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Foot-and-mouth disease (FMD) is a serious infectious animal health problem in 
many parts of the world. The risk that imported livestock and their products may 
introduce foot-and-mouth disease virus (FMDV) restricts trade in these commodities 
from parts of the world where FMDV has not been eradicated. Foot-and-mouth 
disease can be controlled but there are few difficulties like the existence of multiple 
serotypes of the causative virus, multiple host species including wildlife and extreme 
contagiousness. This review focuses on the persistence, emergence and distribution 
of FMDV in comparison of global and Pakistan perspectives. All these factors are 
much more important to know before we can formulate any control strategy for FMD 
on national and regional level.
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Foot and mouth disease is one of the most important 
disease and biggest trade barrier for animals and animal 
products (Rufael et al., 2008; Perry et al., 2007). FMDV 
is highly transmissible and causes high morbidity 
outbreaks with moderate to low mortality in most cases 
(Grubman et al., 2004). 
FMD is a vesicular disease; the clinical severity of 
disease depends on the infecting dose and strain of 
virus. FMD virus have seven serotypes, O, A, C, South 
African Territories (SAT 1, SAT 2, SAT 3) and Asia 1. 
All FMD serotypes are immunogenically different and 
vaccination with one serotype does not develop 
immunity to against other serotype or subtypes of a 
serotype (Paton et al 2005; Callis et al., 1968).
Various studies revealed that infected animals can 
excrete virus shortly before showing of any clinical 
signs and highest excretion occurs after showing 
clinical signs. All secretions of an infected animal such 
as saliva, milk, nasal fluid and feces have highest 
amount of virus which can cause disease outbreak.
FMD virus also transmits through air; the airborne virus 
enters in respiratory track by inhalation, virus may also 
enter through oral ingestion and damaged epithelium. In 

some ruminants virus is not completely cleared from 
the pharynx, that animals are act as carriers for disease, 
which can further infect healthy animals (Alexandersen 
et al., 2003).
FMDV Transmission
FMD virus transmits through direct contact with 
infected animals; virus enters in susceptible animals 
through damaged epithelium, cuts or abrasions and 
mucosal membrane or by the deposition of droplets in
respiratory tract. In pigs, FMD virus transmits through 
physical contact with infected secretions containing 
large amount of virus. Besides, as pigs are commonly 
kept on concrete floor, pre-existing damage to the 
integument may increase the chance of being infected 
(Alexandersen and Donaldson, 2002).
Transmission can take place by directly or indirectly 
contact with infected animals and contaminated 
fomites; virus spread through inhalation of aerosolized 
virus, contaminated feed, and the virus enters through 
skin abrasions or mucous membranes. Different routes 
of transmission vary with the species. For example, 
sheep and cattle were more susceptible to aerosolized 
virus than other animals (Fiebre, 2007). 
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The disease can also be transmitted indirectly through 
contaminated vehicles; persons that are working in 
diseased area and through all other activities, such as 
shearing, de-worming, blood sampling. Under certain 
conditions, including climatic and geographic factors, 
FMDV can be transmitted over a long distance in an 
airborne manner. Pigs excrete highest amount of 
airborne virus as compared to other ruminants. 
Conditions that prompt the long distance transmission 
of FMDV include a high relative humidity, usually 55 
% or higher, minimal mixing of air by turbulence and 
convection. These conditions are possibly seen in areas 
that have consistent slow wind and cloudy weather 
(Alexandersen and Donaldson, 2002).
The airborne transmission of virus plays a major role in 
some FMD outbreaks (Christensen et al., 2005; Smith 
et al., 1969). In UK 2001 outbreak, the FMD virus was 
spread through transport of unrecognized FMD infected 
animals to FMD free area (Gloster et al., 2003). 
The animal from which live FMD viruses can be 
isolated after twenty eight days contact with infection is 
called carrier animal. Those animals were fully 
susceptible which can develop disease, in which virus 
persists subsequent recovery, or a vaccinated animal 
can becomes a carrier. In the carrier animals, virus 
persists in the pharyngeal region. Carrier Sheep and 
goats can carry FMD virus for up to nine months and 
cattle and African buffalo for up to three and five years 
respectively; wildlife ungulates carry virus for only a 
relatively short period and pigs don’t carry the carrier 
state (Salt, 1993). There was some epidemiological 
evidence that the origin of acute disease outbreaks in 
suspected animals is due to contact with carrier 
animals. This mode of transmission was confirmed 
experimentally for FMD serotype SAT (Vosloo et al., 
1995). The epidemiological studies of FMD virus are 
difficult and complex, it depends on different factors 
that are related to the virus, host and environmental 
conditions (Pereira, 1981).
FMDV Persistence
FMD virus persists in the light zones of germinal 
centers in lymph nodes associated with the pharyngeal 
region, while these tissues did not develop infective 
virus (Juleff et al., 2008). The carrier state was well 
characterized in all ruminants, and there is an only one 
report finding that supports the carrier state in pigs 
(Alexandersen et al., 2003; Alexandersen et al., 2001; 
Mezencio et al., 1999). 
The virulence of virus is different for different hosts 
like, amount of virus excretion, severity of lesions and 
long term persistence of virus in animal body. The 
severity and persistence of disease depends on different 
environmental conditions and the virus multiplication 
and spread depends on host specie, population density, 
contacts between wild and domestic animals, animal 
movement and nutritional status. The environment can 

