viral RNA 
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persisted to day 21 (Guan et al. 2010). FMDV inactivated at temperature of 57 and 770c 

within 15 minutes (Ghori et al. 2011). 

2.4.2 Effect of pH  

The pH of FMD virus suspension less than 6.5 at 280C for one or two hours result 

in reduction of the virus activity by 5.9 and 6.3 log, respectively and the virus 

suspensions with pH between 6.5 to 9.0 result in loss of virus activity by one log 

(Fellowes, 1965). Decrease of pH, due to electrical stimulation of carcasses can inactivate 

the virus in skeletal muscle but not in lymph node tissue (Garcia-Vidal et al. 1988). FMD 

virus capsid dissociate at low pH directly into pentameric subunits (Curry et al. 1995) 

with the release of protein 1A and the viral RNA. This acid-induced disassembly is 

thought to be required for the entry of virus genome into the host cell (Ellard et al. 1999). 

FMD virus is stable at pH 7.4 to 7.6 and its rapid inactivation occurs below pH 5.0 and 

above pH 11 (Potter, 2002). There is complete inactivation of FMD virus below pH 6.5 

(Shirai, 2002 and Mac Lachlan et al. 2004). The FMDV serotype O inactivated after 24 

hours when exposed to pH 3, 5, 9 and 11. However, the virus exposed to pH 7 for 24 

hours remained viable and showed CPE on the BHK cell line (Ghori et al. 2011). 

2.4.3 Effect of Ultraviolet (UV) radiation 

Ultraviolet (UV) radiation is used to disinfect water, food surfaces and food-

contact surfaces. The viricidal wave length of UV is 253.7 nanometers and the decimal 

inactivation doses for viruses are between 1-25 mWs/cm2. The primary target of UV 
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inactivation is the viral RNA (Nuanualsuwan and Cliver, 2003). The presence of bovine 

serum in virus suspension may interfere in the inactivation ability of UV radiation 

(Darnell and Taylor, 2006). UV radiation was found significantly effective against 

FMDV serotypes (O189, A132, A-Sakol and AS-1) in suspension test. However, AS-1 

was the most UV-resistant whereas FMD virus serotype A132 was the least UV-resistant 

(Nuanualsuwan et al. 2008). The FMDV serotype “O” exposed to UV light either in light 

or darkness was not inactivated after interaction time of 15, 30 and 45 minutes (Ghori et 

al. 2011). 

2.4.4 Effect of Chemical disinfectants 

            FMD virus is highly sensitive to acid which helps in the entry of RNA genome 

into the cell (Curry at al., 1995). The use of ethylene oxide (570 g/m3 for 160 minutes at 

520C and 30% RH) and formaldehyde (3 g/m3 for 12 hours at room temperature and 85% 

to 90% RH), are more appropriate measures to inactivate the viruses in dry form (Dekker, 

1998). Addition of 0.1-0.3% citric acid or propionic acid in skimmed milk and its 

interaction for 6 hours at 50C could not guarantee the complete inactivation of FMD 

virus. Similarly, hydrogen peroxide in concentrations of 0.1-0.3% is ineffective to kill the 

FMDV in milk (Sonder et al. 1990). Heuschele (1995) reported that 2% sodium 

hydroxide disinfect the FMD virus from the contaminated premises. Aldehyde and 

halogen groups are destructive both for enveloped and non-enveloped DNA and RNA 

viruses. The disinfectants of the aldehyde group maintained their viricidal efficiency 

against FMD virus for 2 to 3 days. Aldehyde and halogen groups maintained their 
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viricidal efficiency for 1 to 2 days. In the presence of bovine serum, the viricidal activity 

of aldehyde and the halogen groups was not influenced but that of invert and amphoteric 

soap groups strongly influenced (Masahiro et al. 2000). Treatment of meat with 1% 

propionic acid, 2% acetic acid and 2% lactic acid alone is partially effective in 

inactivating the FMD virus. Combination of 1% propionic acid and irradiation (10 kGy) 

is 100 % efficient in eliminating FMD virus from meat (Sontakke et al. 2001). Iodine, 

chlorine and aldehyde are effective against FMD virus whereas the phenol and the 

quaternary ammonium compounds are ineffective (Shirai, 2002). Nuanualsuwan and 

Cliver (2003) described that sodium hypochlorite is useful to disinfect water, food 

surfaces and food-contact surfaces. Depending upon pH, hypochlorous acid (HOCl) 

inactivates viruses more effectively than the hypochlorite ion (OCl-). Renz et al. (2005) 

tested sensitivity of two viruses belonging to Picornaviridae against citric acid, sodium 

hydroxide and sodium hypochlorite. Citric acid at concentrations of 0.2 and 0.3% reduce 

the virus activity up to 4 and 5 decimal powers and concentration of 0.1% reduces the 

activity up to 1 decimal power. Sodium hydroxide at concentrations of 0.5 and 0.7% 

reduce virus activity 4 and 5 decimal powers and at a concentration of 0.1% reduces the 

virus activity up to one decimal power. Sodium hypochlorite at 1.2% reduces the virus 

activity up to 4 decimal powers. Five % acetic acid, 10% bleach, 4% sodium carbonate, 

2% sodium hydroxide or Sandia DF-200 was effective for inactivating the FMD virus 

within 10 minutes (Bieker, 2006). However, ethanol (70%) is not effective for 

inactivation of the virus. Wijnker et al. (2007) observed that storage of natural casings 
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treated with either sodium chloride or a phosphate salts/sodium chloride mixture at 200C 

for 30 days was sufficient to inactivate the virus.  

 

2.5 EPIDEMIOLOGY 

2.5.1 Geographical Distribution 

Rweyemamu et al. (2008) reported that FMDV serotypes are not uniformly 

distributed in the various regions of world. Of the seven FMDV serotypes, six (O, A, C, 

SAT-I, II and III) were endemic in Africa, four (serotypes O, A, C and Asia-1) in Asia 

and only three (O, A and C) were prevalent in South America. Type “O” is the most 

prevalent serotype in the livestock throughout world. In Africa, five different type “O” 

prototypes have been identified. In Asia, the dominant prototypes prevailing are ME-SA 

and Pan-Asia types. Other prototypes present in East Asia are the Cathay and the SEA 

prototypes. Schumann et al. (2008) collected isolates of FMDV from various geographic 

locations in Afghanistan between 2003 and 2005 and identified three serotypes of FMDV 

(A, O, and Asia 1). Phylogenetic analysis revealed that type “A” viruses were closely 

related to isolates collected from Iran during 2002-2004. Serotype “O” virus isolates were 

closely related to Pan-Asia strains, particularly with those which originated from Bhutan 

and Nepal during 2003-2004. The “Asia 1” viruses from Afghanistan were comparable to 

isolates collected from Pakistan during 2003 and 2004. Chowdhury et al. (1996) reported 

FMDV serotypes “O”, “Asia-1”, “C”, “A5” and “A22” from 24 districts of Bangladesh 
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from June 1989 to June 1999. An outbreak, due to serotype “C,” was recorded in India in 

the year 1995 (Venkataramanan and Pattnaik, 1998). From 1962 to 1988, blisters from 

FMD infected animals (1224 samples) all over Pakistan were tested by complement 

fixation test and all the four serotypes; O, A, Asia-1 and C; were detected in Khyber 

Pakhtunkhaw province. Serotypes “O”, “A” and “Asia-1” are quite endemic in Sind and 

Punjab. Serotypes “O” and “A” are prevalent in Baluchistan. Typographical pattern 

indicates that “O” type is regularly causing damage to the livestock industry in Pakistan, 

although this serotype was not detectable during the period from 1968-69 and 1972-

74.The serotype Asia-1 remained in eclipse for about seven years continuously (from 

1978-84), and serotype C was detected only once in 1963-64 (Ahmad and Khan, 1988). 

Khan (1993) reported a highest prevalence of FMDV serotype “O” (46.25%) followed by 

“Asia-1 (25.0%) in both cattle and buffalo in the Punjab province. It was observed that 

62% of samples from FMD infected animals were positive for FMD virus serotype ‘O’ 

while 55.8% were positive for serotype Asia-1 (Huma et al. 1994). The CFT based 

prevalence of FMD virus serotypes “A”, “O” and “Asia-1” was 10.34% (12/116), 19.82% 

(23/116) and 69.82% (81/116) in cattle and 13.63% (15/110), 21.81% (24/110) and 

64.54% (71/110) in buffaloes, respectively (Gorsi, 1998). Zulfiqar (2003) and Zahur et al. 

(2006) also confirmed the presence of serotype “O” and “Asia-1” in Pakistan. Epithelium 

samples from FMDV infected animals from Landhi Dairy Colony, Karachi, Pakistan 

upon sequencing the virus genome indicated that 19 samples belonged to the regional Pan 

Asia 11 lineage of serotype O and 56 to the A/Iran/2005 lineage of serotype A (Klein et 

al. 2008). Characterization of FMDV serotype Asia-1 during the period 1998-2009 
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revealed that group II, VI and VII are circulating in Pakistan (Jamal et al. 2011). 

Phylogenetic analysis of serotype “A” foot-and-mouth disease viruses 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). 
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Source: (Zahur et al. 2006) 

Figure-1 No. of FMD outbreaks recorded by participatory disease surveillance 

teams (PDS) in various provinces including Azad Jammu Kashmir 

and North areas of Pakistan (2002-2005) 
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Figure-2 Role of carrier animal in virus spread 
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2.5.2. Prevalence/Incidence 

Cattle and buffaloes between six to twelve months of age are most susceptible to 

FMD and incidence is higher in the months of May and from August to October. The 

disease incidence in cross bred/exotic cattle breeds is higher than the indigenous breeds. 

Cases of FMD in buffaloes are higher than in cattle (Sharma et al. 1981). FMD outbreaks 

study in the state of West Bengal, India indicated that the disease incidence is the highest 

during the winter months and the distribution/density of the susceptible population in 

different districts of the state also played major role in FMD outbreaks ((Bhattacharya et 

al. 2005). Estimated disease burden is the highest in China (pigs), India (cattle), the Near 

East (small ruminants) and the Sahle (small ruminants and cattle) (Sumption et al. 2008). 

FMD outbreaks in Uttar Pradesh, India are higher during winter compared to summer and 

rainy months of June to August. Livestock density and animal movements enhance 

incidence of the disease (Verma et al. 2008). High incidence of FMD was recorded in 

Kashmir in summer (47.1%) followed by early autumn (39.3), spring (17.1%) and winter 

(4.2%). Crossbred cattle exhibited severest clinical signs as compared non-descript local 

hill cattle (Shah et al. 2011). FMD is endemic in Pakistan (Parez et al. 2006). Kazmi and 

Shah (1981) recorded seven outbreaks of FMD of which six were observed in winter and 

one in summer. Yamin (1989) conducted FMD survey in Lahore area and reported a 

morbidity rate of 21% in cattle and 17.0% in buffaloes. Khan et al. (1991) quoted 

incidence rate of 23.1 and 26.0% in FMD affected buffalo and cattle, respectively, in 

Lahore. Riaz et al. (1992) conducted various diseases incidence surveillance in district 

Gujrat (Pakistan) by interviewing 1025 farmers. They reported that overall the disease 
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incidence rates in buffaloes were 20.4% for diarrhea, 9.7% for FMD, 7.2 per cent for 

hemorrhagic septicemia (HS), 7.1% for pre-parturient prolapse 5.5% for mastitis, 5.1% 

for metritis and 1.7% for hemoglobinuria. In cattle the FMD was regarded as a major 

disease.  Ahmed et al. (2003) reported that in Waziristan during the period from March 

1997 to April 1998, the most prevalent diseases of buffaloes were HS (71%) and FMD 

(42%). In Punjab, during 2002-2005, the highest FMD prevalence (54.0%) was recorded 

in the Sheikhupura district, while the lowest prevalence (10%) in Chakwal district. 

Anjum et al. (2006) reported that in Sindh, the highest FMD prevalence (33.8%) was 

observed in district Sanghar while the lowest (12.1%) prevalence was in district Ghotki. 

In NWFP, the FMD highest (37.33%) prevalence was recorded in Kohat district whereas, 

the lowest (19.4%) in Swat district. In Baluchistan, the highest (70.0%) prevalence was 

recorded in Chagi district whereas, lowest (2.1%) in Gawadar. In Islamabad Capital 

Territory, FMD was reported as most prevalent disease having prevalence 25.5% (Anjum 

et al. 2006). Noman et al. (2006) determined the percent prevalence of FMD in the 

district of Karachi in spring, summer, autumn and winter which was 12, 7, 11 and 9, 

respectively. A total of 1286 outbreaks of FMD were reported by Zahur et al. (2006), 

during the years 2002 to 2005, in Pakistan. They reported that the disease is endemic in 

all parts of the country. Klein et al. (2008) observed that during August, 2006 to March, 

2007 FMD was an endemic disease in Landhi Dairy Colony in Karachi. Jamal et al. 

(2010) noted higher number of FMD outbreaks between the months of January to March 

during 2002-2007. 
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Source: (Anjum et al. 2006) 

Figure-3 Prevalence of foot and mouth disease in districts of Punjab 

(2002-2005) 
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2.5.3 Transmission 

The most common routes of FMDV transmission are inhalation and ingestion. 

Gomes et al. (1997) noted the transmission of FMD virus from cattle to buffalo and vice 

versa. Cleland et al. (1995) reported that 82% outbreaks of FMD in 60 villages of 

Northern Thailand were due to recent purchases of infected cattle and buffalo. 

Chamnanpood et al. (1996) reported that the most probable sources of the FMD 

outbreaks were mixing of cattle/buffaloes with livestock from infected neighboring 

village and recent introduction of infected cattle from a public livestock market. Bastos et 

al. (2000) reported that shared drinking/grazing localities and population density of 

impala and buffalo in Southern part of KNP facilitate transmission of the virus. During 

epizootics of FMD the plumage of free-living birds gets contaminated with FMD virus 

and they spread it over long distances during migration in spring and autumn (Kaleta, 

2002). Sutmoller and Casas (2002) reported that sub-clinically infected animals are 

potential risk to healthy livestock. FMD outbreak in the Republic of Ireland occurred due 

to infected sheep brought from Great Britain on February, 2001 (Griffen and O’ Reilly, 

2003). The movement of animals from farm to farm directly, through livestock markets 

and/or dealers is an important mechanism of spreading FMD in UK (Mansley et al. 

2003). Hargreaves et al. (2004) reported that antelope (Impala or Kudu), infected by 

contact with the buffalo transmitted the virus to cattle. Bhattacharya et al. (2005) 

observed that in West Bengal of India, unrestricted movements of animals among 

different cattle markets played an important role in transmission of FMD virus from 

infected to healthy stock. Gloster et al. (2005) re-assessed the likelihood of airborne 
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spread of FMD virus up to 60 km from the source. In Scotland, the epidemic of FMD in 

2001 primarily occurred due to the movement of infected livestock which later on further 

spread with the movement of contaminated vehicles and persons (Thrusfield et al. 2005). 

Zhang et al. (2007) observed the transmission of FMD from infected pigs to cattle or 

sheep and vice versa. Maroudam et al. (2008) described that Indian buffalo, infected via 

dental pad with a serotype “O” strain of the virus transmitted infection to cattle and 

buffalo by direct contact. Tenzin et al. (2008) quantified the transmission rate of the virus 

from carriers to susceptible animals using previously published experimental data. 

Analysis indicated that a carrier infects on an average 0.026 animals per month. The 

transmission rate of FMDV from carriers to susceptible animals is much lower than the 

transmission rate estimated during an acute infection of cattle with the virus. Wee et al. 

(2008) reported that in 2002, FMD spread through delivery vehicles, human contact from 

the neighboring farms and fomite movement in the Republic of Korea. Orsel et al. (2009) 

used experimental data to quantify transmission in cattle, swine and sheep during the 

non-clinical phase of the disease in groups that consisted of vaccinated and non-

vaccinated animals. A single pen wall of solid wood between adjacent pens reduces the 

virus transmission 10- to 20-fold compared to within-pen transmission, for both non-

vaccinated and for vaccinated pigs (Van Roermund et al. 2010). 

2.5.4 Source of FMD virus 

FMD virus is present in most of physiologic secretions and excretions of infected 

animals during the viremic phase of the disease. The highest concentration of virus is in 
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fluid of vesicles and overlying epithelium. Saliva may contain up to 10-10 ID50/ml of 

virus in severe cases of FMD. A peak titer of 10
6.7 units of TCID50 of FMDV per ml of 

milk was recorded by Donaldson (1987). Infected cows may discharge FMD virus in the 

vaginal secretion at a mean period of one day before the appearance of clinical sign 

(Burrows, 1968). The virus is excreted in the semen of infected bull during the incubation 

period of FMD (Donaldson and seller, 1983). Following viremia, FMDV is excreted in 

the urine and feces but in lower and variable titer. Kitching (1992) reported that urine and 

feces of FMDV infected animals might contain 10
4.9 TCID50/ml and 10

5.0 TCID50/gram 

virus, respectively. Sorenson et al. (2000) predicted that infected cattle may have FMD 

virus excreted up to log 10
5.1 TCID50 of aerosol virus per day. Alexandersen et al. (2002) 

recovered a peak infectivity of airborne virus of 104.3 TCID50/sheep/day. Gloster et al. 

(2008) reported that pigs emit most of virus (108.5 TCID50/animal/24 h) for all strains of 

FMDV followed in general by cattle (105.6 TCID50/animal/ 24 h) and sheep (105.1 

TCID50/animal/24 hr). Maroudam et al. (2008) recorded shedding of virus from nose of 

experimentally inoculated Indian buffalo and cattle prior to appearance of vesicles and 

virus excretion continued up to 10 weeks post-termination of experiment. Orsel et al. 

(2009) observed a rapid start of virus excretion post-infection in cows and piglets.  

2.5.5 Carriers 

Carrier animals play quite an important role in the epidemiology and control of 

FMD. The carrier state of this disease is characterized by the asymptomatic low-level 

excretion of FMD virus from the oro-pharynx of ruminants depending on animal species 
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and virus strain. Persistent infection readily occurs following the failure of virus 

elimination at the acute stage of the disease (Salt, 1993). Nucleic acid of FMDV is 

localized in epithelial cells of soft palate and pharynx during the course of persistent 

infection (Zang and Kitching, 2001). The prevalence of FMD virus carriers depends upon 

animal species, incidence of disease and immune status of the animal population. In 

African buffalo, the FMD carrier animal rate record is 50 to 70% in the field and virus 

persisted in individual animal up to five years. Persistence of virus in a small isolated 

free-living population was recorded up to 24 years (Condy et al. 1985). In domestic 

cattle, the carrier state can last as long as 3.5 years. The FMD virus infection in sheep and 

goats has been identified. The carrier animal rates in cattle and sheep vary from 15 to 

50% (Alexandersen et al. 2002). Orsel et al. (2007) reported four percent carriers in 

vaccinated and 43 percent in non-vaccinated lambs upon their exposure to FMD virus. 

The dorsal soft palate, mandibular and retropharyngeal lymph nodes are not the principal 

sites for persistence of FMDV (Carolina and Graham, 2012). 

2.5.6 Risk Factors 

It was reported by Chakrabarty et al. (1979) from Assam (India) that the 

outbreaks of FMD were common in winter and monsoon seasons. The winter epizootics 

were attributed to climatic conditions favoring the survival of virus. Monsoon epizootics 

were attributed to the floods that forced the movements of animals to high lands where 

large congregations of domestic animals were present in close contact with wild 

herbivores. Chamnanpood et al. (1996) reported that adult beef cattle were at higher risk 
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of being infected with FMD as compared to work cattle and buffalo. The slaughter of 

viremic cattle creates an additional hazard of environmental viral contamination of 

slaughter house facilities. Blanco et al. (2002) reported that the unrecognized FMDV-

infected sheep could be a potential risk of disease dissemination in Morocco. Sutmoller 

and Olascoaga (2003) described that international movement of vaccinated live animals 

or their products should be restricted due to the possible masking of clinical disease as a 

result of vaccination. Moreover, export of live animals from countries that do not practice 

vaccination has also proven to pose a significant risk.  Bronsvoort et al. (2004) identified 

several risk factors which contributed in the spread of the disease. Such factors included: 

going on trans-humane, buying cattle from market, mixing of herds at watering point, 

feeding cotton seed cake and buffalo near such animal herds. Morgan et al. (2006) 

assessed the risk of disease transfer across the wildlife–livestock boundary. It was 

described that for FMD and gastrointestinal nematodes, the main risk is associated with 

infection of Saiga from livestock and subsequent geographical dissemination of infection 

through Saiga migration. Adkin et al. (2007) assessed the FMD infection risk posed to the 

livestock population of Great Britain from illegal importation of meat, through the 

development of a quantitative risk assessment model and found that illegal import of 

meat results in 0.02 per cent cases of FMD infected animals/year in GB livestock. Al-

Majali et al. (2008) used the logistic regression model to identify the risk factors 

contributing towards FMD prevalence. Findings on the use of model revealed that mixed 

animal farming, addition of new animals and grazing in communal areas were the main 

risk factors contributing to disease spread in sheep and goat. Serological survey 
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conducted in Southern Ethiopia revealed that within a herd, sero-positivity ranged from 

6.7 to 46.7%; and pastoral system, low altitude and keeping cattle with small ruminants 

are the most important herd level risk factors. The risk of being sero-positive is higher in 

the adults (>4 years) and maturing animals (3–4 years) as compared to young ones of 

lesser than 3 years (Megersa et al. 2008). Wongsathapornchai et al. (2008) used the 

simulation modal to describe the risk of FMD introduction into imported cattle and 

buffaloes in Malaysia-Thailand-Myanmar (MTM). Findings revealed that the mean 

probability of an animal accepted to import having FMD was 2.9%, and the risk was as 

high as 11%. A cross-sectional sero-epidemiological study conducted in Ethiopia 

reported statistically significant association of cross boundary movement and herd size 

with the sero-prevalence of FMD (Geley et al. 2009). Another epidemiological study 

conducted in Rajshahi, Bangladesh revealed age categories of animals, farming system, 

breed, sex and season as significantly important risk factors for prevalence of the disease 

(Sarkar et al. 2012). Sero-epidemiology of FMD conducted in Nigeria revealed that cattle 

have a greater risk of infection than sheep and goat (Lazarus et al. 2012). 

2.5.7 Impact of Foot and Mouth Disease 

2.5.7.1 Economic Losses  

Yang et al. (1999) estimated a total loss of 378·6 million US $ in Taiwan 

due to an FMD epidemic. Survey in Cambria revealed that FMD caused 60% fall 

in revenue from traditional farm enterprises, 17% reduction in earnings from 

diversified activities, 15% fall in salaries from off-farm employment and fall in 
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costs by 32%, leaving a net shortfall of $ 41,840 (Franks et al. 2003). A loss of 

US$ 89820, 6250 and 67259 are due to loss of draft power, calf mortality and 

reduced milk yield, respectively, in the FMD affected Baghabari shed area of 

Bangladesh Howlader et al,. 2004). An estimated loss of US$ 1230.32 million 

annually due to FMD in India (Singh et al. 2007). A loss of rupees 2,53,260 

(80.68%), 23,000 (7.33%), 8,000 (2.55%), 12,750 (4.06%), 7,750 (2.47%) and 

9,000 (2.87%) is recorded due to reduction in milk yield, death of animal, 

abortions, treatment charges, loss of manpower and loss of draft hours, 

respectively (Mathew and Menon, 2008). The weighted average FMD-induced 

financial losses were estimated as $ 294/head for a milking cow, $ 152/head for a 

dairy heifer and $ 197/head for beef cattle (Şentürk and Yalçin, 2008). However, 

the magnitude of financial loss varied across different breeds, age groups, and 

sexes. Considering the number of outbreaks and susceptible cattle population in 

the outbreak zones in 1999, the FMD related production losses at national scale 

were estimated to be US $ 11.5 million in Turkey. Economical losses to dairy 

industry due to FMD are to the tune of Rs. 397,720 (Khan et al. 1991). The 

recorded estimates of monetary losses are Rs. 10, 23, 80, 537/- due to milk and 

Rs. 14, 58, 53, 070/- due to body weight loss (Kazimi and Shah 1981). The annual 

loss, due to FMD, in all bovines of Pakistan is Rs. 151 million (at 5% incidence) 

and Rs. 910 million (at 30% incidence (Upton and Shields, 1988). The most 

prevalent serotypes of FMD virus in Pakistan are “O” “Asia-1” and “A”, which 

are causing a loss of Rs. 6.00 billion every year to dairy industry (Zulfiqar, 2003). 
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A loss of Rs. 27448000 during six month study period in 12 villages of 

Chichawatni, Sahiwal is due to FMD (Gorsi et al. 2011). An Outbreak of FMD 

cause heavy loss of milk production in a dairy farm of Sudan that ultimately 

induced a loss of USD 1771924 (El-Hussain and Daboura 2012). 

2.5.7.2 Production Losses 

Loss of milk yield has been consistently reported in FMD. Power and 

Harris (1973) recorded a 25% and 12.5% depression in the lactation yield and 

body weight in UK, and Prashad and Sharma, (1977) reported 35% reduction in 

milk yield in crossbred cows. Tufan, (1993) recorded 19% loss in milk yield in 

Turkey. Adibes et al. (1998) reported milk yield loss of 37, 2 and 5% in Holstein, 

cross and local breed cows, respectively; and 28.8%, 4% and 0% abortion rate in 

Holstein cows, cross bred cows and in Holstein and cross bred heifers, 

respectively, in Turkey in 1997. Thurmond and Perez, (2006) simulated milk 

yield and virolactia for each day for individual cows with low and high rates of 

intra-herd transmission of FMD and concluded that 10% herd bulk milk volume 

decreased by 8.5 to 9.5 days and by 15 to 16.5 days after herd exposure with high 

and low transmission rates, respectively. A loss of 74.4 and 188.8 litters in milk 

production was reported during an outbreak of FMD in Sahiwal and cross bred 

cows, respectively. An average body weight loss of 26.1 kg (15%) is common in 

local cattle in Pakistan (Kazimi and Shah, 1981). Mazengia et al. (2010) observed 

higher milk yield (1182.86±32.13mg) ten days before infection than that of after 

10 days of infection (602.86±18.86mg). Calf mortality (7.4%) in Bangladesh was 
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reported by Debnath et al. (1995). MAF (2001) reported that the most significant 

effects of FMD are in the form of weight loss, reduction in milk and meat quality 

and abortions in pregnant animals. Perry et al. (2002) recorded that FMD has a 

significant impact on the in-practice agricultural system, particularly during the 

season of paddy field preparation in villages of the Laos. Mathur et al. (2004) 

observed a significant reduction in the semen production in FMD infected bulls 

up to one year of age as compared with the unaffected bulls of similar age. The 

mean values of semen quality in terms of volume (3.27±0.19 vs. 4.0±0.19 ml) and 

mass motility (1.6±0.16 vs. 2.5±0.10) were significantly lower in bulls, which 

suffered from FMD. The study further revealed that freezable semen could only 

be obtained from 20% of bulls which, suffered from FMD when compared with 

73% of the unaffected animals. Zaher and Ahmed, (2008) found low serum 

progesterone level or smooth bilateral inactive ovaries during breeding season in 

31.9% of FMD affected buffaloes.  

