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CHAPTER – 1
INTRODUCTION

Pakistan is an agricultural country and livestock have a great importance in its economy.
Every 5th family in Pakistan is engaged directly or indirectly in livestock farming. It accounts
for about 11.9% of total GDP and 55.4 % of agricultural value added. Total population of
buffaloes and cattle in Pakistan is 33.7 million and 38.3 million respectively among which the
major part (>61% of buffalo and >43% of cattle population) is residing in Punjab. Livestock
is a major source of milk, meat, wool, hair, bones, fats, blood, hides and skins. Total 39945
thousand tons milk production and 1829 thousand tons beef production was recorded during
the year 2012-2013 (Economic Survey of Pakistan, 2013).

Foot and Mouth Disease (FMD) is endemic in Pakistan especially with serotypes O, A and
Asia I. During the years 2002 and 2005, nearly 1286 FMD outbreaks were recorded in
Pakistan (Zahur et al., 2006). It causes heavy economic losses every year in Pakistan. The
gravity of the economic losses may be realized from the fact that a loss of Rs. 4 million was
estimated in only one Tehsil of District Lahore during one year (Yamin, 1998). The direct
and indirect losses to livestock industry in Pakistan due to FMD were reported more than Rs.
6 billion annually (Zulfiqar, 2003).

Foot and mouth disease (FMD), caused by a virus, and it is very communicable infectious
disease. The animals susceptible to this disease are sheep, goats, cattle, water buffaloes, pigs
and wild ruminants (Lewis-Rogers et al., 2008). The disease is prevalent in many parts of the
world, resulting in heavy economic losses in terms of reduced milk and meat production,
death of animals, weight loss and loss of draught power in animals taking typically a long
recovery period following the disease (Grubman and Baxt, 2004). FMD virus has positive
polarity and it is a single stranded virus having RNA as a genomic material. It belongs to
Family Picornaviridae and genus Aphthovirus with seven different serotypes O, A, C, Asia1,
SAT 1, SAT 2 and SAT 3, which are antigenically and immunologically different from each
other. Each serotype has a vast range of antigenically different subtypes. This wide range of
8

FMD virus is due to its high mutation rate in every replication cycle (Drake and Holland,
1999). FMD is an important problem for international trade of livestock and its products
because it is the member of OIE list A of infectious diseases (Leforban, 1999). The genome is
slightly more than 8 kb in size and codes for four different structural proteins (VP1, VP2,
VP3 and VP4), which make an icosahedral capsid and some non structural proteins (NSP)
which are (L, 2A, 2B, 2C, 3A, 3B, 3C, 3D and 3AB or 3ABC) (Mason et al., 2003). VP1 is
the greatly unpredictable protein of the capsid of FMD virus, which is involved in the entry
of virus to the cell, immunity of the host, and serotype specificity (Hughes et al., 2002).

FMD is characterized by vesicular eruptions in mouth, foot, teats, other soft hairless areas of
body and fever (Choudhury et al., 1994). It also has debilitating effect on animal health,
which includes reduced milk production, loss of drought power, decrease in body weight and
reproductive failure. FMD virus causes myocardial degeneration in young animals also
known as Tiger Heart Disease which is the cause of mortality (Gleeson et al., 2003). The
infected animals can excrete FMD virus rapidly before the onset of clinical signs and
excretion reaches at its peak at the time of disease development (Alexandersen et al., 2003).

Conventionally, the primary diagnosis of FMD virus is carried out by virus isolation in cell
culture, enzyme linked immunosorbant essay (ELISA), complement fixation test (CFT) and
serum neutralization test (SNT). Advances in molecular biology have resulted in the
development of techniques such as the reverse transcription polymerase chain reaction (RTPCR) method for prompt detection of FMD virus (FMDV) genomic RNA in oesopharyngeal
scrapings, epithelial tissue or other tissues such as tonsils and cell culture fluids (Doel et al.,
1993). A large number of assays have been under process which can detect antibodies against
Non Structural Proteins (NSP) of FMD virus replicating in the host (Malirat et al., 1998).The
recent development of ELISA tests against 3ABC (NSP) has greatly enhanced the serosurveillance of FMD as they detect exposure to live virus for all the seven serotypes of virus
even in vaccinated herds (Bronsvoort et al., 2006).

9

In Punjab region of Pakistan, the risk of FMD is considered high because of high density of
animal population with low vaccination coverage (FAO, 2007). FMD in buffalo and cattle
ranked 1st in terms of morbidity rate of 10.3% and 9.9%, while ranked 4th in terms of
mortality rate of 0.7% and 0.5% respectively leading to the top 6 ranking diseases in the
country. Adult animals of both the species are more susceptible than young animals (Awan et
al., 2009). The use of killed vaccines for FMD has been very successful in decreasing the
outbreak numbers in different parts of the world having enzootic disease (Doel, 2003). The
duration of immunity irrespective of serotypes is about 6 months (Patil et al., 2002).

Epidemiology of FMD remains changing; so there is a need for continuous monitoring of the
serotypes and evaluation of vaccines to make an effective vaccination program as well as a
strategy for its control. The proposed objectives of the present study therefore were:

 To determine the sero-prevalence and risk factors of FMD virus in buffaloes and
cattle of Punjab
 Molecular identification of FMD virus from clinical samples of buffaloes and cattle
by Reverse Transcriptase Polymerase Chain Reaction (RT-PCR)
 To detect prevalent serotypes of FMD virus in buffaloes and cattle of Punjab using
Indirect Sandwich ELISA and RT-PCR
 To compare the efficacy of different commercial vaccines of FMD in buffaloes and
cattle by Indirect Hemagglutination (IHA) test
 To create awareness among farmers for control of the disease

10

CHAPTER – 2
REVIEW OF LITERATURE

2.1 History and Background of Foot and Mouth Disease
The first written incident of FMD outbreak was reported by an Italian priest, Girolamo
Fracastoro in 1546, the causative agent was identified by Loeffler and Frosch in 1897
(Sutmoller et al., 2003). The agent was found to pass through very fine filters that normally
do not allow bacteria to pass pointing to the possibility of a virus. During 1922, it was proved
that there were different antigenic types of FMD and discovered two serotypes. They named
them after the place of origin O for Oise and A for Allemagne in France. In 1926, Waldmann
and Trautwein discovered the third serotype and named it C. later in 1940s, three three
additional serotypes from South Africa were discovered by Pirbright Laboratory in England
and named as South African Territories 1-3 (SAT 1, SAT 2 and SAT 3) (Brown, 2003). The
last serotype was discovered from Pakistan in 1954 and known as Asia I (Brooksby and
Rogers, 1957). The first research centre for FMD was established at the Insel Riems, an
island in Germany in 1909 followed by similar research centers at Pirbright in England,
Landholm in Denmark in 1925 and Plum Island, North Fork of Long Island in United States
of America in 1954 (Brown, 2003).

2.2 Economic Importance of Foot and Mouth Disease
Contagious animal diseases like Foot and Mouth Disease are often referred to as economic
diseases because of the magnitude of economic harm they can cause to producers and to local
communities. Foot and mouth disease cause great economic damage worldwide to livestock
industry and therefore is of great concern for the governments of developed and developing
countries (Belsham, 2005). Countries that are free of the disease have introduced a number of
measures to retain this status because of the detrimental economic consequences resulting
from its presence. The Smoot-Hawley Tariff Act of 1930, which was passed after the last
outbreak of FMD in the United States in 1929, contained restrictions on importation of
susceptible livestock, fresh meat, and animal products from countries where FMD was
11

present (Bachrach, 1968). FMD is in List A of infectious diseases of the Office International
des Epizooties (OIE) of animals and it has been recognized as the most vital constraint to
international trade in animals and their products (Leforban, 1999). In Pakistan it causes a loss
of more than Rs. 6.00 billions to farmers annually (Zulfiqar, 2003). The devastating
economic losses caused by FMD are due to mortality in young animals, marked reduction in
milk production, abortion at an advanced stage of pregnancy and reduced working ability of
the animals (Singh, 2003) along with reduced quality and quantity of meat, reduction in
fertility, loss of semen quality in breeding bulls and loss of productivity for a considerably
longer time (Yadav, 2003). The United Kingdom experienced a severe FMD outbreak in
2001. When the outbreak was eradicated, 2026 FMD cases had been confirmed and more
than six million animals were destroyed and the disease spread to Ireland, France, and the
Netherlands. The estimated losses from FMD in the UK were £5.8 to £6.3 billion (Thompson
et al., 2002).

2.3 Distribution of Foot and Mouth Disease
FMD is endemic in Middle East and Asian countries including Pakistan, India, Afghanistan,
and Africa, South America excluding some areas like Chile, Argentina, Uruguay, Guyana and
Surinam. Europe is free of FMD although there have been sporadic outbreaks that have
quickly been eliminated. Australia, Japan, Indonesia and Korea are the countries free of FMD
(Merck Veterinary Manual, 2000). According to geographical distribution, Asia contains (A,
O and Asia 1), Europe (A, O and C), Africa (A, O, SAT- 1, SAT 2 and SAT 3) and South
America (A, O and C). Popularity of this disease has significantly increased after the recent
outbreaks of FMD in FMD free countries, particularly Taiwan in 1997 and the UK in
2001(MacLachlan and Dubovi, 2011). In Pakistan, the most prevalent serotypes are A (64%),
O (28%) and Asia I (8%). The serotype A and Asia-1 of FMD virus were predominant strains
in Sindh province and serotype O and A were the major types from Punjab province
(Abubakar et al., 2009).

2.4 Host Range and Clinical Signs of Foot and Mouth Disease
The animals susceptible to this disease are sheep, goats, cattle, water buffaloes, pigs and wild
ruminants (Lewis-Rogers et al., 2008). FMD is characterized by fever and vesicular eruptions
12

in mouth, nares, muzzle, foot, teats and other hairless soft areas of body (Choudhury et al.,
1994). Although FMD does not cause high mortality in adult animals, the disease has
debilitating effect on animal health which includes reduced milk production, loss of drought
power, decrease in body weight and reproductive failure. FMD virus cause myocardial
degeneration in young animals, known as Tiger Heart Disease which causes mortality
(Gleeson et al., 2003). The vesicles usually rupture within 24 to 48 hours leaving shallow
erosions which are susceptible to secondary bacterial infections. Acutely infected cattle
salivate profusely and develop a nasal discharge (mucoid then mucopurulent) which covers
the muzzle (Kitching, 2002). Other signs include shifting of weight from one leg to another,
holding one hoof above the ground and lagging behind the herd (Woodbury, 1995). The
affected animals quickly lose condition and the decrease in milk yield can be dramatic and
will not recover during the remaining lactation. Secondary bacterial mastitis is common and
animals became regular panters referred to as ‘Hairy Panters’ (Kitching, 1992). Large
ruminants show more severe lesions as compared to sheep and goats which have only mild
clinical signs and superficial lesions (Donaldson and Sellers, 2000).

2.5 Serotypes and Subtypes of Foot and Mouth Disease
Foot and Mouth Disease virus belongs to family Picornaviridae and genus Aphthovirus with
seven different serotypes O, A, C, Asia1, SAT 1, SAT 2 and SAT 3 which are antigenically
and immunologically different from each other. Each serotype has a vast range of
antigenically different subtypes (Mason et al., 2003). Isolates were classified into
antigenically related “subtype” within a serotype and each serotype contains a number of
subtypes (Buxton and Frazer, 1977). Initially over 60 different subtypes were identified by
the World Reference Laboratory at Pirbright, UK. Later it become difficult to identify
specific subtypes due to continues appearance of intratypic antigenic variants (Pereira, 1977).
Changes to the genes that code for capsid proteins can result in antigenic variation and
evolvement of new subtypes (Haydon et al., 2001). Antigenic variation within a type occurs
as a continuous process of antigenic drift, without any clear-cut demarcations between
subtypes. This antigenic heterogeneity has important economic implications for vaccine
development and its selection, as immunity acquired through infection or use of current
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vaccines is strictly type specific and subtype specific but to a lesser extent (MacLachlan and
Dubovi, 2011).

2.6 Aetiology and Genome of Foot and Mouth Disease
FMD virus has positive polarity and it is a single stranded virus having RNA as a genomic
material. It belongs to Family Picornaviridae and genus Aphthovirus with seven different
serotypes O, A, C, Asia1, SAT 1, SAT 2 and SAT 3 which are antigenically and
immunologically different from each other. Each serotype has a vast range of antigenically
different subtypes. The viral genome is slightly more than 8 kb in size and code for four
different structural proteins (VP1, VP2, VP3 and VP4) that arrange to make an icosahedral
capsid and some non structural proteins (NSP) which are (L, 2A, 2B, 2C, 3A, 3B, 3C, 3D and
3AB or 3ABC) (Mason et al., 2003). The FMD virion appears to be a round particle with a
smooth surface and a diameter of about 25 nm (Bachrach, 1968). In the mature virus particle,
60 copies of each of the four structural proteins VP1-VP4 associate to form an icosahedral
capsid.

This protein capsid provides several key functions for the virus: 1.) it protects the FMDV
RNA genome; 2.) it recognizes a specific cellular receptor in the plasma membrane and
therefore is the important determinant of host range and tissue tropism; 3.) it carries
directions for selecting and packaging the viral genome; 4.) it releases the RNA genome and
delivers it through the cell membrane and into the cytosol of the host cells (Jackson, 2003).
Among all capsid proteins VP1 is found to be the most immunogenic. Polypeptide variations
among locally isolated FMD virus types O, A, and Asia 1 were determined using SDS-PAGE
technique and suspension of virus types O and A were segregated into seven protein bands,
while in type Asia 1 the third band was missing (Iqbal et al., 2003). VP1 is the greatly
unpredictable protein of the capsid of FMD virus which is involved in the entry of virus to
the cell, immunity of the host, and serotype specificity (Hughes et al., 2002). VP1 (capsid
protein) gene is highly variable region of FMDV genome and responsible for major strain and
sub-strain differentiation. On the basis of VP1 gene analysis it is revealed that FMD virus
circulating in Pakistan is in 90% homology with the virus of neighboring countries
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(Afghanistan, India, and Iran) and were distinct from middle-east and European strains of
FMDV O and A (Waheed et al., 2009).

VP1 to VP3 are surface orientated, while VP4 is internal and in contact with the RNA. The
surface structural proteins VP1 to VP3 of FMDV are smaller than their counterparts in other
picornaviruses. The FMDV genome also contains untranslated RNA found upstream (5’
untranslated region, UTR) and downstream (3’ UTR) of the Open reading frame, ORF. The
5’ UTR of FMDV contains about 1,300 bases and can be divided into five functional
elements which play roles in virus translation and RNA replication (Grubman et al., 1984). In
addition, FMDV lacks distinctive surface features such as canyons and pits which have been
described for other picornaviruses (Parry et al., 1990). The sedimentation coefficient (S) of
the intact virus is 146S (Barteling, 2002).

Based on genome analysis, types O, A, C and Asia 1 constitute a clear evolutionary lineage
distinguishable from the SAT serotypes (Knowles and Samuel, 2003). The RNA of serotype
O consist of a single large open reading frame of 6996 nucleotides which encodes a
polyprotein of 2332 amino acids (Forss et al., 1984). Four polyproteins (P1, P2, P3 and L) are
translated and processedinto different structural and non structural proteins by viral encoded
proteases (2A oligopeptide, 3CPro and LPro) (Rueckert, 1996). FMD virus binds with cellular
proteins “integrins” (receptors) on the surface of tongue of infected animals that determine
the tissue susceptibility. Study revealed that the most active receptor is “alpha-v-beta-6” and
these receptors are present in high concentration on the tissues where the FMD viruses
replicate (Salt, 1998). Foot-and-mouth disease virus can use two different types of receptors,
depending upon the passage history of the virus strain, specifically field strains of FMD virus
bind to integrins, whereas cell culture passaged virus can use heparan sulfate as a receptor.
The change in receptor specificity can lead attenuation of the virus. Foot and mouth disease
viruses can also enter cells via Fc receptors if virions are complexed with non neutralizing
IgG molecules (MacLachlan and Dubovi, 2011).

The RNA of FMD virus has a single open reading frame (ORF), bordered by two non-coding
regions (NCRs) that grasp some cis-acting structural elements responsible for viral
replication and gene expression (Saiz et al., 2002). All of the antigenic sites appear to be
necessary for a complete immunologic response to either infection or vaccination, the major
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antigenic site to which most of the immune response is directed and which is common to all
of the serotypes is located within the G-H loop of VP1(Tsai et el., 2000).

2.7 Host Response against Foot and Mouth Disease
The innate immune response is the first line of host defense against foreign agent. This
branch of the immune system acts in a non-specific manner in order to eliminate any
substance or agent not belonging to the body itself. Microorganisms that cross the epithelial
barriers of the skin or the mucosa of the gut or respiratory tract are likely to be detected by
phagocytic cells present in the submucosa. Macrophages are mature phagocytes that
recognize common features present on several classes of pathogens through the action of
pattern recognizing surface receptors (PRRs). Encountered pathogens are internalized leading
to destruction of the pathogen itself, as well as the production of signaling molecules in the
form of inflammatory cytokines which function to activate and recruit other effector cells of
the immune system (Murphy et al., 2008).