promote virus transmission or can also act as 
geographical barrier in virus distribution it depends on 
different environmental conditions (Sobrino and 
Domingo, 2001; Ferguson et al., 2001).
Global Distribution of FMD
In the beginning of 20th century, FMD outbreaks 
occurred periodically in Europe but these outbreaks 
have devastating effects (Barteling and Vreeswijk, 
1991). In 1950s, some western European countries were 
experiencing more than hundred outbreaks in a year 
(Brown, 1992). In 1968, FMD outbreaks were reported 
in UK in which very high number of animals was 
slaughtered (Gloster et al., 2005). After that only few 
outbreaks have occurred in Europe, in Denmark in 1983 
and in Italy in 1993, Latter it observed that the virus 
was closely related to viruses that earlier circulating in 
Middle East (Nunez et al., 2006; Christensen et al., 
2005). In 2001, FMD was suspected in pigs in East 
England that was confirmed by World Reference 
Laboratory (WRL) and it was identified as serotype O 
Pan-Asia O/UK/2001 strain (Knowles et al., 2001). In 
2001 UK outbreak, the main cause of severity of 
outbreak is due to extensive movement of animals 
around the UK and to other neighbor countries. Total 
four million animals were slaughtered in UK outbreak 
and it regained its FMD free status in start of 2002
(Scudamore and Harris, 2002).
FMD outbreaks have occurred in every country which 
has livestock except some countries that have disease 
free status. This disease did not change its distribution 
significantly till the last 30 years. It remained endemic 
in South America, sub-Saharan Africa, India, Middle/ 
Far East but the member of Mercasur (Argentine, 
Paraguay, Brazil, and Uruguay) have control and 
improve their status through vaccination programmes.
Due to poor surveillance, less diagnostic facilities and 
control programmes are the main sources FMD spread 
in cattle in African countries, like Tunisia, Morocco, 
Algeria. It is very difficult to in Asian countries because 
they have a large number of ruminants and poverty, due 
to which FMD outbreaks occurred again and again 
continuously where it had been, controlled (Malaysia, 
Philippines, Japan) previously. It is impossible to 
control FMD in these countries due to uncontrolled 
movement of livestock, but Brazil has partially 
controlled it. The whole inactivated virus was used to 
immunize the animals in Europe. It has successfully 
achieved and stopped vaccination till 1991. This 
decision was followed for sake of trade agreements, for 
remaining European countries to control imports 
(Kitching, 1998).
In 2010, Japan and Korea lost their FMD free status, 
FMD A and O serotype viruses affected these countries. 
The FMD viruses that caused outbreaks were originated 
from Southeast Asia that was endemic for FMD 
serotypes O and A (Knowles et al., 2012). FMD is 
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endemic in Southeast Asian countries; Cambodia, Laos, 
Malaysia, Myanmar, the Philippines, Thailand, and 
Vietnam. FMD serotypes O, A, and Asia 1 were 
detected from these countries and serotype C only 
reported in Philippines between 1976 and 1994. FMD 
vaccination reduced the reports of outbreaks in 
Philippines and no outbreaks have occurred since 2005, 
while some countries of this region also have FMD free 
status without vaccination (Abdul-Hamid et al., 2011; 
Lee et al., 2011; Gleeson et al., 2003). Recently, 
Ahmed et al. (2012) described the molecular 
characterization of SAT 2 FMD viruses that have 
caused widespread field outbreaks of FMD in Egypt 
during February and March 2012. Phylogenetic analysis 
showed that viruses from these outbreaks fell into two 
distinct lineages within the SAT 2 topotype VII, which 
were distinct from a contemporary SAT 2 lineage of the 
same toptype from Libya. These were the first FMD
outbreaks due to this serotype in Egypt since 1950.
Foot and Mouth disease is endemic in Pakistan, India 
and Afghanistan, FMD serotypes A, O and Asia 1 is 
prevalent in these countries but FMD O serotype has 
been responsible of high number of outbreaks in 
Pakistan (Abubakar et al., 2012; Jamal et al., 2011; 
Schumann et al., 2008). The rates of three FMD 
serotypes in Pakistan are 70%, 25% and 4.7% for type 
O, Asia 1 and type A, respectively (Zulfiqar, 2003). 
According to Abubakar et al. (2009), in Pakistan, 
FMDV serotype ‘A’ and ‘Asia-1’ were predominant 
strains in the samples from Sindh province while ‘O’ 
and ‘A’ were the major serotypes in samples from 
Punjab province. Similarly in India, Subramaniam et 
al., (2012) described the status of FMD for five fiscal 
years and claimed that three serotypes of FMD virus 
(O, A and Asia1) are prevalent. Serotype O was 
responsible for 80% of the confirmed outbreaks/cases, 
whereas Asia1 and A caused 12% and 8%, respectively.
There is a need to adopt better control policy, 
monitoring policy for all prevalent serotypes and 
subtypes in FMD endemic countries. It will help to 
select most appropriate vaccine for that serotype 
(Knowles et al., 2005).
Occurrence of FMDV Serotypes; Global and 
Pakistan Perspective
Foot and mouth disease serotypes are not equally 
prevalent in different regions of world; while some 
regions also have disease free status. In endemic 
settings such as the Indian subcontinent, this variability 
has resulted in the emergence of pandemic strains that 
have spread widely and caused devastating outbreaks in 
disease-free areas (Brito et al., 2012). 
FMD have seven serotypes and subtypes within a 
serotype these all serotypes are prevailing in Africa 
while only four serotypes (O, A, Asia 1, C) are 
occurred in Asia and in South America with only three 
serotypes (O, A, Asia 1). FMD serotypes SAT-1, SAT-

