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Abstract 
Foot and mouth disease (FMD) is a highly contagious disease mostly caused by 

serotype A, O, and Asia-1 of virus that is endemic in Pakistan. FMD Serotype ‘O’ is 

responsible for more than 60% of outbreaks in Khyber Pakhtunkhwa Pakistan. During 

the present study, a total of 50 samples of FMDV serotype ‘O’ virus were selected from 

field outbreaks samples preserved at the center. The nucleotide sequences of the VP1 

coding region from all the virus samples were determined. The phylogenetic analysis 

of FMDV serotype ‘O’ viruses circulating in different areas of Khyber Pakhtunkhwa 

Pakistan was determined. This indicated continuous mutation from 2012 to 2015 due to 

the presence of two different sub lineages within ‘O’ PanAsia-II lineage. The current 

study reveals that the presences of two different sub lineages of FMDV O PanAsia-II 

were identified which are circulating in different regions of Khyber Pakhtunkhwa 

Pakistan. The emergence of new variants are possibly responsible for the failure of 

vaccine in the country and creates hindrances in the control of disease in the region. 
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Introduction 

 

Foot and mouth disease (FMD) is highly contagious 

and fatal viral disease of all the cloven hoofed animals 

endemic in Pakistan (Alexanderson and Mowat, 2005; 

Jamal et al., 2011). FMD is highly transmissible 

disease and causes substantial financial losses to the 

livestock sector in the form of high morbidity and 

mortality. FMD causes acute agalorrhea which lead to 

huge losses in milk production especially in dairy 

animals. This disease causes high mortality in young 

stocks and lameness in draught animals in the hilly 

areas leads to high economic losses. Due to the 

enzootic nature of the FMD, there is continuous 

international trade embargo in terms of Livestock and 

livestock products i.e. meat and milk products, hides, 

skin and their products. The virus which causes the 

FMD belongs to the genus Aphthovirus with in the 

family of Picornaviradae, the smallest animal origin 

virus (Belsham, G.J, 2005). FMD virus is non-

enveloped single stranded RNA having size of about 

8.3K genome. The genome, RNA is surrounded by 

spherical capsid proteins consisting of about 60 units 

of the four structurally important components of 

polypeptides i.e. VP-1, VP-2, VP-3, and VP-4. The 

VP-1 coding region is the most important variable 

capsid polypeptide of virus possesses the 

immunogenic properties (Fox et al., 1989; Jackson et 

al., 1997). The nucleotide sequences’ of Virus Protein 

1(VP-1) coding region is routinely using for genetic 
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characterization of the FMDV strains because this 

polypeptide is mostly used by virus for adherence and 

entry to the host cell. The host also raised protective 

immunity against this, that’s why the VP-1 

polypeptide is known as highly immunogenic portion 

of the FMDV virus structure (Belsham, G.J, 2005). 

The causative agent of the disease is present in seven 

different serotypes i.e. A, O, C, Asia-1, SAT-1 SAT-2 

and SAT-3. These different serotypes do not provide 

any cross immunity among each other after 

immunization or infection (Bachrach1968; Domingo 

et al., 2003). Even within inside the single serotype 

several subtypes exist which lack cross protection 

against each other. Furthermore the adequate control 

and prevention of the FMD might not be possible due 

to the appearance of new strains within the serotypes. 

Different strain of the virus is geographically 

distributed, which is mostly used for identification of 

the virus origin. These Topotypes label and define the 

geographical array of genetically different strains 

within the FMD serotypes (Knowles and Samuel 

2003). In some geographical zones the FMD outbreak 

is caused by the presence of more than one serotype 

and subtypes of the FMD virus. However it is obvious 

that the distribution of the serotype and subtype is not 

specific to any area around the globe.  The presence of 

FMDV is varies from large geographical areas of Asia, 

South America and Africa, which can simply crosses 

the borders and causes heavy epizootics in free zones. 