Acute phase of FMDV infection of swine, prior to the detection of antibody, demonstrated a
transient lymphopenia by 2 days after infection involving CD4, CD8, and CD4/CD8 T cells,
which does not appear to be related to either infection of T cells or apoptosis and thus may be
caused by alteration of lymphocyte trafficking. In addition, the T-cell function in response to
mitogens, is either reduced or eliminated. Both the number of lymphocytes and the altered Tcell function return to normal levels by 4 days after infection. These results suggest that T
cells play a role in protection of virus and reduction of both T-cell numbers and function
enhances viral pathogenesis by allowing the virus to spread within the host, leading to
increased viral shedding into the environment (Bautista et al., 2003)

Following infection, immunity to FMD is mediated by the circulating antibodies and titres of
these antibodies indicate the level of protection in the convalescent animals (Alexandersen et
al., 2003). Significant titres of circulating antibodies, largely IgM mediated, can be detected
as early as 3-5 days post-infection and peaks at around 10-14 days before declining to low
levels within 30-40 days. Measurable levels of IgG2 and IgA can also be detected in infected
animals at 7-10 days post infection although IgG is known to dominate over the other two
immunoglobulins (Salt et al., 1996). The time taken for build up of protective immunity in
16

vaccinated animals depends on the type and quality of vaccine used. Although maximum
antibody titres are typically reached 7 to 10 days post vaccination and protective titres are
reached after only 2 to 3 days post vaccination (Woolhouse et al., 1996).

2.8 Incubation, Transmission and Spread of Foot and Mouth Disease
The disease has an incubation period of 3 to 14 days and viral shedding from all excretions
and secretions usually begins before the appearance of visible clinical signs (Kitching, 2002).
The length of the incubation period is highly variable under field conditions and dependent
on the infecting strain, the dose and route of infection, the animal species, individual
susceptibility and the husbandry and environmental conditions (Quan et al., 2004).

Susceptible animals may get infection as a result of direct or indirect contact with infected
animals or with an infected environment. The aerial transfer of droplets is probably the most
common mode of transmission (Alexanderson et el., 2003). The possible spread of FMD
virus is 250 km across the sea and upto 60 km across land if conditions are suitable (kitching,
1992). The infected animals can excrete FMDV rapidly before the onset of clinical signs and
at the time of disease development excretion reaches at its peak (Alexandersen et al., 2003).
The transmission of FMDV in domestic animals by the nasal or oral route results in primary
infection and replication in the dorsal soft palate and the roof of the pharynx. The stratified
squamous respiratory epithelium and tonsils in these areas are thought to be important for
primary replication of the virus (Prato Murphy et al., 1999). The ability of the virus to infect
in small doses, multiple modes of infection and wide host range make FMD a difficult and
expensive disease to control and the cost of eradication can be enormous (Scudamore, 2002).
Cattle are very susceptible to infection by the respiratory route and a dose of 20 TCID 50 of
virus is sufficient to establish infection (Donaldson et al., 1987). Following primary
replication, the virus disseminates rapidly through the host. Dissemination of the virus from
the primary sites of infection to the rest of the body is thought to occur via the lymphatic and
circulatory system, however, the mode of dissemination still remains inconclusive. There is
no significant evidence for replication or transport of FMDV in bovine peripheral blood
mononuclear cells (PBMC) (Zhang and Alexandersen, 2004). FMD virus can survive in dry
fecal material for 14 days in the summer, in slurry up to 6 months in the winter, in urine for
39 days, and on soil for 3 (summer) to 28 days (winter) (Ryan et al., 2008).
17

2.9 Risk Factors of Foot and Mouth Disease
The greatest risk for the spread of FMD comes from the movement of infected live animals
(Gibbens et al., 2001). Animal movements have also been cited as one of the most common
methods of spread of FMD in South East Asia (Perry et al., 2002). In countries where cattle
farming is semi intensive and subsistence orientated, mixing of animals at grazing and
watering areas is an important risk factor for the spread of FMD as was shown in studies in
Thailand (Rojanasthien et al., 2006), Cambodia (Sothyra, 2008) and Cameroon (Bronsvoort
et al., 2004). Risk factors associated with the viral agent consist of the virulence which
affects the severity of lesions, virus release, stability in different microenvironments and
long-term persistence (Alexandersen and Donaldson, 2002). Risk factors associated with the
host that contributes in multiplication of virus and its spread includes nutritional and
immunological status and the population density of host (Amass et al., 2004).
Studies on disease risk factors have identified many other factors linked with the presence
and spread of FMD, such as owning sheep and goats along with cattle (Megersa et al., 2009),
mixed farming of sheep and goats (Al-Majali et al., 2008), owning buffalo and going on
transhumant migration (Bronsvoort et al., 2004), purchase of livestock at markets (Lindholm
et al., 2007), and proximity to slaughter houses (Rojanasthien et al., 2006).

2.10 Carriers of Foot and Mouth Disease
Carrier animals are defined as those from which live virus can be isolated at 28 days or later
after infection. Some ruminant animals exposed to FMDV become carriers, irrespective of
whether they are fully susceptible or immune. The percentage of animals that become carriers
under experimental conditions is variable but averages about 50% (Alexanderson et al.,
2003). Infected animals may serve as virus reservoir for several months or years after
recovery and may intermittently shed virus which may cause FMD in nearby susceptible
animals (Sutmoller, 2003). Small ruminants like sheep and goats play an epidemiological role
as carrier in FMD infection to cattle (Barnett and Cox, 1999). The maximum reported
duration of the carrier state in different species is as follows: Cattle, 3.5 years; sheep, 9
months; goat, 4 months; African buffalo, 5 years; and water buffalo, 2 months. The
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information about water buffalo is limited it may be at least 6 weeks (Moussa et al., 1979). In
domestic cattle, sheep and goats the carrier state of FMD virus can last up to 42 months and
the carrier rate varies from 15% to 50% in these animals (Alexandersen et al.,2002). In case
of African buffalo, the carrier state is up to 5 years and the rate is as high as 50% to 70%
(Condy et al., 1985). About 50% of cattle can carry the virus asymptomatically and
intermittently in oropharyngeal fluid beyond 28 days post-infection, and this is referred to as
persistent infection and the animals as FMDV carriers (Salt, 1993).

2.11 Mutation of Foot and Mouth Disease
This wide range of FMD virus is due to its high mutation rate in every replication cycle
(Drake and Holland, 1999). Genetic variation in FMD viruses is of interest for at least two
reasons. First, changes to the genes encoding capsid proteins results in antigenic variation and
affect vaccine efficiency, secondly, genetic changes can lead to important insights into the
transport of virus between countries, regions, herds and even possibly individuals (Haydon et
al., 2001).The virus undergoes a high rate of mutation during its replication which is mainly
due to lack of replication error checking mechanisms (Holland et al., 1982). A 10-2
substitution per nucleotide site per year in serotype O, A and C was reported by (Gabauer et
al., 1988). A mutation rate of 10-8 to 10-9 nucleotide substitution during an epizoolotological
cycle of FMD virus is estimated to occur (Domingo et al., 1990). The RNA viruses take
advantage of all known mechanisms of genetic variation to ensure their survival. Distinctive
features of RNA virus replication include high mutation rates, high yields, and short
replication times. As an outcome, RNA viruses replicate as complex and dynamic mutant
swarms called viral 12 quasispecies (Domingo et al.,1997).

2.12 ELISA for Foot and Mouth Disease
Enzyme linked immunosorbent assay (ELISA) is more specific and sensitive test than
compliment fixation test (CFT) and Agar Gel Immunodiffusion AGID for the detection of
FMD virus (Fondevila et al.,1997). The ELISA using polyvalent antisera is 9 times more
sensitive for detecting FMD virus than that of monovalent antisera (Alonso et al., 1992).
Tissue culture along with ELISA is better system for detection of FMD virus antigen than
CFT (Prado, 1998). The polyclonal antibodies used in serotype ELISA have certain
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disadvantages such as batch to batch variation, inconsistent yields of antibodies and limited
quantity of serum obtained from individual animals. Monoclonal antibodies and chicken IgY
were used in an antigen capture-ELISA for serotyping of FMD virus and can substitute
conventional polyclonal antibodies for routine serotyping of FMDV (Veerasami et al., 2008).

A large number of assays have been under process which can detect antibodies against Non
Structural Proteins (NSP) of FMD virus replicating in the host (Malirat et al., 1998). The
recent development of ELISA tests against 3ABC non structural protein (NSP) has greatly
enhanced the sero surveillance of FMD as they detect exposure to live virus for all the seven
serotypes of virus even in vaccinated herds. The NSP ELISAs, latent class models are more
useful alternative as compared to traditional method of evaluating diagnostic tests against a
known "gold-standard" test as imperfections in the "gold-standard" may give biased test
characteristics (Bronsvoort et al., 2006). The NSPs are expressed only by replicating viruses.
Inactivated vaccines are purified to remove cellular proteins and NSPs, and therefore only
animals that have been infected with live virus should develop antibodies to these proteins
(Bergmann et al., 1993).

The 3ABC (NSP) proved itself the best in many studies from its beginning (Ma et al., 2011).
An ELISA based on a 3B peptide gave a positive reaction with sera from cattle, pigs, sheep
and guinea pigs infected with all seven serotypes of the virus, but not with sera from
vaccinated animals. The advantages of using peptides from the nonstructural viral proteins
instead of recombinant proteins for differentiating vaccines from infected animals include
their exquisite specificity, non reactivity with antibodies against host cell-derived proteins
and their ease of preparation (Shen et al., 1999). The polyproteins 3ABC and 3AB are proved
to be most promising proteins as diagnostic antigens (Bergmann et al., 1993). A nonstructural
3D recombinant protein ELISA was able to detect antibodies in cattle after natural or
experimental infection with FMDV of A, O, or C serotypes as early as 5 days post infection
and at later stages in persistently infected animals. Comparison with AGPT and other ELISA
tests showed that 3D ELISA was highly sensitive and specific and gives reproducible results
(Vivian et al., 1996). The main trust on these 3ABC tests is that they will facilitate to identify
carrier animals and subclinical infections in a vaccinated herd during the surveillance phase
after an epidemic or that they can be used during eradication based on vaccination to observe
areas with persisting transmission (Bergmann et al., 2000).
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Cattle vaccinated once seldom showed a mucosal antibody response, which could be only
detected by a total immunoglobulin-specific kinetic ELISA. This test generally allowed an
early detection of FMDV infected cattle particularly it is proved to be more sensitive than the
usual indirect, antigen-trapping ELISA in experiments on saliva samples (Ivonne et al.,
1995).

2.13 Polymerase Chain Reaction
The importance of the RT-PCR is that it can rapidly facilitate the molecular analysis of field
isolates and provide important epidemiological information regarding the source of field
outbreaks. RT-PCR is sophisticated technique requiring specialized equipment, expertise and
refined reagents and has to be used in conjunction with current procedures for FMD diagnosis
(Reid et al., 1998). Among the molecular methods, RT-PCR has been using routinely in
many countries as a highly sensitive, rapid and reliable means for typing of FMDV from the
acute infection to the asymptomatic infection (Marquardt et al., 1995). Routinely, serotyping
of FMDV was done using the antigen capture ELISA that has replaced the complement
fixation test (Ferris and Dawson, 1988). Samples have to be grown on cell cultures for the
production of sufficient quantity of antigen, which take several days, before typing can be
done. Molecular biology is providing extremely sensitive and specific tools for identifying
and characterizing FMDV strains in clinical samples (Kitching, 1992).

The universal primer set based on 5′ UTR region could be used for the primary diagnosis of
FMD in combination with the routine diagnostic methods of virus isolation in cell culture and
ELISA. A more favorable reaction was observed with FMD viruses of the serotypes O, A, C,
and Asia1group than those of the SAT serotypes. The other universal and serotype-specific
primer sets of the P1 capsid coding region were generally inferior to the 5′ UTR universal
primer set (Reid et al., 2000). Among the cyclic conditions, increasing the annealing
temperature from 56 to 65°C did not alter the amplification efficiency much but after 65 °C,
it was affected adversely. This could be due to the fact that most of the primers used in
mPCR had a Tm within the range of 57–65°C. An inverse effect of annealing temperatures of
above 60 °C on amplification efficiency has been reported for mPCR (Henegariu et al.,
1997). Sensitivity of any PCR depends on multitude of factors including efficiency of the
primer, reaction conditions and components and the strain used (Reid et al., 1998).
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The universal primer set (1F/1R) proved better than the P1/P2 primer pair for primary
diagnosis of FMD directly from the clinical samples. The serotype O of FMD was detected
with O-1C (ARS4)/PNK 61, AU(O)/AU(rev), AU(O)/PNK61 primer pairs and these primer
pairs were also compared with each other. The primer pairs AU(O)/AU(rev) and
AU(O)/PNK61 were found to be more efficient than others (Saeed et al., 2010). RT-PCR
with the Primer set 1F/1R was not only more successful than ELISA for diagnosis of
serotypes O, A, C, Asia 1 in epithelial suspensions but was diagnostically more successful
than virus isolation in cell culture of type O viruses (Reid et al., 2000).

The RT-PCR assays can play an important role in the routine detection of FMD virus in
clinical samples. There was concordance between the results generated by the two different
rRT PCR assays for 88.1% of RNA samples extracted from suspensions of epithelial tissue
obtained from suspected FMD cases (King et al., 2006). RNA extraction, real time reverse
transcription PCR (rRT-PCR) and interpretation of results without operator involvement was
produced by a mobile PCR amplification platform and there was concordance between this
method for results generation using samples in a reference laboratory proficiency panel (Madi
et al., 2011). Variable number of primers was designed from the 1D and 2AB regions of
FMD viral genome and was evaluated for the detection of its serotypes but these were not
adequate for the serotyping of clinical samples of epithelium. It is concluded that these
primers can be used in RT-PCR procedures in conjunction with the routine detection methods
of virus isolation and ELISA for the diagnosis and serotyping of FMD virus (Reid et al.,
1999).
A fluorogenic RT-PCR (5'-nuclease probe-based) using a primer set designed from the
internal ribosomal entry site region of the virus genome was developed for the specific
detection of all seven serotypes of FMD virus in epithelial suspensions and cell culture virus
preparations and showed greater sensitivity than our conventional RT-PCR, ELISA and virus
isolation in cell culture (Reid et al., 2002). A multiplex PCR (mPCR) for the differentiation
of serotypes O, A, C and Asia 1 of Indian origin was developed and evaluated that on clinical
samples mPCR had better efficiency than ELISA. The mPCR clearly identified the serotype
and in some cases detected dual infections (Giridharan et al., 2005). A multiplex RT-PCR
assay for typing of FMD virus serotypes in Bangladesh successfully differentiated single as
well as dual serotypes infection. Higher detection rate was found in vesicular fluid (100%)
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followed by tongue epithelium (79.66%) (Zinnah et al., 2010). Phylogenetic analysis of VP1
region of FMD viruses has been used extensively to investigate the molecular epidemiology
of the disease all over the world. These techniques have assisted in studies of the genetic
relationship between different FMD virus isolates, geographical distribution of lineages and
genotypes during the outbreaks (Knowles and Samuel, 2003). There are certain non-specific
inhibitors of PCR, which include blood, which can cause false negatives. The use of PCR for
identifying carriers is therefore limited, although it is a valuable additional test to the
traditional tissue culture techniques (Doel et al., 1993).

2.14 Indirect Hemagglutination (IHA) Test
An indirect hemagglutination test has been developed to detect and measure antibodies
against foot and mouth disease virus by using glutaraldehyde as a coupling reagent for
sensitization of erythrocytes. The IHA test can detect and measure antibodies in bovine as
well as in swine and guinea pigs serum. Combined use of the HA test having high sensitivity
and compliment fixation test having high specificity plays an important role for detecting
FMDV antibodies (Takuda and Warrington, 1970). IHA test was also used to detect and
measure IgG and its subclasses after vaccination with Quil A supplemented FMD vaccine
(Xiao et al., 2007).

2.15 Other Diagnostic tests
The Virus Neutralizing Test (VNT) is the OIE-prescribed test for international trade and is
the “gold-standard” test against which all current tests are validated. The cell culture facilities
and live virus are necessities of virus neutralization test and takes between 2-3 days to
complete. This test cannot distinguish between antibodies induced by natural infection with
those induced from vaccination (Moonen et al., 2004). Rapid diagnosis of FMD would also
be possible with a rapid pen-side test, based on chromatographic strip test technology. The
test was found to be more sensitive than the ELISA for the diagnosis of all seven serotypes of
FMDV in epithelial suspensions and nasal swabs and had a sensitivity equivalent to the
ELISA for the detection of contemporary virus strains in cell culture supernatant fluids (Reid
et al., 2001). Recently, a new pen-side test, using a FMDV pan-reactive monoclonal antibody
that could detect all seven serotypes, has been developed and validated. The test produced a
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diagnostic sensitivity of 84% and specificity of 99%, which was equivalent to that of the
existing antigen ELISA (Ferris et al., 2009).

2.16 Incidence and Prevalence of Foot and Mouth Disease
In a study conducted in Uganda the presence of antibodies against FMDV serotype O was
maximum followed by serotypes SAT 1, SAT 3 and SAT 2 respectively (Mwiine et al.,
2010). The overall prevalence of FMD was 25.07 % and age, sex, breed and seasonal
influence was found to be significantly associated with the prevalence of FMD in Rajshahi,
Bangladesh. The disease is higher in male and old animals as compared to females and young
ones. Similarly indigenous breeds are more susceptible as compared to exotic breeds (Sarker
et al., 2011). The overall seroprevalence in Nairobi was 45.3% and there was no significant
variation in relation to sex while older animals had higher seroprevalence. Serotype O
showed highest prevalence with 23% followed by Serotype A and C with 6.2 % and 1.6 %
respectively (Chepkwony et al., 2012). Similarly in Ethiopia total individual level
seroprevalence of FMD in cattle was recorded as 14.05% with non significant difference
between male and females and significant difference between age categories (Mohamoud et
al., 2011). The true prevalence at the animal level for all species was 15% in Bhutan with
17.6% in cattle (Dukpa et al., 2011).