2 and SAT-3 were endemic only in African countries 
(Rweyemamu et al., 2008).
Serotype A
FMDV serotype A is the most genetically and 
antigenically diverse among the seven FMDV serotypes 
and more than thirty subtypes have been identified. 
However, the origin of the recombinant virus remains 
unclear. FMD Serotype A control is very difficult by 
vaccination because it is considered to be as most 
diverse serotype antigenically and genetically 
(Kitching, 2005). Sequence analysis revealed that the 
origin of FMDV serotype A probably lay in South 
America. Phylogenetic analysis of complete VP1 gene 
sequence revealed that type A virus isolated from 
Africa is highly diverse and grouped into three 
genotypes: Euro-SA, Asia and Africa. Serotype A 
outbreaks were reported in Afghanistan, turkey, India, 
Bhutan, Malaysia, Yemen in 2011 and in Myanmar 
2010 (OIE 2011). FMD type A Iran-05 was detected in 
Pakistan and Egypt, two outbreaks in Kazakhstan and 
Thailand in 2012 (WRLFMD, 2012)
Serotype O
Genetic diversity of FMDV serotype O is also high in 
comparison to type A, and it allows the classification of 
the viruses into many distinct lineages. The lineages are 
Cathay, ME-SA (Middle East-South Asia), SEA 
(South-East Asia), Euro-SA (Europe-South America), 
ISA-1 (Indonesia-1), ISA-2 (Indonesia-2), EA (East 
Africa) and WA (West Africa) (Knowles et al., 2001). 
FMD Serotype O is widely distributed all around the 
world, especially in south Asia and Middle East 
countries (Valarcher et al., 2004). FMD serotype O 
Pan-Asia lineages were reported in Japan, Korea, 
Mongolia, Russia, the United Kingdom, France, and 
South Africa in year 2000–2006 (Cottam et al., 2006).
In Southeast Asia O serotype reported in Taiwan, 
China, Hong Kong, Thailand and Myanmar, in central 
Asia reported in Pakistan during 2009. In Middle East 
O serotype outbreaks were reported in Yemen, Egypt 
and UAE during 2009 (WRLFMD, 2009). O serotype 
outbreaks were reported by OIE in Turkey, Oman, 
Afghanistan, Pakistan, India, china, Korea in 2010-
2011 (OIE, 2011). In 2011, serotype O outbreaks were 
continued to occur in China, South Korea, Japan, 
Mongolia, Russia, and North Korea (Knowles, 2012).In 
Bangladesh type A and type O viruses were isolated 
between 1987 and1997 and again between 1998, 2000 
and 2009 (Loth et al., 2011; Islam et al., 2001). The 
FMD type O virus was isolated in Pakistan during 
2002-2006 belonged to pak-98, Iran-2001 Pan Asia or 
Pan-Asia-II 2006 lineages (Waheed et al., 2010; Saeed 
et al., 2009; Abubakar et al., 2009; Klein et al., 2008; 
Knowles et al., 2005). WRLFMD reported O serotype 
Pan Asia II lineage in Iran, Bahrain, Afghanistan, 
Israel, Pakistan, Egypt and Taiwan during 2011-2012 
(WRLFMD, 2012). 
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Serotype Asia 1
FMD serotype Asia 1 was firstly reported in a sample 
originated from Pakistan in 1954 (Brooksby and 
Rogers, 1957). FMD Asia 1 outbreak has been reported 
in Europe and Greece in 1984, the nucleotide sequence 
of this virus was closely related to the Middle East virus 
isolated in 1983. This serotype is not as highly variable 
as other FMD serotypes and all viruses shared more 
than 85% nucleotide similarity (Ansell et al., 1994). In 
1970s, serotype Asia 1 virus move from Pakistan to 
Afghanistan, Iran, Iraq and Turkey (Firoozi et al., 
1974). 
Serotype Asia 1 outbreak was continuously occurring in 
Indian subcontinent and in neighboring countries 
(Valarcher et al., 2009). In 2004, serotype Asia 1 
outbreak was reported in Kyrgyzstan, Tajikistan and in 
year 2005-2006 outbreaks were detected in Eastern 
Russia, Mongolia and in some regions of China 
(Valarcher et al., 2005).  Phylogenetic analysis of FMD 
virus VP1 gene these outbreaks revealed that virus 
belongs to sixth group within the Asia 1 serotype 
(Valarcher et al., 2009). In 2011 FMD serotype Asia 1 
outbreak were reported in Turkey, India and 
Afghanistan (WRLFMD, 2012).
Serotype C
FMDV serotype C spreads to limited areas as compared 
to other serotypes, its outbreaks was detected in Europe, 
South America, East Africa, North Africa, Angola and 
southern Asia. FMD type C virus were controlled and 
eradicated by vaccination in Europe and South 
America, and it also become extinct in Africa and other 
Asian countries.FMD serotype C FMD virus has not 
been detected in Asia after 1995 and this leads to 
optimism that FMD serotype C virus is no more present 
in Asia. Type C FMD virus was detected in the 
Philippines for many years but last outbreak was 
recorded in 1991 onwards to 90s no FMD serotype C 
outbreak detected in this country. Molecular 
characterization of type C virus revealed that it belongs 
to evolving topotype Philippines C, originally from 
South America in the 1970s (Rweyemamu et al., 2008). 
In 1954, for the first time Serotype C was detected in 
Pakistan at a military farm, where both cattle and 
buffaloes were affected. Further, FMD serotype C 
outbreak was detected in buffaloes during 1963 in 
northern Pakistan (NWFP). The last outbreak of type C 
virus detected in eastern part of Pakistan in 1995 (Jamal 
et al., 2010).
Serotypes SAT (South African Territories-1,2,3)
The SAT serotypes of FMD were prevalent in southern 
and eastern Africa and are endemic to African buffalo 
populations in sub-Sahara Africa (Vosloo et al., 1995). 
The FMDV serotypes SAT are normally confined to 
sub-Saharan Africa. The natural host for the SAT 
viruses is the African buffalo which is persistently 
infected with multiple serotypes. There are three SAT 

serotypes: SAT1, SAT2 and SAT3. Several studies in 
Southern Africa have confirmed the African buffalo can 
sustain FMD virus in their body as a carrier for 
serotypes SAT-1, SAT-2 and SAT-3 (Voslooand 
Thomson, 2004). Egypt has reported 20 outbreaks of 
Foot and Mouth Disease (FMD) serotype SAT-2 in 
cattle and buffaloes in several regions and Libya  
reported 23 outbreaks of FMD O, A and SAT-2 during  
2012 (WRLFMD, 2012).
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		Foot-and-mouth disease (FMD) is a serious infectious animal health problem in many parts of the world. The risk that imported livestock and their products may introduce foot-and-mouth disease virus (FMDV) restricts trade in these commodities from parts of the world where FMDV has not been eradicated. Foot-and-mouth disease can be controlled but there are few difficulties like the existence of multiple serotypes of the causative virus, multiple host species including wildlife and extreme contagiousness. This review focuses on the persistence, emergence and distribution of FMDV in comparison of global and Pakistan perspectives. All these factors are much more important to know before we can formulate any control strategy for FMD on national and regional level.
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Foot and mouth disease is one of the most important disease and biggest trade barrier for animals and animal products (Rufael et al., 2008; Perry et al., 2007). FMDV is highly transmissible and causes high morbidity outbreaks with moderate to low mortality in most cases (Grubman et al., 2004). 