2.6 Symptoms 

FMD is characterized by fall in milk yield, high fever (104-1060F), severe dejection, 

anorexia, abundant salivation, smacking of lips, formation of vesicles on buccal mucosa, dental 

pad, tongue, and in the clefts or on coronet of the feet (Radostits et al. 1995). Frequency of 

tongue lesions is higher in the cattle than the buffaloes. The foot lesions in buffalo have scaly 

appearance, but later these become vesicular in nature (Gomes et al. 1997). In cattle the acute 

phase of the FMD lasts for 5-7 days and this phase in few cases may lead to chronic lameness 
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and delayed recovery. In some cases, the FMD may end up into an incurable condition 

commonly known as “panting” which results from hormonal disturbance, particularly the 

thyroxin, in the affected animals (Murphy et al. 1999). Acutely infected cattle salivate profusely 

and also have nasal discharge. In the affected cattle, drop in milk yield can be dramatic and will 

not recover during the remaining period of lactation. Secondary bacterial mastitis commonly 

follows FMD signs. Yearling cattle may fail to fully recover its production potential due to 

glandular damage. Some have been referred to as “hairy panting” because of changes to their 

coat and impaired respiratory function. The clinical severity of FMD varies according to the 

strain of virus, infecting dose, the species and individual susceptibility of the host (Kitching et al. 

2005). The FMD signs are most apparent in high-yielding dairy cattle. However, the young 

calves die due to destruction of cells of the developing heart muscles by the FMD virus 

(Gulbahar, 2007). There is moderate rise in body temperature (38.5 to 40.00C) in the FMD 

infected cattle and buffaloes. Rise in temperature is sustained for longer periods in the infected 

buffaloes than the cattle. Tongue lesions of inoculated cattle consist of fluid filled large vesicles 

termed ‘bullae’. Tongue vesicles in buffaloes are small shallow and are filled with scanty fluid. 

Foot vesicles in cattle are observed in the inter-digital space. In contrast, vesicles are more 

evident on the bulb of the heel among buffaloes. Appearance of foot vesicles is delayed among 

buffaloes 5–6 days post infection (DPI) and in cattle for 3–4 DPI. Healing of mouth lesions is 

quicker than the foot lesions. Further, healing of lesions is quiet prompt and faster among 

buffaloes than that of cattle. Delayed healing of foot lesions in cattle may lead to lameness in the 

infected animals (Mohan et al. 2008). The frequency of clinical signs in FMD affected animals 

as depression (63.30%), diffusely red mucosa (61.87%), anorexia (61.48%), hyperemic encrusted 
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muzzle (61.09%), erosion (58.49%), laminitis 56.37%), temperature 101 to 1050F (54.06%), 

drooling of saliva (53.35%), shivering (44.82%), mastitis (38.51%), temperature 101-1030 F 

(4.35%), temperature 105-107F0 (6.18%), polypnea (5.79%), cough (3.38%), diarrhea (2.40%), 

subnormal temperature (0.7%) and abortion (0.65%) (Khan et al. 2006). Profuse salivation, 

vesiculation, lameness or ataxia and ulceration were the most commonly observed clinical signs 

of FMD among the infected animals, irrespective of the species (Yoon et al. 2012). 

2.6.1 FMD Morbidity and Mortality 

Mortality in FMD infected animals generally does not exceed 5% but it might be 

very high in the young animals (Sutmoller, 1992). Average mortality rate due to FMD in 

cattle and small ruminants may be up to 52.8% and 54.4%, respectively (Tufan, 1993). 

FMD related mortality rate for Holstein, cross/local breed calves, lambs and kids has 

been reported as 47.1, 16.7, 9.5 and 13.3%, respectively (Adibes et al. 1998). Although, 

the death rate due to FMD is generally low, in some severely infected young animals it 

might be up to 20% (Maff, 2001). Mortality rates of 2% in mature cattle and 60-90% in 

calves were recorded in UK (Brownlie, 2001). Fifty percent deaths were due to cardiac 

involvement or secondary infections in FMD infected calves (Doll, 2001). Howladar et 

al. (2004) recorded 9.71% calf mortality in Baghabari Milk Shed Area of Bangladesh. 

Morbidity rate may be up to 100%, in susceptible animal populations (Radostits et al. 

1995). In Pakistan, morbidity rates in adult buffalo and cattle up to 63.51 and 42.27% 

respectively have been reported (Khan, 1993). A denominator based active surveillance 

in four FMD affected villages, located in the border area of Pakistan and India, conducted 
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in Lahore district indicated higher morbidity rate in adult than in young animals. The 

morbidity rate was 22.4, 16.1, 43.0 and 32.2% in young buffalo, young cow, adult buffalo 

and adult cow, respectively. The mortality rate was 12.7, 6.2, 15.4 and 9.1% in young 

buffalo, young cow, adult buffalo and adult cow, respectively. Case fatality was higher in 

buffaloes than in cattle (Khan et al. 2006). FMD morbidity rates quoted by Ajmal et al. 

(1985, 1986 and 1987) are 11.9% in the Punjab and 31.3% in Sindh. The FMD morbidity 

in cattle and buffaloes in Tehsil Chichawatni, district Sahiwal (Pakistan) was 53.2 and 

61.7%, respectively. The morbidity rate was higher in young calves than the adults in 

both the species. The FMD mortality in young cattle and buffaloes up to 22.9 and 30.8%, 

respectively, has been observed (Gorsi et al. 2011). 

2.7 IMMUNITY 

The virus provokes a humoral response in either infected or vaccinated animals. Virus-

specific antibodies protect animals in a serotype-specific manner against re-infection, or against 

infection in case of vaccination (McCullough et al. 1992). The response is directed to epitopes on 

three external structural proteins and good protective immunity is apparent between 7 and 14 

days following infection or vaccination. In cattle, the immunoglobulin G1 (IgG1) response 

predominates over IgG2. Antibodies, including IgA, can be detected in upper respiratory 

secretions of infected animals early in infection (Salt et al. 1996). The neutralization of virus 

within the host occurs by the mechanisms similar to those occurring in, in-vitro neutralization; 

however, macrophages may play a role in clearing the virus from the infected animal by the 

process of phagocytosis of opsonized virus (Rigden et al. 2003). 
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2.8 VACCINES 

2.8.1 Types 

Currently, available FMD vaccines are usually inactivated ones, containing the 

whole virus in a semi-purified state. These vaccines may include one or several of the 

virus serotypes. In addition to aluminum hydroxide adjuvant vaccines, oil based vaccines 

are also available. Oil adjuvant vaccines have a comparable quality as they can produce 

acceptable immune response in all FMD susceptible species, whereas aluminum 

hydroxide formulated vaccines are effective in ruminants, but not in pigs (Pay, 1984). 

Oil-based vaccines induce antibody response in buffalo calves latter than that of gel 

adsorbed vaccine and maintained for longer period of time (Muhammad et al. 2011). 

Currently available inactivated antigen vaccines confer serotype and subtype specific 

immunity but fail to induce long time protection (Rodriguez and Grubman, 2009).  

Chimeric vaccines containing the external capsid of field isolates successfully produced 

and induce protective immune responses in FMD host species (Blignaut et al. 2011). 

2.8.2 Immune Response 

Antibodies are measured in serum samples, collected from cattle experimentally 

infected with FMD virus of “O”, “A” and “Asia 1” types, as well as cattle infected in the 

field by indirect complement fixation test (ICFT). Sakaki et al. (1977) reported that 

antibodies were detectable after 4-5 days of inoculation, and the animals maintained titer 

for about 1-2 week PI, the antibody gradually decreasing there-after, and remaining 
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detectable even after 63 days of inoculation. The rise and fall of ICF antibody was 

parallel to that of neutralizing antibody. ICF antibody was detected type-specifically from 

the cattle infected experimentally or naturally. Bengelsdorff, (1989) reported that over 

95% of vaccinated cattle, with SN titers of greater than 1:20 were protected from 

generalized FMD infection, regardless of the virus type tested while 61.5% of vaccinated 

cattle, with SN titers < 1:20 were not protected and developed generalized FMD. 10-12 

week pregnant ewes responded well to antibody production without any adverse effect. 

The maximum antibody titer was noted after 3 to 4 weeks of vaccination. In colostrums, 

high level of maternal antibodies persisted from 12 hrs to 6 weeks post birth period (Nair 

and Sen, 1994). 

Countries in which control of FMD relies predominantly on vaccination, young 

stock in such countries ingests specific anti-FMD virus antibodies in the colostrums soon 

after birth. This maternally derived antibody (MDA) provides immediate protection 

against FMD virus, but also interferes with the development of active immunity 

following vaccination. However, susceptibility to infection precedes the ability to 

respond to vaccination in the presence of MDA. Currently, available vaccines cannot 

overcome this inhibitory effect of MDA, and protection of young stock can only be 

provided by their isolation from the FMDV infected animals (Kitching and Salt, 1995). 

Spath et al. (1995) evaluated the antibody responses of vaccinated calves using liquid-

phase blocking sandwich ELISA. All calves (20, 30 and 40 days old), having high 

maternal antibody titers, responded well to vaccination. Moreover, vaccinated calves 

showed protective antibody titers after 90 and 120 days of vaccination, whereas none of 
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the non-vaccinated animals achieved comparable antibody levels. Calves of 3-4 months 

age, with non-protective levels of colostrums derived antibodies responded with high 

antibody titers to vaccination, which persisted for at least 4 months. In both groups of 

calves a certain degree of suppression of post-vaccinal response was observed, which was 

related to colostral antibody titers.  

Patil et al. (2002a) studied the immune responses of sheep to quadrivalent double 

emulsion FMD vaccines and variations among other ruminants and reported that the 

quantum and rate of development of immune responses is greater in cattle. The geometric 

mean titers for all serotypes (O, A, C and Asia-1) were > 2.510 at 30 day post-vaccination 

(DPV) and was maintained at > 3.3 up to 90 days PV. Goats were found to be late 

respondents to serotype “O” and the titer was maintained at 2.7 up to 90 days PV. Sheep 

were early responders to serotype “O” and titer was superior to those of cattle and goats 

by 60th day PV. The oil adjuvant vaccine elicited a better and quicker immune response at 

any time as compared to aluminum hydroxide gel vaccine. The animals maintained their 

neutralizing antibody titers at >310 for the duration of trial (90 days). Sheep were found to 

be late responders to serotypes “A”, “C”, and “Asia-1”; a clear upward shift in titer was 

observed at 60 day PV. Patil et al. (2002b) tested the FMDV quadrivalent double oil 

emulsion aluminum hydroxide gel vaccines in goats, at reduced doses of 2 ml /animal 

and found that oil adjuvant elicited superior and rapid response at any given period as 

compared with aluminum hydroxide gel vaccine. Unlike cattle, goats were found to be 

late responder for oil adjuvant vaccine. Patil et al. (2002) observed variations between 

various viral serotypes in eliciting early antibody response in cattle, although neutralizing 
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antibody response against all four serotypes was detectable as early as day 4 PV. The 

duration of immunity was maintained for a longer period. The neutralizing antibody titers 

were maintained well above 2 log10 even after 6 months PV irrespective of virus 

serotypes. This finding suggested the possibility of two vaccinations per year for 

maintaining herd immunity. A standard dose vaccine formulation fully protected cattle 

against direct challenge (Golde et al. 2005). Gajendragad et al. (2005) conducted 

experiments on antibody response to FMD vaccine, and observed that repeated 

vaccinations were required to attain a good protective immunity level in regularly 

vaccinated herds. Schley et al (2012) used a mathematical model to investigate the 

influence of FMD antigen stability and dose on the bovine immune response. 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). 

The failure of FMD immuno-prophylaxis could be due to lack of causative virus 

serotype in the multivalent vaccines, poor information about prevalent serotype, faulty 

vaccination procedure, concurrent diseases or prevailing biological immuno-suppressants 

in the feed or fodder (Meyer and Knudersen, 2001). Hafeez et al. (1993) reported that in 

dairy forms of Saudi Arabia, outbreaks of FMD occurred among specific age groups of 

animals only a few weeks following most recent FMD vaccination. This vaccine failure 
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might be due to inadequacies of vaccine itself, the vaccination program and the immune 

response potential of vaccinated animals. Sadir et al. (1988) described that passively 

acquired colostrum antibodies and age are important factors for the response of young 

calves to FMDV oil based vaccines. Calves born to vaccinated dams did not respond to 

the aqueous vaccine 30 or 90 days postpartum and to oil emulsified (OE) vaccine up to 

21 days postpartum. The amount of immunogen per vaccine dose, nature of adjuvant and 

vaccine storage temperature is critical factors affecting the potency of FMD virus 

vaccine. The biodegradation is enhanced if the vaccine is exposed to higher temperature 

than 4-8°C (Muhammad et al. 2011). Poor nutrition can suppress immune responses by 

decreasing nutrient availability for cell division and antibody and cytokine synthesis 

(James, 2007). Vaccines that were effective may become ineffective due to antigenic 

drift, bad animal management practices and health status of animals (Rashid et al. 2009).  

2.9 DIAGNOSIS 

Early detection of FMD using rapid and sensitive method of diagnosis is essential for 

effective control (Callens and Clereq, 1997). Preliminary diagnosis of FMD is generally based 

on the symptoms and lesions in the infected animals. However, presence of clinical signs alone, 

are not confirmatory diagnosis of the disease. Laboratory investigation is a pre-requisite for 

confirmation of the serotype of the causative virus. The presence of FMD virus is demonstrated 

by virus isolation on cell culture, complement fixation test (CFT), , virus neutralization test, 

Enzyme Linked Immunosorbant Assay (ELISA) and antibody response to some viral non-

structural proteins and Reverse Transcriptase Polymerase Chain Reaction (RT-PCR). Multiplex 
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PCR could detect FMD virus in the highest number of samples (65.47%) followed by sandwich 

ELISA (53.57%) and virus isolation (42.85%) (Longjam et al. 2011). 

2.9.1 Complement fixation test 

CFT is used for the detection of viral antigen in the infected tissues and fluids, 

measurement of antibody response in naturally or experimentally infected animals, and 

assay of antigenic relationships among different viral species or strains. CFT provided 

much useful epidemiological information when applied in antibody surveys in the sample 

populations (Rice, 1960). The specificity of the CFT regardless of the virus involved 

requires 20 min treatment at 56°C, 60°C and 65°C for guinea pig, mouse, rabbit and dog 

sera, respectively (Casals and Palacios, 1941). Cowan and Trautman, (1967) reported 

statistically important differences in sera titers of three known antigenic components of 

FMD infectious tissue culture fluids using fixation periods of one-and half hr at 37°C, 

and 20 hrs at 4°C. The CFT is based on fixation of complement by antigen-antibody 

aggregate. The fixation of a known amount of complement is demonstrated by testing 

residual complement with an indicator system comprising of sheep RBCs sensitized by 

specific haemolysin (antiserum to sheep RBC). Absence of haemolysis indicates fixation 

of complement in the test system (Grist et al. 1979).  

Hamblin et al. (1984) reported that ELISA has more or less same efficiency, but 

more sensitivity and specificity than the traditional CFT. In general, ELISA is preferred 

over CFT because it is more sensitive and not affected by pro or anti-complementary 

factors. However, in case ELISA reagents and system are not available, CFT can be 
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performed (OIE, 2002). In India CFT has been extensively used for routine laboratory 

diagnosis of FMD (Srinivasan et al. 1992). CF is still considered as an important basic 

serologic test for the diagnosis of infectious diseases. It is a reference standard against 

which other methods have been compared. Its partial displacement by other techniques, 

as advocated in some recent literature, is often unfounded and uncritical; displacement is 

mostly not due to problems inherent in the method, but due to the lack of availability of 

reagents of satisfactory quality (Jung et al. 1995). 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 (De-Ory et al. 2004). 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, 2007).  

2.10 CONTROL 

FMD can be controlled by zoo-sanitary measures and vaccination but this is difficult 

owing to the existence of multiple serotypes of the causative virus, multiple host species 

including wildlife and extreme contagiousness. Better diagnostic methods and especially better 

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

(Paton et al. 2009). Sutmoller (2001) suggested that efficient animal health systems, disease 

surveillance, ante-mortem and post-mortem inspection of all cattle population effectively help in 
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reducing the risk of FMD transmission. Reduction in FMD incidence by partial vaccination in 

Pattoki was 10.7 percent (Egenolf, 1988). 

Chamnanpood et al. (1996) reported that the differences in FMD virus attack rates among 

various animal species reflected differences in their management. Simple quarantine of early 

cases during outbreaks is likely to be effective in reducing spread within animal population and 

also between villages. Cleland et al. (1995) in Northern Thailand reported substantial variation in 

FMD vaccination percentages amongst livestock in villages. The main reasons for not-

vaccinating the populations included the fear of abortion in pregnant, and difficulty in 

assembling of animals at one place. Hutber and Kitching (2000) described that both physical and 

spatial barriers curtailed the course of disease across the farm. Extending the distance between 

pens, increasing the number of pens decreasing the number of animals per pen and placing pens 

of well-protected stock among those of susceptible animals, all contributed to the control of 

FMD. Perry et al. (2002) described that the most appropriate approach to FMD control was to 

prevent infected animals from entering the principal trading routes for pigs, cattle and buffaloes. 

A further tactic to consider would be to protect livestock populations adjacent to these trading 

routes by vaccination. Torres et al. (2002) described that epidemiological support is critical for 

an effective and efficient disease control or eradication program. FMDV is transmitted easily at 

farms where bio-security procedures are not practiced (Amass et al. 2004). Bouma et al. (2004) 

observed that FMDV was not transmitted among individually housed calves. Sutopa et al. (2006) 

reported 451 outbreaks in Assam during the period from 1996 to 2005, of those 52 (11.52%) 

occurred in the vaccinated animal herds and 399 (88.47%) in the un-vaccinated animal herds. It 

was estimated in a control study that losses incurred in vaccinated animals were less than those 



            

REVIEW OF LITERATURE 

 

   45 
 

from unvaccinated animals. Severity and duration of the disease was more in unvaccinated herds 

as compared to the vaccinated animal herds. 

A single shot of vaccination protects the cows against FMD infection and no virus 

transmission occurs within the vaccinated herd (Orsel et al. (2007). An interview of 1927 buffalo 

owners in 12 selected villages of Bareilly district in India, indicate no morbidity in vaccinated 

buffalo herds following FMDV vaccination (Singh et al., 2007). There is clear reduction in the 

size and length of epidemics of FMD after the implementation of movement prevention 

regulation in the affected area Velthuis and Mourits (2007). Rweyemamu et al. (2008) advocated 

the following strategy for progressive control of FMD in the disease endemic areas (1) accessing 

and defining national FMD status; (2) instituting vaccination and animal movement control; (3) 

suppressing virus transmission to achieve absence of clinical disease; (4) achieving freedom 

from FMD with vaccination in accordance with the OIE standards; (5) achieving freedom from 

FMD without vaccination in accordance with the OIE standards; (6) extending FMD free zones; 

and (7) maintaining freedom from FMD.  
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CHAPTER. 3 

MATERIALS AND METHODS 

3.1   EPIDEMIOLOGICAL INVESTIGATIONS 

3.1.1 Active Surveillance 

This study was carried out in 22 districts of the Punjab province in buffalo and 

cattle population of all age groups and both the sexes. To determine the incidence of 

FMD and other economically important diseases in buffalo and cattle of the Punjab 

province, the data was collected on monthly basis through active surveillance during the 

period from June, 2007 to August, 2007. 

3.1.1.1 Sample Size 

For estimation of disease prevalence in the population at (precision level = 

1.0 %, expected prevalence = 20 % and confidence level =95 %), a sample size of 

6147 animals was analyzed using the following formula as described by 

Kasiulovicius et al. (2006): 

n = t² x p (1-p)/ m² 

Where, 

 n = required sample size 

t = confidence level=95% (1.96) 
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Pexp = expected prevalence=20% (0.2)                

m = desired absolute precision=1.0% (0.01)   

The data was collected through a “two stage sampling technique”. 

In first stage, one Tehsil per districts of Sialkot, Gujranwala, Mandi-

Bahaud-Din, Sheikhupura, Muzaffer-Ghar, Hafiz-Abad, Sahiwal, Okara, 

Jhelum, Pakpattan, Vehari, Bahawalnagar, Gujrat, Lodhran, Rawalpindi, 

D. G. Khan, Bahawalpur, Lahore, Khanewal, Sargodha, and Narowal was 

randomly selected.  In the second stage of sampling, all villages of the 

selected Tehsils were included in the sampling frame, and one village was 

randomly selected. The sampling unit was a household and the households 

having any type of animals were included. 

3.1.1.2 Collection of data 

A pre-tested questionnaire (Rothgeb, et al. 2001) was used in the 

study (Appedix-1). Mortality and morbidity rates of different diseases, 

between cattle and buffaloes of different age groups and both sexes, were 

recorded by interviewing the head of every household in all the randomly 

selected villages. Frequent visits were made in the villages so that in case 

head of the house/farm was not available, he/she can be interviewed in the 

next visits. 
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3.1.1.3 Statistical Analysis 

The data collected through the study was compiled and analyzed 

using Microsoft Excel (Microsoft office excel 2007, Microsoft 

corporation, Redmond, Washington, USA) program and differences 

between various variables (age, sex, districts, and agro-ecological zones) 

were explored by contingency table-Chi square (x2) statistical analysis 

with p < 0.05 probability.  

3.1.2 Cross-sectional survey 

Questionnaire (Appedix-2) based cross sectional survey (Levin, 2006) was 

conducted in Sialkot, Faisalabad and Okara districts of Punjab province to determine the 

economic losses inflicted by FMD in the form of  reduced milk production, treatment 

charges, mortality, and disease complications (abortion, mastitis and septic foot) in the 

affected buffaloes. This questionnaire was also used to study the risk factors (age, season, 

vaccination status, feeding pattern and distance of the study village from the hospital) 

associated with the occurrence of FMD in buffaloes. Each Performa was meant for one 

herd/household. 

 3.1.2.1 Criteria for selection of the study area 

The study was carried out in above mentioned three districts during the 

period from July 2005 to June 2006. These districts were selected considering the 

following facts: 
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•-Irrigation system:  Okara is completely canal irrigated. In Faisalabad 

district, 1,150,042 acres of land is irrigated through the canals and rest of the area is 

either Barani (where cultivation is rain dependent) or cultivated through tube-wells 

whereas Sialkot is completely a Barani district. 

•-Buffalo population: According to Punjab Development Statistics, for 

the   year 2006, about 11.5 % buffaloes of the total population in Punjab resides in 

the above mentioned three districts. The population of buffaloes in Faisalabad, 

Okara and Sialkot was estimated as 1147, 880 and 610 thousand heads, 

respectively. The Okara district is one of the most densely buffalo populated 

district, with the Nili Ravi buffalo and the world famous Sahiwal breed cattle. 

•-Climate and geographical location: The district of Sialkot is located in 

the north-east of the Punjab province in Pakistan and it spreads over an area of 

3,016 square kilometers. Weather conditions in the district are hot and humid 

during summer, June and July being the hottest months, while the November 

through February is the cold winter months. The ambient temperature during winter 

may drop to 4 °C. The land is generally plain and fertile. The average annual rain 

fall is about 1,000 mm. Faisalabad stands in the rolling flat plains of northeast 

Punjab, between longitude 73°74 east, latitude 30°31.5 north, with an elevation of 

184 meters (604 ft) above sea level. Faisalabad has an arid climate, due to high 

evapotranspiration. The maximum temperature in summer reaches up-to 50 °C or 

122 °F. In winter, it may, at times fall below the freezing point. The mean 

maximum and minimum temperatures in summer are 39 °C and 27 °C, respectively 
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and in winter are 21 °C and 6 °C, respectively. The climate in Okara is hot in 

summer and cold in winter. During summer, the temperature may reaches to a 

maximum of 44 °C in May/June and in winter, the temperature may fall to a 

minimum of 2 °C in January. The average annual rainfall in the district is 200 mm. 

 3.1.2.2 Target Population  

Target animal population selected for the study consisted of herds of 

buffaloes with previous history of FMD outbreaks.  

 3.1.2.3 Interview of livestock farmers 

The survey was carried out during the period from July 2005 to June 2006. 

The district livestock officers and the veterinary officers in survey area were fully 

involved in the investigation. The farmers who kept at least five head of cattle and 

buffaloes and had a history of FMD in their herds were included in the interviews. 

Each of the district livestock officers collected the data of 1000 previously FMD 

infected herds in his district. 

• 3.1.2.4 Economic losses 

The different livestock auction and fair markets in and around the study 

area were visited and information on per head buffalo price of either sex in 

various age groups was collected. The data on approximate prices of animals is 

presented in Appendix-4. 
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                      3.1.2.5   Data analysis 

The collected data was compiled using Microsoft Office Excel 2007, 

Microsoft Corporation, Redmond, Washington, USA program. A uni-variate 

analysis was used to test for association of risk factors with the prevalence of 

FMD. The degree of association between risk factors and FMD incidence was 

determined using odd ratio values. 

3.1.3 Study of FMD outbreak pattern 

Retrospective study design (Hess, 2004) was used to collect data on FMD outbreaks in 

districts of Punjab, for the period from January, 2007 to December, 2008. The source of data for 

this study was Epidemiology (Epi) - Unit of Livestock and Dairy Development Department, 

Government of the Punjab, Lahore. The collected information was based on contagious disease 

outbreak reports (Appendix-3), sent on monthly basis by each district livestock officer to the 

Epi - Unit. The information included; date of outbreak, species involved, age and sex of animal, 

clinical sign, number affected, number died, postmortem result, type of sample collected and the 

name of disease investigating laboratory.  