The incidence rate in Fogera cattle was 15.52% which was far higher than that of Holstein
Friesian cross cattle 2.50% in Ethiopia (Mazengia et al., 2010). Majority of the FMD positive
samples from buffaloes were belongs to serotypes ‘A’ and ‘Asia-1’ while serotypes ‘O’ and
‘A’ were primarily detected in samples from cattle of Pakistan (Abubakar et al., 2009). In
Saudi Arabia, serotypes O, Asia 1 and A were the prevalent serotypes of FMD while the
serotype C was only incorporated in vaccine but not present in field samples (Hafez et al.,
1994). Among the risk factors of FMD, the most important identified were pastoral system as
compared to sedentary system, low altitude as compared to high altitude and keeping cattle
with small ruminants when compared to one species or alone (Megersa et al., 2009). In
another study conducted in Nigeria the overall prevalence of FMD recorded was 64.73%
(Lazarus et al., 2012) and in Southwestern Ethiopia it was 12.08 %. The prevalence of FMD
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was 24.51% in Comilla, Bangladesh. The adult cattle (34.18%) were found more susceptible
as compared to heifer (23.43%) and young (09.72%).

2.17 Vaccines against Foot and Mouth Disease
Mostly FMD vaccines are produced by infecting the baby hamster kidney-21 cells with
virulent FMD virus under strict bio security followed by chemical inactivation with binary
ethyleneimine (BEI) and purified by ultracentrifugation (Kitching et al., 2007). The use of
BEI for inactivation of FMD virus makes vaccines safe to use in field. Polyethylene glycol
(PEG) precipitation and ultra filtrations are also used to purify antigens by some
manufacturers. The use of oil emulsion vaccines are greatly enhanced to immunize sheep,
goats, cattle and pigs whereas, saponins/Aluminium hydroxide adjuvanted vaccines are only
used for ruminants (Doel, 2003).Vaccinated livestock respond rapidly to the first dose of
vaccine and produce peak antibody titres between 14 and 28 days depending on the vaccine
composition. High potency vaccines made from antigens held in emergency antigen banks
are capable of producing quite rapid immunity to challenge/within 3 or 4 days in the case of
cattle/and valuable for vaccination in the face of an approaching disease front (Doel et al.,
1994).

In countries endemic for FMD, prophylactic vaccination is carried out to control FMD and
initial administration of vaccine followed by a booster dose after 4–6 weeks and followed
subsequently by further boosters at either biannually or annually, is required depending upon
the affected species and epidemiological conditions of the country. This vaccination strategy
allows sufficient time for the immune response to develop (Doel, 1996). Another advantage
of effective vaccination is reduction of transmission of FMD virus from vaccinated and
subsequently infected animals to naive or other vaccinated animals by direct or indirect
contact which can reduce the spread of FMDV during field outbreaks at intra herd and inter
herd level (Donaldson and kitching, 1989).
Some oil adjuvants of the Montanide series appeared to be promising candidates for the new
generation FMD vaccines (Barnett et al., 1996). Oil adjuvant vaccines are also found to be
effective in terms of protection of the new born animals against the FMD (Sadir et al., 1988).
Another benefit of oil adjuvanted FMD vaccines is that they deliver early protection against
infection. ISA 206 adjuvanted FMD vaccines containing the O, A, C and Asia 1 FMD
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serotypes without saponin given as a once off vaccination protected cattle (Barnett et al.,
1996). Vaccination with good quality FMD vaccines helped in prevention of stock production
losses and reduced the overall incidence of the disease (Hunter, 1997). Serum neutralizing
test results showed that 93.99% and 95.54% of tested serum samples were unable to produce
protective level of neutralizing antibodies (titer of 16 or more) against A and O type of FMD
virus in Iran due to low quality of vaccines (Haratian et al., 2000).

Early antibody responses by quadrivalent (O, A, C and Asia 1) types of FMD double
emulsion with Montanide ISA 206 vaccines in cattle were analyzed and observed variations
among different serotypes in giving early antibody response. It was detected that the
neutralizing antibody response against all the four serotypes was as early as 4 th day post
vaccination. The duration of immunity irrespective of serotypes was about 6 months (Patil et
al., 2002).The use of killed vaccine for FMD has been very successful in decreasing the
outbreak numbers in different parts of the world having enzootic disease (Doel, 2003). IgM is
the first serum neutralizing antibody that appears at 3–4 days following vaccination or
infection, and gains its peak concentration approximately at 10–14 days after infection and
then declines. IgG is detected at 4–7 days after infection or vaccination and becomes the
major neutralizing antibody by 2 weeks following immunization (Sobrino et al., 2001).

The effect of the Genseng Stem-Leaf Saponins (GSLS) and mineral oil as an adjuvant for
FMD vaccine was observed and noted that combination of both of these adjuvants acted
synergistically in the enhancement of the specific immune responses against FMD in mice
and use of both of these adjuvants together resulted in significant higher IgG responses,
splenocyte proliferation responses and thus activated both Th1 and Th2 response (Song et al.,
2009). The humoral immune response in mice is enhanced significantly when Interleukin-2 is
used along with FMD vaccine as compared to vaccine alone. Similarly higher lympho
proliferative activity in splenic mononuclear cells was observed with the use of IL-2 (Shikha
Yadav et al., 2005). The supplement of Quil A in FMD vaccine can significantly enhanced
immune responses and could be an alternative way to improve FMD vaccination in large
animals (Xiao et al., 2007). The oil adjuvant vaccine elicited superior immune response at
any given period of the study than AL (OH)

3

gel vaccine and immunity maintained for

longer period and these vaccines has potential to replace the commercial aluminum hydroxide
FMD vaccine (Selim et al., 2010).
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Formaldehyde was used for many years to inactivate Foot and Mouth Disease virus for
vaccine production but suffers from the weakness that the kinetics of the inactivation process
is not first order. This was the main reason that formaldehyde was replaced by aziridin
compounds particularly binary ethylene-imine (BEI) (Brown, 2001).

2.18 Eradication of Foot and Mouth Disease
In 1892 UK was the first country which decides ‘stamping-out’ policy to eradicate Foot and
mouth disease. This implied the killing and destruction of all infected animals followed by
cleaning and disinfection of the affected premises and fomites. Farmers were compensated
for their loss of livestock by the government. Afterwards, Ireland and Norway adopted this
policy as well (Fogedby, 1963). The success of eradication was largely due to the isolated
position of these countries.
The USA also successfully applied ‘stamping-out’ and the last outbreak occurred in 1929.
Canada also controlled the 1951-1952 Saskatchewan outbreaks by this method and was
declared FMD free in 1953. In 1946, FMD type A was introduced in Mexico by the import of
Zebu cattle from Brazil. To eradicate the disease, the USA government advised with
surveillance, quarantine and massive ‘stamping-out’. Despite an intensive and expensive
program, the disease continued to spread. After killing some 500 000 cattle and more than
380 000 sheep, goats, and pigs, the social tension in the rural community became very severe,
and some veterinarians and inspectors were killed by the farmers (Machado, 1969).
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CHAPTER – 3
MATERIALS & METHODS

3.1 Study Area
The study was conducted in 3 districts of Punjab, Pakistan. For making the study more
meaningful and diverse, districts Chakwal, Faisalabad and Khanewal were selected to
represent northern, central and southern Punjab respectively (Fig-3.1). Climatic and
geographic details of the study areas are presented in Table-3.1.

3.1.1 Geographic and climatic description of selected study areas

District Faisalabad is the second largest district of Punjab. It is situated in the central Punjab
with an estimated population of 5.43 million people and population density of 927/km2. Total
covered area of the district is 5,856 km2. It lies between longitude 73o and 74o East, latitude
30o and 31.5o North, at an elevation of 605 feet above sea level. The climatic conditions of
the district touch both extremes Table 3.1. District Faisalabad consists of eight Towns, which
are as follows,



Lyallpur Town



Madina Town



Jinnah Town



Iqbal Town



Samundri Town



Tandianwala Town



Jaranwala Town



Jhumra Town
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District Chakwal is situated in the north of Punjab with an estimated population of 1.08
million people and population density of 166/km2. Total covered area of the district is 6,524
km2. It lies between longitude 72.32o and 73.13o East, latitude 32.45o and 33.05o North, at an
elevation of 1637 feet above sea level. The mean maximum and minimum temperature in
summer and winter are presented in Table 3.1. District Chakwal consists of four tehsils,
which are as follows,


Chakwal Tehsil



Kallar Kahar Tehsil



Choa Saidan Shah Tehsil



Talagang Tehsil

District Khanewal is situated in the southern Punjab with an estimated population of 2.07
million people and population density of 477/km2. Total covered area of the district is 4,349
km2. It lies between longitude 71.5o and 72.3o East, latitude 30.1o and 30.8o North, at an
elevation of 430 feet above sea level. The mean maximum and minimum temperature in
summer and winter are presented in Table 3.1. District Khanewal consists of four tehsils,
which are as follows,


Jahanian Tehsil



Kabirwala Tehsil



Khanewal Tehsil



Mian Channu Tehsil
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Figure-3.1: Map of Punjab, Pakistan showing 3 districts which were sampled for sero
prevalence of FMD
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Table-3.1 Climatic and Geographic details for seroprevalence of Foot and Mouth
Disease in selected three districts of Punjab

District

Height

Geographic

from

Coordinates

Average Temperature

Sea
level
(feet)

Latitude

Longitude

Summer (oC)

Winter (oC)

Max.

Min.

Max.

Min.

Chakwal

1637

32.93

72.87

38

24

17

4

Faisalabad

605

31.42

73.08

39

27

21

6

Khanewal

430

30.3

71.93

41

26

20

5
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3.2 Sampling Frame
The sample size was calculated by considering the expected prevalence to be 25% with
confidence limits of 95% and a desired absolute precision of 5% to take maximum numbers
of samples (Thrusfield, 2007). Samples size was calculated on the basis of following formula:

n = 1.962 x Pexp (1- Pexp)
d2
n = 1.962 x 0.25 (1- 0.25)
0.052
n = 288

Where,
n is number of samples
Pexp is expected prevalence
d is desired absolute precision
According to the above mentioned formula, 288 samples should be collected from each
district, but to make the figure round 300 samples were collected to make a total of 900
serum samples from cattle and buffaloes of the selected areas. Random selection methods
were used for the selection of herds to be sampled in each district. Total number of samples
to be taken was equally divided among towns/tehsils of that district and 10% animals were
sampled from large herds. In case of small herds comprising less than 15 animals, 1-2
animals were sampled randomly.

32

3.2.1 Area and species based distribution of samples

A total of 900 serum samples (300 from each district) were collected from selected areas
under study (Table-3.2). Depending upon the population proportion of both species in
Punjab, 160 buffaloes and 140 cattle were randomly sampled from each of selected district.
Total 480 buffaloes and 420 cattle were bled for serum samples.

3.2.2 Sex based distribution of samples

Of the 900 animals sampled, 317 (37.08%) were male and 583 (62.92%) female (Table-3.3).
Serum samples from 149 male buffaloes (47 from Chakwal, 51 from Faisalabad and 51 from
Khanewal) and 331 female buffaloes (113 from Chakwal, 109 from Faisalabad and 109 from
Khanewal) were collected randomly. A total of 168 male (45 from Chakwal, 61 from
Faisalabad and 62 from Khanewal) and 252 female (95 from Chakwal, 79 from Faisalabad
and 78 from Khanewal) serum samples from cattle were taken.

3.2.3 Age based distribution of samples
Total sampled animals (n=900) for the current study were divided into three age groups (i) <2
years of age (n= 330), (ii) 2-4 years of age (n= 250) and (iii) > 4 years of age (n= 320) to
determine the possible association of disease with age of animals. Of 480 buffaloes sampled
for the study, 180, 130, and 170 belonged to age groups i, ii and iii respectively. Distribution
of sampled cattle population according to age was 150, 120 and 150 respectively (Table 3.4).

3.2.4 Pregnancy status based distribution of samples
Of 400 adult females sampled, 120 were pregnant while 280 were non-pregnant. Among
buffalo females (n=207), 60 were pregnant and 147 were non-pregnant. In case of cattle
females (n=193), 60 samples were from pregnant and 133 from non-pregnant animals (Table
3.5).
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3.2.5 Herd type based distribution of samples
Total sampled animal (n=900) for the current study were divided into two groups on the basis
of herd type (i) herds comprising of buffalo and cattle only (ii) mixed herds comprising of
buffalo, cattle, sheep and goats. Among type (i) (n=200) 61, 71 and 68 samples were
collected from Chakwal, Faisalabad and Khanewal respectively (Table 3.6). In case of type
(ii) 239, 229 and 232 samples were taken from Chakwal, Faisalabad and Khanewal
respectively (n=700).
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Table-3.2 Area and species based distribution of samples (n=900) taken for
seroprevalence of Foot and Mouth Disease in three districts of Punjab

District

Buffalo

Cattle

Total

Chakwal

160

140

300

Faisalabad

160

140

300

Khanewal

160

140

300

Total

480

420

900
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Table-3.3 Sex based distribution of samples (n=900) taken for seroprevalence of
Foot and Mouth Disease from three districts of Punjab

Buffalo

Cattle

District
Male

Female

Male

Female

Chakwal

47

113

45

95

Faisalabad

51

109

61

79

Khanewal

51

109

62

78

Total

149

331

168

252
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Table-3.4 Age based distribution of samples (n=900) taken for seroprevalence of
Foot and Mouth Disease from three districts of Punjab

Age category
Species

Total
< 2year

2-4 year

>4 year

Buffalo

180

130

170

480

Cattle

150

120

150

420

Total

330

250

320

900
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Table-3.5 Pregnancy status based distribution of samples from female animals
(n=400) taken for seroprevalence of Foot and Mouth Disease from three districts
of Punjab

Buffalo

Cattle

District
Pregnant

Non-pregnant

Pregnant

Non-pregnant

Chakwal

23

45

16

42

Faisalabad

20

52

23

39

Khanewal

17

50

21

52

Total

60

147

60

133
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Table-3.6 Herd type based distribution of samples (n=900) taken for
seroprevalence of Foot and Mouth Disease from three districts of Punjab

Type of Herd
District
Buffalo and cattle

Kept with small ruminants

Sample Done

Sample Done

Chakwal

61

239

Faisalabad

71

229

Khanewal

68

232

Total

200

700
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3.3 Collection of Samples
3.3.1 Serum Samples
Blood samples (10 ml) were aseptically collected from juguler vein of buffalo and cattle from
three districts (Chakwal, Faisalabad and Khanewal) of Punjab using vacutainer tubes and an
identification code was given to each sample. The blood samples were allowed to stand at
room temperature for serum separation. The sera were shifted to serum tubes and aliquots of
4.5 ml serum were transported from field to the Institute of Microbiology, University of
Agriculture, Faisalabad, Pakistan using an ice box. Sera were heat inactivated at 56°C for 30
min and then kept at -20°C till further processing.

3.3.2 Epithelium Samples
Study area was observed for a period of one year (March 2011 to March 2012) for any
outbreak of the FMD. A total of 11 outbreaks were reported during the period. Seven
outbreaks were reported from District Faisalabad (four from Jaranwala town, two from
Madina Town and one from Lyalpur town) and two outbreaks each were reported from
District Khanewal (one from Tehsil Khanewal and Tehsil Mian Channu) and District
Chakwal (one from Tehsil Chakwal and one from Tehsil Kallar Kahar). Details about the
distribution of samples are given in (Table 3.7).
A total of 66 Samples (Epithelium from unruptured or freshly ruptured vesicles, vesicular
fluid and mouth swabs) were collected from 11 reported outbreaks of FMD from three
districts of Punjab (Chakwal, Faisalabad and Khanewal). The samples were collected in
sterilized 45 ml plastic falcon tubes having transport medium composed of equal amounts of
glycerol and 0.04 M phosphate buffer, pH 7.2–7.6. Antibiotics were added including
Penicillin (1000 IU), Neomycin Sulphate (100 IU), Polymyxin B Sulphate (50 IU),
Mycostatin (100 IU) to avoid secondary bacterial growth (OIE Manual, 2008). The samples
were carried to Institute of Microbiology, University of Agriculture, Faisalabad, Pakistan in a
portable cooler having ice and stored at –80°C till further processing.
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Vesicular fluid and mouth swabs were directly stored in transport medium, while epithelium
samples were removed out from the glycerol medium, dried and ground in a tissue grinder at
4°C with equal weight of the sterilized sand with 10 ml of phosphate buffered saline. After
grinding samples were centrifuged in a bench centrifuge machine at 1000x g for 10 minutes
and the supernatant of each of the sample was harvested into a separate 13 ml sterilized
falcon tube and stored at -80°C till further processing.
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Table-3.7

Distribution of samples for molecular detection of FMD virus

No. of

District

Buffalo Sampled

Cattle Sampled

1

0

6

2

3

6

6

0

4

6

0

5

0

6

6

0

9

7

0

9

8

3

3

2

1

2

1

1

2

23

43

Outbreak

3

Faisalabad

Khanewal

9
10

Chakwal

11

Total

42

3.4 Measurement of FMD Non-Structural antibodies
The sera samples collected from buffaloes and cattle were tested using FMD 3ABC-ELISA
SVANOVIR® kit (Svanova Diagnostic, Upsala, Sweden). Antibodies against non structural
proteins were measured according to procedure described by kit manufacturer. The steps are
discussed briefly as follow:


The test sera, negative and positive control sera were diluted 1/40 and added in
duplicate to the wells of a 96 well microtitre plate pre-coated with the vector
expressed viral 3ABC antigen.



Following 30 min incubation at 37°C, the antibodies specific to 3ABC formed an
antigen/antibody complex on the plate surface.



The plates were washed 3 times with washing buffer and unbound antibodies were
washed away.



After that, Horseradish Peroxidise (HRP) conjugated guinea pig anti-ruminant
antibodies were added to the plate.



The plate was incubated for another 30 min at room temperature.



The plates were washed again 3 times with washing buffer.



A Tetramethyl Benzidine (TMB) substrate was added to plate and was incubated at
room temperature for another 30 min in dark conditions.