FMD is a vesicular disease; the clinical severity of disease depends on the infecting dose and strain of virus. FMD virus have seven serotypes, O, A, C, South African Territories (SAT 1, SAT 2, SAT 3) and Asia 1. All FMD serotypes are immunogenically different and vaccination with one serotype does not develop immunity to against other serotype or subtypes of a serotype (Paton et al 2005; Callis et al., 1968).


Various studies revealed that infected animals can excrete virus shortly before showing of any clinical signs and highest excretion occurs after showing clinical signs. All secretions of an infected animal such as saliva, milk, nasal fluid and feces have highest amount of virus which can cause disease outbreak. FMD virus also transmits through air; the airborne virus enters in respiratory track by inhalation, virus may also enter through oral ingestion and damaged epithelium. In some ruminants virus is not completely cleared from the pharynx, that animals are act as carriers for disease, which can further infect healthy animals (Alexandersen et al., 2003).


FMDV Transmission


FMD virus transmits through direct contact with infected animals; virus enters in susceptible animals through damaged epithelium, cuts or abrasions and mucosal membrane or by the deposition of droplets in respiratory tract. In pigs, FMD virus transmits through physical contact with infected secretions containing large amount of virus. Besides, as pigs are commonly kept on concrete floor, pre-existing damage to the integument may increase the chance of being infected (Alexandersen and Donaldson, 2002).


Transmission can take place by directly or indirectly contact with infected animals and contaminated fomites; virus spread through inhalation of aerosolized virus, contaminated feed, and the virus enters through skin abrasions or mucous membranes. Different routes of transmission vary with the species. For example, sheep and cattle were more susceptible to aerosolized virus than other animals (Fiebre, 2007). 


The disease can also be transmitted indirectly through contaminated vehicles; persons that are working in diseased area and through all other activities, such as shearing, de-worming, blood sampling. Under certain conditions, including climatic and geographic factors, FMDV can be transmitted over a long distance in an airborne manner. Pigs excrete highest amount of airborne virus as compared to other ruminants. Conditions that prompt the long distance transmission of FMDV include a high relative humidity, usually 55 % or higher, minimal mixing of air by turbulence and convection. These conditions are possibly seen in areas that have consistent slow wind and cloudy weather (Alexandersen and Donaldson, 2002).


The airborne transmission of virus plays a major role in some FMD outbreaks (Christensen et al., 2005; Smith et al., 1969). In UK 2001 outbreak, the FMD virus was spread through transport of unrecognized FMD infected animals to FMD free area (Gloster et al., 2003). 


The animal from which live FMD viruses can be isolated after twenty eight days contact with infection is called carrier animal. Those animals were fully susceptible which can develop disease, in which virus persists subsequent recovery, or a vaccinated animal can becomes a carrier. In the carrier animals, virus persists in the pharyngeal region. Carrier Sheep and goats can carry FMD virus for up to nine months and cattle and African buffalo for up to three and five years respectively; wildlife ungulates carry virus for only a relatively short period and pigs don’t carry the carrier state (Salt, 1993). There was some epidemiological evidence that the origin of acute disease outbreaks in suspected animals is due to contact with carrier animals. This mode of transmission was confirmed experimentally for FMD serotype SAT (Vosloo et al., 1995). The epidemiological studies of FMD virus are difficult and complex, it depends on different factors that are related to the virus, host and environmental conditions (Pereira, 1981).


FMDV Persistence


FMD virus persists in the light zones of germinal centers in lymph nodes associated with the pharyngeal region, while these tissues did not develop infective virus (Juleff et al., 2008). The carrier state was well characterized in all ruminants, and there is an only one report finding that supports the carrier state in pigs (Alexandersen et al., 2003; Alexandersen et al., 2001; Mezencio et al., 1999). 


The virulence of virus is different for different hosts like, amount of virus excretion, severity of lesions and long term persistence of virus in animal body. The severity and persistence of disease depends on different environmental conditions and the virus multiplication and spread depends on host specie, population density, contacts between wild and domestic animals, animal movement and nutritional status. The environment can promote virus transmission or can also act as geographical barrier in virus distribution it depends on different environmental conditions (Sobrino and Domingo, 2001; Ferguson et al., 2001).

Global Distribution of FMD

In the beginning of 20th century, FMD outbreaks occurred periodically in Europe but these outbreaks have devastating effects (Barteling and Vreeswijk, 1991). In 1950s, some western European countries were experiencing more than hundred outbreaks in a year (Brown, 1992). In 1968, FMD outbreaks were reported in UK in which very high number of animals was slaughtered (Gloster et al., 2005). After that only few outbreaks have occurred in Europe, in Denmark in 1983 and in Italy in 1993, Latter it observed that the virus was closely related to viruses that earlier circulating in Middle East (Nunez et al., 2006; Christensen et al., 2005). In 2001, FMD was suspected in pigs in East England that was confirmed by World Reference Laboratory (WRL) and it was identified as serotype O Pan-Asia O/UK/2001 strain (Knowles et al., 2001). In 2001 UK outbreak, the main cause of severity of outbreak is due to extensive movement of animals around the UK and to other neighbor countries. Total four million animals were slaughtered in UK outbreak and it regained its FMD free status in start of 2002 (Scudamore and Harris, 2002).