The data about FMD virus serotypes identified, in the FMD research center, Lahore for 

the same study period was also collected to see the frequency distribution of different serotypes. 

Difference between various variables (species, age, herd type and agro-ecological zones) was 

explored by contingency table-Chi square (x2) statistical analysis using Microsoft Excel 

(Microsoft Office Excel 2007, Microsoft Corporation, Redmond, Washington, USA) at the 5% 

probability level.  
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3.1.4 Factors affecting the FMD antibody response in vaccinated animals 

3.1.4.1 Source of vaccine 

Locally manufactured inactivated oil-based trivalent FMD virus vaccine, 

containing “O”, “A” and “Asia-I” serotypes of the virus (UVAS-FMD VAC) was used in 

the study. 

3.1.4.2 Vaccinated Animals  

Experimental animals such as buffaloes, cattle, sheep and goats were kept at 

village ‘105 GB’ in district Faisalabad. The vaccine dose for buffalo/cattle and 

sheep/goats was 3 ml and 0.5 ml, respectively. The vaccine was inoculated through deep 

intramuscular route and antibody response of the animals to the vaccine was recorded.  

3.1.4.3 Animal Grouping On Basis Of:- 

Feeding pattern 

The buffaloes were separately grouped on the basis of their feeding 

pattern such as “manger”, “grazing”, and a combination of “manger and grazing”. 

Antibody response of the animals groups to the vaccine was determined.  A total 

of 90 animals in three groups (30 animals in each group) were inoculated through 

deep intramuscular route as per dose of vaccine explained above.  

Age 

The buffaloes were also divided into five different age groups (6 months, 

6 - 12 months, 1 - 2 years, 2 - 3 years and more than 3 years) for investigating the 
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age related potential to mount an antibody response to the vaccine. Each age 

related group consisted of thirty animals and each animal received 03 ml of the 

trivalent vaccine through deep intramuscular route. 

Stage of pregnancy 

The buffaloes in three different stages of pregnancy (1 - 3 months; 4 -

 6 months; and 7 - 9 months) were also inoculated via intramuscular route of 

vaccine at the dose rate of 03 ml per animal. Each group of pregnant animals 

consisted of 30 females.  

Species 

Antibody response of the FMD vaccine in buffaloes, cattle, sheep, and 

goats was monitored using two years old thirty female animals.  

3.1.4.4 Collection of Sera 

The blood samples were collected from juggler vein of each of the animals in 

five ml disposable syringes at 0, 30, and 60 days post vaccination (DPV). The syringes 

containing clotted blood were kept undisturbed on the table over night at 22 0C. The 

serum which oozed out in each of the syringes was aseptically collected and transferred 

to a 10 ml sterile screw capped glass tube. After proper labeling of the tubes, serum 

samples were kept for 30 minutes at 56 °C to inactivate the complement 

(Casals and Palacios, 1941) and then stored at -20 °C until further use. 



            

MATERIALS AND METHODS 

 

   54 
 

Determination of anti-FMDV “O”, “A” and “Asia-1” Antibodies  

The anti-FMD virus-type “O”, “A” and “Asia-1” antibody units were determined 

through Complement Fixation Test (CFT) as described in OIE Terrestrial Manual (2002). 

Briefly, CFT was performed as per following procedure. 

Test Materials 

Vernol buffer was used as diluent in the CFT. The composition of this solution is 

given in Appendix-6. 

 Positive control sera: monovalent sera against serotype “O”, “A” and “Asia-1” 

were raised in rabbits, maintained at the Microbiology Department, UVAS, Lahor 

Negative control sera: These sera were collected from FMD non-infected and 

non-vaccinated cattle and buffaloes. Test sera were collected from the buffalo and 

cattle infected by FMD virus. Antigen: Serotype “O”, “A” and “Asia-1” of FMD 

viruses were procured from WTO Laboratory, University of Veterinary and 

Animal Sciences, Lahore. Complement: Guinea pig serum was used as a source of 

complement with four hemolytic units of the complement.  Sheep erythrocytes 

were collected from an experimental animal kept at Isolation Unit of 

Microbiology Department, UVAS Lahore. Amboceptor (Antibodies against sheep 

erythrocytes): were raised in rabbits. 

3.1.4.5.2 Washing of sheep erythrocytes 

A 10-ml quantity of blood was collected aseptically from the jugular vein 

of a sheep kept at the animal house of Department of Microbiology, University of 
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Veterinary and Animal Sciences (UVAS), Lahore in a 20 ml sterile disposable 

syringe containing 15 mg of sodium citrate (anticoagulant) as suggested by 

Benjamin (1978). After collection, the contents of the syringe were gently mixed 

to prevent clotting. The blood was centrifuged at 600 x g for three minutes. The 

supernatant was then discarded and the vernol buffer equal to the packed cell 

volume (PCV) was added to the centrifuge tube. The packed erythrocytes were re-

suspended in the buffer by gentle inverted motion of the tube. The same process 

was repeated three times.  At the end, five ml of the packed erythrocytes were 

suspended in 95 ml of the vernol buffer to prepare 5 % erythrocytes suspension 

which was used to raise amboceptor in the rabbits.  

3.1.4.5.3. Raising of amboceptor 

The antibodies against sheep erythrocytes (amboceptor) were raised in 

rabbits using the technique as described by Merchant and Packer (1983) as per 

following procedure. 

A total of three rabbits per test group were injected with 5 % sheep 

erythrocytes suspension as per schedule (Table-1), while three rabbits served as 

un-inoculated controls. After 21 days of the last injection, the test and control 

rabbits were bled, and their blood was collected in separate tubes directly from the 

heart of each rabbit. The serum from blood sample was separated and stored at -

20 °C until required for testing. 
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3.1.4.5.3. Titration of amboceptor 

The serum samples were processed for the titration of amboceptor and 

determination of its sub-agglutination level using a previously described method 

(Merchant and Packer, 1983). Briefly, a 50 µl amount of vernol buffer (pH 7.2) 

was added in all wells of each row of the U-shaped, 96 well immuno-plates 

(Kartell; Milano, Italy) using a multichannel micro-pipette. Fifty µl of the 

amboceptor was added in the first well and serially diluted two fold up to 11th 

well of the plate. Fifty µl of 2% washed sheep erythrocytes were added in all 

wells of the row and the plate was incubated at room temperature (250c ± 3) for 

60 minutes. Both the test and the control rabbit sera were monitored for the 

agglutination level of amboceptor. The general plan for determination of 

agglutination level of the amboceptor is shown in Table- 2. 

3.1.4.5.4. Sensitization of sheep erythrocytes 

Sub-agglutinating level of the amboceptor (10 ml) was taken and 

treated at 56 °C for 30 minutes to inactivate the rabbit complement and it was 

then added to 10 ml of the 5 % washed sheep RBCs suspension. This mixture was 

incubated at 37 °C for 20 minutes in order to sensitize the sheep erythrocytes. The 

mixture was centrifuged at 3000 rpm for two minutes. The supernatant was 

discarded and the pellet of the erythrocytes was re-suspended to the original 

volume in the vernol buffer.  The centrifugation process was repeated thrice by re-

suspending the sensitized sheep erythrocytes in the vernol buffer. Finally, 0.2 % 

suspension of the sensitized sheep erythrocytes was prepared by adding 0.2 ml of 
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the sensitized erythrocytes in 99.8 ml of the buffer which was used for titration of 

the complement. 

3.1.4.5.4. Calculation of 4-hemolytic unit of guinea pig serum 

The complement was used as hemolytic system in CFT. The guinea pig 

serum was used as complement source. Guinea pigs kept at the Department of 

Microbiology, UVAS, Lahore were placed at dorsal recumbency and the blood 

was collected directly from heart. The blood sample was initially placed at 4 °C 

for overnight and then kept at the room temperature for half an hour. The serum 

was separated by centrifugation and was aliquoted as two ml sample in eppendorf 

tubes. The serum collected from guinea pigs was used for calculating 

four hemolytic units (4 HL) as per following procedure: 

Using a 8- channeled micro-pipette, 50 µl of the vernol buffer was added 

in all of the 12 wells of each row of U-shaped 96- welled immuno-plate (Kartell, 

Milano, Italy). Fifty µl of guinea pig serum was added in the first well and was 

serially two-fold diluted up to 11th well. An amount of 50 µl of 0.2% sensitized 

sheep erythrocytes was added in all 12 wells of the row. Well Number twelve was 

kept as the negative control and the plate was incubated at 4 °C for overnight. The 

general plan for calculation of four hemolytic units is presented in Table- 3. 

3.1.4.5.5. CFT procedure 

The CFT was performed as per procedure described in OIE Terrestrial manual 

(2002), using the following protocol. Briefly, 50 µl of vernol buffer was added in all 
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of the 12 wells of each row of the U shaped 96 well immuno-plate. Fifty µl of the 

test serum sample were added in all the 1st well of rows A-F and diluted two fold up 

to 9th well. Fifty µl of the positive control serum was added in the 1st well of row G 

and diluted two fold up to 9th well. Fifty µl of the negative control serum was added 

in the 1st well of row H and diluted two fold up to 9th well. Fifty µl of the antigen 

(FMD virus “O” serotype) was added from well No. 1 to well No. 10 of each row of 

the U-shaped 96 well immuno-plate. Fifty µl of the complement mixture containing 

four HL units were added from well No. 1 to well No. 11 of each row of the 

immuno-plate and incubated at 37 °C for 10 minutes. Finally, 50 µl of the sensitized 

sheep erythrocytes (0.2%) were added in well 1 to 12 of all rows. In this way each of 

the test serum samples, positive and negative control sera were titrated against 

serotype “O” of FMD virus. Geometric mean titer (GMT) of anti-FMDV-CFT 

antibody titer of individual samples was calculated by the technique as described by 

Villages and Purchase (1989). In each immuno-plate, six test serum samples, one 

positive control serum and one negative control serum was titrated against serotype 

“O” of the virus. The general plan for calculation of anti-FMDV-complement fixing 

antibody units is presented in Table 4 
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Table-1: Plan for raising of antibodies against sheep erythrocytes (amboceptor) in rabbits 

Schedule of 
injection 

No. of injections Dose of 5% suspension of 
washed sheep RBCs 

Route of Injection 

Day 1st  

Day 3rd 

Day 5th 

Day 7th 

Day 9th 

Day 11th 

1st 

2nd 

3rd 

4th 

5th 

6th 

0.2 ml 

0.4 ml 

0.6 ml 

0.8 ml 

1.0 ml 

2.0 ml 

Intravenous(I/V) 

I/V 

I/V 

I/V 

I/V 

I/V 
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Table-2: Calculation of sub-agglutination level of amboceptor 

  Column No. 

1 2 3 4 5 6 7 8 9 10 11 12* 

50µl vernol 
buffer {pH:7.2} 

+ + + + + + + + + + + + 

50µl 
Amboceptor  

+ - - - - - - - - - - - 

50µl volume of 
mixture 
transferred to 
wells 

- + + + + + + + + + + - 

50µl volume 
discarded from 
well 

- - - - - - - - - - + - 

50µl quantity 
of 2% washed 
sheep RBCs 

+ + + + + + + + + + + + 

Dilution of the 
amboceptor 

1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1024 1:2048 _ 

Wells of Column No. 12* control for sheep erythrocytes 

Positive= Haemagglutination/ formation of finely clumped erythrocytes layer at the bottom of 

the wells.  

Negative= Clear button (bead) formation in center of the wells. 

The highest dilution of the rabbit serum indicating agglutination was considered as one HA unit. 

Sub-agglutination level of amboceptor i.e., the 50 % dilution of 1 HA unit of the amboceptor was 

used for sensitization of five percent washed sheep erythrocytes. 
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Table-3: General plan for the calculation of four hemolytic units of the complement 

 
  Column No. 

1 2 3 4 5 6 7 8 9 10 11 12* 

50µl vernol 
buffer 

+ + + + + + + + + + + + 

50µl Guinea Pig 
serum 

+ - - - - - - - - - - - 

50µl volume of 
mixture 
transferred to 
wells 

- + + + + + + + + + + - 

50µl quantity 
discarded from 

- - - - - - - - - - + - 

50µl quantity of 
0.2% sensitized 
sheep 
erythrocyte 

+ + + + + + + + + + + + 

Dilution of 
Guinea Pig 
Serum 

1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1024 1:2048  

Wells of Column No. 12* Negative control, containing vernol buffer+sensitized erythrocytes 

Positive = Lysis= Clear suspension formed after the lysis of sensitized sheep erythrocytes 

Negative= No lysis/button formation= Sedimentation of the sensitized sheep erythrocytes 
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Table-4:   General plan of the CFT 

 Column No. Control well 

1 2 3 4 5 6 7 8 9 10* 11** 12*** 
50µl vernol buffer + + + + + + + + + + + + 

50µl Test Serum + - - - - - - - - - - - 

50µl volume of 
mixture transferred 
to 

- + + + + + + + + - - - 

50µl quantity 
discarded from 

- - - - - - - - + - - - 

50 µl Antigen + + + + + + + + + + - - 

50 µl quantity of 
4HL of 
complement 

+ + + + + + + + + + + - 

50 µl quantity of 
0.2 % sensitized 
sheep erythrocyte 

+ + + + + + + + + + + + 

Dilution of serum 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1024 1:2048  

Wells of Column No.10th*  Control for the complement,  

Wells of Column No 11th**  Control for the antigen (virus) 

Wells of Column No 12th***  Control for the sensitized RBCs. 

Interpretation  

Positive   =No lysis/sedimentation of erythrocytes  

Negative =Lysis of erythrocytes 
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3.2 SERO-PREVALNCE STUDIES  

3.2.1 Collection of serum samples 

For sero-prevalence of field FMD outbreaks, 25 blood samples from the affected 

animals per district (Lahore, Sheikhupura, Nankana, Kasur, Okara, Sahiwal, Pakpattan, 

Faisalabad, Toba-Tek-Singh, Gujranwala, Hafizabad, Khushab, and Sargodha) were 

collected 28 days post-infection (dpi). The serum from each of the blood samples was 

separated and stored at -20 °C in properly labeled vials for further use. A questionnaire 

was also being filled by the farmer for providing information about the species, sex, and 

age of the affected animal, source of disease agent, prophylactic measures used and the 

contributory stress factors if any. 

3.2.2 Complement fixation test 

The CFT was performed to determine the prevailing serotype specific antibodies 

against “O”, “A” and “Asia-1” of the FMD virus. The test procedure is described under 

section 3.1.4.5.5.  

3.3 PHYSICO-CHEMICAL FACTORS AFFECTING SURVIVAL OF FMD VIRUS 

For this experiment, monolayer of BHK-21 cell line was prepared and used for 

propagation of serotype “O” FMD virus. The grown virus was processed for calculation of 

biological titer or infectivity titer (Tissue culture Infective Dose 50- TCID50) as described by 

(Reed & Muench, 1938).  
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 3.3.1 BHK-21 cell line Cultivation 

3.3.1.1 Preparation of glassware 

All types of required glassware were dipped in 6.5% potassium 

dichromate in sulphuric acid solution for 24 hours (Cruickshank et al. 1975), 

exercising all safety measures (e.g. use of gloves, coats, gum boots, eye glasses, 

helmet, masks etc). The glassware was removed from the said solution, using two 

pronged long forceps and washed in running tape water for 15 minutes and finally 

washing with, ten times volume of de-ionized water.  The washed glassware was 

kept inverted on a clean tabletop surface to drain out the water content. The dried 

glassware was wrapped in wrapping papers and aluminum foils. The sucking tips 

of graduated pipettes of all types were plugged with sterile surgical cotton, 

wrapped separately in the paper and were placed in pipette sterilization box. The 

glassware was sterilized in hot air oven at 180 °C for 45 minutes. 

Neutral rubber bungs, micropipette tips, cotton swabs, muslin cloth 

towels, test tube caps, and bottles were wrapped in sterile paper, labeled with lead 

pencil and autoclaved for half an hour. All of the sterilized items were stored in a 

clean dust free cupboard till its use. 

3.3.1.2 Media preparation 

To prepare cell culture medium, 16.8 gm of the Medium 199 (M199), (MP 

Biomedical, California, USA) was dissolved in a liter of pre-autoclaved de-

ionized distilled water along with 10 ml of the below described antibiotic 
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solution. The pH was adjusted to 7.40 using 1M sodium hydroxide (NaOH) or 

hydrochloride (HCl) solution. The medium was filtered through 0.2 µm pore size 

nitrocellulose membrane (NCM) filter (Millipore, California, USA) and stored at 

4 °C until used. To check its sterility, 10 ml aliquot of the medium was incubated 

at 37 °C for 72 hrs. The growth and maintenance media were prepared by adding 

10 % or 1.0 % of the fetal calf serum, respectively in the filtered M 199. 

3.3.1.3 Antibiotic solution 

Antibiotic stock solution was prepared by dissolving 10,00,000 units of 

benzyl penicillin G sodium, five gm streptomycin sulphate, 80 mg gentamycin, 

and 02 mg Amphotericin B in 10 ml de-ionized water. The antibiotic solution was 

filtered through 0.2 µm NCM filter (Millipore, California, USA) and stored at 

4 °C till used.  

.3.1.4 Trypsin-Versene solution 

Trypsin-Versene (TV) 10x stock, solution was prepared by dissolving 

85 gm sodium chloride, 4.0 gm potassium chloride, 10 gm glucose, 3.5 gm 

sodium 1:250 trypsin (Gibco), 2.5 gm EDTA and 20 ml of 0.5 % phenol red 

(Gibco) in 1000 ml de-ionized water with agitation for 2-3 hours at room 

temperature. The TV solution was sterilized by filtration through 0.2 µm NCM 

filter, (Millipore, California, USA) dispensed in 50 ml quantities and stored at -

20 °C. The 1x TV (final concentration; 0.05 % trypsin and 0.025 % versene) was 
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prepared by mixing 100 ml of 10 x TV with 900 ml of sterile glass distilled water. 

The TV solution was warmed to 37 °C before use. 

 3.3.2 Sub-culturing of BHK-21 cells  

Used growth medium of the Roux flask having confluent mono-layer of BHK- 21 

cells was decanted aseptically. The mono-layer was washed with 10 ml of the Phosphate 

Buffered Saline (PBS: pH 7.2) solution, rinsed well by gentle shaking and then the PBS 

was poured off in an empty sterile container. Sterilized 0.25 % v/v trypsin solution 

(5 ml) was added to cover monolayer of the cells in the flask. The flask was placed in an 

incubator at 37 °C for 03 minutes and the cells were periodically observed for any 

detachment under the inverted microscope. 

Upon detachment of the cells from the glass surface, the TV solution was 

removed quickly and 75 ml of growth medium with 10 % fetal calf serum (FCS) was 

added into the flask. To form a homogeneous cell suspension the cells were properly 

mixed. Equal volume of the cell suspension was added to each of the 03 roux flasks in a 

split ratio of 1:3 and incubated at 37 °C. After 72 hours, each of the flasks had a typical 

cell sheet, light frosted glass appearance, which were clearly visible as confluent mono-

layer. At this stage, the cells were regarded as fit for the sub-culturing or virus infection. 
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3.3.3Cultivation of FMDV 

3.3.3.1 Preparation of the virus inoculum 

The inoculum of the virus suspension (FMDV “O”) was filtered through 

0.2 µm pore sized syringe filter (Millipore, California, USA) and transferred to a 

pre sterilized glass vial. 

3.3.3.2 Inoculation of virus  

Upon formation of a complete monolayer of the BHK-21 cells, the 

exhausted medium from the roux flask was discarded and new maintenance 

medium containing 1.0 % FCS (25 ml per flask) was added. Three flasks were 

used. Each of the 2 flasks was inoculated with one ml of the virus suspension (as 

prepared above) and maintenance medium while the 3rd was kept as cell control 

without the addition of virus (Mitev et al. 1976). Each of the inoculated and un-

inoculated flasks were incubated at 37 °C for 72 hours and examined after every 

24 hours for any cytopathic effect (CPE). Flasks showing CPE passed through 

two regular freeze and thaw cycles and supernatant was collected. Two ml of the 

harvested supernatant was filtered through a 0.2 um syringe filter and was again 

inoculated into other flasks for further propagation of the virus. Rest of the 

harvested material was used for the confirmation and typing of FMDV through 

CFT and kept stored at -80 °C till further use.  
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3.3.4 Biological titration of the virus 

The BHK- 21 cells in one cell culture plate (Nunc) were used to calculate the 

biological titer (Tissue Culture Infective Dose50: TCID50) of the virus The aliquot of 

serotype “O” stored at 4  °C was taken out and 10- fold dilutions of the virus was 

prepared in 2.5 ml micro-centrifuge (eppendorf) tubes. Sterile 1.8 ml of maintenance 

medium was added to each of the tubes. In the first tube 0.2 ml of the virus was added 

and mixed properly. From the first tube 0.2 ml of the mixture was transferred to the next 

tube. In the same manner, a tenfold dilution was made in the till 10th tube.  

Growth medium was discarded from the previously cultured confluent monolayer 

of the cells present in 96 well cell culture plates. The cells were washed once with sterile 

PBS (pH 7.2). From the diluted virus suspension, an amount of 200 µl of the suspension 

was added to the respective well of the plate (8 wells per dilution) starting from the 

dilution of 10-1 till 10-10. The 11th and 12th columns received the maintenance medium 

and were kept as cell control. The plates were incubated at 37 °C for 72 hours and 

examined under inverted microscope after every 24 hours. The type of CPE on the cells 

in each well was recorded using a light microscope. 

3.3.5 Physical factors 

The effect of various physical factors on the survival of FMD virus was evaluated 

by exposing the virus of known TCID50 to both physical and chemical factors and post 

exposure checking of the virus infectivity. 
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3.3.5.1 Temperature 

Two ml of the FMDV serotype “O” suspension having 106.4TCID50 at pH 

7.4 was taken in a sterile eppendorf tube of 2.5 ml capacity. The tube was then 

exposed to 61 °C and sampling was performed at 15, 30, and 45 minute intervals. 

About 300 µl of each sample was collected at each time interval and of that 

100 µl was transferred per well of the cell culture plate already having 100 µl of 

the maintenance medium and adherent monolayer of BHK-21 cells. Three wells 

were seeded with one sample. These plates were then incubated at 37 °C for 

72 hrs (Nauanualsuwan and Cliver, 2003). 

3.3.5.2 pH 

The virus suspension having 106.4 TCID50 was collected in four eppendorf 

tubes of 2.5 ml capacity, each containing 2 ml of the virus suspension. The pH of 

each of the suspension was adjusted to 4, 6, 8, and 10, respectively using 1M HCl 

and 1M NaOH. The tubes were incubated at 37 °C for 24 hours and following 

incubation, pH of each of the aliquot was brought to 7.2 using 1M HCl and 1M 

NaOH. About 100 µl of the virus suspension from each sample was transferred to 

each of the three wells of cell culture plate, having BHK-21 cells and 100 µl 

maintenance medium. This plate was then incubated at 37 °C for 72 hrs (Ghori, 

2011) 
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3.3.5.3Ultraviolet light 

The virus suspension of 106.4 TCID50 was dispersed in a sterilized Petri-

dish, which was placed in a chamber having ultraviolet light source (2527 nm). 

The distance between light source and petridish was 12 inches and the depth of 

the virus suspension was 1 mm at 25oC. From petri-dish the virus inoculum was 

collected after 15, 30, and 45 minute of the exposure time. One hundred µl of 

each sample were transferred to each of the three wells of cell culture plate having 

cell monolayer and 100 µl of maintenance medium. This cell culture plate was 

then incubated at 37 °C for 72 hrs (Nauanualsuwan and Cliver, 2003) 

Positive control 

One column of the cell culture plate was kept as virus positive control in 

which virus without exposure to any physical factor was inoculated. 

Negative control 

One column of the cell culture plate was kept as virus negative control in 

which no virus was inoculated. 

3.3.6 Cell Survival Assay 

After 72 hrs, the media was aspirated from each well of the immuno-plate 

containing samples exposed to different physical factors. Cells in each well of the plate 

were fixed and stained with 90 % (v/v) ethanol containing 0.5 % (w/v) crystal violet for 

10 minutes at room temperature (25 0C) followed by washing with tap water. After 

dissolving with ethanol the staining of the cells was measured at 590 nm in an ELISA 
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reader (Trinity Biotech). After averaging the optical density (OD) values for replicates, 

the viral inhibition rate was calculated as follows (Jian Wu et al. 2003): 

 

  

 

 

ODt absorbance of the test chemical/physical factors 

ODc absorbance of virus control (negative control) 

ODcc absorbance of cell control (positive control) 

3.3.7 Chemical factors  

3.3.7.1 Suspension Test 

The effect of disinfectants/chemicals on the in vitro replicating ability of 

FMDV “O” was studied by the technique as described by MacLachlan et al. 

(2004). The tested solutions were prepared in sterile distilled water. Test 

disinfectants/chemicals were prepared fresh each time prior to use. The pH values 

of each of the test disinfectants were also measured and recorded prior to use.  

Virus inactivation was tested in suspension by mixing equal volumes of a 

virus suspension in culture medium supplemented with 1 % fetal calf serum with 

the disinfectant at appropriate dilution for 30, 60 and 90 min at 30 °C After 

Average ODt - Average ODcv 

Percent cell survival rate = ×100 

Average ODcc - Average ODcv 
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treatment, the samples were diluted 1/100 in growth medium containing 10 % 

FCS.  

One hundred µl of the disinfectant treated virus suspension was added, 

(n=3), to the 96 well immuno-plates, containing confluent BHK- 21 cells and 

incubated for 72 hours at 37 °C.  

Positive control 

One column of the cell culture plate was kept as virus positive control in 

which virus without exposure to any physical or chemical agent was inoculated on 

cells. 

Negative control 

One column of the cell culture plate was kept as virus negative control in 

which no virus was inoculated. 