The reaction was terminated by adding 1M sulphuric acid as stopping solution.



The optical density (OD) of the samples was measured at 405 nm with a Biotek®
(USA) ELISA reader and the result was expressed as an index derived by dividing the
corrected OD value of the test serum by that of corrected OD value of positive
control. A sample with OD ≥ 48% was considered positive and OD < 48% was
negative (Megersa et al., 2009).
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3.5 Molecular Detection of Foot and Mouth Disease Virus
3.5.1 Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR)
Optimization
The key parameters were examined in order to optimize the performance of RT-PCR process.
Reactions were performed in tubes that were specifically designed for PCR and were
manufactured for use in specific block fit, equilibrated temperature more rapidly and thus
samples were spent a greater proportion of the target time at the correct (Optimum)
temperature. In RT-PCR, various concentrations of different PCR reagents were selected to
obtain specificity, sensitivity and fidelity. These concentrations for each reagent of the RTPCR were tested separately in cross board manner. The concentrations, which showed
positive result, were selected for future use in PCR procedure. These optimized
concentrations were further used to carry out the RT-PCR for the detection of FMD viral
genome in the samples (Jeremy et al., 2002).

3.5.2 Extraction of RNA
Sample suspensions were used for RNA extraction using GF1 Viral nucleic acid extraction
kit (Vivantis, USA) as per the manufacturer’s instructions.


Briefly 50 μl proteinase K was added in 200 μl of sample suspension and mixed
thoroughly.



After that 200 μl buffer VL containing 15 μl carriers RNA was added, mixed by
vortexing and incubated at 65°C for 10 min.



Then 280 μl absolute ethanol was added and mixed thoroughly.



After that, washing was performed using 500 μl washing buffer1 and centrifuged at
5000x g for 1 minute.



The same procedure was repeated using washing buffer 2.



The final washing was performed using washing buffer 2 with centrifugation at
10000x g for 5 minutes.



At the end, RNA was eluted in 40 μl elution buffer and stored at -80°C.
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3.5.3 Reverse Transcription of extracted RNA into cDNA
After RNA extraction, cDNA was synthesized with help of reverse transcriptase using Revert
Aid First strand cDNA synthesis kit (kit # 1622, Thermo Scientific, Lithuania). For this
purpose, thin walled sterile centrifuge tubes (200 μl) were used.


The extracted RNA (5 μl) was added in 2 μl random hexamers (0.2 μg/ul) and 5 μl
(DEPC treated) water in a PCR tube.



The contents were mixed gently for 5 seconds and incubated at 65°C for 10 minutes.



The tube was then placed on ice and 4 μl reaction buffer (pH 8.3), 2 μl dNTPs (10
mM each), 1 μl BSA and 1 μl RNase inhibitor were added in it.



The contents of the tube were mixed gently and incubated at room temperature for 5
minutes.



In the above mixture, 2 μl reverse-transcriptase (200 μ/μl) was added to make 20 μl
final volume of reaction.



The mixture was incubated at 42°C for 50 minutes.



The reaction was stopped by heating at 85°C for 5 minutes.



The tube was chilled and stored at -20°C.

3.5.4 Protocol for PCR
After the cDNA preparation, amplification of cDNA was performed in a thermal cycler
(Peqlab 2s Primus, Germany) using universal primers and serotype specific primers for FMD
as described by Reid et al (2000).


In 5 μl cDNA suspension, 5 μl Taq buffer (Magnesium chloride-2.5 mM, pH-9.2) and
1 μl dNTPs (10 mM) and 3 μl Mgcl2 (25 mM) were added.



Forward and reverse primers @ 2 μl each along with 1 μl BSA and 30.5 μl (DEPC
treated) water were added in the tube. At last 0.5 μl of Taq DNA polymerase (Thermo
Scientific, Lithuania) was added and the tube was placed in thermal cycler continued
to complete its 30 cycles.



The thermo cycling profile was adjusted to 94°C for 04 min/1 cycle, 94°C for 01
min/30 cycles, 54°C for 01 min/30 cycles (for universal primers) and 58°C for 01
min/30 cycles (for serotype specific primers), 72°C for 1.5 min/30 cycles and final
extension at 72°C for10 min/01 cycle (Reid et al., 2000).
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Table 3.8: Sequences for universal and serotype specific primers of FMD

Name of
Primer

PCR
Serotype

Sequence

Product
Size

(1F) FMD

Universal

5´GCCTGGCTTTCCAGGTCT3´
328 bp

(1R) FMD

Universal

5´CAGTCCCCTTCTCAGATC3´

As1-1C505F

Serotype Asia I

5’TACACTGCTTCTGACGTGGC3’
923 bp

NK61

Serotype Asia I

5’GACATGTCCTCCTGCATCTG3’

O-1C(ARS4)

Serotype O

5’ACCAACCTCCTTGATGTGGCT 3’
1301 bp

NK61

Serotype O

5’GACATGTCCTCCTGCATCTG3’

11-F PN 28

Serotype A

5’ GGGCCCAGGGTTGGACTC 3’
860 bp

10-P PN 29

Serotype A

5’GCGTGCAGCCACGTACTACTTCT 3’
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3.5.5 Electrophoresis
For analyzing the PCR products, an electrophoresis chamber with power supply, Gel casting
trays, 3-Sample combs, Agarose gel, Tris-borate-EDTA (TBE), Loading buffer and
Transilluminator was used.


Agarose gel powder was mixed with TBE buffer to the concentration of 0.8 %, and
then heated in a microwave oven until completely melted.



Ethidium bromide was added to the gel (final concentration 0.5 μg/ml) at the point to
facilitate visualization of DNA after electrophoresis.



After cooling the solution to about 60°C, it was poured into a casting tray containing a
sample comb and allowed to solidify at room temperature.



The comb was removed, using care not to rip the bottom of the wells.



The gel, still in its plastic tray, was inserted horizontally into the electrophoresis
chamber and just covered with buffer.



Samples containing DNA with loading buffer were then poured into the sample wells
with the help of pipette, the lid and power leads were placed on the apparatus, and a
current was applied.



DNA migrated towards the positive electrode. The distance DNA migrated in the gel
was judged by visually monitoring migration of the tracking dyes.



After 60 minutes, the power supply was switched off and DNA fragments were
visualized by placing on an ultraviolet transilluminator Gel Documention System,
Dolphin Doc (USA).



Photography was done shortly.



After photography the different DNA bands were compared with the banding pattern
of the loaded DNA ladder of 50 bp (Invitrogen).



The results were recorded.
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3.6 Detection of FMD serotypes with Indirect Sandwich (IS) ELISA
To detect the serotypes of FMD virus (O, A,C and Asia-1) in cattle and buffaloes, an indirect
sandwich ELISA kit made by Institute for Animal Health, Pirbright Laboratory, UK was used
and the ELISA was performed on suspected material as described by manufacturers.


Briefly, A 96 wells ELISA plates were coated with 50 μl rabbit anti-viral serum
(trapping antibody) in carbonate/bicarbonate buffer having pH 9.6 in all wells.



Rows A to D were covered with anti-sera to serotypes O, A, C and Asia-1,
respectively.



The plates were placed in a 37°C incubator for 1 hour on a shaker.



The plates were then washed 3 times in PBS.



After that, 1-4 wells of a row were filled with control antigen of a serotype, 7 to 12
wells were filled with 50 μl of test sample and 5 -6 wells were kept as negative
control.



Incubation at 37°C for 1 hour was repeated.



Washing was done three times to remove unbound antigen.



A 50 μl Guinea-pig anti-serum against all 4 FMD serotypes was added in all wells.



Plates were incubated at 37°C for another 1 hour.



Washing was done thrice.



Rabbit anti-guinea pig immunoglobulin conjugated to (HRP) Horseradish Peroxidase
(50 μl) was added to each well.



The plates were re-incubated at 37°C for 1 hour.



The plates were washed thrice with PBS again.



Substrate solution (50 μl) containing Orthophenylene Diamine (OPD) was added to
each well.



The reaction was stopped after 15 minutes by the adding 50 μl 1.25 M sulphuric
acid.



The plates were read at 492 nm on a spectrophotometer.



The mean background reactions for each plate were calculated by adding the OD
values of wells 5 and 6 (did not contain test suspension) of each row and dividing by
2. The mean background OD of each row was subtracted from the actual OD of test
suspensions in wells of that particular row to obtain a corrected OD value. A mean
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corrected OD value - 0.1 above background indicated a positive result and the
serotype could be read (Ferris and Dawson, 1988).

3.7 Evaluation of different commercial FMD Vaccines
3.7.1 Experimental Design/ Model
A total of two hundred buffaloes and cattle were selected in the area of Summundri town and
divided into four groups each containing fifty animals (A, B, C and D). Each group was
vaccinated by separate vaccine and group D was kept as unvaccinated control group (Table
3.9).
Serum samples from 10 animals of each group were collected randomly after every 2 weeks
uptill 10th week post vaccination and antibodies titers were calculated through indirect
haemagglutination test (IHA) as described by (Xiao et al., 2007). The geometric mean titre
(GMT) of each group was calculated as described by (Thrusfield, 2007).
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Table 3.9: Experimental model for evaluation of vaccines

Experimental

Vaccine

No of

No of

Dose (ml)/

Administered

Buffaloes

Cattle

Route

Group A

FMD-VRI

25

25

5 ml/IM

Group B

Aftebin®

25

25

5 ml/IM

Group C

Aftovaxpur®

25

25

2 ml/IM

Group D

Unvaccinated (Control)

25

25

---

Group
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3.7.2 Indirect Heagglutination (IHA) Test
3.7.2.1 Source of erythrocytes
Sheep blood was collected from the jugular vein in a disposable syringe having 0.8% Sodium
Citrate as an anticoagulant in distilled water and stored at 4°C. Immediately before use, 10 ml
of this suspension was dispensed into a sterile glass test tube and centrifuged at 1500x g for 5
minutes. The plasma was decanted and the RBCs were mixed with 40 to 50 ml of phosphatebuffered saline (PBS) and centrifuged for 10 min at 1500xg. The supernatant fluid was
decanted and the washing procedure was repeated two times.

3.7.2.2 Source of FMD virus
For the sensitization of sheep erythrocytes, Foot and mouth disease virus serotype O, A and
Asia I were procured from Avicenna Laboratory, Sheikhupura- Faisalabad road, District
Sheikhupura.

3.7.2.3 Sensitization of erythrocytes
A 10% sheep erythrocyte suspension was prepared in PBS (pH 7.2). After that, one part of
10% sheep RBCs suspension was added in two parts of virus (40mg/ml) followed by one part
of 1% glutaraldehyde in a separate test tube. The mixture was incubated for 60 min at room
temperature (25°C) and agitated after every 15 min. The sensitized erythrocytes were then
washed twice with PBS and centrifuged to a pellet at 1500x g for 10 min. After removal of
supernatant fluid, 1% sensitized erythrocytes suspension was prepared as described by
(Tokuda and Warrington, 1970).

3.7.2.4 IHA Test Procedure
Antibody titer was measured by IHA as described by (Xiao et al., 2007).


Serum samples were heated at 56°C for 30 min to remove inhibitors that may
interfere with the results.
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A 50 μl dilution solution (0.1 M phosphate buffer solution, pH 7.6 was added into
each well of 96-well titration plate from the first to the 12th well.



Then 50 μl of test serum was added in the first well.



Serial dilution (2-fold) was performed from the first to the 10th well.



Then 50 μl of FMDV-sensitized sheep erythrocytes were added in all the 12 wells.



The mixture was incubated for 2 hours at 37°C.



Titers were expressed as the highest serum dilution where hemagglutination was
visible.

3.8 Statistical Analysis
Involvement of risk factors was calculated with the help of Odd’s Ratio (OR) (Thrusfield,
2007) and association of different risk factors (Age, sex, species, herd type and pregnancy
status) in the occurrence of disease was determined using Chi square test with the help of
MiniTab® version 16.1. The geometric mean titer (GMT) of each vaccinated group was
calculated and titers were compared using ANOVA as described by Steel and Torrie (1998).

3.9 Awareness to Farmers for Control of FMD

15 villages of district Faisalabad were selected. All the livestock farmers were given
awareness for control of the disease through farmer meetings, farmer days, lectures and
distributing brochure (Annexture IV). All the bovines of these villages were vaccinated using
imported trivalent FMD vaccine. Similar numbers of villages were studied as unvaccinated
control villages. The animals were observed for any outbreak of FMD in all the villages.
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CHAPTER – 4
RESULTS

4.1 Seroprevalence of Foot and Mouth Disease

In current study 900 serum samples from 480 buffalo and 420 cattle were subjected to nonstructural protein enzyme linked immunosorbent assay (NSP-ELISA) for the detection of
antibodies against non-structural proteins of Foot and Mouth Disease virus. ELISA based
screening of serum samples revealed that overall seroprevalence of FMD (Table-4.1) in buffalo
and cattle population of studied areas was 19.33 %.

4.1.1 Area based seroprevalence of Foot and Mouth Disease
Highest seroprevalence of FMD was found in buffalo and cattle of district Faisalabad 29.33%
followed by Khanewal 17.66% and Chakwal 11.00%. This difference in prevalence of foot and
mouth disease in three districts was statistically significant (P<0.05) (Table 4.1)

4.1.2 Species based seroprevalence of Foot and Mouth Disease
Seroprevalence of FMD in cattle was higher (23.09%) than in buffaloes (16.04%). This
difference in two species was statistically significant (P<0.05). Prevalence of FMD was highest
(25.00%) in buffaloes in Faisalabad followed by in Khanewal (15.62%) and in Chakwal (7.50%).
Similar pattern of seroprevalence was observed in cattle with highest prevalence in Faisalabad
(34.28 %) followed by in Khanewal (20.00%) and in Chakwal (15.00%) (Table-4.1)
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Table-4.1 Comparative seroprevalence of Foot and Mouth Disease in three
districts of Punjab

Buffalo

Cattle

Total

District

No. of
Samples
Examined

No. of
Samples
Positive
(Prevalence
%)

No. of
Samples
Examined

No. of
Samples
Positive
(Prevalence
%)

(Prevalence
%)

Chakwal

160

12 (07.50)

140

21 (15.00)

33/300
(11.00)

Faisalabad

160

40 (25.00)

140

48 (34.28)

88/300
(29.33)

Khanewal

160

25 (15.62)

140

28 (20.00)

53/300
(17.66)

Total

480

77 (16.04)

420

97 (23.09)

174/900
(19.33)

Both area based and species based seroprevalences of FMD are significantly (P<0.05)
different.
Area based = P=0.000, Species based= P=0.028
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4.1.3 Sex based seroprevalence of Foot and Mouth Disease
Higher seroprevalence (20.24%) of FMD was found in female buffalo and cattle as compared to
male animals (17.66%) (Table-4.2). Out of 480 buffalo (149 male and 339 female), 17.22%
female and 13.42% male serum samples were found positive for FMD by NSP-ELISA. Although
seroprevalence of FMD in female cattle was higher 24.20% as compared to males 21.42% but
this difference was statistically non-significant (P>0.05).

4.1.4 Age based seroprevalence of Foot and Mouth Disease
Highest seroprevalence 23.43% of FMD was found in animals belonging to group-3 (>4 years)
followed by animals in group-2 (2-4 years) 22.00%, and 13.33% in group-1 (< 2 years).
Seroprevalence of group- 2 and 3 was found significantly different from that of group-1
(P<0.05), while non-significant difference was found between the prevalence of group-2 and
group-3 (P>0.05). Same pattern of prevalence among different age groups was found in cattle but
non- significant difference was observed in different age groups in buffaloes (Table-4.3). In
buffalo, prevalence of FMD among three age groups was 18.82% (group-3), 16.92% (group-2)
and 12.77% (group-1). In cattle, prevalence of FMD among different age groups was 28.66%
(group-3), 27.50% (group-2) and 14.00% (group-1).