The serotype ‘O’ of FMDV is a unique virus serotype 

which is responsible for more than half of the total 

outbreaks among the rest of serotypes globally ( 

Rweyemamu et al., 2008) and also reported in some 

disease free states (Knowles et al., 2001, Bruckner et 

al., 2002, Sakamoto et al., 2002, Shin et al., 2003, 

Tsutusi and Yamamoto 2010). In Pakistan the FMD is 

enzootic and common, interestingly the ‘O’ serotype 

has been identified and found to be accountable for 

almost more than 60 % of the outbreaks in Pakistan. 

To design the strategies for proper control and 

prevention of this devastating and economically 

important disease particularly in Khyber Pakhtunkhwa 

and in Pakistan. It is required to screen out the 

different strains of FMD serotypes ‘O’ circulating in 

the region as more than 60 % of the outbreaks are 

occured due to this serotype. This will also help in the 

selection of the most suitable vaccine candidate and to 

incorporate them in the formulation of trivalent 

vaccine preparation in the province. Due to which it 

may help in the control of FMD outbreaks in the 

country and entire glob respectively. 

For this purpose phylogenetic analysis based on the 

VP-1 coding region is mostly use to determine the 

subtypes of different FMDV serotypes (Tosh et al., 

2002, Knowles and Samuel 2003 and Knowles 2005). 

In Pakistan very limited research work has been 

conducted in the isolation and characterization of 

FMDV (Waheed et al., 2010). During the present 

study field samples from 2012 to 2015 were selected 

which belongs to different districts of Khyber 

Pakhtunkhwa Pakistan, have been sequenced for VP-

1 coding region and characterized for FMD serotype 

‘O’. 

 
Material and Methods 
 

Nature of sample 

The epithelial samples were previously collected from 

Animals i.e. cattle and buffalo belongs to different 

districts of Khyber Pakhtunkhwa under the Project 

“Progressive control of FMD in Pakistan” funded by 

FAO from 2012 to 2015 (Table 1). The major 

objective of the project was to establish a provincial 

FMD surveillance Laboratory at Foot and Mouth 

Disease Research Center, Veterinary Research 

Institute Peshawar, where the samples received from 

different districts were tested for the diagnosis and 

serotyping of the FMDV. In continuation with afore 

mentioned project, another ADP project “Use of 

Molecular Techniques in Livestock Research at 

Khyber Pakhtunkhwa” from the provincial 

government was approved in 2013-14. The major 

objective of The Project was to strengthen the Foot and 

Mouth Disease center especially in molecular 

techniques. For this purpose samples were selected 

randomly from the previously tested samples and were 

further subjected to process for genetic 

characterization. The selected FMDV serotype ‘O’ 

samples were processed for genetic characterization of 

VP-1 coding region to determine the range of virus 

circulating in the clinically suspected animals. The 

ELISA positive samples were sent to the Genomics 

Laboratory previously established, in Phosphate 

Buffer Saline (PBS) in ice box, where the samples 

were store at -40oC till further processing. The sample 

data regarding the species, district, date, year, and 

serotype were also recorded for onward processing 

(Jamal et al., 2011). The data regarding the nucleotide 

sequence for the VP-1 coding region of FMDV 

serotype ‘O’ were obtained from Gen Bank data base 

(www.ncbi.nlm.nih.gov).  

http://www.ncbi.nlm.nih.gov/
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Sample preparation and Nucleic Acid extraction  

The samples were grinded in 1ml PBS using pestle and 

motor, and then transferred to 1.5ml Eppendorf tube 

under ice. The samples were then subjected to 

centrifugation where it was centrifuged at 1000rpm for 

15 minutes at 4oC using a high speed refrigerated 

centrifuge machine ( Z 32 Hermle Germany). The 

supernatant was collected in another sterile 1.5ml tube 

and total RNA was extracted from all the samples 

using Viral Nucleic acid Extraction Kit GF-1 Vivantis 

following the procedure as mentioned by the 

manufacturer. The final volume of the viral RNA 

extracted was 50µl eluted in elution buffer supplied 

with the kit and store at -40oC till further processing as 

described by Jamal et al., (2011). 