FMD outbreaks have occurred in every country which has livestock except some countries that have disease free status. This disease did not change its distribution significantly till the last 30 years. It remained endemic in South America, sub-Saharan Africa, India, Middle/ Far East but the member of Mercasur (Argentine, Paraguay, Brazil, and Uruguay) have control and improve their status through vaccination programmes. Due to poor surveillance, less diagnostic facilities and control programmes are the main sources FMD spread in cattle in African countries, like Tunisia, Morocco, Algeria. It is very difficult to in Asian countries because they have a large number of ruminants and poverty, due to which FMD outbreaks occurred again and again continuously where it had been, controlled (Malaysia, Philippines, Japan) previously. It is impossible to control FMD in these countries due to uncontrolled movement of livestock, but Brazil has partially controlled it. The whole inactivated virus was used to immunize the animals in Europe. It has successfully achieved and stopped vaccination till 1991. This decision was followed for sake of trade agreements, for remaining European countries to control imports (Kitching, 1998).


In 2010, Japan and Korea lost their FMD free status, FMD A and O serotype viruses affected these countries. The FMD viruses that caused outbreaks were originated from Southeast Asia that was endemic for FMD serotypes O and A (Knowles et al., 2012). FMD is endemic in Southeast Asian countries; Cambodia, Laos, Malaysia, Myanmar, the Philippines, Thailand, and Vietnam. FMD serotypes O, A, and Asia 1 were detected from these countries and serotype C only reported in Philippines between 1976 and 1994. FMD vaccination reduced the reports of outbreaks in Philippines and no outbreaks have occurred since 2005, while some countries of this region also have FMD free status without vaccination (Abdul-Hamid et al., 2011; Lee et al., 2011; Gleeson et al., 2003). Recently, Ahmed et al. (2012) described the molecular characterization of SAT 2 FMD viruses that have caused widespread field outbreaks of FMD in Egypt during February and March 2012. Phylogenetic analysis showed that viruses from these outbreaks fell into two distinct lineages within the SAT 2 topotype VII, which were distinct from a contemporary SAT 2 lineage of the same toptype from Libya. These were the first FMD outbreaks due to this serotype in Egypt since 1950.


Foot and Mouth disease is endemic in Pakistan, India and Afghanistan, FMD serotypes A, O and Asia 1 is prevalent in these countries but FMD O serotype has been responsible of high number of outbreaks in Pakistan (Abubakar et al., 2012; Jamal et al., 2011; Schumann et al., 2008). The rates of three FMD serotypes in Pakistan are 70%, 25% and 4.7% for type O, Asia 1 and type A, respectively (Zulfiqar, 2003). According to Abubakar et al. (2009), in Pakistan, FMDV serotype ‘A’ and ‘Asia-1’ were predominant strains in the samples from Sindh province while ‘O’ and ‘A’ were the major serotypes in samples from Punjab province. Similarly in India, Subramaniam et al., (2012) described the status of FMD for five fiscal years and claimed that three serotypes of FMD virus (O, A and Asia1) are prevalent. Serotype O was responsible for 80% of the confirmed outbreaks/cases, whereas Asia1 and A caused 12% and 8%, respectively.


There is a need to adopt better control policy, monitoring policy for all prevalent serotypes and subtypes in FMD endemic countries. It will help to select most appropriate vaccine for that serotype (Knowles et al., 2005).


Occurrence of FMDV Serotypes; Global and Pakistan Perspective

Foot and mouth disease serotypes are not equally prevalent in different regions of world; while some regions also have disease free status. In endemic settings such as the Indian subcontinent, this variability has resulted in the emergence of pandemic strains that have spread widely and caused devastating outbreaks in disease-free areas (Brito et al., 2012). 


FMD have seven serotypes and subtypes within a serotype these all serotypes are prevailing in Africa while only four serotypes (O, A, Asia 1, C) are occurred in Asia and in South America with only three serotypes (O, A, Asia 1). FMD serotypes SAT-1, SAT-2 and SAT-3 were endemic only in African countries (Rweyemamu et al., 2008).


Serotype A


FMDV serotype A is the most genetically and antigenically diverse among the seven FMDV serotypes and more than thirty subtypes have been identified. However, the origin of the recombinant virus remains unclear. FMD Serotype A control is very difficult by vaccination because it is considered to be as most diverse serotype antigenically and genetically (Kitching, 2005). Sequence analysis revealed that the origin of FMDV serotype A probably lay in South America. Phylogenetic analysis of complete VP1 gene sequence revealed that type A virus isolated from Africa is highly diverse and grouped into three genotypes: Euro-SA, Asia and Africa. Serotype A outbreaks were reported in Afghanistan, turkey, India, Bhutan, Malaysia, Yemen in 2011 and in Myanmar 2010 (OIE 2011). FMD type A Iran-05 was detected in Pakistan and Egypt, two outbreaks in Kazakhstan and Thailand in 2012 (WRLFMD, 2012)


Serotype O


Genetic diversity of FMDV serotype O is also high in comparison to type A, and it allows the classification of the viruses into many distinct lineages. The lineages are Cathay, ME-SA (Middle East-South Asia), SEA (South-East Asia), Euro-SA (Europe-South America), ISA-1 (Indonesia-1), ISA-2 (Indonesia-2), EA (East Africa) and WA (West Africa) (Knowles et al., 2001). FMD Serotype O is widely distributed all around the world, especially in south Asia and Middle East countries (Valarcher et al., 2004). FMD serotype O Pan-Asia lineages were reported in Japan, Korea, Mongolia, Russia, the United Kingdom, France, and South Africa in year 2000–2006 (Cottam et al., 2006).