4.1.5 Seroprevalence of Foot and Mouth Disease on the basis of pregnancy
status
Seroprevalence of FMD in pregnant buffaloes and cattle was 35%, while prevalence in nonpregnant was 28.57%. Among pregnant buffaloes, 28.33% were found seropositive and in nonpregnant buffaloes, prevalence was 32.65%. In female cattle, 41.66% of the pregnant were found
positive and 24.06% of the non-pregnant were detected seropositive by NSP-ELISA (Table-4.4).
However this difference in the prevalence was statistically non-significant (P>0.05) as Odds ratio
(1.225) also showed a negligible involvement of this factor in occurrence of disease.
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Table-4.2 Comparative sex based seroprevalence of Foot and Mouth Disease in three districts of Punjab

District

No. of Samples
Examined

Buffalo (Prevalence %)

Cattle (Prevalence %)

Male

Female

Male

Female

4(8.51)

8 (7.07)

4 (8.88)

17 (17.89)

11 (21.56)

29 (26.60)

19 (31.14)

29 (36.70)

5 (9.80)

20 (18.34)

13 (20.96)

15 (19.23)

20 (13.42)

57 (17.22)

36 (21.42)

61 (24.20)

B(47♂, 113♀)
Chakwal

C(45♂, 95♀)
B(51♂,109♀)

Faisalabad

C(61♂, 79♀)
B(51♂, 109♀)

Khanewal

C(62♂, 78♀)
B(149♂, 331♀)

Total

C(168♂, 252♀)

Sex based seroprevalence of FMD is non significantly (P>0.05) different, P=0.441
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Table-4.3 Comparative age based seroprevalence of Foot and Mouth Disease in three districts of Punjab

Species

No. of Samples Examined

No. of Positive samples (Prevalence %)

<2 Years

2-4 Years

>4 Years

<2 years

2-4 years

>4 years

Buffalo

180

130

170

23 (12.77)

22(16.92)

32(18.82)

Cattle

150

120

150

21(14.00)

33(27.50)

43(28.66)

Total

330

250

320

44 (13.33)

55 (22.00)

75 (23.43)

Total age based seroprevalence of FMD is significantly (P<0.05) different, P=0.015
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Table-4.4 Comparative pregnancy status based seroprevalence of Foot and Mouth Disease in three districts of Punjab

Buffalo

Cattle

District
Pregnant

No. of
Samples
examined
Chakwal

Faisalabad

Positve

Non-pregnant

(Prev. %)

No. of
Samples
examined

23

5 (12.50)

20

6 (33.33)

Pregnant

Positve
(Prev. %)

No. of
Samples
examined

45

14 (07.69)

52

20 (40.00)

Positve

Non-pregnant

(Prev. %)

No. of
Samples
examined

(Prev. %)

16

7 (10.53)

42

10 (2.81)

23

10 (38.46)

39

09 (30.62)

Odds
Ratio

Positve

1.225
Khanewal

17

6 (30.00)

50

14 (31.90)

21

8 (32.14)

52

13 (46.99)

Total

60

17 (28.33)

147

48 (32.65)

60

25 (41.66)

133

32 (24.06)

The pregnancy status based seroprevalence of FMD is not significantly (P>0.05) different, P=0.355.
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4.1.6 Seroprevalence of Foot and Mouth Disease on the basis of herd type
Seroprevalence of FMD was recorded 21.57% among buffaloes and cattle kept with small
ruminants. i.e mixed herd, while among buffaloes and cattle kept alone, seroprevalence was
recorded 11.50%. Seroprevalence in buffalo and cattle kept with small ruminants was
significantly higher (P<0.05) than buffaloes and cattle kept alone. Odds Ratio (1.870) also
showed rational involvement of this factor in occurrence of disease (Table-4.5).
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Table-4.5 Comparative seroprevalence of Foot and Mouth Disease in three
districts of Punjab on the basis of herd type

Type of Herd
District

Buffalo and Cattle

Kept with small
ruminants

No. of
Samples
Examined

Positive
(Prev. %)

No. of
Samples
Examined

Positive
(Prev. %)

Chakwal

61

5 (8.19)

239

28 (11.71)

Faisalabad

71

11 (15.49)

229

77 (33.62)

Khanewal

68

7 (10.29)

232

46 (19.82)

Total

200

23 (11.50)

700

151 (21.57)

Odds
Ratio

1.870

The herd type based seroprevalence of FMD is significantly (P<0.05) different, P=0.007
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Fig 4.1 Detection of seroprevalence of FMD with Non Structural Protein (NSP) ELISA

The odd wells in a column showing positive reaction with the formation of
color while, the even wells in a column are negative control wells for each
sample and are colorless.
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4.2 Molecular identification and serotyping of Foot and Mouth Disease
Virus

4.2.1 Identification of Foot and Mouth Disease Virus
The FMD outbreaks were initially confirmed by clinical signs and symptoms. Reverse
transcriptase polymerase chain reaction (RT-PCR) was applied for identification of FMD virus
from the field samples. A total of 66 animals (23 buffaloes and 43 cattle) were sampled from
11 reported outbreaks. The bands of amplified products were run with (50 bp) DNA ladder
(Figure 4.4) and it was found that 59 out of 66 field samples were positive for FMD virus. Out
of these 59 positive samples, 49 belonged to Faisalabad, 6 samples belonged to Khanewal and
4 to Chakwal district. Twenty samples were positive from buffaloes and 39 from cattle for
FMD virus (Table-4.6).
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Figure-4.2 Excessive salivation from the mouth of Foot and Mouth Disease infected
cattle

Figure-4.3 Lesions on the nostrils of Foot and Mouth Disease infected cattle
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Table-4.6

Molecular detection of FMD virus by RT-PCR

No. of Samples

Positive

Outbreak

(Buffalo/Cattle)

Buffalo/Cattle

1

6(0/6)

6(0/6)

2

9(3/6)

9(3/6)

3

6(6/0)

6(6/0)

6(6/0)

6(6/0)

5

6(0/6)

6(0/6)

6

9(0/9)

7(0/7)

7

9(0/9)

9(0/9)

8

6(3/3)

3(2/1)

3(2/1)

3(2/1)

3(2/1)

2(1/1)

3(1/2)

2(0/2)

66 (23/43)

59(20/39)

No. of

4

9

District

Faisalabad

Khanewal

10
11

Chakwal

Total
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Fig-4.4 DNA amplified product (328 bp) of FMD virus using universal primers

Lane 1-7: Bands showing positive (328bp) product of FMD virus
Lane 8: Band showing positive control
Lane 9: Band showing negative control
Lane M: 50 bp known ladder as marker
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1301kb
p

1

2

3

4

M (250bp) 5

6

7

8

Fig-4.5 DNA amplified product (1301 bp) of FMD virus serotype specific primers

Lane 1-4: Bands showing positive (1301bp) product of FMD serotype O virus
Lane 5-8: Bands showing positive (1301bp) product of FMD serotype O virus
Lane M: 250 bp known ladder as marker
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Fig-4.6 DNA amplified product (923 bp) of FMD virus using serotype specific primers

Lane 1-4: Bands showing positive (923bp) product of FMD serotype Asia-I virus
Lane 5: Band showing positive control
Lane M: 100 bp known ladder as marker
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4.2.2 Sero typing of Foot and Mouth Disease Virus by IS-ELISA

Indirect sandwich ELISA was applied to the samples for serotyping of FMD virus (Figure
4.7). The IS-ELISA detected FMD virus in 59 samples that were also positive by RT- PCR.
Out of these, 40 (67.80%) samples belonged to serotype ‘O’ of FMD virus and 19 (32.20%)
belonged to Asia-I. None of the sample was found positive for serotype A. Among the
positive serotype ‘O’ samples 16 belonged to buffaloes and 24 to cattle while in case of AsiaI, 4 and 15 samples belong to buffaloes and cattle respectively (Table-4.7). Among the
serotype ‘O’ positive samples by IS-ELISA (n=40), 34 samples were from district
Faisalabad, 6 were from Khanewal and none of the sample was from Chakwal. Serotype
Asia-I was confirmed in 15 samples of Faisalabad, 4 from Chakwal and none of the sample
of Khanewal out of the total 19 positive samples.

4.2.3 Serotyping of Foot and Mouth disease virus by RT-PCR
For serotyping of FMD virus, Reverse Transcriptase Polymerase Chain Reaction (RT-PCR)
was applied to 59 samples which showed presence of FMD genome using universal primers.
Sero typing of the samples was done by serotype specific primer sets against FMDV type
‘O’, ‘A’ and ‘Asia-1’for amplification of VP1 gene of the virus. The results showed that the
RT-PCR detected FMD virus serotype ‘O’ in 30 (75%) samples showing a 1301 bp band
(Figure 4.5) and 18 (94.73%) samples were detected as serotype ‘Asia-I’ with 923bp band
(Figure 4.6). None of the sample stood positive for serotype A. Among the positive serotype
‘O’ samples, 12 belonged to buffaloes and 18 to cattle. For Asia-I, 6 and 12 samples belong
to buffaloes and cattle respectively (Table-4.8). Among the serotype ‘O’ positive samples by
RT-PCR (n=30), 25 samples were from district Faisalabad, 5 were from Khanewal and none
of the sample was from Chakwal. In case of Serotype Asia-I (n=18), 14 samples of
Faisalabad, 4 of Chakwal and none of the sample of Khanewal were detected as positive.
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Table-4.7

Serotyping of FMD virus by IS-ELISA

District

Serotype O

Serotype Asia I

Buffalo

Cattle

Buffalo

Cattle

Faisalabad

12

22

03

12

Khanewal

04

02

--

--

Chakwal

--

--

01

03

Total

16

24

04

15

40

19
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Table-4.8

Serotyping of FMD virus by RT-PCR

District

Serotype O

Serotype Asia I

Buffalo

Cattle

Buffalo

Cattle

Faisalabad

07

18

05

09

Khanewal

05

00

--

--

Chakwal

--

--

01

03

Total

12

18

06

12

30

18
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Figure-4.7 Detection of serotypes of FMD with Indirect Sandwich ELISA

Wells in a row showing positive reaction by the formation of colour and well 11 and 12 were kept as
negative control.
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4.3 Post-vaccine antibody titers
Post-vaccine antibodies titers were determined in buffaloes and cattle using Indirect
Haemagglutination Test (IHA) test (Figure 4.8). Serum samples were collected from 10
animals of each experimental group at 2, 4, 6, 8 and 10 weeks post vaccination. Geometric
mean titers (GMT) and Cumulative mean titers (CMT) were calculated and compared.

4.3.1 Antibody titers against serotype ‘O’

At 2nd week post inoculation, Geometric Mean Titers (GMT) were highest (13.92) in group-C
that was injected with Aftovaxpur®, followed by group-B (12.99) that was injected Aftebin®
and group-A (11.31) which was injected FMD-VRI vaccine. Similar pattern of GMT was
observed on 4th week post inoculation in group C, B and A showing 42.22, 36.75 and 21.11
GMT respectively. No change in the pattern of GMT was observed on 6th, 8th and 10th week
post inoculations. At 10th week, antibody titers were 9.84, 59.71 and 68.59 in group-A, B and
C respectively (Table-4.14). In group-A, peak antibody titers (21.11) were observed at 4th
week post vaccination. After this there was a decline in the antibody titers. Peak antibody
titers in group-B and group-C were 68.59 and 78.79 respectively and these titers were
observed on 6th week post inoculation. The CMT of group A, B and C was recorded as 14.11,
38.04 and 42.95 respectively. The difference in the titers of different groups was statistically
significant (P<0.01).

4.3.2 Antibody titers against serotype ‘A’
At 2nd week post inoculation, Geometric Mean Titers (GMT) was highest (14.92) in group-C,
followed by group-B (12.12) and group-A (09.84). On 4th week post inoculation, highest
GMT was recorded in group-C (36.75), followed by group-B (29.85) and group-A (22.62). At
6th, 8th and 10th week post inoculation, similar pattern was observed. At 10th week, GMT of
group-A, B and group-C were 11.31, 42.22 and 59.71 respectively. In group-A, peak
antibody titers (22.62) was observed at 4th week post-vaccination. After this there was a
decline in the antibody titers. Peak antibody titers in group-B and C were recorded at 6th week
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which were 59.71 and 68.59 respectively (Table-4.20). The CMT of group A, B and C was
recorded as 14.51, 34.34 and 42.80 respectively. The difference in the titers of different
groups was statistically significant (P<0.01).

4.3.3 Antibody titers against serotype ‘Asia-I’
At 2nd week post inoculation, Geometric Mean Titers (GMT) was highest in group-C (12.99),
followed by group-A (10.55). The vaccine of group B did not contain Asia I antigen, so no
titer was detected in group B. Similar pattern of GMT was seen on 4 th week post inoculation
with group C, and A showing 32.00, and 21.11 GMT respectively. There was no change in
the pattern of GMT on 6th, 8th and 10th week post inoculations. At 10th week, antibody titers
were 8.57 and 68.59 in group-A and C respectively (Table-4.26). In group-A, peak antibody
titers (21.11) were observed at 4th week, post-vaccination and there was a decline in the
antibody titers afterwards. Peak antibody titers in group-C were 78.79 and these titers were
observed on 6th week post inoculation. The CMT of group A and C was recorded as 13.54
and 44.01 respectively. The difference in the titers of different groups was statistically
significant (P<0.01).

5.1 Awareness to farmers for Control of FMD
Awareness to farmers was given through farmer meetings, farmer days, lectures, distributing
brochures along with vaccinated their animals with imported FMD trivalent vaccine
(Annexture IV). The results of this study showed that not a single outbreak was reported in
the 15 villages of district Faisalabad which were vaccinated. The vaccine gave 100% cover
against Foot and Mouth Disease as compared to the unvaccinated control villages.
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Figure-4.8

Detection

of

antibody

titers

of

FMD

vaccines

with

Indirect

Haemagglutination (IHA) test

Wells in a row showing hemagglutination pattern of different serum samples collected from
vaccinated animals for the detection of antibody titers. Last well in a row is negative control well.
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Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype ‘O’ in buffaloes and cattle at 2
weeks Post Vaccination

Table- 4.9

Sample No.

Experimental Groups
A

B

C

D

1

16

16

8

0

2

8

16

16

0

3

4

8

16

0

4

16

16

8

0

5

8

8

16

0

6

16

16

16

0

7

16

16

16

0

8

16

8

16

0

9

8

16

16

0

10

16

16

16

0

GMT

11.31

12.99

13.92

0
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Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype ‘O’ in buffaloes and cattle at 4
weeks Post Vaccination

Table- 4.10

Sample No.

Experimental Groups
A

B

C

D

1

32

64

64

0

2

32

32

32

0

3

16

32

16

0

4

16

16

32

0

5

32

64

64

0

6

16

32

64

0

7

32

64

32

0

8

16

32

32

0

9

8

64

64

0

10

32

16

64

0

GMT

22.62

36.75

42.22

0
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Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype ‘O’ in buffaloes and cattle at 6
weeks Post Vaccination

Table- 4.11

Sample No.

Experimental Groups
A

B

C

D

1

32

64

64

0

2

16

128

32

0

3

32

64

64

0

4

16

128

128

0

5

8

64

64

0

6

32

32

64

0

7

16

128

128

0

8

32

64

128

0

9

8

32

64

0

10

16

64

128

0

GMT

18.37

68.59

78.79

0
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Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype ‘O’ in buffaloes and cattle at 8
weeks Post Vaccination

Table- 4.12

Sample No.

Experimental Groups
A

B

C

D

1

32

64

64

0

2

16

128

128

0

3

8

64

64

0

4

8

32

32

0

5

8

64

128

0

6

16

32

64

0

7

16

64

128

0

8

32

64

128

0

9

4

128

32

0

10

16

64

64

0

GMT

12.99

64.00

73.51

0

78

Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype ‘O’ in buffaloes and cattle at
10 weeks Post Vaccination

Table- 4.13

Sample No.

Experimental Groups
A

B

C

D

1

16

64

64

0

2

4

128

128

0

3

16

64

64

0

4

16

32

32

0

5

8

32

128

0

6

16

64

64

0

7

4

32

128

0

8

8

64

64

0

9

16

128

32

0

10

8

64

64

0

GMT

09.84

59.71

68.59

0
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Table-4.14

Geometric Mean Titers of different vaccines against Serotype ‘O’

Geometric Mean Titer
Weeks PV

FMD-VRI Vaccine

Aftebin® Vaccine

Aftovaxpur® Vaccine

Zero

0.00

0.00

0.00

02nd

11.31

12.99

13.92

04th

21.11

36.75

42.22

06th

18.37

68.59

78.79

08th

12.99

64.00

73.51

10th

09.84

59.71

68.59

CMT

14.11

38.04

42.95
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Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype ‘A’ in buffaloes and cattle at 2
weeks Post Vaccination

Table- 4.15

Experimental Groups
Sample No.
A

B

C

D

1

16

16

16

0

2

8

8

16

0

3

4

16

16

0

4

16

16

8

0

5

8

8

16

0

6

8

16

16

0

7

8

16

16

0

8

16

8

32

0

9

8

16

8

0

10

16

8

16

0

GMT

09.84

12.12

14.92

0
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Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype ‘A’ in buffaloes and cattle at 4
weeks Post Vaccination

Table- 4.16

Experimental Groups
Sample No.
A

B

C

D

1

32

64

64

0

2

32

32

32

0

3

16

16

64

0

4

16

32

16

0

5

32

16

64

0

6

16

32

32

0

7

32

16

32

0

8

16

32

16

0

9

16

64

32

0

10

32

32

64

0

GMT

22.62

29.85

36.75

0
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Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype ‘A’ in buffaloes and cattle at 6
weeks Post Vaccination

Table- 4.17

Experimental Groups
Sample No.
A

B

C

D

1

8

64

64

0

2

32

128

128

0

3

8

32

32

0

4

32

64

128

0

5

16

32

32

0

6

32

64

64

0

7

8

32

128

0

8

32

64

32

0

9

32

128

64

0

10

16

64

128

0

GMT

18.37

59.71

68.59

0
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Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype ‘A’ in buffaloes and cattle at 8
weeks Post Vaccination

Table- 4.18

Experimental Groups
Sample No.
A

B

C

D

1

32

64

64

0

2

16

32

64

0

3

4

64

32

0

4

8

64

64

0

5

8

64

128

0

6

32

64

64

0

7

8

32

128

0

8

16

64

32

0

9

16

32

64

0

10

32

64

64

0

GMT

13.92

51.98

64.00

0
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Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype ‘A’ in buffaloes and cattle at
10 weeks Post Vaccination

Table- 4.19

Experimental Groups
Sample No.
A

B

C

D

1

16

64

64

0

2

4

16

128

0

3

16

64

64

0

4

32

32

32

0

5

4

64

128

0

6

16

64

32

0

7

16

32

64

0

8

8

64

64

0

9

16

16

32

0

10

8

64

64

0

GMT

11.31

42.22

59.71

0
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Table-4.20.

