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ABSTRACT 
 

Background: Foot-and-mouth disease (FMD) is one of the highly contagious and economically 
devastating diseases of cloven-hoofed animals in Bangladesh. The present study was undertaken 
to investigate the molecular epidemiology of circulating FMD virus (FMDV) in Bangladesh during 
the period of 2011 to 2014.  
Methodology: A total of 134 samples from clinically FMD infected cattle were collected from 15 
different outbreak areas of Bangladesh. All samples were subjected to RNA extraction and RT-
PCR for detection and serotyping of FMDV in Bangladesh.  
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Results: Out of 134 samples, 73% (98) samples were positive for FMDV. Three different serotypes 
(O, A, and Asia 1) of FMDV were found to be present in Bangladesh. Among the positive FMDV, 
serotype O and Asia 1 accounts for about 31% followed by A (7%) have been detected. 
Phylogenetic analysis of partial VP1 nucleotide sequences demonstrated that all BLRI/FMDV 
serotype O isolates were closely related to PanAsia strains, including those that originated from 
Bangladesh, Bhutan and India for the period of 2012–2014. Results of the sequencing of VP1 gene 
of FMDV serotype O revealed that there was slight divergence among BLRI isolated strains. 
BLRI/127 isolates of FMDV serotype A showed close resemblances with the isolates originated 
from India during 2000 to 2006. While BLRI/ FMDV serotype Asia 1 isolates were most closely 
related to other FMDV isolates collected in Bangladesh during 2013.  
Conclusions: Assessment of genetic variation of FMD viruses in the field is useful for estimating 
the origin of outbreaks and provides valuable information applicable to control measures such as 
regulating animal movement and selecting appropriate vaccine strains. 
 

 
Keywords: FMDV; serotypes; endemic; RT-PCR; VP1 gene; Bangladesh. 
 

1. INTRODUCTION 
 
Foot and mouth disease (FMD) is one of the 
most important transboundary and re-emerging 
infectious diseases of the ungulates [1]. It is an 
endemic disease of cloven-hoofed animals [2] 
that cause severe economic losses due to high 
morbidity and export trade restrictions imposed 
on affected countries [3,4]. FMD virus (FMDV), a 
member of the genus Aphthovirus and family 
Picornaviridae, is the etiologic agent of the 
diseases [5] that causes an acute disease 
characterized by fever, lameness and vesicular 
lesions on the feet, tongue, snout and teats, with 
high morbidity and low mortality [6].  
Transmission can take place by direct or indirect 
contact with infected animals and contaminated 
fomites; virus spread through inhalation of the 
aerosolized virus, contaminated feed, and the 
virus enters through skin abrasions or mucous 
membranes. Different routes of transmission vary 
with the species. Sheep and cattle were more 
susceptible to the aerosolized virus than other 
animals [7]. Many FMDV-infected animals clear 
the virus within 7–14 days. However, 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 [8-10]. 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 [11].  
 
FMDV has a single-stranded positive RNA 
genome that possesses high potential for genetic 
and antigenic variation. Seven recognized 
serotypes of FMDV (O, A, C, SAT1, SAT2, SAT3 
and Asia1) and about 65 subtypes of FMDV have 
been defined [12,13]. Based on the phylogenetic 

analysis of the VP1 gene sequence, FMDV 
serotype A is classified into 10 major genotypes 
(I–X) [14,15], serotype O is classified into 10 
topotypes [16] and serotype Asia 1 is grouped 
into 6 genotypes (I-VI) [17]. Topotypes of FMDV 
serotype O are designated as Europe-South 
America (Euro-SA), Middle East-South Asia (ME-
SA), Southeast Asia (SEA), Cathay (CHY), West 
Africa (WA), East Africa 1 (EA-1), East Africa 2 
(EA-2), East Africa 3 (EA-3), Indonesia-1 (ISA-1), 
and Indonesia-2 (ISA-2) [16]. All FMDV 
serotypes are immunogenically different and 
vaccination with one serotype does not develop 
immunity against other serotype or subtypes of a 
serotype [18]. Within the seven serotypes, 
serotype A displays the greatest number of newly 
occurring subtypes, which makes the control by 
vaccination very difficult [14].  
 