After requisite incubation at 37 0C for 72 hrs, the media was aspirated 

from each well of the immuno-plates containing samples exposed to 

disinfectants/chemicals and after averaging OD values for replicates, the viral 

inhibition rate was calculated as mentioned above for physical factors. The 50% 

effectiveness concentration (EC50) was defined as the concentration that achieved 

50% cyto-protection against virus infection  
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3.3.7.2 Toxicity Test 

To check the toxicity of all the above-mentioned disinfectant/chemicals on 

BHK cells, cell culture medium containing 10 % FCS was used to prepare 

disinfectant dilutions (1:10, 1:100, 1:1000 and 1:10000) and 100 µl of the 

suspension of the different dilutions was added, in triplicate, to the 96 well 

immune-plates, containing confluent BHK- 21 cells and incubated for 72 hours at 

37 °C. After requisite incubation time, the media was aspirated from each well; 

cells were fixed and stained with 90% (v/v) ethanol containing 0.5% (w/v) crystal 

violet for 10 minutes. After dissolving with ethanol, the staining of the cells was 

measured at 590 nm in an ELISA reader (Trinity Biotech). After averaging the 

optical density (OD) values for replicates, the percent cell survival was calculated 

as mentioned above. It was found that 1/100 dilution of the disinfectants in cell 

culture media containing 10% FCS neutralized the toxicity effect of all 

disinfectants.  

3.3.7.3 Statistical Analysis 

All data were expressed as the mean ± SD and analysis was carried out 

using SPSS 7.0 statistical program (SPSS Inc, Chicago, IL). The one way analysis 

of variance (ANOVA) and student’s t-test were used for comparison of means 

between control and the tested samples on the inhibition of virus replication and 

the difference with a p-value less than 0.05 was considered statistically 

significant. 
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The list of tested disinfectants/chemicals is given below:  

S. No Disinfectants Concentrations 

Group Name  

1 Acids Acetic acid      2.0% 4.0% 8.0% 

2 Citric acid 0.10% 0.20% 0.40% 

3 Alkalies Sodium hydroxide 1.0% 2.0% 4.0% 

4 Sodium carbonate 2.0% 4.0% 8.0% 

5 Oxidizing agents Sodium hypochlorite 1.5% 3.0% 6.0% 

6 Virkon-S 0.50% 1.0% 2.0% 

7 Aldehydes Formalin 0.075% 0.15% 0.30% 

8 Aldekol DS 0.2 0.25% 0.50% 1.00% 

9 Quaternary 

ammonium 

compound. 

Gas-G 0.05% 0.10% 0.20% 
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3.4 ESTIMATION OF THE EFFICACY OF FMDV VACCINE 

3.4.1 Selection criteria 

The trial was carried out in six villages (100 GB, 101 GB, 102 GB, 105 GB, 

107 GB, and 108 GB) of district Faisalabad. The villages were selected after consultation 

with field veterinary officer of the district in the respective hospital keeping in view the 

previous exposure to FMDV and history of vaccination. The farmers in the selected villages 

were interviewed to collect the information about previous exposure to FMDV and 

vaccination history. With the consent of farmers, blood samples were collected randomly 

from cattle and buffalo of all age groups and both sexes. Serum was extracted and 

transported on ice and kept at -20 °C in the WTO-QOP laboratory, UVAS, Lahore until 

needed for serological analysis. These samples were later analyzed for antibodies against 

FMD virus. 

3.4.2 Study population and trial design 

A total of 1906 buffalo and 2305 cattle of all age-groups and both sexes was 

vaccinated using oil base local and imported trivalent vaccines. The selected villages were 

divided into groups and sub-groups (as mentioned below) to record the effects of local and 

imported FMDV vaccines on FMD morbidity and mortality rates, for whole one year. 

 

 

 

Group-A 
(Polyvalent FMDV Local Vaccine) 

 
A1  A2  A3 
 
(100% vac) Partially vac Non vac 

Group-B 
(Polyvalent FMDV Imported Vaccine) 

 
B1  B2  B3 
 
(100% vac) Partially vac Non vac 
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3.4.3 Experimental vaccine 

Commercially available FMD local and imported oil base trivalent vaccines were 

used in this trial. Vaccines were administered to the animals as per manufacturer 

instruction, i.e. subcutaneous route at a dosage level of 5.0 ml/animal once a year. 

To calculate vaccine efficacy, vaccinated, partially-vaccinated and un-vaccinated 

animals were followed prospectively. Data on morbidity and mortality rates was collected 

on monthly basis, with the collaboration of local veterinary doctors/veterinary assistants. 

Vaccine efficacy expressed in the form of relative risk (RR), which is the ratio of IRU to 

IRV (Orenstein et al. 1985) as shown below 

IRU = No. Of cases in un-vaccinated population/ Un-vaccinated population 

IRV =No. Of cases in vaccinated population / Vaccinated population 

RR =RU/IRV 

VE ={(RR-1) / RR} ×100 VE =Vaccine efficacy,  RR= Relative Risk 
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CHAPTER. 4 

RESULTS 

4.1 EPIDEMIOLOGICAL INVESTIGATIONS 

 4.1.1 Active Disease Surveillance 

4.1.1.1 Study population 

Total buffalo and cattle population selected for this study from villages 

was 86348 animals (Table 5). Of the total population, the young male and 

female animals were 11830 (13.7 %) and 17135 (19.8 %), respectively and 

total adult male and female animals were 5235 (6.1 %) and 52148 (60.4 %), 

respectively. Total young male and female buffalo population was 6820 

(12.8 %) and 10929 (20.5 %), respectively and total adult male and female 

buffalo population were 1988 (3.7 %) and 33455 (62.9 %), respectively. Total 

young male and female cattle population was 5010 (15.1 %) and 6206 (18.7%), 

respectively and total adult male and female cattle population was 3247 

(9.8 %)) and 18693 (56.4 %), respectively.  

4.1.1.2 Overall incidence of economically important diseases of bovines in 

the Punjab 

Incidence of different bovine diseases surveyed in the present 

investigation varied significantly (p < 0.001) and is shown in Table 6 and 
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figure 4). Overall incidence of FMD and other diseases observed in the survey 

in descending order was 10.74 % for FMD, 8.19 % for Mastitis, 6.55 % for 

Diarrhea, 6.19 % for Hemorrhagic Septicemia (HS), 2.32 % for Sudden death 

and 1.93 % for Hemoglobinuria.  

4.1.1.3 Comparative incidence of FMD and other economically important 

diseases in cattle and buffalo of the Punjab 

Incidence of various diseases in buffalo and cattle varied significantly 

(p < 0.001) and is shown in Table 7. The incidence of HS, FMD, mastitis, and 

sudden death were significantly higher (p < 0.05) in buffalo as compared to the 

cattle. However, the incidence of Hemoglobinuria was significantly higher 

(p < 0.05) in cattle than in the buffalo (Figure 5). The incidence of FMD in 

buffalo and cattle was observed at 10.91 % and 10.47 % respectively. The 

incidence of other diseases in buffaloes observed in descending order for 

mastitis was 9.13 %, Diarrhea 6.45 %, HS 6.36 %, Sudden death 2.57 % and 

Haemoglobinuria 1.65 %. The incidence of other diseases in cattle calculated 

for Diarrhea was 6.72 %, Mastitis 6.68 %, HS 5.91 %, Haemoglobinuria 

2.37 % and sudden death 1.91 %.  

4.1.1.4 Ranking of prevalent diseases  

Incidence of FMD was ranked at number one among the studied 

diseases with morbidity rates of 10.3 % and 9.9 % in the buffalo and cattle 

population, respectively. The mastitis was ranked at number two as it had 



            

RESULTS 

   79 
 

morbidity rates of 9.13 % and 6.68 % in buffalo and cattle, respectively. The 

incidence of diseases like Diarrhea, HS, sudden death and Haemoglobinuria in 

both buffalo and cattle was recorded at number 3, 4, 5 and 6, respectively 

(Table 8).  

Highest mortality due to sudden death in buffaloes and cattle was 2.6 % 

and 1.9 %, respectively. The mortality rate due to HS was ranked at number 

two that was 1.6 % in buffaloes and 1.4 % in cattle. Other diseases causing 

mortality in buffalo and cattle in the descending order of ranking were diarrhea 

(0.7 %), FMD (0.7 %), Haemoglobinuria (0.3 %) and mastitis (0.0 %) (Table 

8). The overall morbidity and mortality in buffalo and cattle due to various 

diseases is also presented in Figures 6 &7. 

4.1.1.5 District-wise incidence of FMD  

This investigation indicated that FMD had the highest incidence in 

Sialkot district (32.6 %) followed by Gujranwala (30.8 %), Mandi-Bahaudin 

(23.4 %), Sheikhupura (19.5 %), Muzaffar Garh (19.5%), Hafizabad (15.3%), 

Sahiwal (12.8%), Okara (11.6%), Mianwali (11.4%), Jhelum (10.8%), 

Pakpattan (10.2%), Vehari (9.6%), Gujrat (9.1%), Bahawalnagar (8.9%), 

Lodhran (7.8%), Rawalpindi (7.5%), D.G.Khan (7.2%), Bahawalpur (7.0%), 

Lahore (6.8%), Khanewal (6.7%), Sargodha (5.7%) and Narowal (5.5%). 

Overall incidence of FMD in various districts of Punjab Province is 

summarized in Figure 8 and 9.  
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4.1.1.6 Agro-ecological zone-wise incidence of FMD 

This investigation indicated that there was a significant difference 

(p < 0.001) in the occurrence of FMD in different agro-ecological zones; the 

FMD was observed as the most prevalent disease (17.6 %) in buffalo and 

cattle in largely canal irrigated areas of Multan and Faisalabad divisions 

followed by canal irrigated areas of Lahore and Gujranwala divisions, 

Southern Barani (Bahawalpur and D. G. Khan Divisions) and Northern Barani 

(Rawalpindi and Sargodha Divisions) zones (Table – 9 and Figure 10 &11). 

There was non-significant difference (p > 0.05) in the incidence of FMD 

between the Southern and Northern Barani Zones of Punjab. 

4.1.1.7 Species, Age and sex relationship of FMD 

Total buffalo and cattle population studied under present work 

was 86348 animals. The overall morbidity and mortality rates due to FMD 

were 8751 (10.1 %) and 523 (0.6 %), respectively. The data obtained did not 

indicate any significant difference (p > 0.05) in morbidity rate of buffalo and 

cattle due to FMD (Figure 12). However, the mortality in buffaloes was 

significantly higher (p < 0.05) than that of in cattle.  

A significantly higher (p < 0.001) FMD morbidity in adult 

animals of both the species was recorded than that in young animals. The 

morbidity rates in the young and adult buffaloes were 8.2 % and 11.3 %, 

respectively. In the young cattle a morbidity rate of 6.0 % was recorded and in 
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the adult cattle the rate was 11.8 %. The mortality rates in young animals of 

both the species were significantly higher (p < 0.001) than those in the adult 

animals. The mortality rates in young buffalo, young cattle, adult buffalo and 

adult cattle were recorded as 1.4 %, 1.0 %, 0.3% and 0.4 %, respectively 

(Table- 10 &. 11).  

The FMD affected more buffalo-males compared to buffalo females 

(p < 0.001). However, there was non-significant difference (p > 0.05) in the 

occurrence of FMD in male-and-female cattle. The highest morbidity rates of 

19.0 % and 15.9 % were recorded in adult male buffalo and cattle, 

respectively (Table 10 and 11). The morbidity rates in young male, young 

female and adult female buffalo were 09.9 %, 07.1 %, and 10.8 %, 

respectively (Table 10). The morbidity rate was significantly higher 

(p < 0.001) in both of the young and adult buffalo males than that of the 

young and adult buffalo females. In cattle, the morbidity rates in young male 

and females were recorded as 5.8 and 6.3 percent, respectively. These rates 

were not significantly different (p > 0.05). However, the morbidity rates in 

adult male and female cattle significantly (p < 0.001) differed. 

4.1.2 Cross-Sectional Survey 

4.1.2.1 Economic losses 

To calculate the economic losses due to FMD, different auction markets of 

livestock were visited and the veterinary practitioner and farmers were consulted in the 
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districts of Faisalabad, Okara, and Sialkot to get appraisal on the price of buffalo at 

various ages and of different sexes; price of milk/liter; and the case treatment charges 

for FMD, mastitis, abortion, and septic foot (Appendix 4, 5 & 6). This data was 

collected from 3000 FMD infected herds. Of a total of 18808 buffaloes, 8954 (47.6 %) 

were found affected with FMD.  

4.1.2.1.1 Losses due to reduced milk production 

Milk yield loss of infected buffalo in liters is presented in Appendix - 6. The 

total milk loss in liters and its total price per district is given in Table 12. A total of 

3761 buffaloes (in milk) were found infected with FMD and infection caused a loss of 

Rs. 23,694,300 (US$ 249493) (Figure 13).  

4.1.2.1.2 Losses due to morbidity charges 

Morbidity charges per young and adult animal are given in Appendix 8. A 

total of 2548 young (up to two years) and 5953 adult (above two years) buffalo were 

found infected with FMD which cost Rs. 62,91,200 (US$ 66244) for treatment of sick 

animals. The morbidity charges in different districts are indicated in Table 13 and 

Figure 14. 

4.1.2.1.3 Losses due to mortality charges 

Reference price of buffalo of different age and both sexes is given in 

Appendix 4. Total economical losses due to mortality of animals in each district are 

summarized in Table 14. A total of 453 buffaloes died out of which 300 (66.2 %) were 

young buffalo and 133 (33.8 %) were the adult ones. The total mortality losses were 
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Rs. 10,921,500 (US$ 114999), of which the adult buffaloes contributed Rs. 80, 05, 000 

(US$ 84290) (73.30 %). 

4.1.2.1.4 Losses due to secondary complication charges 

FMD complications include the treatment charges for mastitis, abortion, and 

septic foot (Appendix 5). Total complication treatment charges on the treatment of 

these complications calculated for each district are summarized in Table 15.  

4.1.2.1.5 Total Economic Losses 

The FMD results in a total economic loss of Rs. 41323250 (US$ 435119), of 

which the milk loss alone contributes 57.3 %. The animal mortality costs 26.4 %, 

morbidity costs 15.2 % and the treatment of disease complications costs over 1.0 % 

(Table 16 and 17; Figure 15). 
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Table-5: Total livestock population in randomly selected villages of various districts of 
Punjab 

 

Animals Male Female Total (%) 

Young (%) Adult (%) Young (%) Adult (%) 

Buffalo 6820 (12.82)* 1988 (3.74)
10929 
(20.55) 

33455 
(62.89) 

53192 (100) 

Cattle 5010 (15.11) 3247 (9.79) 6206 (18.72)
18693 
(56.38) 

33156 (100) 

Total 11830 (13.7) 5235 (6.07)
17135 
(19.84) 

52148 
(60.39) 

86348 (100) 

 

*Figures in the parenthesis indicate percent value 
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Table-6: Incidence of FMD and other economically important diseases in Punjab. 

 

Diseases 
Total animals = 86348 

No. Affected % of cases 

HS 5343 6.19
a
 

FMD 9274 10.74
b
 

Mastitis 7071 8.19
c
 

Diarrhea 5658 6.55
d
 

Haemoglobinuria 1665 1.93
e
 

Sudden death 2001 2.32
f
 

Chi Square statistics 

a, b, c, d, e, f Values with different superscripts within column are significantly different from each 

other (p < 0.05) while the values with similar superscripts have no significant 

difference from each other (p > 0.05)     
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Table-7: Comparative incidence of FMD and other economically important diseases in 
buffalo and cattle of Punjab 

 

Diseases 

Buffalo          
n1=53192 

Cattle    n2=33156
P-Value X2 

No. (% of cases) No. (% of cases) 

HS 3382 (6.36)
a*

 1961  (5.91)
b
 0.009 6.9 

FMD 5802 (10.91)
a
 3472 (10.47)

b
 0.046 4.0 

Mastitis 4856  (9.13)
a
 2215  (6.68)

b
 0.000 162.9 

Diarrhea 3429 (6.45)
a
 2229  (6.72)

a
 0.114 2.5 

Haemoglobinuria 876    (1.65)
a
 789    (2.37)

b
 0.000 58.0 

Sudden death 1365  (2.57)
a
 636     (1.91)

b
 0.000 37.9 

Chi-Square statistics 

a, b Values with different superscripts between columns are significantly different (p < 0.05) from 

each other while the values with similar superscripts have no significant difference from each 

other (p > 0.05)     

n1 =       Total number of buffaloes under study 

n2 =      Total number of cattle under study 

*Figures in the parenthesis indicate percent value 
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Table-8: Morbidity and mortality based ranking order of FMD among other economically 
important diseases in Punjab 

 

Dis. Buffalo (n1=53192) Cattle (n2=33156) 

 AA AD MB 
(%) 

Rank MR 
(%) 

Rank AA AD MB 
(%) 

Rank MR 
(%) 

Ran
k 

H.S 2546 836 4.8 4 1.6 2 1486 475 4.5 4 1.4 2 

FMD 5454 348 10.3 1 0.7 4 3297 175 9.9 1 0.5 4 

Mast. 4856 0 9.1 2 0.0 6 2215 0 6.7 2 0.0 6 

Diarr. 3034 392 5.7 3 0.7 3 1925 304 5.8 3 0.9 3 

Hb.U 736 140 1.4 5 0.3 5 669 120 2.0 5 0.4 5 

S.D 0 1365 0.0 6 2.6 1 0 636 0.0 6 1.9 1 

 

MB = Morbidity rate     MR = Mortality rate                     

H.S = Haemorrhagic Septicemia   FMD = Foot-and-mouth disease                 

Diarr = Diarrhoea     Hb.U = Haemoglobinuria                          

Mast = Mastitis     S.D = Sudden Death 

AA = Affected animals    AD = Animals died 

n1 = Total number of buffaloes under study  n2 = Total number of cattle under study 
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Table-9: Incidence of FMD in different agro-ecological based zones of the Punjab 
 

Zones 
Population 

At Risk 
Affected Not Affected Incidence Rate 

(%) 

Completely Canal Irrigated 

(Lahore and Multan 

divisions) 

22369 1925 
20444 8.6

a
 

Largely Canal Irrigated 

(Faisalabad and Gujranwala 

divisions) 

30240 5326 
24914 17.6

b
 

Northern Barani Areas 

Rawalpindi and Sargodha 

divisions 

20977 1214 
19763 5.8

c
 

Southern Barani Areas 

(Bahawalpur and D. G. 

Khan divisions) 

12762 809 
11953 6.3

c
 

Total 86348 9274 
77074 

 

Chi-Square statistics 

a, b, c Values with different superscripts within columns are significantly different (p < 0.05) from 

each other while the values with similar superscripts have no significant difference from each 

other (p > 0.05). 
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Table-10: Morbidity and mortality rates in buffalo in relation to sex and age-groups due to 
FMD in Punjab province  

 

Parameter 
Sex Young Adult Total P-value 

Morbidity 

Male 676 (9.9)* 377 (19.0) 1053 (12.0)a 
0.000 

Female 776 (7.1) 3625 (10.8) 4401 (9.9)b 

Total 1452 (8.2)a 4002 (11.3)b  

P-value 0.000  

Mortality 

Male 134 (2.0) 19 (1.0) 153 (1.7)a 
0.000  

Female 109(1.0) 86 (0.3) 195 (0.4)b 

Total 243 (1.4)a 105 (0.3)b  

P-value 0.000  

Chi Square statistics 

a, b Values with different superscripts between columns and within column are significantly 

different (p < 0.05) from each other while the values with similar superscripts have no 

significant difference from each other (p > 0.05)     

*Figures in the parenthesis indicate percent values 
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Table-11: Morbidity and mortality rates in cattle in relation to sex and age-groups due to 
FMD in Punjab province 

 

Parameter 
Sex Young Adult Total P-value 

Morbidity 

Male 293 (5.8)* 513 (15.8) 806 (9.8)
a
 

0.527 
Female 388 (6.3) 2103 (11.3) 2491 (10)

a
 

Total 681 (6.1)
a
 2616 (11.9)

b
  

P-value 0.000  

Mortality 

Male 44 (0.9) 25 (0.8) 69 (0.8)
a
 

0.000  
Female 51 (0.8) 55 (0.3) 106 (0.4)

b
 

Total    95 (0.8)
a
 80 (0.4)

b
  

P-value 0.000  

Chi Square statistics 

a, b Values with different superscripts between columns and within column are significantly 

different (p < 0.05) from each other while the values with similar superscripts have no 

significant difference from each other (p > 0.05)     

*Figures in the parenthesis indicate percent values 
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Fig-4: Over all incidences (in percentage) of economically important diseases in Punjab 
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Hb U Haemoglobinuria,                                                                SD Sudden death 

 

 

Fig-5: Comparative incidence of economically important diseases in buffalo and cattle of the 

Punjab 
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Fig-6 Comparative morbidity and mortality rate in economically important diseases of buffalo 

in the Punjab 
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Fig-7 Comparative morbidity and mortality rate in economically important diseases of cattle 
in the Punjab 
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Fig-8 Comparative incidence of FMD in various districts of the Punjab 
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Fig-9: Geographical map showing incidence of FMD in various districts of the Punjab   
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Fig-10 Incidence of FMD in different agro-ecological zones of Punjab  
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Fig-11 Comparative incidence of FMD in buffalo and cattle in agro-ecological based zones of 

Punjab 
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Fig-12 Comparative morbidity and mortality rate in buffalo and cattle in Punjab due to 

FMD 
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Table-12:- Economical losses due to reduced milk production in buffaloes infected with 
FMD 

 

Districts In-milk, infected 
animals 

Milk loss in liters Cost                   (Rs./ 
US$) 

Faisalabad 1366 286860 8605800/ 90616 

Okara 1254 263340 7900200/ 83186 

Sialkot  1141 239610 7188300/ 75690 

Total 3761 789810 23694300/ 249493 

No. of infected herds/district = 1000 

Price of milk = Rs. 30 per liter 

US$ rate on 24-08-2012 = RS.94.97 
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Table 13: Economical losses caused by the treatment of infected young and adult buffaloes 

 

Districts Buffaloes infected Treatment cost               
(Rs./ US$) 

*Young *Adult Young Adult 
 

Total cost      (Rs./ 
US$) 

Faisalabad 912 2114 
547200/ 

5762 
1691200/ 

17808 
2238400/ 23570 

Okara 739 1958 
443400/ 

4669 
1566400/ 

16494 
2009800/ 21162 

Sialkot  897 1881 
538200/ 

5667 
1504800/ 

15845 
2043000/ 21512 

Total 2548 5953 
1528800/ 

16098 
4762400/ 

50146 
6291200/ 66244 

No. of infected herds/district =  1000 

Treatment cost /young =   Rs.600 

Treatment cost /adult =     Rs.800 

*Young    up to 2 years 

*Adult    > 2 years 

US$ rate on 24-08-2012 =   RS.94.97 

 

 

 

 

 

 

 



            

RESULTS 

   102 
 

Table-14 Age related mortality losses in buffaloes. 

 

Districts Age Groups 

6 months 
(Rs./ 
US$)  

1 years 
(Rs./ 
US$) 

2 years 
(Rs./ 
US$) 

3years 
(Rs./ 
US$) 

Over 3 
years (Rs./ 

US$) 
 

Total loss  (Rs./ US$)

Faisalabad 
342000 / 

3601 
302000/ 

3180 
182000/ 

1916  
175000/ 

1843 
1320000/ 

13899 
2321000/ 24439 

Okara 
357000/ 

3759 
448000/ 

4717 
294000/ 

3096 
280000/ 

2948 
2025000/ 

21323 
3404000/ 35843  

Sialkot  
163500/ 

1722 
436000/ 

4591 
392000/ 

4128 
245000/ 

2580 
3960000/ 

41697 
5196500/ 54717 

Total 
862500/ 

9082 
1186000/ 

12488 
868000/ 

9140 
700000/ 

7371 
7305000/ 

76919 
10921500/ 114999 

No. of infected herds/district = 1000 

US$ rate on 24-08-2012       = RS.94.97 
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Table-15: Losses due to secondary complications in buffaloes 

 

Districts Abortion        
(Rs./ US$) 

Mastitis        
(Rs./ US$) 

Septic foot  (Rs./ 
US$) 

Total loss    (Rs./ 
US$) 

Faisalabad 3500/37 102000/1074 50500/532 156000/1643 

Okara 5250/55 75000/790 46500/490 126750/1335 

Sialkot 3500/37 85500/900 44500/469 133500/1406 

Total 12250/129 262500/2764 141500/1490 416250/4383 

No. of infected herds/district = 1000 

US$ rate on 24-08-2012       = RS.94.97 
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Table-16: Total economic losses in buffalo due to FMD 

 

Districts/ 
N = (1000) 

Milk loss 
(Rs./ US$) 

Morbidity 
charges 

(Rs./ US$) 

Mortality 
charges      

(Rs./ US$) 

Complication 
charges    

(Rs./ US$) 

Total Loss 
(Rs./ US$) 

Faisalabad 
8605800/ 

90616 
2238400/ 

23570 
2321000/ 

24439 
156000/    

1643 
13321200/ 

140267 

Okara 
7900200/ 

83186 
2009800/ 

21162 
3404000/ 

35843  
126750/   

1335 
13440750/ 

141526 

Sialkot 
7188300/ 

75690 
2043000/ 

21512 
5196500/ 

54717 
133500/   

1406 
14561300/153

325 

Total 
23694300/ 

249493 
6291200/ 

66244 
10921500/ 

114999 
416250/   

4383 
41323250/435

119 

No. of infected herds/district = 1000 
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Table-17: Percent contribution of economic losses due to various factors in animals infected 
with FMD 

 

Factor Loss in Rupees % 

Milk loss 23694300 57.3 

Morbidity  6291200 15.2 

Mortality  10921500 26.4 

FMD Complications  416250 1.0 

Total 41323250 100.0 
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Figure- 13 Economical losses due to reduced milk production in buffaloes infected with 
FMD 
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Figure-14 Economical losses caused by the treatment of infected buffaloes 
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Fig-15 Percent contribution of economic losses due to different factors in FMD 

 

 

 

 

 

 

 

 

 

 

 

 

 



            

RESULTS 

   109 
 

4.1.2 Risk factors 

4.1.2.1 Age 

The relationship of age with the FMD morbidity and mortality in buffaloes is 

presented in Tables 18a & 18b. The disease morbidity is directly proportional to age of the 

animals. Buffaloes over three years of age showed the highest FMD morbidity (49.4 %) than 

all other age groups. The morbidity rates in other age groups in descending orders recorded 

were 42.7 % (984/2304), 41.7 % (852/2041), 40.5 % (1251/3090) and 38.4 % (712/1856) in 

 1-2 years, 6-12 months, 2-3 years, and less than 6 months old buffaloes, respectively (Table 

18a). The highest mortality of 8.6 % (160/1856) was recorded in the calves less than 6 months 

old and followed by mortality in 6-12 months old calves (5.1 %). The lowest mortality (0.6 %) 

was recorded in 2-3 years old animals (Table - 18b). Buffalo calves less than 6 months old 

were 6.14 times more at risk of contracting FMD as compared to 1-2 years old buffaloes. 