In Southeast Asia O serotype reported in Taiwan, China, Hong Kong, Thailand and Myanmar, in central Asia reported in Pakistan during 2009. In Middle East O serotype outbreaks were reported in Yemen, Egypt and UAE during 2009 (WRLFMD, 2009). O serotype outbreaks were reported by OIE in Turkey, Oman, Afghanistan, Pakistan, India, china, Korea in 2010-2011 (OIE, 2011). In 2011, serotype O outbreaks were continued to occur in China, South Korea, Japan, Mongolia, Russia, and North Korea (Knowles, 2012).In Bangladesh type A and type O viruses were isolated between 1987 and1997 and again between 1998, 2000 and 2009 (Loth et al., 2011; Islam et al., 2001). The FMD type O virus was isolated in Pakistan during 2002-2006 belonged to pak-98, Iran-2001 Pan Asia or Pan-Asia-II 2006 lineages (Waheed et al., 2010; Saeed et al., 2009; Abubakar et al., 2009; Klein et al., 2008; Knowles et al., 2005). WRLFMD reported O serotype Pan Asia II lineage in Iran, Bahrain, Afghanistan, Israel, Pakistan, Egypt and Taiwan during 2011-2012 (WRLFMD, 2012). 


Serotype Asia 1


FMD serotype Asia 1 was firstly reported in a sample originated from Pakistan in 1954 (Brooksby and Rogers, 1957). FMD Asia 1 outbreak has been reported in Europe and Greece in 1984, the nucleotide sequence of this virus was closely related to the Middle East virus isolated in 1983. This serotype is not as highly variable as other FMD serotypes and all viruses shared more than 85% nucleotide similarity (Ansell et al., 1994). In 1970s, serotype Asia 1 virus move from Pakistan to Afghanistan, Iran, Iraq and Turkey (Firoozi et al., 1974). 


Serotype Asia 1 outbreak was continuously occurring in Indian subcontinent and in neighboring countries (Valarcher et al., 2009). In 2004, serotype Asia 1 outbreak was reported in Kyrgyzstan, Tajikistan and in year 2005-2006 outbreaks were detected in Eastern Russia, Mongolia and in some regions of China (Valarcher et al., 2005).  Phylogenetic analysis of FMD virus VP1 gene these outbreaks revealed that virus belongs to sixth group within the Asia 1 serotype (Valarcher et al., 2009). In 2011 FMD serotype Asia 1 outbreak were reported in Turkey, India and Afghanistan (WRLFMD, 2012).


Serotype C

FMDV serotype C spreads to limited areas as compared to other serotypes, its outbreaks was detected in Europe, South America, East Africa, North Africa, Angola and southern Asia. FMD type C virus were controlled and eradicated by vaccination in Europe and South America, and it also become extinct in Africa and other Asian countries.FMD serotype C FMD virus has not been detected in Asia after 1995 and this leads to optimism that FMD serotype C virus is no more present in Asia. Type C FMD virus was detected in the Philippines for many years but last outbreak was recorded in 1991 onwards to 90s no FMD serotype C outbreak detected in this country. Molecular characterization of type C virus revealed that it belongs to evolving topotype Philippines C, originally from South America in the 1970s (Rweyemamu et al., 2008). In 1954, for the first time Serotype C was detected in Pakistan at a military farm, where both cattle and buffaloes were affected. Further, FMD serotype C outbreak was detected in buffaloes during 1963 in northern Pakistan (NWFP). The last outbreak of type C virus detected in eastern part of Pakistan in 1995 (Jamal et al., 2010).


Serotypes SAT (South African Territories-1,2,3)


The SAT serotypes of FMD were prevalent in southern and eastern Africa and are endemic to African buffalo populations in sub-Sahara Africa (Vosloo et al., 1995). The FMDV serotypes SAT are normally confined to sub-Saharan Africa. The natural host for the SAT viruses is the African buffalo which is persistently infected with multiple serotypes. There are three SAT serotypes: SAT1, SAT2 and SAT3. Several studies in Southern Africa have confirmed the African buffalo can sustain FMD virus in their body as a carrier for serotypes SAT-1, SAT-2 and SAT-3 (Voslooand Thomson, 2004). Egypt has reported 20 outbreaks of Foot and Mouth Disease (FMD) serotype SAT-2 in cattle and buffaloes in several regions and Libya  reported 23 outbreaks of FMD O, A and SAT-2 during  2012 (WRLFMD, 2012).

REFERENCES


Abdul-Hamid NF, NM, Hussein, J Wadsworth, AD Radford, NJ Knowles and DP King, 2011. Phylogeography of foot-and-mouth disease virus types O and A in 362 Malaysia and surrounding countries. Infection, Genetics Evolution, 11: 320–328. 


Abubakar M, MJ Arshed, Q Ali and M Hussain, 2012. Spatial trend of Foot and Mouth Disease virus (FMDV) serotypes in cattle and buffaloes, Pakistan. Virologica Sinica, 27: 320-323.


Abubakar M, G Ferrari, M Hussain, E Haq, MJ Arshed and Q Ali, 2009. Prevalence of Foot-and-Mouth Disease Virus Serotypes in Pakistan. Pakistan Journal of Zoology. Suppl. 9: 351-355.


Ahmed HA, SA Salem, AR Habashi, AA Arafa, MG Aggour, GH Salem, AS Gaber, O Selem, SH Abdelkader, NJ Knowles, M Madi, B Valdazo-González, J Wadsworth GH Hutchings, V Mioulet, JM Hammond and DP King, 2012. Emergence of Foot-and-Mouth Disease Virus SAT 2 in Egypt During 2012. Transboundary Emerging Diseases. In press. (doi: 10.1111/ tbed.12015). 


Alexandersen S and A Donaldson, 2002. Further studies to quantify the dose of natural aerosols of foot-and-mouth disease virus for pigs.  Epidemiology Infection, 128: 313-323. 


Alexandersen S, MB Oleksiewicz and AI Donaldson, 2001. The early pathogenesis of foot-and-mouth disease in pigs infected by contact: a quantitative time course study using TaqMan RT-PCR. Journal of General Virology, 82: 747-755.