Geometric Mean Titers of different vaccines against Serotype ‘A’

Geometric Mean Titer
Weeks PV

FMD-VRI Vaccine

Aftebin® Vaccine

Aftovaxpur® Vaccine

Zero

0.00

0.00

0.00

02nd

09.84

12.22

14.92

04th

22.62

29.85

36.75

06th

18.37

59.71

68.59

08th

13.92

51.98

64.00

10th

11.31

42.22

59.71

CMT

14.51

34.34

42.80
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Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype ‘Asia-I’ in buffaloes and cattle
at 02 weeks Post Vaccination

Table- 4.21

Experimental Groups
Sample No.
A

B

C

D

1

8

0

16

0

2

8

0

8

0

3

16

0

16

0

4

16

0

16

0

5

8

0

8

0

6

16

0

16

0

7

8

0

16

0

8

8

0

8

0

9

8

0

16

0

10

16

0

16

0

GMT

10.55

0

12.99

0
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Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype ‘Asia-I’ in buffaloes and cattle
at 04 weeks Post Vaccination

Table- 4.22

Experimental Groups
Sample No.
A

B

C

D

1

32

0

16

0

2

16

0

32

0

3

16

0

16

0

4

32

0

64

0

5

16

0

32

0

6

16

0

16

0

7

32

0

32

0

8

16

0

64

0

9

16

0

32

0

10

32

0

64

0

GMT

21.11

0

32.00

0
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Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype ‘Asia-I’ in buffaloes and cattle
at 06 weeks Post Vaccination

Table- 4.23

Experimental Groups
Sample No.
A

B

C

D

1

8

0

64

0

2

32

0

128

0

3

16

0

64

0

4

32

0

128

0

5

8

0

64

0

6

32

0

64

0

7

8

0

64

0

8

8

0

64

0

9

32

0

64

0

10

32

0

128

0

GMT

17.14

0

78.79

0
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Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype ‘Asia-I’ in buffaloes and cattle
at 08 weeks Post Vaccination

Table- 4.24

Experimental Groups
Sample No.

A

B

C

D

1

8

0

64

0

2

16

0

64

0

3

8

0

128

0

4

8

0

64

0

5

8

0

128

0

6

32

0

64

0

7

8

0

128

0

8

32

0

64

0

9

16

0

32

0

10

32

0

64

0

GMT

13.92

0

73.51

0
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Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype ‘Asia-I’ in buffaloes and cattle
at 10 weeks Post Vaccination

Table- 4.25

Groups
Sample No.
A

B

C

D

1

8

0

64

0

2

8

0

128

0

3

16

0

64

0

4

8

0

32

0

5

4

0

128

0

6

8

0

32

0

7

16

0

64

0

8

8

0

64

0

9

8

0

128

0

10

8

0

64

0

GMT

08.57

0

68.59

0
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Table-4.26

Geometric Mean Titers of different vaccines against Serotype ‘Asia-I’

Weeks PV

Geometric Mean Titer
FMD-VRI Vaccine

Aftebin® Vaccine

Aftovaxpur® Vaccine

Zero

0.00

0.00

0.00

02nd

10.55

0.00

12.99

04th

21.11

0.00

32.00

06th

17.14

0.00

78.79

08th

13.92

0.00

73.51

10th

08.57

0.00

68.59

CMT

13.54

0.00

44.01
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CHAPTER – 5
DISCUSSION

Foot and Mouth Disease (FMD) weas recorded as an endemic problem in cattle and buffaloes
throughout the year in various districts of Punjab, Pakistan. This observation was in
agreement to Perez et al. (2006) who recorded that FMD is endemic in Pakistan and areas
with the highest relative probability of having an FMD infection were located in Punjab
province and can affect animals including cattle, sheep, goats, wild ruminants and water
buffaloes (Lewis-Rogers et al., 2008).The devastating economic losses caused by FMD are
due to death of young animals, marked reduction in milk production, abortion at an advanced
stage of pregnancy and reduced working ability of the animals (Singh, 2003) along with
reduced quality and quantity of meat, reduction in fertility, loss of quality of semen in
breeding bulls and loss of productivity for a considerably longer time (Yadav, 2003).

Tests were used either to detect viral antigen or serum antibodies level. Virus in tissue
samples was identified using an antigen detection ELISA. Negative samples were further
examined in tissue culture. Serum samples were tested for antibody using a liquid phase
blocking ELISA & solid phase blocking ELISA (Ferris and Dawson 1988). The recent
development of ELISA tests against 3ABC non structural protein (NSP) has greatly enhanced
the sero surveillance of FMD as they detect exposure to live virus for all the seven serotypes
of virus even in vaccinated herds (Bronsvoort et al., 2006). Among the molecular methods,
RT-PCR has been using routinely in many countries as a highly sensitive, rapid and reliable
means for typing of FMDV from the acute infection to the asymptomatic infection
(Marquardt et al., 1995).
The current project was designed to determine the sero-prevalence of FMD in buffaloes and
cattle in Punjab Province, Pakistan. Molecular detection and serotyping of FMD virus from
buffaloes and cattle were also done. Furthermore, the efficacy of different commercially
available FMD vaccines in buffaloes and cattle was also examined under field conditions.
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The overall seroprevalence (19.33%) recorded with the help of non-structural protein
enzyme linked immunosorbent assay (NSP-ELISA) for FMD in this study is an
indication of its importance in the study area. The seroprevalence documented in this
study showed high value when compared to the previous reports of Hafez et al. (1994)
which was 16% in Saudi Arabia, 12.8% by Gelaye et al. (2009), 14.05% by
Mohamoud et al. (2011) in Ethiopia and 17.6% by Dukpa et al.(2011) in Bhutan. On
the other hand, the seropositivity findings of this survey are lower than the overall
seroprevalences of 61% and 72.62% reported by Mwiine et al.(2010) and Lazarus et
al.(2012) in Uganda and Nigeria respectively. The differences in percent positivity of
animals can be associated with animal population and climatic conditions of the
regions.

At district level, seroprevalence of FMD was significantly different in 3 selected
districts of Punjab (χ2 (2df) =22.072, P=0.000). Seroprevalence was observed higher
in Faisalabad (29.33%) than in Khanewal (17.66%) and Chakwal (11%) and is close
to the findings of 22.81% prevalence in Faisalabad and 10% in Chakwal districts. This
probably relates to difference in livestock population in Punjab as well as congested
population in Faisalabad and Khanewal areas (Anjum et al., 2006).

The seroprevalence of FMD in male and females of both buffaloes and cattle in this study
was 13.42% in males and 17.22% in females of buffaloes while 21.42% in males and 24.20%
in females of cattle. This finding was consistent with the previous findings in Ethiopia 8.27%
in male and 15.07% in female by Gelaye et al. (2009) and 33% in male and 67% in female by
Chepkwony et al. (2012) in Kenya. The greater percentage in females might be due to the
physiological stresses which include oestrus, pregnancy and lactation which are known to
affect their resistance to infection (Susan and Asamays, 1998). On the contrary, Megersa et
al. (2009) and Mohamoud et al. (2011) in their reports on seroprevalence of FMD
documented a higher rate in male than that in female (10.1 % males and 9.2% in females) and
(19.4% males and 13.6% females) in Ethiopia.
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A significant (χ2 (1df) =4.816, P=0.028) difference in species susceptibility was found in
buffalo (16.04%) and cattle (23.09%) which was supported by the observation of Abubakar
et al. (2009) on the prevalence of FMD which was 34.00% in buffaloes and 64.00% in cattle
of Pakistan. It may be due to introduction of extensive exotic cattle blood and cross breeding
which leads to high susceptibility of cattle towards FMD (Zulfiqar, 2003). The discrepancies
found in different results may be attributed to difference in genetic makeup of animals.

The study revealed a significant difference (χ2 (3df) =8.438, P=0.015) in the seroprevalence
of FMD among the three age groups. Significantly higher seroprevalence was observed in
older animals than young ones. The significantly higher seroprevalence of FMD in young and
adult animals than in claves observed in the current study is in agreement with the previous
reports of Gelaye et al. (2009), Megersa et al. (2009) and Mohamoud et al. (2011) in
Ethiopia, Mannan et al. (2009) in Bangladesh and Chepkwony et al. (2012) in Kenya. The
low seroprevalence of FMD recorded in young claves could be associated with low frequency
of exposure to disease. In addition, farmers keep their young animals near homestead and
away from the young animals (Thrusfield, 2007). On the other hand (Esayas et al., 2009)
done their research in Bench Maji zone of southern Ethiopia documented no significant
association between seropositivity of FMD and age of cattle.

The seroprevalence of FMD was 11.50% in herds having only large ruminants and 21.57% in
herds having large as well as small ruminants (mixed). The results of present study showed
significant (χ2 (df=1) = 7.185, P=0.007) difference between both groups. In previous studies,
it has been shown that small ruminants are important reservoirs for FMD infection in cattle
and buffaloes (Siefert, 1996; Gelaye et al., 2009; Megersa et al., 2009). These results are also
with agreement to Arzt et al. (2011) who reported that sheep and goats are risk for cattle
population as they move with cattle and shed virus without any clinical signs while infecting
cattle population. There was no relation of seroprevalence of FMD with the pregnancy status
of female buffaloes and cattle as there was no significant difference between the prevalence
of pregnant and non-pregnant animals (χ2 (1df) =0.856, P=0.355).

In next phase of study Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) was
optimized for identification and serotyping of FMD virus from the field samples using IF/IR
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universal primer set and serotype specific primers. Results showed that 59 out of 66 field
samples were found positive for FMD virus with a 328 bp band on 1.5 agarose gel. One step
RT-PCR using primer set IF/IR was found to be the most rapid and sensitive test for the
detection of FMD virus in the epithelial samples as it detected 89.40% of samples which was
greater to the findings of Reid et al. (2000) and Saeed et al. (2010) who reported 85% and
87.20% specificity of the test with these primers respectively. Similarly (Bukhari, 2009) and
(Altaf, 2012) also reported 80% and 76.36% specificity of the test in Punjab, Pakistan.

In present study 30 (50.84%) of the samples were serotype ‘O’ by RT-PCR using primer set
(ARS4/NK64) which was higher than the findings of Reid et al. (2000) and Saeed et
al.(2010) and (Bukhari, 2009) who reported 42.85% and 48.10% and 50% respectively.
These results found lower than the findings of (Altaf, 2012) who recorded 92.10% samples
positive for serotype ‘O’ with these primers. The primer set ARS4/NK61 targeted a long
fragment from the FMD virus genome and genetic variation of Asian isolates may be the
reasons that set of primer remained unsuccessful to diagnose ‘O’ serotype in many samples
(Knowles and Samuel, 2003). Serotype ‘Asia I’, was detected in 18 (30.50%) samples which
is close to the findings of (Bukhari, 2009) having 33.33% and higher to the results of (Altaf,
2012) which showed 7.90%. The genome of FMD being RNA in nature is very sensitive to
degradation by RNAses and other degradative enzymes. If a sample is collected during the
early phase of the infection its chances of viral amplification by RT-PCR are higher, but if
the lesions get contaminated by bacterial growth, or lesions start healing, the probability of
obtaining the intact viruses from samples decreases drastically. The samples which were
collected in the late phase of infection the viral genome might had been degraded by bacterial
RNAses and other degradative enzymes resulting in either weak or no detectable signals by
RT-PCR. Moreover less number of clinical FMD sample detection was due to conventional
PCR which is less sensitive than the real-time PCR in which fluorescence dyes are used for
detection (Reid et al., 2002).

Serotyping of the samples was done by Indirect Sandwich Enzyme Linked Immunosorbent
Assay (IS-ELISA) by using standard immune sera against FMDV type ‘O’, ‘A’, ‘C’ and
‘Asia-1’. The results showed that the IS-ELISA detected FMD virus in 59 samples that were
also positive by RT- PCR out of which 40 (67.80%) belonged to serotype ‘O’ of FMD virus
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and 19 (32.20%) belonged to serotype Asia I, which were related to the results of
Bhattacharya et al.(2005) in India, who reported that serotype “O” accounted for most of the
outbreaks (67%), followed by “Asia-1” (15%) and “A” (14%) and Zulfiqar, (2003) who
recorded 70% serotype “O” followed by 25% serotype “Asia I” and 4.67% serotype “A”.
Similarly (Waheed et al., 2011) found 31 samples positive for serotype ‘O’ out of 58
collected clinical samples. Results of this study were in contrast to the findings of Abubakar
et al. (2009) who reported 28% prevalence of serotype O, 64% serotype A and 8% serotype
Asia I. This may be due to mutations and inter serotypic recombination of the viral proteins
(Jamal et al., 2011)

In the last phase of study, Post-vaccination antibody titers were determined in buffaloes and
cattle using Indirect Haemagglutination (IHA) Test. One bivalent, Aftebin® vaccine (against
serotype O and A) and two trivalent Aftovaxpur® and FMD-VRI vaccines (against serotype
O, A and Asia-I) were used in the present trial. Results showed that Aftovaxpur® was found
best among all three vaccines and it showed highest titers against all these serotypes of FMD
virus. Aftebin® vaccine also showed good titers against FMD virus while FMD-VRI failed to
produce effective titers against FMD, so booster dose of VRI-FMD vaccine should be
administered in animals. Imported vaccines (Aftovaxpur® and Aftebin®) showed peak titers
constantly persisting for longer duration. In another study in Egypt, efficacy of bivalent
inactivated vaccines was compared. Highest mean antibody titres were obtained against both
O and A serotypes at 8th week post vaccination in animals that were injected AL(OH)3
adjuvant vaccine, while in oil adjuvant vaccine highest mean titres were obtained at 12th week
post vaccination against both serotypes A and O (Selim et al, 2010).
No outbreak was observed in the 15 villages of Faisalabad, where the buffaloes and cattle
were vaccinated with FMD trivalent vaccine which showed that proper vaccination
programme helped to give 100% cover against FMD and control of disease.
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Conclusions

1. Sero-Prevalence of foot and mouth disease was quite high (19.33%) in the sampled
buffaloes and cattle population.
2. Cattle were found more susceptible to FMD (23.09%) than buffaloes (16.04%).
3. Seroprevalence of FMD was significantly associated with sampling locales. Highest
seroprevalence was observed in Faisalabad (29.33%), followed by Khanewal
(17.66%) and Chakwal (11.00%).
4. Seroprevalence was significantly associated with age of the animals. There was an
increase in the prevalence with increasing age.
5. Seroprevalence was also significantly associated with herd type.
6. Serotype ‘O’ of FMD virus was the most prevalent serotype in buffaloes and cattle of
the studied area.
7.

Aftovaxpur® was found better vaccine than Aftebin® and FMD-VRI vaccine.
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Unique features of the Present Study
1. Sero-Prevalence of FMD was investigated in buffaloes and cattle over a wide
geographical area for the first time ever in Punjab using NSP- ELISA.
2. Risk factors associated with the disease were scientifically investigated.
3. Indirect Haemagglutination test was standardized to determine the antibody titers
against FMD virus.

Future Outlook and recommendations
1. Epidemiological studies in buffaloes and cattle with reference to FMD at national
level should be conducted continuously.
2. Molecular detection of FMD virus in apparently healthy carrier animals should be
determined to know their potential role in spread of FMD.
3. Molecular characterization of local isolates of FMD virus in buffaloes and cattle and
whole genome sequencing can be conducted.
4. Veterinarians and animal health workers should conduct vaccination campaigns in
buffaloes and cattle regularly.
5. Animal owners should be educated to vaccinate their animals regularly.
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CHAPTER – 6
SUMMARY

Epidemiological study of FMD was conducted in three districts of Punjab. A total of 900 (300
from each district) serum samples from 480 buffaloes and 420 cattle were subjected to nonstructural protein enzyme linked immunosorbent assay (NSP-ELISA) for the detection of
antibodies against non-structural proteins of FMD virus. ELISA based screening of serum
samples revealed that overall prevalence of Foot and Mouth Disease in buffaloes and cattle
population of studied areas was 19.33 %. Highest seroprevalence of FMD was found in buffaloes
and cattle of Faisalabad 29.33% followed by Khanewal 17.66% and Chakwal 11.00%. There was
a statistically significant difference in seroprevalence of FMD in buffaloes and cattle of different
districts. Among buffaloes of 3 districts, prevalence Foot and Mouth Disease was highest in
buffaloes of Faisalabad (25.00%) followed by Khanewal (15.62%) and Chakwal (7.50%). In
cattle, prevalence of Foot and Mouth Disease was highest in cattle of Faisalabad (34.28%)
followed by Khanewal (20.00%) and Chakwal (15.00%). Seroprevalence of Foot and Mouth
Disease in cattle (23.09%) was significantly higher than buffaloes (16.04%). Seroprevalence of
FMD was directly related with the age as there was statistically significant increase in prevalence
with the increase in age. Seroprevalence of FMD was little higher in female animals than in male.
The difference was non significant statistically. There was no significant difference in the
seroprevalence of FMD on the basis of pregnancy status of animals and significant difference
was observed on the basis of herd type.
Study area was observed for a period of one year (March 2011 to March 2012) for any outbreak
of the Foot and Mouth Disease in buffaloes and cattle. A total of 11 outbreaks were reported
during the period and a total of 66 epithelial tissue samples were collected (23 from buffaloes
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and 43 from cattle) from these outbreaks. Results with RT-PCR showed that 59 out of 66 field
samples were FMD virus. Out of these 20 positive samples belonged to buffaloes and 39 to
cattle. Indirect sandwich ELISA was applied to the samples for serotyping of FMD virus and
40 positive samples were confirmed as serotype “O” of FMD virus and remaining 19 were
confirmed as serotype Asia I, while RT-PCR detected 30 samples as serotype ‘O’ and 18
samples as serotype ‘Asia I’.
Post-vaccination antibody titers were determined in buffaloes and cattle using Indirect
Haemagglutination (IHA) Test. One bivalent imported vaccine (Aftebin®) and two trivalent
vaccines (one imported vaccine, Aftovaxpur® and one local vaccine, FMD-VRI) were tested.
Highest GMT against all 3 serotypes of virus was recorded in animals that were injected
Aftovaxpur followed by Aftebin and FMD-VRI vaccine. Against serotype ‘O’ peak antibody
titers (78.79) were observed at 6th week post-vaccination in animals injected Aftovaxpur®
vaccine (Group-3). Peak antibody titers in animals injected Aftibin® (Group-2) and FMD-VRI
(group-1) were 68.59 and 21.11, which were observed on 6th week and 4th week post
inoculation. Against serotype ‘A’ peak antibody titer (68.59) was observed at 6th week, postvaccination in group-3 while peak antibody titers in group-2 was recorded at 6th week (59.71)
while in case of group-1, peak GMT (22.62) was observed on 4th week post inoculation.
Against serotype ‘Asia-I’ peak antibody titer (78.79) was observed at 6th week post-vaccination
in group-3 while peak antibody titer in group-1 was 21.11 and this titer was observed on 4th
week post inoculation.