However odd ratio was 14.48 in 2-3 year old buffaloes and 6.66 in the buffalo 

above three years (Table 19b). 

4.1.2.2 Season 

Table 19 showed 69.1 % (4256/6155) cases of FMD in winter followed by 41.9 % 

(2408/5749) cases in spring, 36.1 % (1369/3794) in summer and 29.6 % (921/3110) in 

autumn. Buffaloes in winter are 5.3 and 3.97 times more at risk of getting FMD as compared 

to autumn and summer, respectively. There was significant variation in occurrence of FMD in 

all four seasons (p < 0.001). 
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4.1.2.3 Vaccination status 

FMD was recorded in 31.8 % (2016/6332) vaccinated buffaloes and 51.8% 

(6458/12476) in non-vaccinated buffaloes (Table 20). Higher mortality rate (3.4 %) was 

recorded in non-vaccinated buffaloes as compared to that (0.5%) of vaccinated buffaloes. The 

survey revealed that non-vaccinated buffaloes are 6.65 times more at risk of dying due to 

FMD as compared to vaccinated buffaloes whereas, they are 2.23 times more at risk to 

contract FMD infection as compared to vaccinated buffaloes (Table 20). 

4.1.2.4 Feeding Pattern 

FMD prevalence in buffaloes varied on different feeding pattern (Table 21). The 

animals on grazing pattern had the highest FMD prevalence (64.1 %) compared to those on 

manger feeding (45.6 %) and on combined manger and grazing (54.0 %) pattern. Animals on 

grazing pattern are 2.15 times more at risk of getting FMD as compared to buffaloes on 

manger feeding. The occurrence of FMD in buffaloes of different feeding patterns varied 

significantly (p < 0.001). 

4.1.2.5 Distance of village from the hospital 

Data regarding prevalence of FMD in villages located at various distances from the 

veterinary hospital is presented in Table 22. Prevalence of FMD was 43.2%, 49.1%, 48% and 

59.9 % in villages at 0-5, 6-10, 11-15 and 16-20 km distance from veterinary hospital, 

respectively. The highest prevalence of 59.9 % was recorded in the villages located at 15 - 20 

Km away from the veterinary hospitals. 
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4.1.3 Studies of the outbreaks of FMD in Punjab 

Punjab is the most populous province of Pakistan. It has total area of 205344 square KM and 

consisting of 36 districts. For two years period (January, 2007 to December, 2008), a total of 719 

FMD outbreaks were reported from different districts of Punjab (Table 23). The highest number of 

outbreaks were recorded in district Rahim-Yar-Khan (212) followed by Bhakkar (118 outbreaks), 

T.T. Singh (81 outbreaks) and Faisalabad (72 breaks). There were minimum FMD outbreaks (2) in 

district Gujranwala.  

Among the three agro-ecological zones, the highest number of outbreaks were observed in 

Southern Irrigated zone (291), followed by Northern Irrigated (254) and Barani (174) zones (Table 

24).  

Outbreaks were grouped into three categories; outbreaks which involves only young (1 –

 2 years), adults (3 to >3 years), and mixed (calves + young + adult) animals. None of the outbreak 

was reported which only involved calves. The adult animals were more susceptible to FMD than the 

young ones. Of the total 719 outbreaks only 86 (12.0 %) occurred in young ones whereas this number 

in adults was 381 (53.0 %). Whereas in 252 (35.0 %), outbreaks, buffaloes of all age-groups were 

affected (Figure 15). The susceptibility of cattle and buffalo of different age groups to FMD is shown 

in Table 25. 

Dairy herds were categorized into three groups, buffalo, cattle, and mixed (buffalo & cattle). 

The prevalence of FMD in buffalo herds was 43.0 %, in cattle herds was 38.4 % and in mixed type of 

herds was 18.6 % (Table 25 and Figure 16).  

The disease outbreaks increased gradually following the post – monsoon period. The highest 

number of outbreaks was observed during December to February (Figure 17). The highest average 
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FMD outbreaks occurred in the month of March (74.0) followed by February (72.0) and January 

(64.0). The FMD outbreaks decreased from June towards October and there were minimum reports of 

FMD outbreaks (7.00) during the month of August (Figure 17). 

Data regarding the FMD virus serotypes detected during the study period (2007-2008) was 

also collected from the FMD Research Center, Lahore. During the year 2007, this research center 

received 169 numbers of epithelial tissues for diagnosis of FMD. These samples were typed by using 

CFT for serotype “O”, “A” and “Asia-1. Out of 169 samples, 61 were found positive for serotype “O” 

and the remaining 108 were found negative for serotype “O”, “A”, and “Asia-1” of FMD virus. In 

2008, 210 samples were received and only 30 were found positive for serotype “O” and the remaining 

180 were found negative for serotype “O”, “A”, and “Asia-1” of FMD virus (Table 26). 
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Table-18 a: Relationship of age with the morbidity caused by FMD  

 

Age 
Groups  

Affec
ted 

Not 
affected 

Total
Morbidity 
rate (%) 

OR 95% CI P-Value 

>3Y 4702 4815 9517 49.4 1.0   

2-3Y 1251  1839 3090 40.5 1.44 1.322-1.559 0.000 

1-2Y 984  1320 2304 42.7 1.31 1.195-1.436 0.000 

6-12M 852 1189 2041 41.7 1.36 1.237-1.501 0.000 

< 6M  712 1144 1856 38.4 1.57 1.417-1.737 0.000 

OR Odd Ratio 

CI Confidence Interval 
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Table-18 b: Relationship of age with the mortality caused by FMD 

 

Age 
Groups 

Compared 
Died Alive Total 

Mortality 
rate (%) 

OR 95% CI P-Value 

< 6 M 160  1696 1856 8.6  1.0   

 6-12 M 105 1936 2041 5.1 1.739 1.348-2.244 0.000 

1 – 2 Y 35 2269 2304 1.5 6.116 4.220-8.864 0.000 

2 – 3 Y 20 3070 3090 0.6 14.481 9.063-23.138 0.000 

> 3 Y 133 9384 9517 1.4 6.656 5.258-8.426 0.000 

OR Odd Ratio 

CI Confidence Interval 
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Table-19:  Effect of season on the prevalence of FMD in buffaloes 

 

Groups 
Compared 

Affected 
Not 

affected 
Total 

Prevalence 
(%) 

OR 95% CI P-Value 

Winter 4256 1899 6155 69.1 1.0   

Summer  1369 2425 3794 36.1 3.97 3.645-4.324 0.000 

Spring 2408 3341 5749 41.9 3.11 2.884-3.353 0.000 

Autumn 921 2189 3110 29.6 5.33 4.849-5.852 0.000 

OR Odd Ratio 

CI Confidence Interval 
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Table-20: Effect of vaccination on the prevalence of FMD  

 

Variables 
Groups 

Compared 
Affected

/Died 

Not 
affected/

Alive 
Total 

Morbidity/
Mortality 

(%) 
OR  95% CI 

P-
Value

Morbidity 
 

Non-
vaccinated 

6458 6018 12476 51.8 1.0 
  

Vaccinated 2016 4316 6332 31.84 2.30 2.156-2.448 0.000 

Mortality 
 

Non-
vaccinated 

420 12056 12476 3.4 1.0 
  

Vaccinated 33 6299 6332 0.5 6.65 4.659-9.489 0.000 

OR Odd Ratio 

CI Confidence Interval 
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Table-21:  Effect of different feeding pattern on the prevalence of FMD in buffaloes. 

Groups 
Compared 

Affected 
Not 

affected 
Total 

Prevalence 
(%) 

OR 95% CI P-Value 

Grazing 304 170 474 64.1 1.0   

Manger  
& 
Grazing 

2018 1719 3737 54.0 1.52 1.249-1.858 0.000 

Manger  6632 7965 14597 45.4  2.15 1.775-2.598 0.000 

OR Odd Ratio 

CI Confidence Interval 
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Table-22: Effect of distance of village from the veterinary hospital on the prevalence of FMD.  

Distance 
of CVH 

Affected 
Not 

affected 
Total

Prevalence 
(%) 

OR 95% CI P-Value 

16-20 km 659 442 1101 59.9  1.0     

11-15 km 996 1079 2075 48.0 1.62 1.393-1.873  0.000 

6-10 km 4593 4768 9361 49.1 1.55 1.363-1.758 0.000 

0-5 Km  2706 3565 6271 43.2 1.96 1.724-2.238 0.000 

OR Odd Ratio 

CI Confidence Interval 
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Table-23:  District-wise distribution of FMD outbreaks in Punjab (2007 to 2008) 

S. No. Districts Outbreaks Sick Died 
Case Fatality Rate 

(%) 

1 Rahim-Yar-Khan 212 1301 88 6.8 

2 Bhakkar 118 464 61 13.1 

3 T.T.Singh 81 231 2 0.9 

4 Faisalabad 72 144 1 0.7 

5 Bahawalpur 36 904 69 7.6 

6 Vehari 22 70 1 1.4 

7 Chakwal 20 242 17 7 

8 Lahore 19 191 30 15.7 

9 Khanewal 17 312 21 6.7 

10 Sargodha 16 33 2 6.1 

11 Sialkot 14 178 24 13.5 

12 Layyah 13 232 28 12.1 

13 Gujrat 12 26 0 0 

14 Mianwali 10 29 0 0 

15 Jhang 10 52 10 19.2 

16 Hafiz-Abad 9 74 8 10.8 

17 Okara 8 32 8 25 

18 Muzaffargarh 7 35 14 40 

19 Pakpattan 6 26 0 0 

20 Multan 5 61 4 6.6 

21 Bahawalnagar 4 40 0 0 

22 Kasur 3 109 0 0 

23 Rawlpindi 3 12 0 0 

24 Gujranwala 2 60 1 1.7 

TOTAL 719 4858 389 8 
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Table-24: Distribution of foot and mouth outbreaks in different agro-climatic zones of Punjab 
(2007-2008) 

 

Zones Area (Km2) FMD-Susceptible 
livestock 

population 

Livestock 
density per 

Km2 

No. of Outbreaks 

Barani  82112 4213119 51 174 

Northern 
Irrigated  

62433 10581729 169 254 

Southern 
Irrigated 

106389 4689062 44 291 
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Table-25: Distribution of FMD outbreaks in relation to age and herd type in cattle and 
buffalo of Punjab, 2007-2008 

 

Herd Type Age Groups 

Young Adult Young  + Adult 
 

Total  

Buffalo 
44       

(14.2)* 
174     

(56.3) 
91             

(29.4) 309
a             (43.0) 

Cattle 
35       

(12.7) 
169     

(61.2) 
72             

(26.1) 276
a
             (38.4) 

Mix              
(Buffalo cattle) 

7           
(5.2) 

38        
(28.4) 

89             
(66.4) 134

b
             (18.6) 

Total 86
a
       

(12.0) 
381

b
  (53.0) 252

c          (35.0) 719            (100.0) 

*Figure in parentheses indicates percentage) 
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Table-26 Distribution of FMD viruses in Punjab (2007-2008) 

 

Year Total 
samples 

positive Negative Serotypes 

O A Asia-1 

Total 

2007 169 61 108 61 0 0 61 

2008 210 30 180 30 0 0 30 

Total 379 91 288 91 0 0 91 
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Fig. 16:   Percentage-wise FMD outbreaks distribution by age in Punjab, 2007-2008 
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Fig-17 Percentage-wise FMD outbreaks distribution by herd type in the Punjab, 2007-
2008 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



            

RESULTS 

   125 
 

 

 

 

 

Fig-18 Average monthly FMD outbreaks in Punjab, 2007 to 2008 
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4.1.4 Various factors affecting the humoral immune response of animals to FMD vaccine 
under field conditions 

 

4.1.4.1 Feeding patterns 

Antibody response of buffalo to trivalent oil based FMD vaccine is shown in Table 27 

and Figure 18.  

Animals fed on manger showed 0.50, 4.67 and 8.13 GMT of anti-FMD-O-CFT 

antibody titer on zero, 30 and 60 dpv respectively. Animals of this group showed 0.0, 4.20 and 

6.67 GMT of anti-Asia-1-CFT antibody titer on zero, 30 and 60 days respectively. These 

animals showed 0.0, 4.33 and 6.53 GMT of anti-FMD-A-CFT antibody titer on zero, 30 and 

60 days respectively. Overall these animals showed 4.43±3.8, 3.62±3.4 and 3.62±3.3 

cummulative GMT anti-FMD-O-CFT, anti-Asia-1-CFT and anti-FMD-A-CFT antibody titer  

respectively.  

Animals fed on manger and grazing showed 0.50, 4.53 and 7.73 GMT of anti-FMD-O-

CFT antibody titer on zero, 30 and 60 dpv respectively. Animals of this group showed 0.0, 

4.06 and 6.53 GMT of anti-Asia-1-CFT antibody titer on zero, 30 and 60 days respectively. 

These animals showed 0.0, 4.31 and 6.40 GMT of anti-FMD-A-CFT antibody titer on zero, 30 

and 60 days respectively. The cummulative GMT of anti-FMD-O-CFT, anti-Asia-1-CFT and 

anti-FMD-A-CFT antibodies of these animals recorded as 4.25±3.6, 3.53±3.3 and 3.51±3.2, 

respectively.  

Animals on grazing showed 0.45, 3.80 and 6.80 GMT of anti-FMD-O-CFT antibody 

titer on zero, 30 and 60 dpv respectively. Animals of this group showed 0.0, 3.67 and 6.0 

GMT of anti-Asia-1-CFT antibody titer on zero, 30 and 60 days respectively. These animals 
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showed 0.0, 3.73 and 5.60 GMT of anti-FMD-A-CFT antibody titer on zero, 30 and 60 days 

respectively. cummulative GMT anti-FMD-O-CFT, anti-Asia-1-CFT and anti-FMD-A-CFT 

antibody titer  of these animals recorded as 4.25±3.6, 3.53±3.3 and 3.51±3.2 respectively.  

4.1.4.2 Age of animals 

Effect of age of buffaloes on antibody response to trivalent FMD virus vaccine is 

shown in Table 28 and Figure 19.  

The GMT of anti – FMD- O-CFT antibody titers on day zero, 30 and 60 days post 

vaccination (dpv), were 0.93, 3.93, and 7.47, respectively in buffaloes of <6 months old. The 

GMT of anti-FMD-Asia-1-CFT antibody titer on day zero, 30 and 60 dpv, were 0.0, 3.87, and 

6.33, respectively in buffaloes of > 6 months old. Animals in this group showed the GMT of 

anti-FMD-A-CFT antibody titers of 0.0, 4.0 and 3.18 on zero, 30 and 60 dpv, respectively. 

The cummulative GMT of anti-FMD-O-CFT, anti-Asia-1-CFT and anti-FMD-A-CFT 

antibodies of these animals recorded was 4.11±3.3, 3.4±3.2 and 3.18±2.8, respectively.  

The GMT of anti – FMD- O-CFT antibody titers of 6-12 months old buffaloes were 

0.40, 4.20 and 7.60 on zero, 30 and 60 dpv respectively. Animals in this group showed GMT 

of anti-FMD-Asia-1-CFT antibody titers of 0.40, 4.20 and 7.60 on zero, 30 and 60 dpv, 

respectively. These animals have the GMT of anti-FMD-A-CFT antibodt titers of 0.0, 4.27 

and 6.53 on zero, 30 and 60 dpv, respectively. The cummulative GMT of anti-FMD-O-CFT, 

anti-Asia-1-CFT and anti-FMD-A-CFT antibodies of these animals was 4.07±3.6, 3.6±3.3 and 

3.67±3.4, respectively.  

The GMT of anti – FMD- O-CFT antibody titers of 1-2 years old buffaloes were 0.67, 

4.27 and 7.53 on zero, 30 and 60 dpv respectively. Animals in this group showed GMT of 
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anti-FMD-Asia-1-CFT antibody titers of 0. 0, 4.07 and 6.60 on zero, 30 and 60 dpv, 

respectively. These animals have the GMT of anti-FMD-A-CFT antibodt titers of 0.0, 4.40 

and 6.47 on zero, 30 and 60 dpv respectively. The cummulative GMT of anti-FMD-O-CFT, 

anti-Asia-1-CFT and anti-FMD-A-CFT antibodies of these animals recorded as 4.16±3.4, 

3.56±3.3 and 3.62±3.3, respectively.  

The GMT of anti – FMD- O-CFT antibody titers on day zero, 30 and 60 dpv, were 

0.53, 4.13, and 7.73, respectively in buffaloes of 2-3 years old. The GMT of anti-FMD-Asia-

1-CFT antibody titer on day zero, 30 and 60 dpv, were 0.0, 4.13, and 6.93, respectively in 

buffaloes of this group. Animals in this group showed the GMT of anti-FMD-A-CFT antibody 

titers of 0.0, 4.20 and 6.40 on zero, 30 and 60 dpv, respectively. The cummulative GMT of 

anti-FMD-O-CFT, anti-Asia-1-CFT and anti-FMD-A-CFT antibodies of these animals 

recorded as 4.13±3.6, 3.69±3.5 and 3.53±3.2, respectively.  

The GMT of anti – FMD- O-CFT antibody titers of > 3 years old buffaloes were 0.67, 

4.53 and 8.07 on zero, 30 and 60 dpv respectively. Animals in this group showed GMT of 

anti-FMD-Asia-1-CFT antibody titers of 0.0, 4.20 and 6.47 on zero, 30 and 60 dpv, 

respectively. These animals have the GMT of anti-FMD-A-CFT antibodt titers of 0.0, 4.33 

and 6.53 on zero, 30 and 60 dpv respectively. The cummulative GMT of anti-FMD-O-CFT, 

anti-Asia-1-CFT and anti-FMD-A-CFT antibodies of these animals recorded as 4.42±3.7, 

3.56±3.3 and 3.62±3.3, respectively.  
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4.1.4.3 Stage of pregnancy 

Effect of stage of preganancy of buffaloes on antibody response to trivalent FMD virus 

vaccine (Table 29 and Figure 20).  

One to three months pregnant buffaloes showed 0.53, 3.46 and 6.07 GMT of anti-

FMD-O-CFT antibody titer on zero, 30 and 60 dpv respectively. Animals of this group 

showed 0.0, 3.20 and 5.33 GMT of anti-Asia-1-CFT antibody titer on zero, 30 and 60 days 

respectively. These buffaloes showed 0.0, 3.27 and 5.27 GMT of anti-FMD-A-CFT antibody 

titer on zero, 30 and 60 days respectively. Overall these animals showed 3.35±2.77, 2.48±2.68 

and 2.85±2.65 cummulative GMT anti-FMD-O-CFT, anti-Asia-1-CFT and anti-FMD-A-CFT 

antibody titer  respectively.  

Four to six months pregnant buffaloes showed 0.47, 3.67 and 6.33 GMT of anti-FMD-

O-CFT antibody titer on zero, 30 and 60 dpv respectively. Animals of this group showed 0.0, 

3.33 and 5.60 GMT of anti-Asia-1-CFT antibody titer on zero, 30 and 60 days respectively. 

These buffaloes showed 0.0, 3.40 and 5.27 GMT of anti-FMD-A-CFT antibody titer on zero, 

30 and 60 days respectively. The cummulative GMT anti-FMD-O-CFT, anti-Asia-1-CFT and 

anti-FMD-A-CFT antibody titer of these buffaloes were recorded as  3.49±2.93, 2.98±2.81 

and 3.62±3.3  respectively.  

Seven to nine months pregnant buffaloes showed 0.66, 3.0 and 5.13 GMT of anti-

FMD-O-CFT antibody titer on zero, 30 and 60 dpv respectively. Animals of this group 

showed 0.0, 2.80 and 4.47 GMT of anti-Asia-1-CFT antibody titer on zero, 30 and 60 days 

respectively. These buffaloes showed 0.0, 2.93 and 4.40 GMT of anti-FMD-A-CFT antibody 

titer on zero, 30 and 60 days respectively. The cummulative GMT anti-FMD-O-CFT, anti-
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Asia-1-CFT and anti-FMD-A-CFT antibody titer of these buffaloes were recorded as  

2.93±2.24, 2.42±2.25 and 2.44±2.23  respectively.  

Buffaloes of control group (non-pregnant buffaloes) showed 0.80, 4.67 and 8.13 GMT 

of anti-FMD-O-CFT antibody titer on zero, 30 and 60 dpv respectively. Animals of this group 

showed 0.40, 4.20 and 6.67 GMT of anti-Asia-1-CFT antibody titer on zero, 30 and 60 days 

respectively. These buffaloes showed 0.0, 4.33 and 6.53 GMT of anti-FMD-A-CFT antibody 

titer on zero, 30 and 60 days respectively. The cummulative GMT anti-FMD-O-CFT, anti-

Asia-1-CFT and anti-FMD-A-CFT antibody titer of these buffaloes were recorded as  

4.53±3.67, 3.76±3.16 and 3.62±3.32  respectively.  

4.1.4.4 Animal species 

Effect of animal species on antibody response to trivalent FMD virus vaccine is shown 

in Table 30 and Figure 21.  

The GMT of anti – FMD- O-CFT antibody titers on day zero, 30 and 60 dpv, were 

0.53, 4.27, and 7.20, respectively in buffaloes . The GMT of anti-FMD-Asia-1-CFT antibody 

titer on day zero, 30 and 60 dpv, were 0.20, 4.20, and 6.67, respectively in buffaloes . 

Whereas, this group showed the GMT of anti-FMD-A-CFT antibody titers of 0.0, 4.33 and 

6.40 on zero, 30 and 60 dpv, respectively. The cummulative GMT of anti-FMD-O-CFT, anti-

Asia-1-CFT and anti-FMD-A-CFT antibodies of buffaloes recorded as 4.0±3.34, 3.9±3.26 and 

3.57±2.26, respectively.  

The GMT of anti – FMD- O-CFT antibody titers of cattle were 0.40, 3.87 and 6.53 on 

zero, 30 and 60 dpv respectively. Animals in this group showed GMT of anti-FMD-Asia-1-

CFT antibody titers of 0.0, 3.86 and 6.40 on zero, 30 and 60 dpv, respectively. These animals 
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have the GMT of anti-FMD-A-CFT antibody titers of 0.0, 3.80 and 6.0 on zero, 30 and 60 dpv 

respectively. The cummulative GMT of anti-FMD-O-CFT, anti-Asia-1-CFT and anti-FMD-

A-CFT antibodies of these animals recorded as 3.6±3.07, 3.42±3.22 and 3.27±03.4, 

respectively.  

The GMT of anti – FMD- O-CFT antibody titers of sheep were 0.40, 3.47 and 5.80 on 

zero, 30 and 60 dpv respectively. Animals in this group showed GMT of anti-FMD-Asia-1-

CFT antibody titers of 0. 0, 3.53 and 5.0 on zero, 30 and 60 dpv, respectively. These animals 

have the GMT of anti-FMD-A-CFT antibodt titers of 0.0, 3.40 and 5.13 on zero, 30 and 60 

dpv respectively. The cummulative GMT of anti-FMD-O-CFT, anti-Asia-1-CFT and anti-

FMD-A-CFT antibodies of these animals recorded as 3.22±2.71, 2.84±2.56 and 2.84±2.60, 

respectively.  

The GMT of anti – FMD- O-CFT antibody titers on day zero, 30 and 60 dpv, were 0.0, 

2.80, and 4.73, respectively in goats . The GMT of anti-FMD-Asia-1-CFT antibody titer on 

day zero, 30 and 60 dpv, were 0.0, 3.33, and 5.60, respectively in goats of this group. Animals 

in this group showed the GMT of anti-FMD-A-CFT antibody titers of 0.0, 3.67 and 5.66 on 

zero, 30 and 60 dpv, respectively. The cummulative GMT of anti-FMD-O-CFT, anti-Asia-1-

CFT and anti-FMD-A-CFT antibodies of these animals recorded as 2.51±2.37, 2.98±2.81 and 

3.11±2.85, respectively. 
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Table- 27 Comparative geometric mean titer of complement fixing antibodies against FMD 
vaccination in buffaloes reared on different feeding practices 

 

FMDV 
Serotypes 

Sample Period (days) 
(n=30) 

Husbandry 

Manger 
feeding 

Manger 
&Grazing 

Grazing 

O 

0 0.50 0.50 0.45 

30 4.67 4.53 3.80 

60 8.13 7.73 6.80 
 

Cumulative GMT 
±sd 

4.43a         
±3.8 

4.25a       
±3.6 

3.68a           ±3.2 

F-Value 0.0365 

P-Value 0.964 

 

Asia-1 

0 0.00 0.00 0.00 

30 4.20 4.06 3.67 

60 6.67 6.53 6.0 
 

Cumulative GMT 
±sd 

3.62a         
±3.4 

3.53a        
±3.3 

3.22a      ±3.0 

F-Value  0.0126 

P-Value 0.988 

 

A 

0 0.0 0.0 0.0 

30 4.33 4.13 3.73 

60 6.53 6.40 5.60 
 

Cumulative GMT 
±sd 

3.62a         
±3.3 

3.51a         
±3.2 

3.11a           ±2.9 

F-Value 0.0219 

P-Value 0.979 

a Values with same superscript between columns are not statistically different 

from each other (p > 0.05) 
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Table-28:  Comparative age-wise geometric mean titer of complement fixing antibodies 
against FMDV vaccines in buffaloes 

 

FMDV 
Serotypes 

Sample Period (days)
(n=30) 

Age Groups 

<6m 6-12m 1-2y 2-3y >3y 

O 

0 0.93 0.40 0.67 0.53 0.67 

30 3.93 4.20 4.27 4.13 4.53 

60 7.47 7.60 7.53 7.73 8.07 
 

Cumulative GMT 
±sd 

4.11a   
±3.3 

4.07a   
±3.6 

4.16a   
±3.4 

4.13a 
3.6 

4.42a±3.7 

F-Value 0.0048 

P-Value 1.000 

 

Asia-1 

0 0.0 0.0 0.0 0.0 0.0 

30 3.87 4.27 4.07 4.13 4.20 

60 6.33 6.53 6.60 6.93 6.47 
 

Cumulative GMT 
±sd 

3.4a     
±3.2 

3.6a     
±3.3 

3.56a   
±3.3 

3.69a 
±3.5 

3.56a ±3.3 

F-Value 0.0030 

P-Value 1.000 

 

A 

0 0.0 0.0 0.0 0.0 0.0 

30 4.00 4.33 4.40 4.20 4.33 

60 5.53 6.67 6.47 6.40 6.53 
 

Cumulative GMT 
±sd 

3.18a   
±2.8 

3.67a   
±3.4 

3.62a   
±3.3 

3.53a 
±3.2 

3.62a ±3.3 

F-Value 0.0118 

P-Value 1.000 

a Values with same superscript between columns are not statistically different 

from each other (p > 0.05) 
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Table-29:  Comparative geometric mean titer of complement fixing antibodies against FMD 
vaccine in buffaloes at different stages of pregnancy 

 

FMDV 
Serotypes 

Sample Period (days) 
(n=30) 

Stages of Pregnancy 
(months) 

1-3  4-6  7-9 

Control 
(non-preg.) 