Alexandersen S, M Quan, C Murphy, J Knight and Z Zhang, 2003. Studies of quantitative parameters of virus excretion and transmission in pigs and cattle experimentally infected with foot-and-mouth disease virus. Journal of  Comparative Pathology, 129: 268-282.


Ansell DM, AR Samuel, WC Carpenter and NJ Knowles, 1994. Genetic relationships between foot-and-mouth disease type Asia1 viruses. Epidemiology and Infection, 112: 213–324.


Barteling SJ and J Vreeswijk, 1991. Developments in foot-and-mouth disease vaccines. Vaccine,  9:  75–88.


Brito BP, AM Perez, SM Jamal, GJ Belsham, SJ Pauszek, Z Ahmed and LL Rodriguez, 2012. Foot-and-Mouth Disease Virus Serotype O Phylodynamics: Genetic Variability Associated with Epidemiological Factors in Pakistan. Transboundary Emerging Diseases, In press, (doi: 10.1111/j.1865-1682.2012.01366.x). 


Brooksby JB, 1982. Portraits of viruses: foot-and-mouth disease virus. Intervirology, 18: 1–23.


Brooksby JB and J Rogers, 1957. Methods used in typing the virus of Foot-and-mouth disease at Pirbright, 1950–1955. In: Methods of Typing and Cultivation of Foot- and-Mouth Disease Virus, Project No. 208. European Productivity Agency of the Organization of European Cooperation (OEEC), Paris, pp. 31–34.


Brown F, 1992. New approaches to vaccination against foot-and-mouth disease. Vaccine, 10: 1022–1026. 


Callis JJ, PD McKercher and JH Graves, 1968. Foot and- mouth disease - a review. Journal of American Veterinary Medical Association, 153: 1798–1802.


Christensen LS, P Normann, ST Nielsen, JH Sørensen, K de Stricker and S Rosenørn, 2005. Analysis of the epidemiological dynamics during the 1982-1983 epidemic in Denmark based on molecular high-resolution strain identification. Journal of General Virology, 86: 2577-2584.


Cottam EM, DT Haydon and DJ Paton, 2006. Molecular epidemiology of the foot-and-mouth disease virus outbreak in the United Kingdom in 2001. Journal of Virology, 80: 11274−11282.

Ferguson NM, CA Donelly and RM Anderson, 2001. The foot-and-mouth epidemic in Great Britain: pattern of spread and impact of interventions. Science, 292: 1155-1160. 


Fiebre A, 2007. Foot and Mouth Disease The center for food security and public health IOWA state university, USA.

Firoozi B, MR, M Amighi, MB Mastan and P Maleknejad, 1974. The outbreak of foot-and-mouth disease (Asia-1 type) in 1973 in Iran. Bull. Office International Epizootics, 81: 681–687.


Gleeson LJ, 2002. A review of the status of foot-and-mouth disease in South-East Asia and approaches to control and eradication. Review Scienfic Technical Office International Epizootics, 21: 465–475.


Gloster JA, RF Sellers and S Alexandersen, 2005. Re-assessing the likelihood of airborne spread of foot-and-mouth disease at the start of the 1967- 1968 UK foot-and-mouth disease epidemic. Epidemiology and Infection, 133: 767–783.


Gloster J, J Champion, JH Sørensen, T Mikkelsen, DB Ryall, P Astrup, S Alexandersen and AI Donaldson, 2003. Airborne transmission of foot-and-mouth disease virus from Burnside Farm, Heddon-on-the- Wall, Northumberland, during the 2001 epidemic in the United Kingdom. Veterinary Record, 152: 525–533.


Grubman MJ and B Baxt, 2004. Foot-and-mouth disease.  Clinical Microbiology Reviews, 2: 465–493.


Islam MA, MM Rahman, KH Adam and O Marquardt, 2001. Epidemiological implications of the molecular characterization of foot-and-mouth disease virus isolated between 1996 and 2000 in Bangladesh. Virus Gene, 23: 203–210.


Jamal SM, S Ahmed, M Hussain and Q Ali, 2010. Status of foot-and-mouth disease in Pakistan. Archives of Virology, 155: 1487-1491.

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

Juleff N, M Windsor, E Reid, J Seago, Z Zhang, P Monaghan, IW Morrison and B Charleston, 2008. Foot-and-mouth disease virus persists in the light zone of germinal centres. PLoS One, 3: e3434.


Kitching RP, 1998. A recent history of foot-and-mouth disease. Journal of Comparative Patholology, 118: 89-108. 


Klein J, M Hussain, M Ahmad, M Afzal and S Alexandersen, 2008. Epidemiology of foot-and-mouth disease in Landhi Dairy Colony, Pakistan, the world largest Buffalo colony. Journal of Virology, 5: 53.


Knowles NJ, J He, Y Shang, J Wadsworth, BV Gonzalez, H Onosato, K Fukai, K Morioka and K Yoshida, 2012. Southeast Asian foot-and-mouth disease viruses in eastern Asia. Emerging Infectious Diseases, In press, (doi.org/10.3201/eid1803.110908).


Knowles NJ, AR Samuel, PR Davies, RP Kitching and AI Donaldson, 2001. Outbreak of foot-and-mouth disease virus serotype O in the UK caused by a pandemic strain. Veterinary Record, 148: 258-259.


Knowles NJ, AR Samuel, PR Davies, RJ Midgley and JF Valarcher, 2005. Pandemic strain of foot-and-mouth disease virus serotype O. Emerging Infectious Diseases, 11: 1887–1893.

Lee KN, T Nguyen, SM Kim, JH Park, HT Do, HT Ngo, DT Mai, SY Lee, CV Nguyen, SH Yoon, CH Kweon , IS Cho and H Kim, 2011. Direct typing 429 and molecular evolutionary analysis of field samples of foot-and-mouth disease virus collected in Viet Nam between 2006 and 2007. Veterinary Microbiology, 147: 244–252. 