101

CHAPTER 7
LITERATURE CITED

Abubakar M, G Ferrari, M Hussain, E Haq, MJ Arshed and Q Ali, 2009. Prevalence of Footand-Mouth Disease Virus Serotypes in Pakistan. Pakistan Journal of Zoology, 9: 351-355.
Alexandersen S, Z Zhang, AI Donaldson, 2002. Aspects of the persistence of foot-and-mouth
disease virus in animals- the carrier problem. Microbes Infect.4(10):1099-110.
Alexandersen S, Z Zhang, AI Donaldson and AJM Garland, 2003.The pathogenesis and
diagnosis of foot-and-mouth disease. Journal of comparative pathology, 129:1–36
AlMajali AM, K Jawasreh and AA Nsour, 2008. Epidemiological studies on foot and mouth
disease and paratuberculosis in small ruminants in Tafelah and Ma’an, Jordan. Small
Ruminant Research, 78, 197–201.
Alonso A, MA Martins, MD Gomes, R Allende and MS Sondahl, 1992. Foot and mouth
disease virus typing by complement fixation and enzyme-linked immunosorbent assay using
monovalent and polyvalent antisera. Journal of Veterinary Diagnostic Intervest, 4: 249-253.

Altaf M, 2012. Isolation, Identification and Molecular Characterization of Foot and Mouth
Disease Virus. PhD Thesis. Institute of Microbiology, University of Agriculture, Faisalabad.
pp 61-120.

Amass SF, PW Mason, JM Pacheco, CA Miller, A Ramirez, LK Clark, D Ragland, JL
Schneider, SJ Kenyon, 2004. Procedures for preventing transmission of foot and mouth
disease virus (O/TAW/97) by people. Vet Microbiol.,103:143-9.

Anjum R, M Hussain, AB Zahoor, H Irshad and U Farooq, 2006. Epidemiological Analyses
of Foot and Mouth Disease in Pakistan. International Journal of Agriculture & Biology, 8 (5)
648-651.
Anonymous, 2013. Economic Survey of Pakistan, 2012-13, Ministry of Food and
Agriculture, Pakistan.

102

Arzt J, N Juleff, Z Zhang and LL Rodriguez, 2011.The Pathogenesis of Foot-and-Mouth
Disease I: Viral Pathways in Cattle. Transboundry and animal diseases. In Press.
Awan FN, MA Khan, K Muhammad, M Rabbani, M Younus and RM Khawaja, 2009.
Epidemiological Investigation of Foot and Mouth Disease in districts of Punjab. Pakistan
Journal of Zoology, 9: 179-185.

Bachrach HL, 1968. Foot-and-mouth disease. Annu. Rev. Microbiol. 22: 201–244.

Barnett PV, L Pullen, L Williams and TR Doel, 1996. International bank for foot-and-mouth
disease vaccine: assessment of Montanide ISA 25 and ISA 206, two commercially available
oil adjuvants. Vaccine, 14, 1187–1198.

Barnett PV, SJ Cox, 1999. The Role of Small Ruminants in the Epidemiology and
Transmission of Foot-and-Mouth Disease. The Veterinary Journal, 158 (1):6-13.

Barteling SJ, 2002. Development and performance of inactivated vaccines against foot and
mouth disease. Rev. sci. tech. Off. int. Epiz., 2002, 21 (3), 577-588.

Bautista EM, GS Ferman and WT Golde, 2003. Induction of lymphopenia and inhibition of T
cell function during acute infection of swine with foot and mouth disease virus (FMDV). Vet.
Immunol. Immunopathol. 92:61–73.

Belsham GJ, 2005. Translation and replication of FMDV RNA. Curr. Top. Microbiol.
Immunol. 288, 43-70.

Bergman IE, P Mello, E Neitzert, E Beck and I Gomes, 1993. Diagnosis of persistent
aphthovirus infection and its differentiation from vaccination response in cattle by use of

103

enzyme-linked immunoelectrotransfer blot analysis with bioengineered nonstructural viral
antigens. Am. J. vet. Res., 54 (6), 825-831.

Bergmann IE, V Malirat, E Neitzert, N Panizutti, C Sanchez and A Falczuk, 2000.
Improvement of serodiagnostic strategy for foot and mouth disease virus surveillance in cattle
under systematic vaccination: a combined system of an indirect ELISA-3ABC with an
enzyme-linked immunoelectrotransfer blot. Arch. Virol., 145, 473–489.

Bhattacharya S, R Banerjee, R Ghosh, AP Chattopadhayay and A Chatterjee, 2005. Studies
of the outbreaks of foot and mouth disease in West Bengal, India, between 1985 and 2002.
Rev. Sci. Tech., 24: 945-952.

Bronsvoort BM, KJ Sørensen, J Anderson, A Corteyn, VN Tanya, RP Kitching and KL
Morgan, 2004. Comparison of Two 3ABC Enzyme-Linked Immunosorbent Assays for
Diagnosis of Multiple-Serotype Foot-and-Mouth Disease in a Cattle Population in an Area of
Endemicity. Journal of clinical microbiology, 42 (5): 2108–2114.

Bronsvoort BM, N Toft, IE. Bergmann, KJ Sørensen, J Anderson, V Malirat, VN Tanya and
KL Morgan, 2006. Evaluation of three 3ABC ELISAs for foot-and-mouth disease nonstructural antibodies using latent class analysis. BMC Veterinary Research, 2:30.

Brooksby JB and J Rogers, 1957. Methods used in typing the virus of foot-and-mouth disease
at Pirbright, 1950–1955. Methods of Typing and Cultivation of Foot-and-Mouth Disease
Virus, project 208 of OEEC, Paris, 31–34.

Brown F, 2001. Inactivation of viruses by aziridines. Vaccine, 20, 322-327.

Brown F, 2003. The history of research in foot and mouth disease. Virus Research, 91:3-9.

Bukhari A, 2009. Identification and genotyping of VP1genes of FMD viruses. PhD Thesis.
Department of Microbiology, University of Veterinary and Animal Sciences, Lahore. pp 6080.

104

Buxton A and G Fraser, 1977. Animal Microbiology. Vol. 1 and 11. Blackwell Scientific
Publication, Edinburgh. pp 339-341 & 611-618.

Chepkwony EC, CG Gitao and GM Muchemi, 2012. Seroprevalence of Foot and Mouth
Disease in the Somali Eco-System in Kenya. International Journal of Animal and Veterinary
Advances, 4 (3): 198-203.
Chowdhury SMZH, MB Rahman, MF Rahman and MM Rahman, 1994. Strain of FMD virus
in different districts in Bangladesh. Pakistan Veterinary Journal, 14: 89-91.
Condy JB, RS Hedger, C Hamblin and IT Barnett, 1985. The duration of the foot-and-mouth
disease virus carrier state in African buffalo (i) in the individual animal and (ii) in a freeliving herd. Comp. Immunol. Microbiol. Infect. Dis. 8:259–265.

Doel CMF, NE Owen, NP Ferris, RP Kitching and TR Doel, 1993. Detection of foot-andmouth disease viral sequences in clinical specimens and ethyleneimine-inactivated
preprations by the polymerase chain reaction. Vaccine, 11: 415-421.

Doel TR, L Williams and PV Barnett, 1994. Emergency vaccination against foot-and-mouth
disease. The rate of development of immunity and its implications for the carrier state.
Vaccine, 12, 592–600.

Doel TR, 1996. Natural and vaccine-induced immunity to foot and mouth disease: the
prospects for improved vaccines. Rev. sci. tech. Off. int. Epiz.15 (3): 883-911.

Doel, T. 2003. Potency testing of foot-and-mouth disease vaccines: an industrial perspective.
In: Proceedings of International Symposium organised by the European Directorate for the
Quality of Medicines. Strasbourg, France, EDQM, March 17-18, pp. 41-47.

Domingo E, MG Mateu, MA Martinez, J Dopazo, A Moya and F Sonrino, 1990. Genetic
variability and antigenic diversity of foot-and-mouth disease virus. In Applied Virology
Research: Virus Variability, Epidemiology and Control, vol. 2, pp. 233-266. Edited by E
Kurstak, RG Marusyk, FA Murphy and MHV Van Regenmortel. New York: Plenum Press.
105

Domingo E, and JJ Holland, 1997. DNA virus mutations and fitness for survival. Ann. Rev.
Microbial., 51:151-178.
Donaldson AI, M Lee, CF Gibson, 1987. Improvement of Mathematical Models for
Predicting the Airborne Spread of Foot-and-Mouth Disease. Advances in Aerobiology,
55:351-355.
Donaldson AI and RP Kitching, 1989. Transmission of foot-and-mouth disease by vaccinated
cattle following natural challenge. Res. Vet. Sci. 46, 9-14.

Donaldson AI and RF Sellers, 2000. Foot-and-mouth disease. Chapter in Diseases of Sheep,
3rd edition. W B Martin and I D Aitken (Editors). Blackwell science, Oxford, 1998.

Drake JW and JJ Holland, 1999. Mutation rate amongst viruses. Proc. Natl. Acad. Sci. 96;
13910-13913.

Dukpa K, I D Robertson, TM Ellis, 2011. The seroprevalence of foot-and-mouth disease in
the sedentary livestock herds in four districts of Bhutan. Prev. Vet. Med., 100(3-4): 231-6.

Esayas G, A Gelagay, A Tsegalem and A Kassahun, 2009. Seroprevalence of foot and mouth
disease in Bench Maji zone, southwestern Ethiopia. J. Vet. Med. Anim. Health, 1: 5-10.

FAO., 2007. Focus on Foot-and-Mouth Disease, situation worldwide and major
epidemiological events in 2005-2006.

Ferris NP and M Dawson, 1988. Routine application of enzyme-linked immunosorbent assay
in comparison with complement fixation for the diagnosis of foot-and-mouth and swine
vesicular diseases. Vet. Microbiol., 16, 201-209.

Ferris NP, A Nordengrahn, GH Hutchings, SM Reid, DP King, K Ebert, DJ Paton, T
Kristersson, E Brocci, S Grazioli and M Merza, 2009. Development and laboratory validation

106

of a lateral flow device for the detection of foot-and-mouth disease virus in clinical samples.
J. Virol. Methods, 155 (1), 10–17.

Fogedby E, 1963. Review of epizootiology and control of foot-and-mouth disease in Europe
1937 to 1961. European commission for the control of foot-and-mouth disease, 114.
Fondevila N, V O'Donnell, S Duffy, E Leon, E Smitsaart and AA Schudel, 1997.
Seroepidemiologic indicators for the evaluation of campaigns for the control of foot and
mouth disease. Rev. Sci. Tech., 16: 784-792.

Forss S, K Strebel, E Beck, and H Schaller, 1984. Nucleotide sequence and genome
organization of foot-and-mouth disease virus. Nucleic Acids Res. 12(16): 6587–6601.

Gebauer F, JC Torre, I Gomes, MG Mateu, H Barahona, B Tiraboschi, I Bergmann, PA
Mello, E. Domingo, 1988. Rapid selection of genetic and antigenic variants of foot-andmouth disease virus during persistence in cattle. J Virol.62 (6):2041–2049.

Gelaye E, G Ayelet, T Abera, K Asmare, 2009. Seroprevalence of foot and mouth disease in
Bench Maji zone, Southwestern Ethiopia. J. Vet. Med. Anim. Health, (1): 005–010.

Gibbens JC, JW Wilesmith, CE Sharpe, LM Mansley, E Michalopoulou, JBM Ryan and M
Hudson, 2001.Descriptive epidemiology of the 2001 foot-and-mouth disease epidemic in
Great Britain: the first five months. Veterinary Record,149: 729-743.
Giridharan P, D Hemadri, C Tosh, A Sanyal, SK Bandyopadhyay, 2005. Development and
evaluation of a multiplex PCR for differentiation of foot-and-mouth disease virus strains
native to India. J. Virol. Methods, 126(1-2):1-11.

107

Gleeson L. J., K. Bauer and H. A. Aidaros, 2003. A review of the status of FMD in South
East Asia and approach to control and eradication. Scientific and Technical Review, 21 (3):
465 - 475.
Grubman MJ, BH Robertson, DO Morgan, DM Moore and D Dowbenko, 1984. Biochemical
map of polypeptides specified by foot-and-mouth disease virus. J Virol., 50(2): 579–586.

Grubman MJ, B Baxt and S Curry, 2004. Foot-and-mouth disease. Clinical Microbiology
Reviews. 17(2): 465-493.

Hafez SM, MA Farag, KS Mazloum and AM Al-Bokmy, 1994. Serological survey of foot
and mouth disease in Saudi Arabia. Rev. sci. tech. Off. int. Epiz., 13 (3): 711-719.
Haratian K, MH Roustaei, H Mahravani, M Salehizadeh, and MA Akhavizadegan, 2000.
Neutralizing Antibody Response in Cattle Following Vaccination against Foot-and-Mouth
Disease. Arch. Razi Ins: 51, 1-4.
Haydon DT, A Bastos, A Samuel and N Knowles, 2001. Evidence for positive selection in
foot-and-mouth-disease-virus capsid genes from field isolates. Genetics 157, 7-15.

Henegariu O, NA Heerema, SR Dlouhy, GH Vance, PH Vogt, 1997. Multiplex PCR: Critical
parameters and step-by-step protocol. Bio Techniques 23, 504–511.

Holland J, K Spindler, F Horodyski, E Grabau, S Nichol, S Vandepol, 1982. Rapid evolution
of RNA genomes. Science, 26 (4540):1577–1585.

Hughes, GJ, V Mioulet, DT Haydon, RP Kitching, AI Donaldson and MJ Woolhouse, 2002.
Serial passage of foot-and-mouth disease virus in sheep reveals declining levels of viraemia
over time. Journal of General Virology, 83:1907-1914.

Hunter, PR, 1997. Waterborne disease: epidemiology and ecology. Chichester, U.K.: Wiley.

Iqbal MS, SU Rahman, MH Rasool and MK Mansoor, 2003. Molecular characterization of
Foot and Mouth Disease virus types A, O and Asia1 by Sodium Dodecyl Sulphate
108

Polyacrylamide Gel Electrophoresis. International Journal of Agriculture and Biology, 3:
311-312.
Ivonne LA, M Amadori, A Donn, J Salt and E Lodetti, 1995. Detection of Foot-and-Mouth
Disease Virus-Infected Cattle by Assessment of Antibody Response in Oropharyngeal Fluids.
Journal of clinical microbiology, 31(1): 79–84.

Jackson T, A King, D Stuart and E Fry, 2003. Structure and receptor binding. Virus Res.
91:33-46.

Jamal SM, G Ferrari, S Ahmed, P Normann and GJ Belsham, 2011. Genetic diversity of footand-mouth disease virus serotype O in Pakistan and Afghanistan, 1997–2009. Infection,
Genetics and Evolution, 11:1229–1238.

Jamal SM, G Ferrari, S Ahmed, P Normann, S Curry and GJ Belsham, 2011a. Evolutionary
analysis of serotype A foot-and-mouth disease viruses circulating in Pakistan and
Afghanistan during 2002–2009. Journal of General Virology, 92: 2849–2864.

Jeremy F, P Lowe, J Phillipson and C scott, 2003. The impact of foot and mouth disease on
farm businesses in Cumbaria. Land use policy, 20(2): 159-168.

King DP, NP Ferris, AE Shaw, SM Reid, GH Hutchings, AC Giuffre, JM Robida, JD
Callahan, WM Nelson and TR Beckham,2006. Detection of foot-and-mouth disease virus:
comparative diagnostic sensitivity of two independent real-time reverse transcriptionpolymerase chain reaction assays. J Vet Diagn Invest., 18(1): 93-97.
Kitching, RP, 1992. Foot and mouth disease. In bovine medicine: Diseases and husbandry of
cattle. AH Andrews, RW Blowey, H Boyd and RG Eddy, Oxford Blackwell Science Ltd, pp
537-543.

Kitching, RP, 2002. Clinical variation in foot and mouth disease : CATTLE. Rev. sci. tech.
Off. int. Epiz., 2002, 21 (3), 499-504.

Kitching, P, J Hammond, M Jeggo, 2007. Global FMD control. Vaccine; 25: 5660–5664.
109

Knowles NJ, Samuel AR, 2003. Molecular epidemiology of foot and mouth disease virus.
Virus Res. 91:65–80.

Lazarus DD, WJG Schielen, Y Wungak, D Kwange and FO Fasina, 2012. Sero-epidemiology
of foot-and-mouth disease in some Border States of Nigeria. African Journal of Microbiology
Research 6 (8): 1756-1761.

Leforban Y, 1999. Prevention measures against foot-and-mouth disease in Europe in recent
years. Vaccine 17:1755–1759.
Lewis-Rogers N, DA Mcclellan and KA Crandall, 2008. The evolution of foot-and mouth
disease virus: Impacts of recombination and selection. Infect Genet Evol., 8: 786-798.
Lindholm A, E Hewitt, P Torres, M Lasso, C Echeverria, J Shaw and J Hernandez, 2007.
Epidemiologic aspects of a foot-and-mouth disease epidemic in cattle in Ecuador.
International Journal of Applied Research in Veterinary Medicine 5 (1), 17-24.

Ma L, J Zhang, H Chen, J Zhou, Y Ding and Y Liu, 2011. An overview on ELISA techniques
for FMD. Virology Journal, 8: 419.
Machado M, 1969. Aftosa – A historical survey of foot-and-mouth disease and interamerican relations. State University of New York Press, Thurlow Terrace, Albany, NY
12201, 1969. Lib. of Congress cat. Card # 69-11317

Maclachlan NJ and EJ Dubovi, 2011. Fenner's Veterinary Virology.4th edition.Academic
press, London.pp 425-435.