 

Quantification of the Viral RNA  

The extracted viral RNA of 2.0 µl was taken and 

quantified for concentration and purity using 

Nanodrop spectrophotometer (Titertek Berthhold 

Germany). 

 

CDNA Amplification  

All the quantified viral RNA was then converted to 

cDNA following the protocol provided by the 

manufacturer with CDNA amplification kit. All the 

reagents were brought to room temperature by thawing 

and flicking.    

Then the genomic DNA elimination reaction on ice 

was made as mentioned in the protocol i.e. 2 µl of 

gDNA wipeout buffer was taken in a sterile 0.1ml tube 

and mix with 10µl of template RNA, the total volume 

of the reaction was made 14µl by adding nuclease free 

water.  The tube content was properly mixed and 

incubated for two minutes at 42 ºC using thermal 

cycler T100 BioRad.  

Then prepared the reverse transcription master mix on 

ice by adding 1 µl of ‘Quantiscript Reverse 

Transcriptase’, 4 µl of ‘Quantiscript RT Buffer’, 1 µl 

‘RT primer Mix’ and the entire genomic cDNA 

elimination reaction, the final volume  was made 20 µl 

in 0.1ml sterile tube.  The tube was incubated for 15 

minutes at 42 ºC as previously mentioned. The tube 

was then again incubated for another 3 minutes at 95 

ºC to inactivate the Quantiscript Reverse Transcriptase 

inside the Thermal Cycler. The cDNA was then stored 

at -40 ºC till further processing.  

 

Sequencing  

For sequencing of entire VP-1 coding region of 

FMDV serotype ‘O’ all the amplified cDNA samples 

along with corresponding extracted RNA were packed 

in dry ice according to the International export rules 

and regulation for biologics and sent to Shanghai ZJ 

Bio- Tech Co, Ltd China. The sequencing was 

performed using both forward and reverse primers for 

every single sample by the lab. 

 

Genome Sequence Analysis  

The sequences obtained were edited after comparing 

the peaks of nucleotides basis using Accelsys Genes 

Software (Jamal et al., 2011). The VP-1 sequences of 

Serotype ‘O’ were aligned using Mega 6 software 

(Tamura et al.2007). Phylogenic relationship of the 

VP-1 sequences for individual sample was determined 

by constructing Neighbor Joining method using Mega 

6 Software (Saitou and Nei, 1987). The strength of the 

tree topology was assisted with 1000 bootstrap 

replicate as applied in the program (Felsenstein, 1985). 

To infer the phylogenetic tree, it was constructed to 

scale with the same branch length as used in the 

evolutionary study.  

 
Results 

 

A total of 50 epithelial samples were selected from the 

FMD cases belong to different districts of Khyber 

Pakhtunkhwa preserved at the center during 2012 to 

2015. All these samples were previously tested in 

serology Laboratory by using Sandwich ELISA for 

serotyping the FMDV. The same samples were further 

reconfirmed on another advance technique i.e. Real 

Time Polymerase Chain Reaction (RT-PCR) using 

one step kit specific for serotype ‘O’. The positive 

samples were processed and analyzed by subjecting to 

sequencing the VP-1 region of FMD Serotype ‘O’ 

virus to determine their sub type prevailing in the 

different areas of Khyber Pakhtunkhwa Pakistan. Out 

of 50 samples 13 VP1 (26%) sequences were 

identified and determined using BLAST as serotype 

‘O’ (Fig 2). Moreover during the initial serotyping of 

the samples, two samples one from district Bannu and 

the other from D.I.Khan were found positive for both 

serotype (O+A) collected in 2012 while another 

sample collected during 2013 from District Hazara 

was also found mixed i.e. (O+A).  All these three 

samples were collected from cattle of the above 

mentioned districts of Khyber Pakhtunkhwa.   