FMDV is non-enveloped icosahedral particle with 
a smooth surface and a diameter of about 30 nm 
having sedimentation coefficient of 146S and the 
genome is polyadenylated at 3′ end and carries a 
small covalently linked protein, VPg at 5′ end 
[19]. The size of FMDV RNA genome is 8.5 Kb. 
The genome encodes four structural proteins 
(VP1, VP2, VP3, and VP4) and eight non 
structural proteins (L, 2A, 2B, 2C, 3A, 3B, 3C, 
and 3D). The genome is encapsidated by sixty 
copies each of the four structural proteins of 
which VP1-3 are exposed outside of virion and 
VP4 is completely internal [20,21]. The genome 
of FMDV is subject to a high rate of mutation 
because the FMDV RNA-dependent RNA 
polymerase lacks proof reading ability.  
 
FMD is recognized as a significant epidemic 
disease threatening the cattle industry since the 
sixteenth century and till date it is a major global 
animal health problem [22]. Because of its 
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associated economic impact and the difficulties 
in its effective control, Office of International des 
Epizooties (OIE) ranks the disease first in its list 
A diseases and the virus as Risk Group 4 of 
transboundary importance [23,24]. FMD is 
endemic in Bangladesh and one of the major 
constraints for livestock development in 
Bangladesh. Three of the seven FMDV 
serotypes (serotypes O, Asia 1, and A) are 
prevalent throughout the Bangladesh [25,26]. 
Outbreak of this disease causes severe 
economic losses to the livestock industries in 
terms of loss of draft power, meat and milk 
production, infant and adult animal mortality. 
Economic losses is incurred about 60-150 million 
USD per year due to only the outbreak of FMD in 
Bangladesh [2]. Beside the significant economic 
consequences, the disease also has a serious 
impact upon food security and rural people 
livelihood in Bangladesh. An integral part of any 
viral disease control strategy is the 
epidemiological tracing of virus transmission 
together with conventional field investigations. 
 
Therefore, if Bangladesh wishes to ensure food 
security, increase rural people livelihood and 
access the lucrative markets of the developed 
world for her livestock and livestock products, 
control of FMD will need to be addressed more 
aggressively and effectively. For RNA viruses 
with high evolutionary rates, an integral part of 
disease control strategy is the epidemiological 
tracing of virus transmission together with 
conventional field investigations. Epidemiological 
data, genetic characterization of circulating field 
FMDV and continuous monitoring is necessary in 
order to control FMD outbreak in Bangladesh. In 
consideration of these factors, the study was 
undertaken to investigate molecular 
epidemiology, genotyping and employ 
phylogenetic analysis to determine the 
relationship of FMDV serotypes circulating in 
Bangladesh.  
 

2. MATERIALS AND METHODS 
 
2.1 Clinical Sample Collection 
 
A total of 134 clinical samples were collected 
from FMD suspected outbreaks of fifteen 
different areas of Bangladesh for confirmatory 
diagnosis. During 2011 – 2014, all clinical 
samples were collected from FMD suspected 
cattle showed lameness, loss of appetite, fever, 
anorexia, salivation. Clinical samples include 
tongue and hoof (interdigital) epithelial tissue 
samples, saliva and milk were collected. 

Samples were immediately transported to the 
laboratory on ice with medium containing equal 
volumes of glycerol and phosphate-buffered 
saline (PBS) (pH 7.2-7.6) and 2% antibiotic-
antimycotic. 
 

2.2 Inoculum Preparation and RNA 
Extraction 

 
A piece of the epithelial tissue (0.5 g) was 
removed from the glycerol buffer, blotted dry on 
absorbent paper to reduce the glycerol content 
and was ground in pestle and mortar with an 
equal weight of the sterilized sand and 10 ml of 
PBS. Ground suspension of each of the sample 
was centrifuged at 3000 rpm for 10 minutes. The 
supernatant of each of the samples were taken 
for further processing according to OIE manual. 
RNA extraction was carried out from FMDV 
inoculums by using the QIAamp® Viral RNA kit 
(Qiagen, Germany) according to the 
manufacturer's protocol. Total RNA was 
extracted from non-infected BHK cells to prepare 
negative controls. 
 