Madi M, A Hamilton, D Squirrell, V Mioulet, P Evans, M Lee and DP King, 2011. Rapid
detection of foot-and-mouth disease virus using a field-portable nucleic acid extraction and
real-time PCR amplification platform. The veterinary journal, In Press.

110

Malirat V, E Neitzert, IE Bergmann, E Maradei, E Beck, 1998. Detection of cattle exposed to
foot-and-mouth disease virus by means of an indirect ELISA test using bioengineered nonstructural polyprotein 3ABC. Vet Q. 2: 24-26.
Mannan MA, MP Siddique, MZ Uddin and MM Parvez, 2009. Prevalence of foot and mouth
disease (FMD) in cattle at Meghna upazila in Comilla in Bangladesh. J. Bangladesh Agril.
Univ., 7 (2): 317–319.

Marquardt O, OC Straub, R Ahl and B Hass, 1995. Detection of foot-and-mouth disease virus
in nasal swabs of asymptomatic cattle by RT-PCR within 24 hours. Journal of Virological
Methods 53: 255 - 261.

Mason PW, MJ Grubman and B Baxt, 2003. Molecular basis of pathogenesis of FMDV.
Virus Research, 91: 9-32.
Mazengia H, M Taye, H Negussie, S Alemu and A Tassew, 2010. Incidence of foot and
mouth disease and its effect on milk yield in dairy cattle at Andassa dairy farm, Northwest
Ethiopia. Agriculture and Biology Journal of North America, 1 (5), 969-973.

Megersa B, B Beyene, F Abunna, A Regassa, K Amenu and T Rufael, 2009. Risk factors for
foot and mouth disease seroprevalence in indigenous cattle in Southern Ethiopia: the effect of
production system. Trop Anim Health Prod., 41:891–898.
Merck & Co., Inc. The Merck Veterinary Manual, Eighth Edition, Review, Buxton, A and
Fraser, G, 1977. Animal Microbiology. Vol. 1 and 11. Blackwell Scientific Publication,
Edinburgh. pp 339-341 & 611-618.

Mohamoud A, E Tessema and H Degefu, 2011. Seroprevalence of bovine foot and mouth
disease (FMD) in Awbere and Babille districts of Jijiga zone, Somalia Regional State,
Eastern Ethiopia. African Journal of Microbiology Research, 5 (21): 3559-3563.

Moonen P, E Linde, G Chenard and A Dekker, 2004. Comparable sensitivity and specificity
in three commercially available ELISAs to differentiate between cattle infected with or
vaccinated against foot-and-mouth disease virus. Veterinary Microbiology 99 (2), 93-101.

111

Moussa AA, A Daoud, S Tawfik, A Omar, A Azab, and NA Hassan, 1979. Sussceptibility of
water buffaloes to infection with foot and mouth disease virus. J. Egyptian Vety. Medical
Association, 39. 65-83.

Murphy K, P Travers, and M Walport, 2008. Innate Immunity, In: Janeway's Immunobiology,
Garland Science, New York, pp. 39-108.

Mwiine FN, C Ayebazibwe, W Olaho-Mukani, S Alexandersen and K Tjornehoj, 2010.
Prevalence of Antibodies Against Foot-and-Mouth Disease Virus in Cattle in Kasese and
Bushenyi Districts in Uganda. International Journal of Animal and Veterinary Advance, 2
(3): 89-96.
OIE Manual, 2008. Foot-and-mouth disease. In: Manual of diagnostic tests and vaccines for
terrestrial animals. http:/ www.oie.int.

Parry N, G Fox, D Rowlands, F Brown, E Fry, R Acharya, D Logan, and D Stuart, 1990.
Structural and serological evidence for a novel mechanism of antigenic variation in foot-andmouth disease virus. Nature, 347, 569-572.

Patil PK, J Bayry, SP Nair, S Gopalakrishna, CM Sajjanar, LD Misra and C Natarajan, 2002.
Early antibody responses of cattle for foot-and-mouth disease quadrivalent double oil
emulsion vaccine. Veterinary Microbiology, 87:103–109
Pereira HG, 1977. Subtyping foot-and-mouth disease virus. Developments in Biological
Standardization 35, 167-174.
Perez AM, MC Thurmond and TE Carpenter, 2006. Spatial distribution of foot and mouth
disease in Pakistan estimated using imperfect data. Preventive Veterinary Medicine, 76:280–
289.

Perry BD and TF Randolf, 2003. The economics of foot and mouth disease, its control and its
eradication. In: B. Bodet and M. Vicari, editors, foot and mouth disease strategies,
Symposium proceedings, Elsevier, Paris, pp. 23-41.

112

Prado JA, 1998. Evaluation of an indirect Elisa for detection and typing of Foot and Mouth
Disease virus. Diagnosis and epidemiology of animal diseases in Latin America, IAEA 195198.

Prato Murphy ML, MA Forsyth, GJ Belsham, and JS Salt, 1999. Localization of foot-andmouth disease virus RNA by in situ hybridization within bovine tissues. Virus Research, 62,
67-76.

Quan M, CM Murphy, Z Zhang, S Alexandersen, 2004. Determinants of early foot-andmouth disease virus dynamics in pigs. Journal of Comparative Pathology, 131, 294-307.

Reid, S.M., Forsyth, M.A., Hutchings, G.H., Ferris, N.P., 1998. Comparison of reverse
transcription polymerase chain reaction, enzyme linked immunosorbent assay and virus
isolation for the routine diagnosis of foot-and-mouth disease. J. Virol. Methods 70, 213–217.
Reid SM, GH Hutchings, NP Ferris, KD Clercq, 1999. Diagnosis of foot-and-mouth disease
by RT-PCR: evaluation of primers for serotypic characterisation of viral RNA in clinical
samples. J Virol Methods, 83(1-2):113-23.

Reid S. M., N. P. Ferris, G. H. Hutchings, A. R. Samuel, N. J. Knowles, 2000. Primary
diagnosis of foot-and-mouth disease by reverse transcription polymerase chain reaction. J
Virol Methods., 89:167-176.
Reid SM, NP Ferris, A Bruning, GH Hutchings, Z Kowalska and L Akerblom, 2001.
Development of a rapid chromatographic strip test for the pen-side detection of foot-andmouth disease virus antigen. Journal of Virological Methods 96 (2), 189- 202.

Reid SM, NP Ferris, GH Hutchings, Z Zhang, GJ Belsham and S Alexandersen, 2002.
Detection of all seven serotypes of foot-and-mouth disease virus by real-time, fluorogenic
reverse transcription polymerase chain reaction assay. Journal of Virological Methods, 105:
67–80.

Rojanasthien S, P Padungtod, P Yamsakul, S Kongkaew and T Yano, 2006. Risk factors for
foot and mouth disease in ruminants in Chiang mai, Lumphun and Nan. In: Proceedings of
113

the 44th Kasetsart University Annual Conference, 30-January – 2 February, 2006. Subject:
Animals, Veterinary Medicine. Kasetsart, Bangkok. pp: 486- 493.

Rueckert RR, 1996. Picornaviridae : The viruses and their replication. In Fields Virology,
3rd edn, pp. 609-654. Edited by BN Fields, DM Knipe and PM Howley. Philadelphia:
Lippincott-Raven.

Ryan E, D Mackay and A Donaldson, 2008. Foot-and-mouth disease virus concentrations in
products of animal origin. Transbound Emerg Dis. 55 (2):89-98.

Sadir M, AA Schudel, O Laporte, M Braun, and RA Margni, 1988. Response to foot-andmouth disease vaccines in newborn calves. Influence of age, colostral antibodies and
adjuvants. Epidemiol Infect.100 (1): 135–144.

Saeed A, QM Khan, U Waheed, M Arshad, M Asif, M Farooq, 2011. RT-PCR evaluation for
identification and sequence analysis of foot-and-mouth disease serotype O from 2006 to 2007
in Punjab, Pakistan. Comp Immunol Microbiol Infect Dis., 34(2):95-101.
Saiz M, JI Nunez, MA Clavero, E Baranowski and F Sobrino, 2002. Foot-and-mouth disease
virus: biology and prospects for disease control. Microbes Infect., 4(11):1183-92.

Salt JS, 1993. The carrier state in foot and mouth disease--an immunological review. Br Vet
J. 149 (3):207-23.

Salt, JS, G Mulcahy and RP Kitching, 1996. Isotype-specific antibody responses to foot-andmouth disease virus in sera and secretions of ‘carrier’ and ‘non-carrier’ cattle.
Epidemiol. Infect. 117:349-360.

Salt JS, 1998. Persistent infection with foot-and-mouth disease virus. Topics Tropical Virol.
1: 77–128.

114

Sarker S, S Talundker, MH Haque, MH Islam and SD Gupta, 2011. Epidemiological studies
on Foot and Mouth Disaese in cattle: Prevalence and risk factors assessment in Rajshahi,
Bangladesh. Wayamba journal of animal science.
Scudamore J, 2002. The 2002 FMD outbreak in GB. State Veterinary Journal, 12, 1-2.

Selim AMA, NZ Abouzeid, AM Aggour and NM Sobhy, 2010. Comparative study for
immune efficacy of two different adjuvants bivalent FMD vaccines in sheep. Journal of
American Science, 6 (10).

Shen F, PD Chen, AM Walfield, J Ye, J House, F Brown, CY Wang, 1999. Differentiation of
convalescent animals from those vaccinated against foot-and-mouth disease by a peptide
ELISA. Vaccine, 17: 3039-3049.

Shikha Y, R Sharma, R Chhabra, 2005. Interleukin-2 potentiates foot-and-mouth disease
vaccinal immune responses in mice. Vaccine 23: 3005-3009.
Siefert H, 1996. Tropical Animal Health. Kluwer academic Publishers. Boston pp. 418-431

Singh SN 2003. Foot and mouth disease: Present status and future strategy for control. In:
Proceedings of the 4th Asian Buffalo Congress on buffalo for food security and Rural
Employment. Lead papers. Volume 1: 267-271.

Sobrino F, M Sáiz, MA Jiménez-Clavero, JI Núñez, MF Rosas, E Baranowski and V Ley,
2001. Foot-and-mouth disease virus: a long known virus, but a current threat. Vet. Res. 32130.
Song X, S Bao, L Wu and S Hu, 2009. Ginseng stem-leaf saponins (GSLS) and mineral oil
act synergistically to enhance the immune responses to vaccination against foot-and-mouth
disease in mice. Vaccine, 1; 27(1):51-55.
Sothyra T, 2008. Risk factors for foot and mouth disease in the southern provinces of
Cambodia. In: Annual National Workshop, Australian Biosecurity CRC for Emerging
Infectious Disease. Siam City Hotel, Bangkok, pp 43.

115

Steel RGD and JH Torrie, 1998. Principles and procedures of statistics. McGraw Hill Book
Co., New York, USA.
Susan E and Asamays, 1998. The Merck Veterinary Manual (8th Edition), Whitehouse Stat N
J Merck and Co. inc. 1879.

Sutmoller P, SS Barteling, RC Olascoaga, KJ Sumption, 2003. Control and eradication of
foot and mouth disease. Virus research, 91: 101-144.
Thompson D, P Muriel, D Russel, P Osborne, A Bromley and M Rowland, 2002. Economic
costs of the foot and mouth disease outbreak in the United Kingdom in 2001, Rev. Sci. Tech
Off Int. Epiz 21(3): 675-687.

Thrusfield MV, 2007. Surveys: Sampling. In: Veterinary Epidemiology, 3rd edition,
Blackwell publishers, Iowa, USA, pp: 228-242.
Tokuda G and RE Warrington, 1970. Detection of Foot-and-Mouth Disease Virus Antibodies
I. “Passive” Hemagglutination Test. Appl Microbiol. 20(1): 35–39.
Tsai CP, CH Pan, MY Liu, YL Lin, CM Chen, TS Huang, IC Cheng, MH Jong, PC Yang,
2000. Molecular epidemiological studies on Foot and Mouth Disease type O Taiwan viruses
from the 1997 epidemic. Vet. Microbiology 74(3): 207-216.
Veerasami M, NB Singanallur, N Thirumeni, SK Rana, R Shanmugham, S Ponsekaran, M
Muthukrishnan and Villuppanoor, 2008. Serotyping of foot-and-mouth disease virus by
antigen

capture-ELISA

using

monoclonal

antibodies

and

chicken

IgY.

New

Microbiol. 31(4):549-54.
Vivian KO, DB. Boyle, K Sproat, NA Fondevila, A Forman, AA Schudel and EN Smitsaart,
1996. Detection of antibodies against foot-and-mouth disease virus using a liquid-phase
blocking sandwich ELISA (LPBE) with a bioengineered 3D protein. J Vet Diagn Invest 8:
143-150.

Waheed U, A Saeed, A Mobeen and QM Khan, 2009. The VP1 (Capsid Protein) Gene Based
DNA Sequencing for Epidemiological Analysis of FMDV, Isolated From Buffaloes in
Pakistan. Pakistan. Journal of Zoology, 9: 333-339.
116

Waheed U, S Parida, QM Khan, M Hussain, K Ebert, J Wadsworth, SM Reid, GH
Hutchings,

M Mahapatra,

DP King,

DJ Paton,

NJ Knowles, 2011. Molecular

Characterisation of Foot-and-Mouth Disease Viruses from Pakistan, 2005–2008.
Transboundary and Emerging Disease, 58 (2) 166–172.

Woodbury EL, 1995. A review of the possible mechanisms for the persistence of foot-andmouth disease virus. Epidemol. Infect., 114: 1-13.

Woolhouse MEJ, DT Haydon, A Pearson and RP Kitching, 1996. Failure of vaccination to
prevent outbreaks of foot-and-mouth disease. Epidemiology and Infection 116 (3), 363-371.

Xiao C, ZI Rajput, D Liu and S Hu, 2007a. Enhancement of serological immune responses to
foot and mouth disease vaccine by a supplement made of extract of Cochinchina Momordica
seeds. Clinical and vaccine immunology, 14 (12): 1634-1639.
Xiao C, ZI Rajput and S Hu, 2007. Improvement of a commercial foot-and-mouth disease
vaccine by supplement of Quil A. Vaccine, 25: 4795–4800.

Yadav MP, 2003. Health barrier to buffalo productivity and their management. In:
Proceedings of the 4th Asian Buffalo Congress on “Buffalo for Food Security and Rural
Employment, held at New delhi, during February 25-28, 2003.

Yamin M, 1998. Epidemiological and economic importance of various livestock diseases in
district Lahore. M.Sc. Thesis. Veterinary Clinical Medicine and Surgery Section, College of
Veterinary Sciences, Lahore. pp 83, 108.

Zahur AB, H Irshad, M Hussain, R Anjum, MQ Khan, 2006. Transboundry animal diseases
in Pakistan. J. Vet. Medicine Series, 53(1): 19-22.

Zhang Z, and S Alexandersen, 2004. Quantitative analysis of foot-and-mouth disease virus
RNA loads in bovine tissues: implications for the site of viral persistence. J. G. Virol., 85:
2567-2575.

117

Zinnah MA, MT Islam, MM Rahman, MT Hossain, MA Zinnah, MR Bari, MH Haque, MSR
Khan and MA Islam, 2010. Standardization of multiplex reverse transcription polymerase
chain reaction and typing of Foot and Mouth Disease virus prevalent in Bangladesh.
Bangladesh Journal of Veterinary Medicine, 8: 2.
Zulfiqar M, 2003. Draft report for development of national disease control policy for foot and
mouth disease in Pakistan under the FAO Project “Support for Emergency Prevention and
Control of Main Transboundary Animal Diseases in Pakistan Rinderpest, FMD, PPR”

118

Annexture I
Analysis of variance of Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus,
Serotype ‘O’ in different vaccinated groups of buffaloes and cattle

Source of Variation

Degree of
Freedom

Sum of Squares

Means Squares

3

130156

43385

Error

196

150092

766

Total

199

280248

Factor

** = Highly significant at P<0.01

119

F-Value

56.66

P-Value

0.000**

Annexture II
Analysis of variance of Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype
‘A’ in different vaccinated groups of buffaloes and cattle

Source of Variation

Degree of
Freedom

Sum of Squares

Means Squares

3

92716

30905

Error

196

111722

570

Total

199

204439

Factor

** = Highly significant at P<0.01

120

F-Value
54.22

P-Value
0.000**

Annextur III
Analysis of variance of Indirect Hemagglutination antibody titers against Foot and Mouth Disease virus, Serotype
Asia-I in different Vaccinated groups of buffaloes and cattle

Source of Variation

Degree of
Freedom

Factor

Sum of Squares

Means Squares

2

89931

44965

Error

147

79351

500

Total

149

169281

** = Highly significant at P<0.01

121

F-Value
83.30

P-Value
0.000**

Annexture IV

Suggestions to the Farmers for Proper Control of FMD

 Regularly vaccinate the animals against FMD as prescribed by the veterinary
authorities.
 In case of disease outbreak, immediately separate the diseased animals from
the healthy ones.
 Separate feeding and watering of the diseased animals should be done, so that
other animals don’t catch the disease.
 Left over feed of the diseased animals should be discarded (by deep burial or
incineration)
 If the number of animals is very large, then also separate the attendants of
diseased animals.
 If dam is infected then separate feeding of the calf should be done (by feeder).
 It is better that animals should be treated at farm rather than at hospital
because this may act as source for the spread of disease.
 Give soft and palatable diet to the animals.
 Protect the animals from the extremes of environmental conditions.
 An appropriate fly repellent should be sprayed on the wounds of the animals
e.g Olive oil or CuSo4 (2-5%).
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