O 

0 0.53 0.47 0.66 0.80 

30 3.46 3.67 3.00 4.67 

60 6.07 6.33 5.13 8.13 
 

Cumulative GMT 
±sd 

3.35a    
±2.77 

3.49a   
±2.93 

2.93a     
±2.24 

4.53a    ±3.67 

F-Value 0.1602 

P-Value 0.923 

Asia-1 

0 0.00 0.00 0.00 0.40 

30 3.20 3.33 2.80 4.20 

60 5.33 5.60 4.47 6.67 
 

Cumulative GMT 
±sd 

2.84a     
±2.68 

2.98a    
±2.81 

2.42a     
±2.25 

3.76a    ±3.16 

F-Value 0.1228 

P-Value 0.944 

A 

0 0.0 0.0 0.0 0.0 

30 3.27 3.40 2.93 4.33 

60 5.27 5.27 4.40 6.53 
 

Cumulative GMT 
±sd 

2.85a     
±2.65 

2.89a    
±2.67 

2.44a     
±2.23 

3.62a    ±3.32 

F-Value 0.0965 

P-Value 0.961 

a Values with same superscript between columns are not statistically different 

from each other (p > 0.05) 
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Table-30:  Comparative geometric mean titer of complement fixing antibodies against FMD 
vaccines in different species 

 

FMDV 
Serotypes 

Sample Period (days) 
(n=30) 

Species   

Buffalo cattle sheep Goats 

O 

0 0.53 0.40 0.40 0.0 

30 4.27 3.87 3.47 2.80 

60 7.20 6.53 5.80 4.73 
 

Cumulative GMT 
±sd 

4.0a      
±3.34 

3.6a     
±3.07 

3.22a    
±2.71 

2.51a    ±2.37 

F-Value 0.1429 
P-Value 0.931 

 

Asia-1 

0 0.20 0.0 0.0 0.0 

30 4.20 3.86 3.53 3.33 

60 6.67 6.40 5.00 5.60 
 

Cumulative GMT 
±sd 

3.9a      
±3.26 

3.42a    
±3.22 

2.84a    
±2.56 

2.98a    ±2.81 

F-Value 0.0517 

P-Value 0.979 

 

A 

0 0.0 0.0 0.0 0.0 

30 4.33 3.80 3.40 3.67 

60 6.40 6.00 5.13 5.66 
 

Cumulative GMT 
±sd 

3.57a     
±3.26 

3.27a    
±3.03 

2.84a    
±2.60 

3.11a    ±2.85 

F-Value 0.2 

P-Value 0.991 

a Values with same superscript within row are not statistically different from each other (p > 

0.05) 
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Fig-19: Cumulative anti-O-FMDV, anti-Asia-1-FMDV, and anti-A-FMDV GMT of 
antibodies in buffaloes on different feeding pattern 
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Fig-20: Cumulative age-wise anti-O-FMDV, anti-Asia-1-FMDV and anti-A-FMDV GMT 
of antibodies in buffaloes 
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Fig-21: Cumulative anti-O-FMDV, anti-Asia-1-FMDV and anti-A-FMDV GMT of 
antibodies in pregnant buffaloes 
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Fig-22: Cumulative anti-O-FMDV, anti-Asia-1-FMDV and anti-A-FMDV GMT of 
antibodies in different animal species 
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4.2 SEROPREVALENCE OF FOOT AND MOUTH DISEASE (2005-2006) 

 Data regarding serosurveillance based on prevalence of FMD infected buffaloes from 

12 districts of Punjab is presented in Table - 31. A total of 300 serum samples were tested for 

seromonitoring of the field animals. Out of total, 187 (62.3 %) were positive for antibodies against 

serotype “O”, 103 (34.4 %) for “Asia-1”, and 10 (3.30 %) for “A” of FMD virus. The difference in 

the prevalence of antibodies against different serotypes of FMD virus was significant (p < 0.05). The 

highest incidence (100%) of antibodies agaionst serotype ”O” was recorded  in districts of Lahore and 

Kasur followed by Toba-Tek-Singh (88.0%), Sargodha (84.0%), Faisalabad (76.0%), Nankana Sahib 

(72.0%), Sheikhupura (68.0%), Gujranwala (60.0%), Khushab (52.0%), Hafizabad (36.0%) and 

Okara (12.0%). Incidence of anti-O-FMD Virus antibodies in district Pakpattan was zero (Table 31). 

Serosurveillance data regarding the incidence of anti-Asia-1 FMD virus antibodies revealed the 

highest incidence (100.0%) in district Pakpattan. Serum samples of nine districts (Lahore, Kasur, 

Nankana, Okara, Gujranwala, Hafizabad, Faisalabad, Toba-Tek-Singh and Pakpattan) out of 12, 

under study   found negative for antibodies against serotype ”A” of FMD virus. (Table 31). 

Serotype “O” of foot and mouth disease virus was the most prevailing one in all zones. 

The highest incidence (68.0 %) of serotype “O” was detected in districts of Northern Barani zone 

(Khushab and Sargodha) followed by districts of largely canal irrigated zone (Faisalabad, Toba-Tek-

Singh, Gujranwala, and Hafizabad) (65.0 %) and completely canal irrigated zone (Lahore, Kasur, 

Sheikhupura, Nankana, Okara and Pakpattan) (58.7 %). However, this difference is not statistically 

different (p > 0.05) Table 32.  

Serotype “Asia-1” was also found in all the zones, with peak prevalence in completely 

canal irrigated zone (39.3 %) followed by largely canal irrigated zone (35.0 %). Statistically there was 

no significant difference (p > 0.05), in the occurrence of “Asia-1” serotype in both zones. However, 
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the incidence of serotype “Asia-1” in barani zone was significantly lowers (p < 0.05) as compared to 

that of completely irrigated and largely irrigated zones.  

The highest incidence (14.0 %) of serotype A was recorded in Northern Barani zone 

whereas this serotype was detected only 2.0 % in completely canal irrigated zone (Table 32).  
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Table-31: Prevalence of various serotypes of FMDV in various districts of Punjab 

 

S# 

Districts 
Number of 

samples 

Serotypes 

 O  A  Asia-1 

1 Lahore 25 25/25 (100.0) 0/25 (0.0) 0/25 (0.0) 

2 Kasur 25 25/25 (100.0) 0/25 (0.0) 0/25 (0.0) 

3 Sheikhupura 25 17/25 (68.0) 03/25 (12.0) 05/25 (20.0) 

4 Nankana 25 18/25 (72.0) 0/25 (0.0) 07/25 (28.0) 

5 Okara 25 3/25 (12.0) 0/25 (0.0) 22/25 (88.0) 

6 Gujranwala 25 15/25 (60.0) 0/25 (0.0) 10/25 (40.0) 

7 Hafizabad 25 9/25 (36.0) 0/25 (0.0) 16/25 (64.0) 

8 Faisalabad 25 19/25 (76.0) 0/25 (0.0) 06/25 (14.0) 

9 Toba Tek Singh 25 22/25 (88.0) 0/25 (0.0) 03/25 (12.0) 

10 Pakpattan 25 0/25 (0.0) 0/25 (0.0) 25/25 (100.0) 

11 Sargodha 25 21/25 (84.0) 02/25 (8.0) 02/25 (8.0) 

12 Khushab 25 13/25 (52.0) 5/25 (20.0) 7/25 (28.0) 

Total 300 
187/300 

(62.3)a 

10/300      

(3.30)b 

103/300 

(34.4)c 

Chi-Square statistics 

a, b, c  Values with different superscripts within raw are significantly different     (p < 0.05) from 

each other 
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Table-32: Proportion of various FMDV serotypes in various Geo-ecological zone in 
Punjab, 2006-2007 

 

Sr.# 

Production Zone (Districts) 
Number of 

samples 

Serotypes 

 O  A  Asia-1 

1 

Completely canal 
irrigated (Lahore, Kasur, 
Sheikhupura, Nankana, 
Okara Pakpattan) 

150 
88/150 

(58.7%)
a
 

03/150 
(2.0%)a 

59/150 
(39.3%)a 

2 

Largely canal irrigated 
(Faisalabad, Toba-Tek-
Singh, Gujranwala, 
Hafizabad) 

100 
65/100 

(65.0%)
a
 

0/100  
(0.0%)b 

35/100 
(35.0%)a 

3 
Northern Barani 
(Sargodha & Khushab) 

50 
34/50 

(68.0%)
a
 

7/50  
(14.0%)c 

9/50   
(18.0%)b 

Chi-Square statistics 

a,b, c  Values with different superscripts within column are significantly different (p < 0.05) from 

each other. Values with same superscripts are not significantly different from each other 

(p > 0.05) 
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4.3 PHYSICO-CHEMICAL FACTORS AFFECTING THE VIRUS SURVIVAL 

The physical agents, including temperature, pH, ultraviolet light, and chemical agents 

including sodium carbonate (Na2CO3), sodium hydroxide (NaOH), citric acid, acetic acid, formalin, 

sodium hypochlorite, Virkon-S, Aldekol DS 0.2, and Gas-G showed quite variable effects on the 

survival of 106.4 TCID50 units of the serotype “O” FMDV.  

4.3.1 Biological titration (median tissue culture infective dose: TCID50) of the virus 

The data for the calculation of TCID50 value of the virus is presented in the Table 33 

and the calculated value was 106.4 TCID50/200 µl or 5x106.4 TCID50/ml. 

4.3.2 Physical factors 

4.3.2.1 Temperature 

The Optical density (OD) values of heat treated virus samples are 

presented in Table 34. The virus suspension with a titer of 106.4 TCID50 was when 

exposed to 61 °C for 15 minutes given the OD value of 3.694 ± 0.095 with cell 

survival rate of 92.2 %. The OD value (3.694 ± 0.095) of tested sample was 

significantly lower than that of control (3.989 ± 0.064). However, no significant 

difference (p > 0.05) was found in the mean OD values of control and virus suspension 

exposed to 61 °C for 30 and 60 minutes. The data indicated that FMDV inactivated 

after exposing to heat treatment at 61 °C for 15 minutes.  

4.3.2.2  Ultraviolet light (UV) 

The OD values and percent cell survival rate of ultraviolet treated 

samples are shown in Table 35. The virus suspension having 106.4 units TCID50 when 
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exposed to UV light was not inactivated after interaction time of 15, 30, and 45 

minutes. The results indicated that the virus tolerated UV light of 2527 nm intensity 

for 45 minutes. 

4.3.2.3 pH 

The OD values and cell survival rates representing the effect of pH on 

the survival of FMDV serotype “O” are presented in Table 36. The virus suspension 

with a titer of 10 6.4 TCID50 was inactivated within 24 hours after exposure to pH 

values of 4, 8, and 10. However, the same virus survived when exposed to pH 6 for a 

period of 24 hours.  

4.3.3 Chemical factors 

Average pH value of the each concentration for the test hemicals/disinfectant is given in 

Table 37. 

Significant difference (p < 0.05) in the OD value and cell survival rates was recorded, 

when FMDV exposed to half of the recommended concentration of different 

chemicals/disinfectant for 30, 60 and 90 minutes (Table 38). After 30 minutes, highest OD 

value (2.817±0.014) and cell survival rate (72.23 %) was recorded for sodium hypochlorite 

followed by OD value of Gas-G (2.305 ± 0.068) with cell survival rate of 60.7 %. Lowest OD 

value (0.479 ± 0.013) was recorded for acetic acid with cell survival rate of 5.85 %. The OD 

values and cell survival percentage of different chemicals/disinfectants are given in Table 38. 

Data revealed that only sodium hypochlorite was able to inactivate the virus moderately after 

30 minutes while all the remaining disinfectants either show low or no inactivation of FMDV. 
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After 60 minutes exposure time, 1.5 % sodium hypochlorite completely inactivate the 

FMDV (cell survival rate 94.4 %) while moderate inactivation was observed in samples 

exposed to 1.0 % sodium hydroxide, 2.0 % acetic acid, 0.1 % citric acid, and 0.05 % Gas-G.  

The data in Table 38 revealed the complete inactivation of FMDV when exposed to 

acetic acid, citric acid and sodium hypochlorite for 90 minutes. The cell survival rate of 

97.57 %, 94.63 % and 98.94 % were observed in samples exposed to acetic acid, citric acid 

and sodium hypochlorite respectively.  

The analysis of data revealed complete inactivation of virus (cell survival rate 

99.03 %) when exposed to 3.0 % sodium hypochlorite for 30 minutes while moderate 

inactivation was recorded in samples exposed to 0.15 % formalin and 0.1 % Gas-G with cell 

survival rate of 84.44 % and 80.84 % respectively. Virus was not inactivated when exposed to 

2.0 % NaOH, 4% Na2CO3, 4 % acetic acid and 0.5 % aldekol-DS for 30 minutes. Serotype 

“O” FMDV was inactivated within 60 minutes by exposing it to the recommended 

concentration of all of the disinfectant used except for Na2CO3  

The OD values and cell survival rates were not significantly different (p > 0.05) when 

serotype “O” FMDV exposed for 90 minutes to the recommended concentration of 

disinfectant/chemicals Table 39. All disinfectants/chemicals used in the study inactivate the 

virus (cell survival rates > 90 %) when exposed to the recommended concentrations of 

disinfectants/chemicals for 90 minutes. 

Table 40 revealed the data of virus inactivation by double concentration of various 

disinfectants/chemicals after 30, 60 and 90 minutes exposure time. The mean OD values and 

cell survival rates varied significantly (p < 0.05) when serotype “O” FMDV exposed for 
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30 minutes to the double concentration of disinfectant/chemicals Table - 40. The highest OD 

value of 3.498 ± 0.020 with cell survival rate of 96.9 % was observed for sodium hypochlorite 

followed by formalin (3.137 ±0.016; 85.93 %) and Gas-G (3.121 ± 0.3087; 85.45 %). The OD 

values and cell survival rates were not significantly different (p > 0.05) when serotype “O” 

FMDV exposed for 60 and 90 minutes to the double concentration of disinfectant/chemicals 
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Table-33: Calculation of TCID50 of FMD virus Serotype “O” 

 

Virus dilution Infected well 
Non-infected 

well 

Cumulative value 

Infected 
Non-

infected 

%age infected 

10 -4 8 0 23 0 100 

10 –5 8 0 15 0 100 

10 –6 6 2 7 2 77.7 

10 –7 1 7 1 9 10 

10 –8 0 8 0 17 0 

10 –9 0 8 0 25 0 

Proportionate Distance (PD)  

PD Value =Infectivity above 50 % - 50 / Infectivity above 50 % - Infectivity below 50 % 

PD =    77.7 – 50 / 77.7 – 10 

PD =    27.7 / 67.7 

PD =    0.4 

TCID 50 =   10 6+0.4 

TCID 50 =   10 6.4 / 200ul 

TCID 50 =   5 x 10 6.4/ ml 
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Table-34:  Effect of temperature on the survival of FMDV serotype “O” 

 

Temp.  
(61°C 

(n=3) 

Exposure time (minutes) 

15  30  45  

Mean OD   
±SD 

Cell 
survival 

(%) 

Mean OD 
±SD 

Cell 
survival 

(%) 

Mean OD 
±SD 

Cell 
survival 

(%) 

3.694
a
 

±0.095 

92.0* 3.866
b
    

±0.061 

96.7 3.906
bc

    
±0.024 

97.8 

 

Positive 
control 

3.989bc  

±0.064 

Negative 
Control 

0.289 

±0.021 

F-Value 10.63 

P-Value 0.004 

a, b , c Values with different superscripts are significantly different from each other (p < 0.05).  

Values with same superscripts are not significantly different from each other (p > 0.05) 

*        Cell survival rate more than 90% indicated complete inactivation of virus  

n            Number of observations 
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Table-35:   Effect of UV light on the survival of FMDV serotype “O” 

 

U.V light 
(2527nm) 

(n=3) 

Exposure time (minutes) 

15  30  45  

Mean OD   
±SD 

Cell 
survival 

(%) 

Mean OD 
±SD 

Cell 
survival 

(%) 

Mean OD 
±SD 

Cell 
survival 

(%) 

0.909
a
    

±0.009 

16.8* 1.109
b
 

±0.090 

22.2 1.271
c
 

±0.058 

26.5 

 

Positive 
control 

3.989d 

±0.064 

Negative 
Control 

0.289 

±0.021 

F-Value 
1621.8 

P-Value 
0.0000 

a, b, c, d Values with different superscripts are significantly different from each other (p < 0.05) 

*  Cell survival rate below 50% indicated no inactivation of virus 
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Table-36:  Effect of pH on survival of FMD virus serotype “O 

 

pH values 

(n=3) 
Temp. 

Exposure time (Hours) 

24  

Mean OD                ±SD Cell survival     (%) 

 

4 

6 

8 

10 

 

37°C 

3.220
a ±0.081 97.7* 

1.919
b ±0.067 53.9** 

3.068
ac ±0.089 92.6 

3.280
ad ±0.039 99.8 

 

Positive control 3.287ad ±0.089 

Negative Control 0.318 ±0.016 

F-Value 181.06 

P-Value 0.0000 

a, b, c, d Values with different superscripts are significantly different from each other (p < 0.05).  

Values with same superscripts are not statistically different from each other (p > 0.05) 

*Cell survival rate more than 90% indicated complete inactivation 

** Cell survival rate from 50% to < 70 % indicated low inactivation 
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Table 37:  Average pH Values for test chemicals/disinfectants 

 

S. No. Disinfectant Concentrations pH Value 

1 Sodium Hydroxide 1.00 % 12.8 

2.00 % 13.1 

4.00 % 13.2 
 

2 Sodium Carbonate 2.00 % 11.3 

4.00 % 11.4 

8.00% 11.6 
 

3 Acetic Acid 2.00 % 3.40 

4.00 % 2.30 

8.00 % 1.40 
 

4 Citric Acid 0.10 % 2.80 

0.20 % 2.40 

0.40% 2.30 
 

5 Formalin 0.08% 7.30 

0.15 % 5.50 

0.30 % 4.80 
 

6 Sodium Hypochlorite 1.50 % 10.8 

3.00 % 11.3 

6.00% 11.6 
 

7 Virkon-S 0.50% 2.40 

1.00 % 2.10 

2.00 % 2.00 
 

8 Gas-G 0.05 % 6.70 

0.10 % 7.10 

0.20 % 7.40 
 

9 Aldecol DS 0.2 0.25 % 7.80 

0.50 % 8.20 

1.00 % 8.50 
 

 

 



            

RESULTS 

   153 
 

Table-38:  Effect of half of the recommended concentration (X/2) of disinfectants on the 
survival of FMDV serotype “O” 

 

Chemicals 
/Disinfectant 

X/2 
Concentratio

n (%) 

Exposure time (minutes) 

30 60 90 
Mean OD 

±SD 
Cell 

survival 
(%) 

Mean 
OD 
±SD 

Cell 
survival 

(%) 

Mean 
OD 
±SD 

Cell 
survival 

(%) 
 

Sodium Hydroxide 1.0 0.796
a

       
± 0.013 

14.95* 2.916
a   

±0.044 
79.23** 3.105

a
    

±0.091 
84.96 

Sodium Carbonate 2.0 0.619
b

       
± 0.006 

9.58 1.157
b
   

±0.045 
25.89 2.598

b
 

±0.092 
69.59 

Acetic Acid 2.0 0.479
c

       
±0.013 

5.34 2.812
ac

  
±0.070 

76.08 3.521
c
    

±0.077 
97.57 

Citric Acid 0.1 0.496
c
     

±0.002 
5.85 2.794acd

 
±0.033 

75.53 3.424
cd

  
±0.039 

94.63 

Formalin 0.075 1.586
d       

± 0.014 
38.9 1.730

e
   

±0.047 
43.27 1.880

e
 

±0.087 
47.82 

Sodium 
hypochlorite 

1.5 2.817
e

       
± 0.014 

76.23 3.417
f   

±0.067 
94.4*** 3.566

cdf
 

±0.026 
98.94 

Virkon-S 0.5 0.955
f       

±0.016 
19.77 2.454

g
   

±0.070 
65.22 2.561

bg
   

±0.039 
68.47 

Gas-G 0.05 2.305
g

       
±0.068 

60.7 2.984
ah

  
±0.023 

81.29 3.055
ah

   
±0.067 

83.44 

Aldekol DS 0.2 0.25 1.116
h
       

±0.020 
24.65 

1.878e   
±0.048 

47.76 1.902
e
    

±0.051 
48.48 

Positive Control 
3.601i 

±0.086 
 

3.601i 

±0.086 
 

3.60cf±0
.086. 

 

Negative Control 0.303 ±0.007  
0.303 

±0.007 
 

0.303 
±0.007 

 

F-Value 2695.8 553 201.8 

P-Value 0.0000 0.0000 0.0000 
a, b, c, d, e, f, g, h, i Values with different superscripts within column are significantly different from each other (p<0.05).  

Values with same superscripts are not statistically different from each other (p > 0.05) 

* Cell survival rate below 50% indicated no virus inactivation 
**  Cell survival rate of 70%-90% indicated moderate inactivation 
***  Cell survival rate more than 90% indicated complete inactivatio 
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Table-39:  Effect of recommended concentration (X) of disinfectants on the survival of 
FMDV serotype “O” 

Disinfectant X Conc. 
(%) 

Exposure time (minutes) 

30 60 90 

Mean 
OD ±SD

Cell 
survival 

(%) 

Mean OD 
±SD 

Cell 
survival 

(%) 

Mean 
OD 
±SD 

Cell 
survival 

(%) 
 

Sodium 
Hydroxide 

2.0 0.944
a 

±0.014 
19.43* 

3.470a   
±0.050 

96.03*** 3.579
a
   

±0.085 
99.33 

Sodium 
Carbonate 

4.0 0.736
b
  

±0.015 
13.13 

1.544b  
±0.095 

37.63 3.577
a
   

±0.082 
99.27 

Acetic Acid 4.0 0.510
c     

±0.012 
6.28 

3.590 ac     
±0.034 

99.63 3.589
a
   

±0.074 
99.64 

Citric Acid 0.2 0.527
cd

 
±0.012 

6.79 
3.409ad 
±0.083 

94.18 3.600
a
    

±0.062 
99.97 

Formalin 0.15 3.088
e   

±0.072 
84.44** 

3.467acef    
±0.096 

95.94 3.473
a
   

±0.063 
96.12 

Sodium 
hypochlorite 

3.0 3.569
f
 

±0.029 
99.03 

3.568acefg   
±0.037 

99.10 3.571
a
   

±0.078 
99.09 

Virkon-S 1.0 2.562
g   

±0.018 
68.50 

3.557acfgh  
±0.056 

98.67 3.597
a
    

± 0.063 
99.88 

Gas-G 0.1 2.969
eh

  
±0.027 

80.84 
3.579 acfg hi 

±0.044 
99.33 3.580

a
   

±0.066 
99.36 

Aldekol DS 
0.2 

0.5 
1.473i 
±0.007 

35.48 
3.341ade±0

.064 
92.12 

3.588a±
0.061 

99.60 

Positive Control 3.601±0.086 3.601±0.086 3.601±0.086 

Negative Control 0.303±0.050 0.303±0.050 0.303±0.050 

F-Value 3230 280.6 0.857 

P-Value 0.0000 0.0000 0.0000 

        a, b, c, d, e, f, g, h, i  Values with different superscripts within column are significantly different 

from each other (p<0.05). 

Values with same superscripts are not statistically different from each other (p > 0.05) 

 * Cell survival rate below 50% indicated no virus inactivation 
**  Cell survival rate of 70%-90% indicated moderate inactivation 
***  Cell survival rate more than 90% indicated complete inactivation 
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Table-40:  Effect of double of the recommended concentration (2X) of the disinfectants on 
the s survival of FMDV serotype “O” 

Disinfectant 2X 
Concentration 

(%) 

Exposure time (minutes) 

30 60 90 

Mean 
OD 
±SD 

Cell 
survival 

(%) 

Mean 
OD ±SD 

Cell 
survival 

(%) 

Mean 
OD ±SD 

Cell 
survival  

(%) 

Sodium Hydroxide 4.0 
2.488a   
±0.042 

66.25 
3.547a    
±0.067 

98.36 
3.599a   
±0.093 

99.94 

Sodium Carbonate 8.0 
2.596b   
±0.033 

69.53 
3.529a    
±0.096 

97.82 
3.586a     
±0.052 

99.55 

Acetic Acid 8.0 
0.589c   
±0.011 

8.67* 
3.594a    
±0.029 

99.79 
3.590a     
±0.068 

99.67 

Citric Acid 0.4 
0.653c

d        
±0.012 

10.61 
3.526a    
±0.088 

97.72 
3.599a    
±0.064 

99.94 

Formalin 0.3 
3.137e   
±0.016 

85.93 
3.572a     
±0.061 

99.12 
3.572a    
±0.079 

99.12 

Sodium hypochlorite 6.0 
3.498f   
±0.020 

96.9*** 
3.485a     
±0.079 

96.48 
3.501a     
±0.035 

96.97 

Virkon-S 2.0 
2.915g 
±0.014 

79.20** 
3.566a    
±0.043 

98.94 
3.578a     
±0.069 

99.30 

Gas-G 0.2 
3.121e

gh    
±0.087 

85.45 
3.591a     
±0.040 

99.70 
3.589a     
±0.061 

99.64 

Aldekol DS 0.2 1.0 
2.860g

h   
±0.082 

77.53 
3.500a   
±0.066 

96.94 
3.590a     
±0.075 

99.67 

Positive Control 3.601f  

±0.086  
3.601a 

±0.086  
3.601a 

±0.086  

Negative Control 0.303 
±0.007  

0.303 
±0.007  

0.303 
±0.007  

F-Value 1826 1.039 0.593 

P-Value 0.0000 0.444 0.771 

a, b, c ,d, e, f, g, h Values with different superscripts within column are significantly different from 
each other (p < 0.05). Values with same superscripts are not statistically different from each other 
*Cell survival rate below 50% indicated no virus inactivation 
**Cellsurvival rate of 70%-90% indicated moderate inactivation 
***Cell survival rate more than 90% indicated complete inactivation 
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4.4 Field/community trial of vaccine 

The community trial, to assess the efficacy of local and imported inactivated oil-base trivalent 

foot and mouth disease virus vaccine was done in six villages of Faisalabad district. All animals in 

the respective villages were free from clinical sign at the time of sample collection. The last outbreak 

in these villages took place 7 to 12 months before.  