2.3 Conventional Reverse Transcription 
Polymerase Chain Reaction (RT-PCR) 

 
The target in the genome was amplified by one 
step RT-PCR using the primer set are shown in 
Table 1. The amplification was performed in a 
thermal cycler (Stratagene PCR machine, USA) 
with One Step RT-PCR kit (Qiagen, Germany) 
with one cycle of reverse transcription conditions 
of 50°C for 30 min and 95°C for 10 min and 
followed by 30 cycles of 94°C for 1 min 
(Universal FMDV) and 35 cycles of 94°C for 15 
sec (FMDV type specific), annealing temperature 
55°C for 1 minute and 72°C for 1 min and finally 
one cycle of final extension of 72°C for 10 min 
(For universal FMDV) and 60°C for 6 min (For 
FMDV type specific). The amplified product was 
visualized on 2% agarose gel containing 0.6 
mg/ml ethidium bromide and documented with 
Alpha Imager Mini System Protein Simple, USA.  
 
2.4 Sequencing of VP1 gene of FMDV  
 

The Qiaquick PCR purification kit (Qiagen, 
Germany) was used for the purification of RT-
PCR products to remove the residual 
oligonucleotide primers, dNTPs and enzyme as 
per the manufacturer’s protocol. These purified 
PCR products were analyzed with serotype 
specific primer on an automated DNA sequencer 
(3130x1 Genetic Analyzers, Applied Biosystems, 
USA). Analysis of the sequence identity, 



 
 
 
 

Giasuddin et al.; BMRJ, 16(4): 1-13, 2016; Article no.BMRJ.28040 
 
 

 
4 
 

divergence and phylogenetic relationship were 
performed using the clustal X method with the 
weighted residue table provided in the MegAlign 
program (DNASTAR, Inc. Madison, WI, USA). 
The partial VP1 gene sequences which obtained 
in this study and displayed within the 
phylogenetic tree had been deposited in the 
GenBank database under the accession 
numbers: KP119754, KP119755, KP119756, 
KP119757, KP119758, KP119759, KP119760, 
KP119761, KP119762 and KP119763. 
 

2.5 Phylogenetic Analysis 
 
VP1 nucleotide sequences of each isolate used 
in this study were submitted to GenBank, and the 
accession numbers are listed in Table 2. Isolates 
name have been abbreviated using the following 
format: country/organization/location/isolate no. 
The three-letter country codes were designated 
as outlined by the World Reference Laboratory 
for FMD (WRLFMD). Alignments and contigs of 
nucleotide sequence data were assembled using 
chromas software. VP1 sequences from other 
sources were downloaded from the Entrez 
Nucleotide database, National Center for 
Biotechnology Information and from the WRL, 
Pirbright, UK. Alignments were performed using 
Clustal W software. Phylogenetic relationships 
were reconstructed utilizing maximum likelihood 
(ML) method using MEGA. Bootstrap analysis 
was performed on MP generated trees (1,000 
replicates). In order to provide perspective to the 
phylogenetic trees, Bovine enterovirus                     
and rhinovirus B strain were used as the out-
group. 
 
The evolutionary history was inferred using the 
Neighbor-Joining method [27]. The percentage of 
replicate trees in which the associated taxa 
clustered together in the bootstrap test (1000 
replicates) was shown next to the branches. The 
tree was drawn to scale, with branch lengths in 
the same units as those of the evolutionary 
distances used to infer the phylogenetic tree. The 
evolutionary distances were computed using the 
p-distance method [28] and are in the units of the 
number of base differences per site. Evolutionary 
analyses were conducted in MEGA5 software 
[29].  
 

3. RESULTS 
 
A total of 134 clinical samples from cattle of 
different ages (1 month to 7 years)  in fifteen 
different areas such as Savar, Joydevpur, 
Munshiganj, Kaligonj, Kapasia, Sirajgonj, 

Kurigram, Dinajpur, Gaibandha, Kamrangichar, 
Rajshahi, Tangail, Nilphamari, Comilla and 
Chittagong of Bangladesh were investigated 
(Table 3 and Fig. 1).  
 

It was found that out of 134 suspected clinical 
samples, 98 (73%) isolates were found positive 
for FMDV in RT-PCR using 5ʹ UTR specific 
primer. All universal FMDV positive isolates were 
performed RT-PCR with FMDV serotype specific 
primer (Table 1). Among all FMDV isolates, 
serotype O and Asia 1 were found to be the most 
prevalent (31%) followed by serotype A (7%) in 
Bangladesh. Interestingly, the result showed that 
9% samples had mixed serotypes exhibited 
serotype O and A (2%); and O and Asia (7%). In 
this observation, FMDV serotype C was absent 
among the tested clinical samples. There were 
21% of FMDV positive isolates did not typing with 
serotype specific primer with RT-PCR.  
 