In this study 13 out of 50 samples previously collected 

during 2012 to 2015 form suspected FMD clinical 

cases were of that Serotype ‘O’. The FMDV serotype 

‘O’ from field outbreak sequenced in this study 
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belongs to two different sub lineages within O 

PanAsia II. The vaccinal strain of the serotype ‘O’ 

being used for production of vaccine in Pakistan 

belongs to a separate lineage named earlier as Pak-98 

with O/PAK12/2003,(Accession Number 

DQ165066). 

The virus O/PAK/2008, O/PAK/2005, O/IRN/8/2005 

and O/IRN/2001 belong to this lineage are responsible 

for FMD outbreaks in the region of Khyber 

Pakhtunkhwa Pakistan. There are two different sub 

lineages of O/PanAsiaII of serotype ‘O’ has been 

identified in 26% of the samples selected for the study 

in Khyber Pakhtunkhwa Pakistan. These sub lineages 

of the O Pan Asia-II were identified based on the 

differences in the VP-1 coding region sequence 

(Hemadri et al., 2002, Nagendrakumar et al., 2009). 

The viruses belonging to different two sub linages of 

FMDV serotype ‘O’/Pan Asia-II were identified in 

Khyber Pakhtunkhwa in 2012 to 2015. These were 

originated from different districts i.e. Bannu, 

D.I.Khan, Mardan, Kohat, Hazara, Malakand,and 

Peshawar respectively (Central , Northern and 

Southern region of Khyber Pakhtunkhwa Pakistan) 

(Table 1). 

 

 

Table-1; Samples collected from different districts of Khyber Pakhtunkhwa-Pakistan used in this study. 

S. No. Sample  No. Origin Collection 

Year 

Specie Serotype on 

ELISA 

1 F-1 Bannu 2012 Cattle O+A 

2 F-2 D.I.Khan 2012 Cattle O+A 

5 F-5 Peshawar 2012 Cattle O 

6 F-6 Hazara 2012 Cattle O 

7 F-7 Bannu 2013 Cattle O 

8 F-8 D.I.Khan 2013 Buffalo O 

9 F-9 Kohat 2013 Cattle O 

11 F-11 Malakand 2013 Cattle O 

13 F-13 Mardan 2013 Cattle O 

16 F-16 Peshawar 2013 Cattle O 

18 F-18 Hazara 2013 Cattle O 

20 F-20 Hazara 2013 Cattle O+A 

21 F-21 Bannu 2014 Cattle O 

22 F-22 D.I.Khan 2014 Cattle O 

23 F-23 Kohat 2014 Cattle O 

25 F-25 Malakand 2014 Cattle O 

28 F-28 Mardan 2014 Cattle O 

31 F-31 Peshawar 2014 Cattle O 

34 F-34 Hazara 2014 Cattle O 

47 F-47 Anonymous  2015 Vaccine strain O 

48 F-48 Anonymous 2015 Vaccine strain O 
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Fig.- 1: The serotype ‘O’ has been identified and found to be accountable for more than 60 % of the 

outbreaks as compared to serotype A, serotype Asia-1 in Khyber Pakhtunkhwa-Pakistan during 2012-2015. 

Fig. - 2: Phylogenetic relationship of the FMDV serotype O sequences obtained from different regions of 

Khyber Pakhtunkhwa -Pakistan in comparison with other available sequences in Genebank. 

 

Discussion 

In the current study 13 out of 50 new field isolates of 

FMDV serotype ‘O’ VP-1 region sequences have been 

created and analyzed. The sequences of theses 

Serotype O isolates were from different districts 

including Peshawar, Swat, Malakand, Dir, D.I.Khan, 

Hazara, Mardan, Kohat and Bannu etc. in Khyber 

Pakhtunkhwa Pakistan. In Khyber Pakhtunkhwa more 

than 60% of the disease outbreak is due to the FMDV 

Serotype ‘O (Fig 1). These different sub group of 

serotypes ‘O’ of FMDV were found responsible for 

the disease outbreak in different districts of Khyber 

Pakhtunkhwa during 2012 to 2015. The sequences 

434

107
72

17
44

o A Asia-1 O+A O+Asia-1

Outbreaks from 2012 to 2015 

From 2012 to 2015 Outbreaks



Hanif Ur Rahman et al. 