Table 41 and 42 shows month-wise data on morbidity and mortality rates recorded in the 

bovines of villages, vaccinated completely and partially with local FMD vaccine. Data shows that 

8.8 % (115/1302) non-vaccinated bovines infected with FMD as compared to bovines of village, 

vaccinated completely (30/1906 = 1.6 %). This difference in morbidity rate is statistically significant 

(p < 0.05). However, no significant difference (p > 0.05) exists in mortality rate of vaccinated and 

non-vaccinated bovines (Table-41). As far as, morbidity rate in bovines of partially vaccinated village 

is concerned, statistical difference (p < 0.05) in the morbidity rate (5.5 %) was recorded as compared 

to non-vaccinated bovines (8.8%) 

Table 43 shows that 7.4 % (163/2215) of non-vaccinated cattle and buffaloes infected with 

FMD as compared to 2.2 % (51/2305) in bovines, vaccinated with imported vaccine. The morbidity 

and mortality rate in non-vaccinated bovines were significantly high (p < 0.05) as compared to 

vaccinated (by imported vaccine) bovines. 

 Table 45 and 46 shows that non-vaccinated bovines were 5.5 times more at risk of catching 

FMD as compared to animals, vaccinated with local oil base trivalent FMD vaccine. Whereas, Non-

vaccinated animals had 4.0 times more risk of dying in FMD infection as compared to vaccinated 

group. Cattle and buffaloes, vaccinated with imported oil base trivalent FMD vaccine were, 3.4 times 
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at less risk of contracting FMD disease as compared to non-vaccinated group (Table 47). The vaccine 

efficacy of imported vaccine and relative risk of morbidity and mortality between vaccinated and-

non-vaccinated groups were presented in Table 47 and 48. 

Comparative efficacy rate of local and imported vaccines were given in Table 49. Data 

showed that efficacy of local vaccine is higher than imported one but, this difference was not 

statistically significant (p > 0.05). 
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Table-41: Comparative monthly morbidity and mortality rates in vaccinated (by local 

trivalent FMD vaccine) and non-vaccinated bovines  

Months No. Infected No. died 

Vaccinated. 
(105 GB) 
N=1906 

Non-vaccinated 
(108 GB)     
N=1302. 

Vaccinated. 
(105 GB) 
N=1906 

Non-vaccinated (108 GB)     
N=1302 

 

May 0 0 0 0 

June 0 0 0 0 

July 0 3 0 0 

August 0 9 0 0 

September 0 2 0 1 

October 0 0 0 0 

November 0 0 0 0 

December 6 0 0 0 

January 11 43 1 1 

February 8 27 0 0 

March 5 23 0 0 

April 0 8 0 1 

Total 30 (1.6)
a
 115 (8.8)

b
 1 (0.05)

a
 3 (0.38)

a
 

a, b  Values with different superscripts between column (comparing no. of infected animals in 

vaccinated and non-vaccinated bovines) are significantly different (p < 0.05) from each other.  

a Value with same superscript between columns (showing no. of deaths in vaccinated and non-

vaccinated bovines) are not statistically different (p > 0.05) from each other 
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Table-42: Comparative monthly morbidity and mortality rates in bovines of partially-

vaccinated (by local trivalent FMD vaccine) and non-vaccinated (control) villages  

Months No. Infected No. died 

Partially-
Vaccinated. 
(107 GB) 
N=2101 

Non-vaccinated 
(108 GB)       
N=1302. 

Partially-
Vaccinated. 
(107 GB) 
N=2101 

Non-vaccinated (108 GB)      
N=1302 

 

May 0 0 0 0 

June 0 0 0 0 

July 0 3 0 0 

August 17 9 0 0 

September 11 2 0 1 

October 0 0 0 0 

November 0 0 0 0 

December 0 0 0 0 

January 0 43 0 1 

February 36 27 1 0 

March 29 23 0 0 

April 23 8 1 1 

Total 116 (5.5 %)
a
 115 (8.8 %)

b
 2 (0.095 %)

a
 3 (0.23 %)

a
 

a, b  Values with different superscripts between column (showing no. of infected bovines in partially 

vaccinated and non-vaccinated villages) are significantly different (p < 0.05) from each other.  

a Value with same superscript between columns (showing no. of deaths in bovines of partially 

vaccinated and non-vaccinated villages) are not statistically different (p > 0.05) from each 

other 
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Table-43: Comparative monthly morbidity and mortality rates in vaccinated (by imported 

trivalent FMD vaccine) and non-vaccinated (control) bovines. 

Months No. Infected No. died 

Vaccinated. 
(100 GB) 
N=2305 

Non-vaccinated 
(102 GB)      
N=2215 

Vaccinated. 
(100 GB) 
N=2305 

Non-vaccinated (102 GB)      
N=2215 

 

May 0 0 0 0 

June 0 0 0 0 

July 0 0 0 0 

August 0 0 0 0 

September 0 0 0 0 

October 0 0 0 0 

November 0 0 0 0 

December 5 0 0 0 

January 21 58 1 1 

February 25 105 1 6 

March 0 0 0 0 

April 0 0 0 0 

Total 51 (2.2)
a
 163 (7.4)

b
 2 (0.09)

a
 7 (0.32)

b
 

a, b  Values with different superscripts between column (showing no. of infected animals in 

vaccinated and non-vaccinated bovines) are significantly different (p < 0.05) from each other.  

a, b Value with different superscript between columns (showing no. of deaths in vaccinated and 

non-vaccinated bovines) are statistically different (p > 0.05) from each other 



            

RESULTS 

   161 
 

Table-44: Comparative monthly morbidity and mortality rates in bovines of partially-

vaccinated (by imported trivalent FMD vaccine) and non-vaccinated (control) 

villages. 

Months No. Infected No. died 

Partially-
Vaccinated. 
(101 GB) 
N=2222 

Non-vaccinated       
(102 GB)      
N=2215 

Partially-
Vaccinated. 
(101 GB) 
N=2222 

Non-vaccinated      
(102 GB)      
N=2215 

 

May 0 0 0 0 

June 0 0 0 0 

July 0 0 0 0 

August 0 0 0 0 

September 0 0 0 0 

October 0 0 0 0 

November 0 0 0 0 

December 13 0 0 0 

January 39 58 2 1 

February 88 105 3 6 

March 0 0 0 0 

April 0 0 0 0 

Total 140 (6.3)
a
 163 (7.4)

b
 5 (0.22)

a
 7 (0.32)

a
 

a, b  Values with different superscripts between column (showing no. of infected animals in 

bovines of partially vaccinated and non-vaccinated-villages) are significantly different 

(p < 0.05) from each other.  

a, b Value with different superscript between columns (showing no. of deaths in vaccinated and 

non-vaccinated bovines) are statistically different (p > 0.05) from each other 
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Table-45: Efficacy of local trivalent FMD vaccine in decreasing morbidity  

 

Vaccination status 
No of bovines infected 

with foot & mouth disease
No of bovines not infected 
with foot & mouth disease 

Total 

non-vaccinated 115 1187 1302 

Vaccinated 30 1876 1906 

Total 145 3063 3208 

Relative risk ratio  = 5.6 

CI  = 3.79-8.32 

P-Value  = 0.000 

Vaccine efficacy  = 81.8% 
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Table-46: Efficacy of local trivalent FMD vaccine in decreasing mortality   

 

Vaccination status 
No of bovines died from 

foot & mouth disease 
No of bovines not died 

from foot & mouth disease 
Total 

non-vaccinated 3 1299 1302 

Vaccinated 1 1905 1906 

Total 6 3202 3208 

Relative risk ratio  = 4.4 

CI  = 0.630-30.64 

P-Value  = 0.161 

Vaccine efficacy  = 77.3% 
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Table-47: Efficacy of imported trivalent FMD vaccine in decreasing morbidity  

 

Vaccination status 
No of bovines infected 

with foot & mouth disease
No of bovines not infected 
with foot & mouth disease 

Total 

non-vaccinated 163 2052 2215 

Vaccinated 51 2254 2305 

Total 214 4306 4520 

Relative risk ratio  = 3.3 

CI  = 2.45-4.52 

P-Value  = 0.000 

Vaccine efficacy  = 70.6% 
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Table-48: Efficacy of imported trivalent FMD vaccine in decreasing mortality   

 

Vaccination status 
No of bovines died from 

foot & mouth disease 
No of bovines not died 

from foot & mouth disease 
Total 

non-vaccinated 7 2208 2215 

Vaccinated 2 2303 2305 

Total 9 4511 4520 

Relative risk ratio  = 3.6 

CI  = 0.861-15.4 

P-Value  = 0.084 

Vaccine efficacy = 72.2% 
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Table-49: Comparative efficacy of local and imported trivalent FMD vaccines 

Vaccine-
Type 

No. 
infected in 
vaccinated 

No. 
infected in 

non-
vaccinated

Vaccine 
efficacy 

(%) 

No. died 
in 

vaccinated

No. died in 
non-

vaccinated Vaccine efficacy 
(%)  

Local 
trivalent 

FMD 
Vaccine 

30/1906 115/1302 81.8
a
 1/1906 3/1302 77.3

a
 

imported 
trivalent 

FMD 
vaccine 

51/2305 163/2215 70.6
b
 2/2305 7/2215 72.2

b
 

Chi-square statistics  

a, b  Values with different superscripts within column are significantly different     (p > 0.05) 
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CHAPTER. 5 

DISCUSSION 

Foot and mouth disease (FMD) is endemic in Pakistan and many Asian countries. It 

generates significant economic losses by sharply reducing milk and meat production on infected 

farms. Most affected animals fail to return to normal productivity even when cured. It also 

deprives infected countries of valuable export opportunities for many of the animal products that 

could potentially be sold in lucarative markets.  

All the economically important diseases such as hemorrhagic septicemia (HS), FMD, 

mastitis, diarrhea, haemoglobinuria and sudden death are prevailing in 22 districts of Punjab 

Province. The higher incidence of these diseases in villages of Punjab might be due to non-

availability or non-accessibility of veterinary health services and veterinary inputs by the 

livestock keepers of remote areas. Punjab has a relatively large animal health infrastructure in the 

public sector. The existing public service for animal health and livestock extension are weak and 

are constrained by poor mobility, lack of operational funding and training (Raja and Bajwa 

2005). Moreover, common village ponds and entry of new animals to the herd without adopting 

any precautionary measures to check the introduction of infection are the other plausible factors 

enhancing incidence of the diseases in animal population. These diseases were already prevailing 

as major disease problems in buffalo and cattle (Riaz et al. 1992 and Khan et al. 1995) 

FMD had the highest incidence amongst various infectious diseases. The most important 

factor in the perpetuation of FMD in Punjab is the movement of infected livestock from other 
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provinces and neighbouring countries (Perez et al. 2006). Moreover, the Veterinary Services 

have neither the power to enforce movement standstills when outbreaks take place, nor sufficient 

manpower or vaccine for routine use. The other factors might be low vaccination coverage of 

susceptible population and non-availability of quality vaccine. The disease is equally prevailing 

in cattle and buffalo calves (Khan et al. 1991). The disease is the most prevalent in cattle and 

buffalo in other part of Pakistan (Yamin, 1989; Ahmed et al. 2003; Anjum et al. 2006 and Gorsi 

et al. 2011).  

Distribution of the disease in various districts of Punjab indicated that the disease 

incidence was the highest in Sialkot (32.6 %), followed by in districts of Gujranwala (30.8 %), 

Mandi-Bahudin (23.4 %), Sheikhupura (19.5 %), Muzaffargarh (19.5 %), Hafiz-Abad (15.3 %). 

Sahiwal (12.8 %), Okara (11.6 %), Mianwali (11.4 %), and Jhelum (10.8 %) in descending order. 

It is worth to mention that within above described 10 districts, only the districts of Muzaffargarh, 

Mianwali, and Jhelum are the cattle dominated areas, while rest of the seven districts are buffalo 

dominated areas. Disease prevalence data in various districts of Punjab indicated that the 

incidence of disease was comparatively higher in the canal irrigated areas such as Lahore, 

Multan, Gujranwala and Faisalabad divisions. These areas constitute an important milk 

production zone with a relatively higher population of elite dairy animals (Nazir, 2006). 

Moreover, much of the area in the above mentioned districts is well-connected to milk collecting 

centers. The higher density of susceptible animal population/Km2, low coverage of FMD 

vaccination, occurrence of flood stress and movement of animal herds might be the major factors 

contributing to the higher incidence of disease in this milk producing zone of Punjab. Infected 

animals excrete the virus in urine, dung, semen, or saliva that may contaminate its skin. Bathing, 
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dung and urine of the affected domestic and wild animals may contaminate the water of rivers 

and canals and the virus may be carried to other areas.  

Buffalo population in Punjab province was at higher risk of being infected with FMDV 

and the morbidity and mortality rates in the animal species were higher as compared to cattle. 

The buffaloes are comparatively at higher risk of contracting the disease than that of cattle 

(Sharma et al. 1981; Gorsi, 1998; Khan et al. 2006). The adult buffaloes and cattle were at higher 

risk of contracting the disease as compared to their young stock. These finding is congruent with 

the findings reported by Yamin (1989) and Khan et al. 2006). The reasons of increased 

susceptibility of adult cattle buffalo might include the stress factors such as estrous, pregnancy, 

milk production, malnutrition and low immunity level, etc., (Mannan et al. 2009). However, the 

young-ones of buffalo were at 4.7 times more risk of mortality compared to that adult animals 

and the young cattle are at 2.5 times higher risk of dying as compared to the adult animals. These 

findings are in agreement with those reported by Gorsi et al. (1998) and Khan et al. (2006). 

Male animals of both the species were more susceptible to the disease than the female 

animals. Male stock of cross bred cattle shows higher morbidity due to the disease than that of 

female stock (Ahmed, et al. 2002). The possible reason for a comparative higher incidence in 

male might be that the farmers do not consider them as profitable as female animals and further 

they do not provide them the required attention ever since from the time of their birth. Males are 

usually offered lesser colostrum as compared to female progeny (Ahmed et al. 2009). Moreover, 

male animals are used as work animals and kept in the field where they have more chances of 
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contracting the disease from the grazing animals as compared to female animals which are 

mostly stall-fed in urban areas.  

A cross-sectional survey performed on 3000 FMD infected herds (1000 herds / district of 

Faisalabad, Okara and Sialkot indicated that amongst various disease associated factors the 

highest economic losses were recorded in the form of mortality and reduction in milk yield. A 

monitory loss of Rs. 10921500 (US$ 114999) was calculated in the present study due to death of 

453 buffaloes in various age groups. In previous studies, Gorsi (2011) calculated a loss of 

Rs. 1,811,500 (US$ 6250) due to calf mortality from district Sahiwal, (Pakistan). In Bangladesh, 

Debnath, et al. (1995) recorded 7.4% deaths in calves from birth to one year of age due to FMD. 

In Kerala state of India, Mathew and Menon (2008) recorded 80.68% losses due to reduction in 

milk yield and 7.3% due to mortality on FMD affected farm. In the present study, the losses due 

to poor milk yield (789,810 liters) during and after FMD infection period were estimated as 

Rs 23,694,300 (US$ 249493) which was 57.3 % of the total losses. Kazimi and Shah (1981), 

Howlader et al. (2004) and Mathew and Menon, (2008) reported a loss of Rs. 10, 23, 80, 537 

(US$ 67259) and Rs. 2, 53, 260 due to reduction in milk yield of FMD affected animals in Okara 

(Pakistan), Baghabari milk shed area (Bangladesh) and Kerala state of India, respectively. Power 

and Harris (1973) recorded a 25% depression in the milk yield of FMD infected Holstein cows in 

the UK. Milk production of the FMD infected crossbred cows reduced to 35% (Tufan, 1993). It 

is noteworthy that on an average 19% milk yield loss is due to FMD in districts of Turkey 

(Prashad and Sharma, 1977).  
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FMD has a significant economic impact due to long periods of morbidity in buffalo, often 

requiring treatment for extended periods (Perry et al. 2002). In the present study the morbidity 

charges appeared as the third most important economic factor (15.5% of total losses) due to 

FMD. A monitory loss of Rs. 6291200 (US$ 66244) was calculated in this study out of which 

Rs. 4762400 (US$ 50146) (75.7%) were due to morbidity charges of adult buffaloes (> 2 years). 

Economic loss of Rs. 12,750 (4.06% of total losses) is recorded due to treatment charges of the 

FMD infected animals (Mathew and Menon, 2008). Heavy economic losses in FMD infected 

animals is due to weight loss (Power & Harris, 1973; Kazmi and Shah, 1981; MAFF, 2001 and 

Senturk & Yelsin, 2008), loss of draught power (Howlader et al, 2004 and Mathew and 

Menon, 2008) and abortion in pregnant females (Adibes et al. 1998; Gorsi, 1998 and Senturk & 

Yelsin, 2008).  

Estimation of age related morbidity in the buffaloes indicated that although buffaloes of 

all ages are susceptible to FMD but the disease morbidity was higher in adult buffaloes (of > 3 

years) than in younger stock. Adult animals has higher incidence of the FMD compared to the 

young animals (Gorsi, 2011 and Khan et al. 2006). The present study further revealed that the 

increase in the age was positively associated with the prevalence of FMD. Similar observations 

are reported by Megresa et al. (2008). Tables 18a and 18b show that within various age groups 

the highest mortality was observed in less than 6-12 month old calves. The finding is supported 

by the findings of Adibes et al. (1998); Gorsi, (2011); Brownlie; (2001); Howlader et al. (2008). 

Fifty percent calves died due to cardiac involvement and secondary bacterial infection during 

course of the disease (Doll, 2001). Significantly low mortality in adult buffaloes (< 2 %) in 
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present study is in line with the findings of Brownlie (2001) who reported more than 2 % 

mortality in mature cattle due to FMD in the UK.  

Within several predisposing factors, season plays an important role in the outbreaks and 

spread of FMD (Sarkar et al. 2012). There were highest cases (69.1 %) of the disease in 

buffaloes during winter months. Dry weather and dry wind with low temperature and moderate 

relative humidity during winter months might be cause of rapid propagation of FMD virus 

among the susceptible animals (Kazmi and Shah, 1981; Sharma et al. 1991; Khan et al. 1991 and 

Verma et al. 2008).  

Vaccination of susceptible animals against the disease is a well established control 

strategy in countries where the disease is endemic (Bhattacharya et al. 2005; Sarah et al. 2002). 

Present study revealed that previously vaccinated buffaloes had fewer chances to contract the 

disease (31.8 %) as compared to non-vaccinated animals (51.8 %). This shows that vaccination 

partially helped decreasing incidence of the disease at least by 22.9 %. Similarly, morbidity rate 

was also less in the vaccinated animals as compared to the non-vaccinated ones. A single 

vaccination protected the cows against FMD virus challenge as no virus transmission was 

observed within the vaccinated herds (Orsel, et al. 2007 and Sutopa, et al. 2006). Moreover, the 

economic losses recorded in the vaccinated animals were lesser than those in the unvaccinated 

animals. Further, severity of signs and the duration of the disease outbreak were more in the non-

vaccinated herds than that of the vaccinated herds. In those studies, 77.84 % of the buffalo 

owners reported no morbidity in their herd following FMD vaccination. In addition, 37.15 % of 
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the buffalo owners reported that they saved a loss of US $ 9.87-14.76 /lactation/animal through 

vaccination (Singh et al. 2007).  

Feeding system used to rear the animals also affect the spread of FMD within and 

between the herds. Present experimental data show that animals reared on grazing have increased 

risk of getting FMD infection as compared to the animals kept on manger feeding. Grazing in 

communal areas presumably share drinking localities that is incriminated to be the cause of the 

disease transmission (Cleland et al. 1995; Chamnapood et al. 1996 and Al-Majali et al. 2008). 

Moreover, in common grazing facilitates, there are mixing of healthy and sick animals from 

neighboring villages which contributes to the FMD spread to the nearby villages. Similarly, 

common water drinking and animal bathing places also enhance the possibility of FMD 

transmission within the animal populations (Bastos et al. 2000).  

There was a significant association between distance of villages from the veterinary 

hospital and occurrence of the disease (P < 0.05). As the distance of villages from the veterinary 

hospital increases, chances for the animals in these villages to be vaccinated decreases. In 

Punjab, the number of veterinary assistants is less as if the prevailing animal population is kept 

in view. Moreover, the animals are not provided proper transportation facilities for carrying them 

from and to far-off areas and this stress factor prior to FMD vaccination increases their 

susceptibility FMD virus infection.  

Analysis of the data obtained from EPI-Unit, Lahore on FMD outbreaks in Punjab during 

a period of two years indicated that the incidence of the disease was higher in buffaloes than in 
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cattle. In present study, 43.0 % outbreaks were recorded in buffalo population, 33.4 % only in 

cattle and 18.6 % of outbreaks both the in buffaloes and cattle. The higher incidence of the 

disease in buffaloes could be due to the fact that buffalo population is higher in Punjab Province 

as compared to the cattle and buffaloes are more susceptible to the disease as compared to the 

cattle (Anjum et al. 2006). Within 36 districts of the Punjab, the incidence of FMD was the 

highest in Rahim-Yar-Khan followed by that in the districts of Bhakkar, Toba Tek Singh, and 

Faisalabad. Among various agro-ecological zones of the province, the highest number of FMD 

outbreaks (n=291) was recorded in the Southern irrigated zone. The animal population in this 

zone is about 44 animals per Km2. There is low and sporadic rainfall, high temperature (which 

may be up to 55 °C in summer), low humidity, and high rate of evaporation. Although all these 

factors do not favor the prevalence of FMD in the zone, a higher incidence of the disease might 

be due to the lack of vaccination and clustering of animals. A limited number of FMD vaccines 

are available in Pakistan especially in the remote areas as fewer doses FMD vaccines are locally 

produced. In the desert area, main water source for the humans and livestock population is the 

water holes called "tobas". This fact accounts for the clustering of livestock. On the other hand, if 

these "tobas” run dry because of low rainfall, the livestock is migrated to nearby cities that 

provide an opportunity for mixing of animals from different areas which lead to high chances of 

FMD transmission within the population. The second highest number of outbreaks (n=274) were 

reported in Northern irrigated zone. This region has high density of animals (169 animals /Km2) 

which mainly consist of buffaloes. This zone is well-connected by roads that trigger more 

commercial farming. In addition, there is high rate of animal movement in this zone throughout 

the year. All these factors favor the increased exposure of animals to FMD virus. Distribution 



            

DISCUSSION 

   175 
 

and density of the disease susceptible population in different districts play a major role in its 

outbreaks (Bhattacharya et al. 2005). Higher number of FMD outbreaks was recorded during the 

months of December to February. In winter, dry weather and wind along with low temperatures 

and moderate humidity favor the environmental persistence of the virus and hence rapid 

propagation of the FMD virus among the susceptible animals. A comparative lower number of 

outbreaks were recorded from July to September. During these months, heavy rain fall with high 

relative humidity (> 90 %) and moist wind does not favor aerosol transmission of disease 

(Verma et al. 2008). During this season, the movement and transport of animals from one place 

to another is hindered in some areas due to heavy rains/ floods. Several previous studies also 

report on the influence of environmental factors on the incidence of the disease 

(Donaldson, 1975; Chowdhury et al. 1986; Bhattacharya et al. 2005). Distribution of various 

serotypes of the FMDV in Punjab, as determined by the data collected from FMD Research 

Center, Lahore, indicated that only serotype “O” was prevalent during 2007-2008. Isolation of 

serotype “A” or “Asia-1” of the virus was not reported during this period by any research 

worker. The increased rate of isolation of FMDV serotype “O” from the animal population in the 

province might be due to factors which might have resulted in more virulence of this virus 

serotype than the others or the CFT technique may not be standard technique for detection of 

serotypes “A” and “Asia-1. 

Sero-prevalence of three FMDV serotypes in various districts of Punjab province 

indicated that the type "O" was most common followed by “Asia-1” and “A” in the tested 

samples. Serotype “O” of FMD virus is commonly isolated from the field samples (Rauf et 
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al. 1981; Ahmad and Khan, 1988; Khan, 1993; Huma et al. 1994; Gorsi, 1998; Zulfiqar, 2003; 

Zahur et al. 2006; Klein et al. 2008 and Jamal et al. 2010).  

The FMD virus is present in all body secretions and excretions of the acutely infected 

animals. The virus may be transmitted via direct contact between infected and susceptible 

animals or indirectly through the virus contaminated premises (OIE Terrestrial Manual, (2009). 

This is why, persistence of FMD virus outside the host is important for the disease transmission. 

A lot of physicochemical factors may influence the survival of these viruses in the environment. 

In present study temperature inactivation dynamics of the FMD virus revealed that the virus was 

inactivated at 61 °C within 15 minutes. Thermal treatment of the virus at 60 °C inactivates its 

infectivity within minutes (Turner, 2000; Nuanualsuwan and Cliver, 2003; MacLachlan et al. 

2004; Kamolsiripichaiporn et al. 2007). It is proposed that the water induces changes in the 

structure of the solvate complex, which impair the electro-physical balance of the RNA-protein 

relations and hence, destroy the virus. Moreover, heating of the virus-containing suspensions at 

moderate positive temperatures leads to destruction of the noninfectious part of virus (146-

S particles), thus decreasing the infectivity of the virus. However, the inactivation of FMDV in 

the milk, cream, and animal tissues can only be achieved after its exposure to higher temperature 

(Hyde et al. 1975; Blackwell and Hyde 1976; Blackwell et al. 1981; Bohm, 1984; Walker et al. 

1984; Garcia Vidal et al. 1988; Ponomarev and Andreeva, 1998; Lasta et al. 1992; Razdan et 

al. 1996 and Tomasula et al. 2007).  