The other aspect of this study was determination 
of the magnitude of prevalence of FMDV 
outbreak in respect of area wise distribution. 
Clinical samples of Savar area had the highest 
prevalence of (44%) FMDV positive than those of 
Kapasia (16%) followed by Gaibandha (15%), 
Dinajpur (7%), Kaligonj (6%), Sirazgonj (6%), 
Kurigram (3%), Joydevpur (2%), Chittagong 
(2%). Along with three FMDV serotypes, high 
frequency of Asia 1 observed at Savar area, O 
type at Kapasia, Dinajpur, Gaibandha and A type 
at Savar area from clinical samples. 
 

As regard to year wise distribution, this study 
was conducted from the period of 2011-2014 to 
detect circulating FMDV serotypes in 
Bangladesh. The highest prevalence of FMDV 
found during 2014 (82%) followed by 75% in 
2013, 67% in 2012 and 57% in 2011. Among the 
three different serotypes of FMDV, O was the 
dominant (60%) during 2013, Asia 1 (41%) in 
2014 and A serotype showed at the lower 
frequency for the period of 2011 to 2014 from the 
clinical samples (Fig. 2).  
 

3.1 Phylogenetic Analysis of FMDV Types 
O, Asia 1 and a Isolates 

 
Phylogenetic analyses further defined genetic 
relationships of these viruses with available VP1 
nucleotide sequences of viruses circulating in 
this region. Results of sequence analysis of VP1 
gene of FMDV type O revealed that FMDV type 
O of BLRI isolates Kapasia/44, Dinajpur/61, 
Gaibandha/70, Kurigram/82 were closely         
related to each other and also shared 99 to 
99.5% similarity at the nucleotide level.
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Table 1. List of primers used for RT-PCR for serotyping of FMDV 
 

FMDV 
serotype 

Primer 
name 

Sequence (5ʹ to 3ʹ) Location PCR Products (bp) Reference 

All serotypes 1F GCCTGGTCTTTCCAGGTCT 5ʹUTR 328 [38] 
1R CCAGTCCCCTTCTCAGATC 5ʹUTR 

O P38 GCTGCCTACCTCCTTCAA 1D 402 
 

[39] 
P33 AGCTTGTACCAGGGTTTGGC 2B 

C P40 GTTTCTGCACTTGACAACACA 1D 596 
 P33 AGCTTGTACCAGGGTTTGGC 2B 

Asia 1 P74 GACACCACTCAGGACCGCCG 1D 292 
P33 AGCTTGTACCAGGGTTTGGC 2B 

A P110 GT(G:A:T:C)ATTGACCT(G:A:T:C)ATGCA (G:A:T:C) AC 
(G:A:T:C) CAC 

1D 732 
 

[40] 

P33 AGCTTGTACCAGGGTTTGGC 2B 
 

Table 2. List of isolates used in phylogenetic analysis 
 

Isolate Host 
species 

GenBank 
accession No. 

Isolate Host 
species 

GenBank accession 
no. 

O/BAN/BLRI/38/2013 Bovine KP119758 Asia-1/ PAK_030/2002 Bovine JF749849.1 
O/BAN/BLRI/44/2013 Bovine KP119759 Asia-1/PAK/L2810/2009 Bovine JN006720.1 
O/BAN/61/2013 Bovine KP119760 Asia-1 /MAY/9/99 Bovine HQ632774.1 
O/BAN/BLRI//70/2013 Bovine KP119761 Asia-1/ BAN/187/2013 Bovine KJ175186.1 
O/BAN/BLRI/82/2013 Bovine KP119762 Asia-1/BAN/06/2012 Bovine KJ175175.1 
O/MAY/002/2004 Bovine JF749852.1 Asia1/Vietnam/QuangTri/2007 Bovine GQ452295.1 
O/BAN/156/2013 Bovine KF985189.1 Rhinovirus B strain MI402/2008 Bovine KF427762.1 
O/BAN//186/2013 Bovine KJ175185.1 A/BAN/BLRI/127/2013 Bovine KP119763 
O/AFG/41/2011 Bovine KJ606977.1 A /BAN/197/2013 Bovine KJ754939.1 
O/ISL/PAK/L1573/2009 Bovine HQ113232.1 A /BAN/14/2012 Bovine KC795950.1 
O/Pak/Fsd1/2007 Bovine AM942747.1 A /IND/ 43/2006 Bovine HQ832586.1 
O/Nepal/46/95 Bovine AJ0044652.1 A/IND/40/00 Bovine HM854025.1 
O/IRN/073/2001 Bovine JF749851.1 A/IND /17/2009 Bovine HQ832592.1 
O/BHU/1/2013 Bovine KJ206908.1 A/IRN/34/2001 Bovine EU414526.1 
O/o5india /iso34/2004/1962 Bovine AY593828.1 A/JAW/AFG/L1437/ 