186 Asian J Agri & Biol. 2018;6(2):181-188. 

data were compared with already available FMDV 

sequence in the Data bank specifically those serotypes 

of the viruses which are circulating in the neighbor 

countries. These sub lineages of FMDV serotype ‘O’ 

were emerged and circulating in the different regions 

of Khyber Pakhtunkhwa. The FMDV serotype ‘O’ 

virus used in Trivalent Vaccine production in Pakistan 

also belong to a separate lineage i.e. Pak 98, while the 

viruses circulating in different regions of Khyber 

Pakhtunkhwa Pakistan  belongs to two different sub 

lineages of O Pan Asia II. In Pakistan the vaccine 

strain mostly introduced from foreign organization 

like the “World Reference Laboratory” (WRL) for 

“FMD institute for Animal Health”, Pirbright, UK 

(Zulfiqar, 2005). All the serotype ‘O’ viruses belong 

to two sub lineages within the O Pan Asia II of O PAN 

Asia lineage which is outcome of continuous genetic 

mutation within this strain. This lineage is 

predominant and mostly circulating in different 

regions of KPK particularly and in Pakistan generally. 

According to statements of ‘Schumann et al., 2008 and 

Klein et al., 2008’  the serotype ‘O’ of the PAN Asia 

II lineage was first time identified in 2003 in different 

region of Pakistan and also in the neighboring 

countries. This PAN Asia II lineage was primarily 

identified in Nepal in 2003 and Bhutan in 2003-4. 

Later on it was also recognized in Afghanistan in 2004 

and then in Pakistan in 2006-7 (Schumann et al., 2008, 

Klein et al., 2008). 
The current research shows that this sub lineages of 

‘O’PAN Asia II is circulating in Khyber Pakhtunkhwa 

and in the other provinces of the country respectively. 

As it was also present since 2005 in different region of 

Pakistan and afterword also detected in Iran, Turkey 

and Kazakhstan and Kyrgyzstan in 2007(Scherbakov 

et al., 2008). This study shows that the subgroups of 

this sub lineage is circulating in different region of 

Khyber Pakhtunkhwa, Pakistan is responsible for the 

disease outbreak. It is worth mentioning here that the 

presence of new variants of the viruses of this sub 

lineage circulating in the country and in neighboring 

states, might be responsible for the wide spread 

outbreaks. Furthermore the unrestricted movement of 

animals especially during Eid Ul Adha, across the 

different provinces of country is also pave way to the 

dissemination of viruses which lead to the heavy 

outbreaks in the country. It is pertinent to say here that 

the concurrent presence of more than one groups of a 

sub lineage of FMD Serotype ‘O’ virus in different 

districts of the province, made the situation tough for 

the surveillance system of this disease in the country, 

this statement support our results. The emergence of 

new variants within the sub lineages of O Pan Asia II 

viruses lead to the failure of disease control through 

vaccination campaign in the country. 

  

Conclusion 
 

It is obvious from this research study that two different 

sub lineages within the FMDV serotype ‘O’ Pan Asia 

II emerged due to mutation which now circulating in 

the Khyber Pakhtunkhwa Pakistan. The detection of 

these two sub lineages within the serotype O Pan Asia 

II viruses are continuously and rapidly changing in 

Pakistan. These changes in the virus genome may be 

due to genetic shift and drift or may be due to the less 

immunogenicity as a result of past infection, low 

immunization coverage and either due to non- 

matching or poorly matching vaccine or inadequate 

dose. The newly emerging strains of this virus may 

pose a serious risk to the livestock farming community 

in the form of heavy economic losses and also due to 

international trade embargo. 