Exposure of FMD virus to UV light for a maximum of 45 minutes did not inactive the 

virus. On other hand, Nuanualsuwan et al. (2008) reported that UV irradiation effectively 
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inactivated the FMD virus. This variation in results might be due to differences in the 

composition of media used to suspend the viruses, wavelength of light used and distance 

between virus suspension and source of light. In present study, cell culture medium (MEM-199) 

with 1% FCS was used. In this medium, bovine serum albumen is proved to be helpful in 

protecting the virus from UV light induced inactivation (Darnell and Taylor, 2006). Moreover, 

the distance from the source of light and shallowness of the exposed suspension are also 

contributing factors in UV mediated viral destruction. The UV treatment, therefore only kills the 

microbes on the surface of material and in the air (Nicklin, et al. 1999). Serotype "O" of the 

FMD virus tolerates its exposure to UV light for 45 minutes (Ghori, 2011).  

The sensitivity of the FMD virus to various pH conditions revealed that FMD virus was 

inactivated within 24 hours after exposure to pH 4, 8, and 10 while survived at pH 6 after 

interaction time of 24 hours. The pH of the virus suspension below 6.5 reduces its infectivity of 

about 5.9 and 6.3 logs in one and two hour at 28 °C (Fellowes, 1965). However, exposure of the 

virus to pH 6.5 or 9.0 reduces its infectivity by less than one log. The picorna-viruses are highly 

pH labile and can be promptly inactivated by pH below 7. At lower pH, viral capsid proteins 

dissociate so lower pH is detrimental to the viruses (Cavanagh et al. 1978; Curry et al. 1995; 

Ellard et al. 1999; Potter, 2002; Shirai, 2002 and MacLachlan et al. 2004).  

Chemical disinfectants disrupt the transmission of viral diseases and assist in the 

containment and eradication efforts. Various environmental factors including temperature, 

humidity, pH, organic load, presence of heavy organic soiling and product shelf life can 

potentially influence efficacy of the disinfectants against viruses (Bieker, 2006). All the 
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disinfectants (sodium hydroxide, sodium carbonate, citric acid, acetic acid, formalin, sodium 

hypochlorite, virkon-s, aldekol and Gas-G. Sodium hypochlorite and acetic acid) were found 

equally good in inactivating the virus at recommended or double dose than the recommended 

concentration levels while some of the chemicals when used in half of the recommended 

concentration did not effectively inactivate the viruses. Formalin at 0.15% inactivated the FMD 

virus completely within 30 minutes. This observation is in line with Dekker, (1998) who also 

reported the inactivation of FMD virus serotype “O”, “A” and Asia-1, dried on cover slips, 

below the detection limit by treatment with formaldehyde. Formalin is routinely used for 

inactivation of FMD virus (Nair and Sen, 1992). Aldehyde and halogen group disinfectants have 

destructive effect on both enveloped and non-enveloped DNA and RNA viruses coated on cotton 

gauze, stainless chips, wood shavings, polypropylene resin chips, and latex resin chips 

(Masahiro et al. 2000). A high concentration of FMD virus is present in meat of infected animals 

thus these viruses can be transmitted to susceptible animals through contaminated meat products 

(OIE Terrestrial Manual, 2009). Treatment of meat with 1 % propionic acid, 2 % acetic acid and 

2 % lactic acid alone remained partially effective in inactivating the virus. However, a 

combination of 1 % propionic acid with an irradiation dose of 10 kGy is by far the best with 

100 percent efficacy in eliminating FMD virus from the meat with negligible effect on its 

sensory attributes (Sontakke et al. 2001). In the present study 1% sodium hydroxide inactivated 

the FMD virus moderately after 60 minutes of interaction. However, 1-2 % sodium hydroxide 

inactivates the virus effectively (Heuschele, 1995; MacLachlan et al. 2004). Four and 8% sodium 

carbonate completely inactivated the FMD virus after 90 and 60 minutes exposure time, 

respectively. Sodium bicarbonate at 5 % and above concentration inactivates microorganisms 
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(Malik and Goyal, 2006).  However, 4% sodium carbonate inactivates the FMD virus within 10 

minutes (Beiker, 2006). Acetic acid and citric acid at 4.0 % and 0.2 % inactivated the virus 

within 60 minutes, respectively. This observation is in partial agreement with the observation of 

Beiker (2006) who recorded the complete inactivation of FMD virus by 5 % acetic acid in just 5 

minutes. The results are not in agreement with those of Sonder et al. (1990) who observed that 

the consumable acids did not guarantee the inactivation of the virus. Aldekol DS 0.2 at the 

recommended concentration of 0.5 % completely inactivates the FMD virus within 60 minutes. 

Shirai (2002) reported that iodine, chlorine, and aldehyde are clearly effective against FMD 

virus. Sodium hypochlorite is an oxidizing agent, which is widely used as disinfectant. In the 

present study 3.0% of this compound completely inactivated the FMD virus within 30 minutes. 

Renz et al. (2005) tested two different viruses belonging to the family Picornaviridae, genus 

Aphthovirus as possible models for FMDV with citric acid, sodium hydroxide and sodium 

hypochlorite. The suspension tests without protein done with 1.2 % sodium hypochlorite (pH 

9.15) indicated a reduction of 4 decimal powers in virus titer whereas same concentration of 

sodium hypochlorite in the presence of protein was able to reduce the viral titer only one decimal 

power. Virkon-s is a strong oxidizing agent and a strong surfactant. A 0.1 % solution of virkon-s 

is recommended to disinfect walls, floors, vehicles, wheels and other livestock equipment. In the 

present study 1.0% virkon-s completely inactivated FMD virus in 90 minutes. One % virkon s 

can inactivate the FMD virus contaminated surface within 10 and 20 minutes (Bieker, 2006).  

Complement fixation test (CFT) was used for monitoring effect of age, feeding pattern, 

stage of pregnancy and species on the antibody response of buffalo to a locally prepared 
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inactivated oil trivalent FMD virus vaccine. The CFT is also used for measurement of antibody 

response in naturally or experimentally infected animals, the detection of viral antigen in infected 

tissues and fluids and assay of antigenic relationships amongst the different viral strains. CFT 

furnishes quite useful epidemiological information when it is applied for antibody surveys in a 

sample population (Rice, 1960). The specificity of CFT, regardless of the virus involved, requires 

different temperatures for inactivation of the sera, according to animal species; 56 °C for guinea 

pig; 60 °C for mouse and human, and 65 °C for rabbit and dog sera for 20 minutes 

(Casals and Palacios, 1941). The CFT and VN test provide comparable results in distinguishing 

the field isolates and vaccine strains of serotype “A”. Espinoza and Knowles (1983) and 

Hamblin et al. (1984) reported that ELISA was more sensitive and specific, but was not more 

efficient than the traditional CFT in the typing of viruses directly from the samples of poor 

quality. In India, CFT has been extensively used for routine laboratory diagnosis of FMD 

(Srinivasan et al. 1992). CFT is an important basic serologic assay employed to the diagnosis of 

infectious diseases. In several areas of microbiology this test has served as a reference standard 

methods (Jung et al. 1995). This test is still an economical, rapid, and sensitive test used in the 

research and diagnostic laboratories for the diagnosis and sero-surveillance of FMD outbreaks 

(Tariq, 2006).  

Oil based trivalent (OBT) FMD vaccine induced similar levels of GMT of anti-FMDV-

CFT antibodies in buffaloes reared on different feeding practices (manger feeding, grazing and 

manger cum grazing feeding). However, in buffaloes reared on grazing only, the antibody 

response was comparatively lower than that in manger feeding, or manger cum grazing groups. 
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This difference in antibody response might be due to poor nutrition and worm load of the 

antibody tested animals. In the present study, GMT of anti-FMDV-CFT antibodies in all of the 

age groups tested (< 6 months, 6-12 months, 1-2 years, 2-3 years and > 3 years old) at 30 and 

60 days post-vaccination were not statistically different. However, in adult buffaloes over 3 year 

old, the antibody response was slightly better than that of the other age groups. Similar findings 

were reported by Spath et al. (1995) and Sadir et al. (1988) where older animals developed better 

immune response than the younger ones and it was suggested that colostrum-derived antibodies 

persist in young animals for at least four months and interfere in the FMD virus vaccine 

response.  

In general, it is prudent to avoid vaccinating pregnant animals unless the risks of not 

vaccinating are greater. Certain modified live virus blue tongue vaccines have been reported to 

cause congenital abnormalities when given to pregnant ewes. The stress from a vaccination 

reaction may be sufficient to activate latent infection. In addition to potential virulence, vaccine 

may provoke hypersensitivity reactions. In the present study, the pregnant buffaloes developed 

comparable antibody response to the vaccine at various stages of pregnancy and no post-

vaccination reactions were observed as anticipated by some previous reports (El-Belely et 

al. 1994). The lowest anti-FMDV-CF-GMT antibodies were recorded in 7-9 months pregnant 

buffaloes. Pregnant animals are generally under physiological stress and often exist in a nutrient 

deficient state. Consequently, their immune system responses may be poor, resulting in less 

production of antibodies. Moreover, excessive stress (including pregnancy) results in the 

production of natural cortisol which suppresses the immune response of vaccination. Decreased 
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antibody synthesis in pregnant mice appears to be mediated by two types of nonspecific 

suppressor cells (T-lymphocytes and nylon adherent cells present in B-cells enriched 

macrophage) Suzuki and Tomasi, (1979).  

There were statistically non-significant differences in anti-O-FMDV GMT, anti-Asia-1-

FMDV GMT and anti-A-FMDV GMT was recorded in the vaccinated buffaloes, cattle, sheep 

and goats. However, while making a comparison of immune response of various animal species 

to OBT FMD vaccine; it was observed that the vaccine induced comparatively lower antibody 

titers in the sheep and goats compared to cattle and buffaloes against all of the three FMDV 

serotypes. This observation corroborates the finding of Patil et al. (2002a) and Patil et al. (2002b) 

who reported that the sheep and goats were late responders to vaccination. Oil-based vaccines 

mostly cause a local reaction and irritation in sheep and goat at the site of injection which 

stressed the animals and immuno-supressent agents are released which might cause supressd 

immune response. 

In Pakistan, the practice of conventional test and slaughter strategy for the control of 

FMD is highly expensive and so is not practiced in the country. However, an alternative control 

method is regular vaccination of susceptible population. In this study, the efficacy of oil based, 

local, and imported vaccine for protection against FMD was evaluated in cattle and buffalo of all 

age groups and both sexes, in six villages of district Faisalabad. The findings of our investigation 

indicated that 81.8 % of FMD cases are prevented by the local inactivated gel based vaccine in 

vaccinated animals whereas; this percentage is 70.6 % in case of imported vaccine. A 

comparatively higher protection in the vaccinated animals by the local oil based trivalent FMD 
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vaccines/ imported vaccines confirm the superior quality of these vaccines. A single vaccination 

can protect the cows against FMD infection and block the virus transmission within the 

vaccinated herds. Previous studies showed that initially replication cycle of the FMD virus is 

approximately 3 days long that induce protective titers of antibodies within approximately next 3 

days. In this way, the vaccinated animals or naturally exposed animals are protected even when 

challenged after six days post-vaccination. Use of emergency vaccine can prevent or reduce the 

local virus replication and thereby dramatically reduce the amount of virus released into the 

environment, particularly during the early post-exposure period. Additionally, increasing the 

antigen payload of the vaccine may reduce sub-clinical infection, leading to fewer persistently 

infected virus carrier animals (Cox et al. 2006). Moreover, vaccination may reduce the quantity 

of virus shedding (Parida, 2008). The FMD virus vaccination is also beneficial to reduce the 

severity and duration of the disease and hence decrease the economic losses (Sutopa et al. 2006; 

Singh et al. 2007; Orsel, et al. (2007).  

Vaccination as a control tool has been gaining favor as a potentially more cost effective 

approach for controlling the virus, reducing the economic loss to animal husbandry, and 

contributing to improved food security. The currently available vaccine shows generally good 

protection against infection with the homologous and antigenically related viruses. However, 

difficulties facing the eradication of FMD include the antigenic diversity of FMDV in nature. 

Recombination is one of the factors that contribute to genetic diversity in FMD virus. 

Recombination has been shown to occur primarily in the 3 half of the genome encoding the non-

structural proteins, and has not been demonstrated in the capsid-coding genes of FMD virus 
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(King et al. 1985; King, 1988). Recombination events increased much more steeply with 

increasing secondary structure in the regions encoding non-structural proteins compared with the 

structural protein-coding regions of the genome (Wilson et al. 1988). The recombination in the 

VP1 region of FMD virus serotype “A” may lead to antigenic diversity (Tosh et al. 2002) that 

may get an opportunity to evade the immune response elicited by one of the parental virus. This 

is of particular concern to countries where multiple FMDV genotypes co-circulate. 

The emergence of antigenically novel viruses, against which existing vaccines do not 

provide adequate protection, may require the selection of new vaccine strains to control the 

viruses circulating in the field. Development of new vaccine strains is therefore urgently 

required. However, the development of useful cell-culture-adapted vaccine strains from field 

isolates is time consuming and expensive, limiting the availability of custom-made vaccine 

strains (Van Rensburg et al. 2004). The recent progress in animal RNA virus vaccine 

development, particularly the reverse genetics system-based for vaccine development may 

provide a perspective on potential novel strategies and approaches to develop a virus vaccine 

candidate (Song et al. 2008). 
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CHAPTER. 6 

CONCLUSION 

FMD is one of the most prominent infectious diseases of cattle and buffalo in the Punjab. 

Sero-prevalence study indicates prevalence of 62% “O”, 34% “Asisa-1 and 3% “A” serotypes of 

FMD virus.  

Various factors contributing to the spread of the disease include the low vaccination 

coverage, age of animal, season, feeding pattern, stage of pregnancy and distance from the 

hospital. Vaccination of the animals induces immuno-prophylaxes thus reducing the chances of 

FMD outbreaks. Percentage of morbidity was directly proportion to the age of animals. 

Susceptibility of the dairy animals increases with the age. However, high mortality in young 

animals is due to replication of virus in life threatening organs such as myocardium and valves of 

the heart. Exotic dairy animals (Friesian/jersey) and cross-bred animals are more susceptible than 

indigenous cattle. However outbreaks of FMD in buffaloes are more than indigenous dairy cow. 

There are more reports of FMD outbreaks in winter months than that of summer months. There 

are more reports of FMD outbreaks in grazing animals than manger fed animals. Distance 

between veterinary hospital and the village is directly proportion to number of FMD outbreaks.  

There are 57.4, 26.5, 15.1 and 1.0% economic losses loss due to reduced milk production, 

mortality especially in young ones, morbidity charges and complication charges, respectively. 

Overall there is economic loss of Rs 2.00 billion (US$ 21059) in dairy animal population of 

Punjab. In addition to this there are economic losses due to reduced weight gain in beef animals, 
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working efficiency in draft animals and abortion in pregnant animals. However due to FMD 

induced economic losses, some of the farmers are out of dairy business. Endemic problem of the 

disease is major impediment in the export of livestock and livestock products.  

Oil based trivalent FMD vaccine induces effective immune response in the vaccinated 

animals that last for more than nine months. The vaccine can be effectively used in buffaloes of 

different age groups (reared on different feeding pattern) as well as in the pregnant animals. The 

locally prepared oil based FMD virus vaccines induces significantly higher immunity than that of 

the imported vaccine under the field condition. Moreover, the vaccination is helpful reducing the 

morbidity and mortality in the susceptible animal population. The locally prepared oil based 

vaccine used in this study containing the locally prevailed field viruses hence induce better 

immune response as compared to imported vaccines.  

All the disinfectants (sodium hydroxide, sodium carbonate, citric acid, acetic acid, 

formalin, sodium hypochlorite, virkon-s, aldekol and Gas-G. Sodium hypochlorite and acetic 

acid) were found equally good in inactivating the virus at recommended or double dose than the 

recommended concentration levels while some of the chemicals when used in half of the 

recommended concentration did not effectively inactivate the virus.  
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CHAPTER. 7 

RECOMENDATION 

Foot and Mouth Disease (FMD) is a major issue of livestock sector that is cause of loss 

of worth Rs more than 6 billion to dairy industry, in Pakistan. Keeping in view the severity of the 

disease, Government of Pakistan has launched FMD progressive control program in 

collaboration with USDA since 2011. Under this project, a sample from FMD infected animals 

all over the country has been collected and molecular characterization of the isolates has been 

made. In the next phase, a multivalent vaccine having all prevailing serotypes of the FMD virus 

will be used to develop FMD free zones in the country. Moreover, multivalent oil based vaccine 

containing “O”, “A”, and “Asia-1” serotypes of the FMD virus and Pasteurella multocida has 

been developed under Government funded development and research projects and is being used 

with promising results. Pakistan has capacity to produce maximum 2.0 million doses of the FMD 

vaccine at private and public biological production units. There is dire need to improve the 

quality and its production potential in the country to meet total requirements that is nearly 70 

million doses per year.  

It is observed that introduction of new animals is the cause of FMD outbreak in the dairy 

animals. It is therefore recommended to vaccinate newly purchased animals using multivalent 

FMD vaccine and keep them in quarantine for at least one month before mixing into existing 

herd.  
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At least 80% dairy animals including cattle, buffalo, sheep and goat may be vaccinated 

with adjuvant containing multivalent FMD-vaccine twice a year. Samples from at least 10% 

vaccinated animal population may be collected using probang be processed in the laboratory for 

the characterization of FMD virus types using RT-PCR. 

There are some physical, chemical or biological factors incriminated to be the cause of failure of 

immuno-prophylaxis. These factors are mycotoxin contaminated ration/ concentrate, inadequate 

supply of fresh water to animals, concurrent diseases including tick infestation, ephemeral fever, 

hemoparasites, etc., causing immuno-suppression in animals. There is dire need to investigate 

factors causing failure of immuno-propphylaxis against the disease. 

Spray of either of the disinfectants particularly sodium carbonate (4%) or halogens 

(payodine) at 0.5% is recommended to inactivate FMD virus in the environment of dairy farms 

having infected animals. This will minimize the chances of dissemination of the virus to the 

nearby susceptible population  
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CHAPTER. 8 

SUMMARY 

This study indicates that the ranking order of buffalo diseases, with respect to their 

incidence in descending order in Punjab province is Foot and Mouth Disease, Mastitis, Diarrhea, 

Haemorrhagic Septicemia, Sudden Death Syndrome and haemoglobinuria. Similarly the disease 

ranking order in cattle in descending order is FMD, Mastitis, Diarrhea, Hemorrhagic Septicemia, 

Haemoglobinuria and Sudden Death Syndrome. FMD is top most economic important disease 

both in buffaloes and in cattle in the province. 

Morbidity rate in the adult cattle and buffalo was higher as compared to the younger 

stock. However, the mortality rate was higher in young stock as compared to the adult animals of 

both the species. Moreover, adult and young males of both the species were more susceptible to 

the disease as compared to females. 

Cross-sectional survey revealed the economic loss of Rs. 41.32 million due to loss of 

milk, cost of dead animals and treatment cost of sick and complicated cases of FMD. The loss 

due to milk reduction was 57.3% of the total losses followed by mortality loss (26.4%), 

morbidity effect expenses (15.2%) and treatment charges in FMD complicated cases (1.0%). The 

findings of present study clearly indicate the association of age, feeding pattern, vaccination 

status and season as risk factors in the incidence of FMD in Punjab.  

Data obtained from the EPI-Unit Lahore showed that 719 FMD outbreaks occurred in the 

district of Punjab during 2007-2008. The highest number of outbreaks (212) was recorded in 
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Rahim-Yar-Khan followed by Bhakkar (118), T.T. Singh (81) and Faisalabad (72). Of the total 

309 disease outbreaks in buffalo, 174 (56.3%) were recorded in adults, whereas this number in 

cattle was 169 (61%). The incidences of the outbreaks increased gradually following the post-

monsoon period. The greatest number of outbreaks was observed during the winter season, from 

December to February. Data from FMD Research Center, Lahore revealed the involvement of 

only FMDV serotype “O” in all the outbreaks during 2007-2008. 

Studies of the factors (age, feeding pattern, stage of pregnancy and species) on the 

immune response of local trivalent FMD vaccine revealed that buffaloes of all age groups 

responded well to vaccination against disease. It was also observed that 7-9 months pregnant 

buffaloes elicited significantly lower antibody response to vaccine as compared to the control 

groups. Similarly, buffaloes on grazing have shown lower anti-FMD-CF GM titer as compared 

to buffaloes on manger feeding. Sheep and goat were found to be late and poor responder to 

vaccine as compared to cattle and buffalo. 

Analysis of 300 serum samples from FMD affected buffaloes of 12 districts of the 

Punjab indicated the highest incidence of serotype "O" (62.3%) followed by Asia-1 (32.4%) and 

"A" (3.30%) in the population tested. 

FMD virus was inactivated at 61 ºC within 15 minutes and at pH 4, 8, and 10 within 24 

hours. However, ultraviolet radiation was unable to inactivate the virus even after 45 minutes. 

The disinfectants/chemicals evaluated in this study including sodium hydroxide, sodium 

carbonate, citric acid, acetic acid, formalin, sodium hypochlorite, virkon-s, aldekol and Gas-G 

were effective in inactivating the FMDV at recommended concentration levels of 2%, 4%, 
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0.20%, 4%, 0.15%, 3.0%, 1.0%, 0.50% and 0.1% after 60, 30, 60, 60, 30, 30, 30, 60 and 30 

minutes, respectively, at 300C. Sodium hypochlorite and Gas-G were equally good in 

inactivating the virus at half (1.5% and 0.05%) of the recommended concentration. 

Efficacy trial of local and imported oil based trivalent FMD vaccine in six villages, of the 

Faisalabad district clearly showed that 81.8% of FMD cases were prevented by the local 

inactivated vaccine in vaccinated animals whereas; this percentage was 70.6 in case where 

imported vaccines were employed. Moreover, efficacy of the local vaccine was higher than the 

imported vaccines. 
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Appendix-1 

PROFORMA FOR ANIMAL HEALTH SERVICES 
 

District 
 
Tehsil 
 
Village 
 
Farmer Name 

 

Epidemiological information about Livestock Diseases 

 

Diseases Morbidity Mortality 

Buffalo Cattle Buffalo Cattle 

Young Adult Young Adult Young Adult Young Adult 

M F M F M F M F M F M F M F M F 

H.S.                 

FMD                 

Haemoglobinuria                 

Mastitis                 

Diarrhea                 

Sudden death                 
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Appendix-2 

QUESTIONNAIRE FOR DETERMINATION OF FMD INDUCED ECONOMIC LOSSES 
IN BUFFALOES     

Owner’s 
Name 

 Village  
Union 
Counc

il 
 Tehsil  

Distri
ct 

 

Total animals on 
Farm/house/pre

mises 
 

Outbreak 
duration 

(days)
 Date of infection  

Husbandry 
Manger 
feeding 

Grazing Manger+grazing Nomadic Dairy 

     

Any Stress 
Season Nutrition Transportation 

   

Species Sex No. of Animals 
Age of affected animals 

(in M& Y) 

 M F 
Tot
al 

Affect
ed 

dead 
slaughter

ed 
<6
M 

6-
12
M 

1-
2
Y 

2-
3
Y 

>3
Y 

Buffalo          

Cattle          

Vaccination 
Vaccinated Vaccination Regime Vaccine serotypes producer 

Yes No 4M 6M 1Y   

Possible 
Origin 

Game 
contact 

Adjacent premises New stock Other 

    

Control 
measures 

Immunothera
py 

Quarantine 
Vaccinati

on 
Homeopa

thy 
Desi None 

       

Specie 
Value of 

dead animal 

Loss in milk 
production 
liters per 
outbreak 

loss due 
to 

abortion 
Cost of treatment 

complicatio
n charges 

Buffalo      

Cattle      
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Appendix-3 

Strengthening of Livestock Services Project 

EU/GoP Project PAK/RELEX/2001/012 

DISEASE OCCURANCE IMMEDIATE NOTIFICATION FORM 

 
Province______________ District _______________ Village______________ 
 
Longitude_______________ Latitude_________________Name of owner_____________ 
  
Date of   ________________  Date __________________ Date  _________________ 
First case                                  Reported                               Investigated 
      
 Animal 
 
Sex ____________________ Age  ________________Specie    _____________ 
 
Number    ___________________Mortality _________________ At Risk________________ 
Of Sick 
 
Vaccination  ____________________ Factors related _____________________ 
History     with disease 
 
Clinical signs _______________________Postmortem __________________________ 
Result 
 
Type of sample _____________________Investigating___________________________ 
Collected                          Lab 
 
Suspected _____________________ Measures __________________________ 
Disease     Taken 
 
Report  
Compiled by       
Designation      Signature________________________ 
                        
                                                                                     Date _______________ 
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Appendix-4. 

 

REFERENCE PRICES OF BUFFALO AT VARIOUS AGES AND OF DIFFERENT 
SEXES 

(2006) 

Age Price in Rupees 

Male Female 

6 month 4500 6000 

12 months 10000  12000  

2Years 20000 26000 

3 years 32000 35000 

> 3 years 45000 55000 

Aborted fetus 1000 1000 
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Appendix-5 

 

TREATMENT CHARGES 

(2006) 

Disease Days to treat Treatment charges 
/day/animal (Rs.) 

Total charges 
/animal (Rs.) 

Young adult Young Adult 
Foot and mouth 
disease 4 150 200 600 800 

Mastitis 
3 - 500 - 1500 

Abortion 
- - - - 900 

Septic foot 
- - - - 500 
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Appendix-6 
 

EFFECT OF FMD ON MILK PRODUCTION OF BUFFALO 
(LITRES) 

 
 

Peak yield healthy 6 

Yield with FMD 3 

Loss over 8 days 24 (3L/day) 

Days to recover 22 

Loss during recovery 36 (1.6L/day) 

Loss after recovery (5months) 150 (1L/day) 

Total milk loss (300 days) 210 

Price per liter (Rupees) 30* 

Cost of milk loss per animal (Rupees) 6300 

 
*Price of milk in year 2006 
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Appendix 7 
 
 

COMPOSITION OF VERONAL BUFFER 
 
 
 
 
Sodium veronal (Barbitone sodium)                                                 2.89 gm 
 
Sodium acetate (anhydrous)                                                            1.15 gm 
 
Double distilled water to make                                                        100ml 
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