2009 
Bovine HQ439276.1 
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Isolate Host 
species 

GenBank 
accession No. 

Isolate Host 
species 

GenBank accession 
no. 

O/IND/45/98 Bovine AF390732.1 A/PAK/76/2009 Bovine GU384686.1 
Rhinovirus B strain Bovine KF427762.1 A/PAK5/2006 Bovine EF494488.1 
Asia-1/BAN/BLRI/40/2013 Bovine KP119754 A/BHU/41/2002 Bovine EU414525.1 
Asia-1/BAN/BLRI/78/2013 Bovine KP119755 A/BHU/27/2003 Bovine FJ755013.1 
Asia-1/BAN/BLRI/107/2011 Bovine KP119756 A/NEP/21/84 Bovine FJ755081.1 
Asia-1/BAN/BLRI/116/2014 Bovine KP119757 Outgroup_Bovine enterovirus Bovine NC_001859.1 
Asia-1/ IND /139/02 Bovine DQ989322.1  
Asia-1 /IND /97/03 Bovine DQ989323.1 
Asia1/BAM/AFG/L-590/2009 Bovine HQ113233.1 
 

Table 3. Area wise distribution of FMDV with three serotypes in Bangladesh 
 
Region/ District Total sample Positive 

isolates 
Serotyping Mixed infection 

 
Non typing 
FMDV 

 % of positivity 

O type A type Asia1 O + Asia 1  type O + A type 
Savar 52 39 4 5 16  - - 14 75 
Joydevpur 3 2 1 - 1 - - - 67 
Munshiganj 6 6 - - 2 4 - - 100 
Kaliganj 5 5 3 - - - 2 - 100 
Kapashia 17 14 8 1 3 - - 2 82 
Sirajganj 9 7 1 - 4 2 - - 78 
Kamrangichar 2 0 - - - - - - - 
Kurigram 5 3 2 - - - - 1 60 
Rajshahi 2 0 - - - - - - - 
Dinajpur 6 6 6 - - - - - 100 
Tangail 1 0 - - - - - - - 
Gaibandha 15 13 6 1 2 - - 4 87 
Nilphamari 4 0 - - - - - - - 
Chittagong 5 2 - - 2 - - - 40 
Comilla  2 1 - - - 1 - - 50 
Total 
 

134 
 

98 
 

31 
(31%) 

7 
(7%) 

30 
(31%) 

7 
(7%) 

2 
(2%) 

21 
(21%) 

73% 
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Fig. 1. Distribution of FMDV serotypes in Bangladesh during the period of 2011-2014  

A total of 134 clinical samples from cattle in fifteen different areas of Bangladesh were investigated for typing of 
FMDV identification using conventional RT-PCR 

 
There was significant divergence rates observed 
among Kapasia, Dinajpur, Gaibandha, Kurigram) 
strain. Phylogram of serotype O also indicating 
that Kapasia, Dinajpur, Gaibandha, Kurigram 
FMDV serotype O strains have close relation 
with Assam of India (IND/2014/KJ825807). 
Bhutan isolates (BHU/2013/KJ206908.1) of 
serotype O also originated from same branch of 
the phylogenetic tree (Fig. 3). 
 