 

Acknowledgement 
 

This Research study was financed by the ADP scheme, 

“Use of Molecular techniques in Livestock research at 

Khyber Pakhtunkhwa”. The authors are thankful to Dr. 

Syed Muhammad Jamal, Associate Professor, The 

University of Malakand for his support and guidance 

during interpretation of the results. 

 

References 
 

Alexanderson S and Mowat N, 2005. Foot-and-mouth 

disease: host range and pathogenesis. Curr. Top. 

Microbiol. Immunol. 288: 9–42. 

Bachrach HL, 1968. Foot-and-mouth disease. Annu. 

Rev. Microbiol. 22: 201–244. 

Belsham GJ, 2005. Translation and replication of 

FMDV RNA. Curr. Top. Microbiol. Immunol. 

288: 43–70. 

Bruckner GK, Vosloo W, Du Plessis BJ, Kloeck PE, 

Connoway L, Ekron MD, Weaver DB, Dickason 

CJ, Schreuder FJ, Marais T and Mogajane ME, 

2002. Foot and mouth disease: the experience of 

South Africa. Rev. Sci. Tech. 21 (3):751–764. 

 Domingo E, Escarmis C, Baranowski E, Ruiz-Jarabo 

CM, Carrillo E, Nunez JI and 

Sobrino F, 2003. Evolution of foot-and-mouth 



Hanif Ur Rahman et al. 

187 Asian J Agri & Biol. 2018;6(2):181-188. 

disease virus. Virus Res. 91 (1): 

47–63. 

Felsenstein J, 1985. Confidence limits on phylogenies: 

an approach using the bootstrap. Evolution. 39: 

783–791. 

Fox G, Parry NR, Bamett PV, MC Ginn B, Rowlands 

DJ and Brown F, 1989. The cell attachment site on 

Foot and Mouth disease viruses includes the amino 

acid sequences RGD (Arginine-glycine aspartic 

acid). J Gen Virol. 70:625-637. 

Hemadri D, Tosh C, Sanyal A, Venkataramanan R and 

2002. Emergence of a new strain of type O foot-

and-mouth disease virus: its phylogenetic and 

evolutionary relationship with the PanAsia 

pandemic strain. Virus Genes. 25 (1): 23–34. 

Jackson T, Sharma A, Ghazzaleh RA, Blakmore WE, 

Ellard FM, Simmons DL, Newman JWI, Stuart DI 

and King AMQ, 1997. ArginineGlycine aspartic 

acid specific bing by foot and mouth disease 

viruses to the purified integrine ανβ3 in vitro. J 

Virol. 71: 8357-8361. 

Jamal SM, G Ferrarid, S Ahmed, P Normannc and G 

Belsham, 2011. Genetic diversity of foot and 

mouth disease virus serotype O in Pakistan and 

Afghanistan.1997-2009. Infect Genet Evol. 

11(6):1229-38.  
Klein J, Hussain M, Ahmad M, Afzal M and 

Alexanderson S. 2008. Epidemiology of foot-and-

mouth disease in Landhi dairy colony, Pakistan, 

the world largest Buffalo colony. Virol. J. 5, 53 

doi: 10.1186/1743-422X-5-53. 

Knowles NJ, Samuel AR, Davies PR, Kitching P and 

Donaldson AI, 2001. Outbreak of foot-and-mouth 

disease virus serotype O in the UK caused by a 

pandemic strain. Vet. Rec. 148: 258–259. 

 Knowles NJ and Samuel AR, 2003. Molecular 

epidemiology of foot-and-mouth disease virus. 

Virus Res. 91 (1):65–80. 

Knowles NJ, Samuel AR, Davies PR., Midgley RJ and 

Valarcher JF. 2005. Pandemic strain of foot-and-

mouth disease virus serotype O. Emerg. Infect. 

Dis. 11(12): 1887–1893. 

Nagendrakumar SB, Madhanmohan M, Rangarajan 

PN and Srinivasan VA, 2009. Genetic analysis of 

foot-and-mouth disease virus serotype A of Indian 

Origin and detection of positive selection and 

recombination in leader protease and capsid-

coding regions. J. Biosci. 34 (1): 85–101. 