Mezencio JM, GD Babcock, E Kramer and F Brown, 1999. Evidence for the persistence of foot-and-mouth disease virus in pigs. Veterinary Journal, 157: 213-217.


Nunez JI, P Fusi, B Borrego, E Brocchi, ML Pacciarini and F Sobrino, 2006. Genomic and antigenic characterization of viruses from the 1993 Italian foot-and-mouth disease outbreak. Archives of Virology, 151: 127–142.


OIE 2011. WAHID Interface OIE World Animal Health Information Database.  http://www.wrlfmd.org/ref_labs/ref_lab_reports/OIE-FAO%20FMD%20Ref%20Lab %20Report%20Jan-Mar%202011.pdf

Paton DJ, JF Valarcher, I Bergmann, OG Matlho, VM Zakharov, EL Palma and GR Thomson, 2005. Selection of foot-and-mouth disease vaccine strains – a review, Review Scientific Technical Office International Epizootics, 24: 981–993.


Pereira HG, 1981. Foot-and-mouth disease, in: Gibbs E.P.J. (ed.). Virus disease of food animals. Aca Pre Inc Lon, 56:  333-363.


Perry BD and KM Rich, 2007. Poverty impacts of foot-and-mouth disease and the poverty reduction implications of its control. The Veterinary Record, 160: 238–241.


Rufael T, A Catley, A Bogale, M Sahle andY Shiferaw, 2008. Foot and mouth disease in the Borana pastoral system, southern Ethiopia and implications for livelihoods and international trade. Tropical Animal Health and Production, 40: 29– 38.


Rweyemamu M, P Roeder, D Mackay, K Sumption, J Brownlie, Y Leforban, JF Valarcher, NJ Knowles and V Saraiva, 2008. Epidemiological pattern of foot and- mouth disease worldwide. Transboundary Emerging Diseases, 55: 57–72.


Saeed A, QM Khan, U Waheed, M Arshad, M Asif and M Farooq, 2009. RT-PCR evaluation for identification and sequence analysis of foot-and-mouth disease serotype O from 2006 to 2007 in Punjab, Pakistan. Compartive Immunology Microbiology and Infectious Diseases, 34: 95-101. 


Salt JS, 1993. The carrier state in foot-and-mouth disease - an immunological review. Britain Veterinary Journal, 149: 207-223


Schumann KR, NJ Knowles, PR Davies, RJ Midgley, JF Valarcher, AQ Raoufi , TS McKenna, W Hurtle, JP Burans, BM Martin, LL Rodriguez and TR Beckham, 2008. Genetic characterization and molecular epidemiology of foot and-mouth disease viruses isolated from Afghanistan in 2003–2005. Virus Genes, 36: 401–413.


Scudamore JM and DM Harris, 2002. Control of foot and mouth disease: lessons from the experience of the outbreak in Great Britain in 2001. Review Scientific Technical Office International Epizootics, 21: 699–710. 


Smith LP and ME Hugh-Jones, 1969. The weather factor in foot and mouth disease epidemics. Nature, 223: 712–715. 


Sobrino F and E Domingo, 2001. Foot-and-mouth disease in Europe. European Molecular Biology Organization Reports, 2:  459-461.


Subramaniam S, B Pattnaik, A Sanyal, JK Mohapatra, SS Pawar, GK Sharma, B Das and BB Dash, 2012. Status of Foot-and-mouth Disease in India. Transboundary Emerging Diseases. In press, doi: 10.1111/j.1865-1682.2012.01332.x. 

Valarcher JF, NJ Knowles, V Zakharov, A Scherbakov, Z Zhang, YJ Shang, ZX Liu, XT Liu, A Sanyal, D Hemadri, C Tosh, TJ Rasool, B Pattnaik,  KR Schumann, TR Beckham, W Linchongsubongkoch, NP Ferris, PL Roeder and DJ Paton, 2009. Multiple origins of foot-and-mouth disease virus serotype  Asia 1 outbreaks, 2003–2007. Emerging Infectious Diseases, 15: 1046–1051.


Valarcher JF, NJ Knowles and R Fernandez, 2004. FMD global update 2003-2004. In: Open Sessions of the EUFMD Research Group. Greece: China.


Valarcher JF, NJ Knowles, NP Ferris, DJ Paton, V Zakharov and A Sherbakov, 2005. Recent spread of foot-and-mouth disease virus serotype Asia 1. Veterinary Record, 157: 30.


Vosloo W and GR Thomson, 2004. Natural habitats in which foot-and-mouth disease viruses are maintained.  CRC Press, London. pp: 383-410.


Vosloo W, E Kirkbride, RG Bengis, DF Keet and GR Thompson, 1995. Genome variation in the SAT Type Foot and Mouth Disease Viruses prevalent in buffalo in the Kruger National Park and other regions of Southern Africa. Epidemiology and Infection, 144: 203-218.


Waheed U, S Parida, QM Khan, M Hussain, K Ebert, J Wadsworth, SM Reid, GH Hutchings, M Mahapatra, DP King, DJ Paton and NJ Knowles, 2010. Molecular Characterization of Foot-and-Mouth Disease Viruses from Pakistan, 2005-2008. Transboun- dary and Emerging Diseases, 58: 166–172.


WRLFMD 2009. FAO/OIE World Reference Laboratory Report http://www.wrlfmd.org/ ref_labs/ref_lab_reports/OIEFAO%20FMD%20Ref%20Lab%20Report%20Oct-Dec%202009.pdf.

WRLFMD 2012. WRLFMD Quarterly Report January-March 2012 http://www.wrlfmd.org/ref_labs/ ref_lab_reports/OIEFAO%20FMD%20Ref%20Lab%20Report%20Jan-Mar%202012.pdf

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 Trans-boundary Animal Diseases in Pakistan, Rinderpest, FMD, PPR.

84

90

89