Rweyemamu, M, Roeder P, Mackay D, Sumption K, 

Brownlie J, Leforban Y, Valarcher J.F, Knowles 

NJ and Saraiva V, 2008. Epidemiological patterns 

of foot and-mouth disease worldwide. 

Transbound. Emerg. Dis. 55: 57–72. 

Saitou N and Nei M, 1987. The neighbor-joining 

method: a new method for reconstructing 

phylogenetic trees. Mol. Biol. Evol. 4: 406–425. 

Sakamoto K, Kanno T, Yamakawa M, Yoshida K, 

Yamazoe R and Murakami Y, 2002. Isolation of 

foot-and-mouth disease virus from Japanese black 

cattle in Miyazaki Prefecture, Japan. J. Vet. Med. 

Sci. 64 (1): 91–94. 

Scherbakov A, Timina A and Borisov V, 2008. 

Phylogenetic study of FMDV isolates collected in 

Russia, CIS-countries and Mongolia in 2000–

2007.  The global control of FMD – tools, ideas 

and ideals. Erice, Italy. 14–17 October, 2008. 

Open session of the Research Group of the 

Standing Technical Committee On FMD. 

European Commission for the control of FMD, 

Food and Agriculture Organization of the United 

Nations. Rome, Italy, pp. 69–72. 

Schumann KR, Knowles NJ, Davies PR, Midgley RJ, 

Valarcher JF, Raoufi AQ, McKenna TS, Hurtle W, 

Burans JP, Martin BM, Rodriguez LL and 

Beckham TR, 2008. Genetic characterization and 

molecular epidemiology of foot-and mouth 

disease viruses isolated from Afghanistan in 

2003–2005. Virus Genes. 36(2): 401–413. 

Shin JH, Sohn HJ, Choi KS, Kwon BJ, Choi CU, Kim 

JH, Hwang EK, Park JH, Kim JY, Choi SH and 

Kim OK, 2003. Identification and isolation of foot-

and mouth disease virus from primary suspect 

cases in Korea in 2000. J. Vet. Med. Sci. 65 (1): 

1–7. 

Tamura K, Dudley J, Nei M and Kumar S, 2007. 

MEGA4: Molecular evolutionary genetics 

analysis (MEGA) software version 4.0. Mol. Biol. 

Evol. 24: 1596–1599. 

Tosh C, Sanyal A, Hemadri D and Venkataramanan R, 

2002. Phylogenetic analysis of serotype A foot and 

mouth disease virus isolated in India between 1977 

and 2000. Arch. Virol. 147(3): 493–513. 

Tsutsui T and Yamamoto T, 2010. The foot and mouth 

disease epidemic in Japan. New tools and 

challenges for progressive control of FMD. 

Vienna, Austria. 27 September to 1 October, 2010. 

Open Session of the Research Group of the 

Standing Technical Committee on FMD. 

European Commission for the control of FMD, 

Food and Agriculture Organization of the United 

Nations, Rome, Italy, p. 3. 

https://www.ncbi.nlm.nih.gov/pubmed/21419880


Hanif Ur Rahman et al. 

188 Asian J Agri & Biol. 2018;6(2):181-188. 

Waheed U, Parida S, Khan QM, Hussain H, Ebert K, 

Wadsworth J, Reid SM, Hutchings GH, 

Mahapatra, M, King DP, Paton DJ and Knowles 

N, 2010. Molecular characterization of foot and 

mouth disease viruses from Pakistan, 2005–2008. 

Transbound. Emerg. Dis. 

doi:10.1111/j.18651682.2010.01186.x 

Zulfiqar M, 2005. Report for development of a national 

control policy for foot-and mouth disease in 

Pakistan. FAO project, Support emergency for 

prevention and control of main Transboundary 

diseases in Pakistan (Rinderpest, FMD, PPR), p. 

16. 

 