Phylogenetic tree constructed with FMDV 
serotype A isolates showed that BLRI isolate 

Savar/127 was the most nearly isolate to other 
FMDV serotype A of India, Bangladesh, Bhutan, 
Nepal. BLRI/Savar/127 may be originated from A 
/IND/ 43/2006 and A/IND/40/2000. Much 
divergent rates between BLRI/Savar/127 A 
strains and the other international FMDV strains 
(Fig. 4). FMDV serotype Asia 1 isolated strains 
showed that BLRI isolates Kap/40 and CTG/116 
clustered at the same branch with 99.4% identity 
were most closely related to isolates collected 
from the Gazipur area (Asia 1 BAN/187) of 
Bangladesh during 2013. Whereas analyses of 



 
 
 
 

Giasuddin et al.; BMRJ, 16(4): 1-13, 2016; Article no.BMRJ.28040 
 
 

 
8 
 

VP1 gene sequences suggested that BLRI 
isolates GAI/78 and SAV/107, have maximum 
identity of 99.4%, and were most closely related 
to isolates collected in India (Asia-1/ IND /139) 
during 2002 (Fig. 5). Significant divergence rates 
observed between Kapasia, Chittagong strains 
and Gaibandha and Savar for Asia 1 strains of 
FMDV. 
 

 
 

Fig. 2. Year wise distribution of FMDV in 
Bangladesh  

The three serotypes (O, A and Asia 1) of FMDV were 
circulated in fifteen different areas of Bangladesh from 

the period of 2011-2014 
 

4. DISCUSSION  
 
From fifteen different selected areas of 
Bangladesh, a total of 134 clinical samples was 
collected over a span of four years and analyzed 
for the evaluation of specific serotypes. All 
samples were subjected to RT-PCR with FMDV 
universal gene and serotype specific genes. 
Three different FMDV serotypes (O, A and Asia 
1) were detected in Bangladesh and serotype O 
was found predominant followed by                      
serotype Asia 1 and serotype A. It was                        
found that 73% (98) of suspected samples were 
positive for FMDV in RT-PCR using                       
universal primers 1F and 1R. In FMDV positive 
samples, 31% (31), 31% (30) and 7% (7) were 
O, Asia-1 and A, respectively during this                    
study (Table 1). From the data, it was revealed 
that three serotypes were prevailing in 
Bangladesh. Three serotypes were                    
co-circulating at the same time in Savar and 
Kapasia. Among these, serotype O was 
circulating highly and followed by Asia-1 and A. 
Molecular analysis of FMDV isolates also proof 
that the circulating FMDV in Bangladesh during 
2011 to 2014 may be transmitted from the border 
of India. 

The previous study also revealed that in 
Bangladesh, out of 7 serotypes of FMDV, three 
serotypes of FMMDV were prevalent such as O, 
A and Asia 1 where serotype-O accounts for 
about 85% of the outbreaks followed by types A 
and Asia1. It was reported that FMDV serotype 
A, O, C, Asia1 and subtype A22 were prevalent in 
Bangladesh. The occurrence of FMDV serotype 
O was prevalent in Bangladesh during the period 
of 2000-2010 [25]. Further study also confirmed 
the emergence of two distinct serotypes A and O 
with an abundance of serotype A in Chittagong 
and Gazipur, and serotype O in Pabna and 
Faridpur district in Bangladesh during 2012 [26]. 
In 2014, two serotypes of FMDV such as O and 
Asia 1 were identified, whereas type C and A 
were absent in Sylhet district of Bangladesh. In 
Table 3, showed 21 FMDV isolates were not 
performed typing. Since virus may mutate at that 
region from where serotype specific primer was 
selected, that’s why 21% virus were not 
detected. 

 
Phylogenic analysis of the VP1 region of FMD 
viruses has been used extensively to identify and 
characterize FMDV isolates, and investigate the 
molecular epidemiology of the disease worldwide 
[30-32]. These techniques have assisted in 
studies of the genetic relationships between 
different FMD virus isolates, geographical 
distribution of lineage and genotype and the 
establishment of genetically and geographically 
linked topotypes and tracing the source of virus 
during outbreaks [33]. A total of 10 BLRI isolates 
of FMDV (5 isolates for O type, 4 isolates for 
Asia 1 and for A type) of FMDV were selected on 
the basis of different areas and sequenced at 
VP1 coding region and subjected to phylogenetic 
analysis. A phylogenetic tree based on the VP1 
(1D) region of FMDV is widely used for genetic 
characterization because of its significance for 
virus attachment and entry, protective immunity, 
and serotype specificity [34,35].   

 
Sequence data from the BLRI isolates of FMDV 
in this study indicated that the three serotypes of 
FMDV circulating during the period of 2011–2014 
were closely related to FMDV isolates of 
Bangladesh and surrounding countries. FMD 
outbreaks predicted agreed that animal 
movement between countries is generally 
unrestricted in this geographical region. 
Sequenced FMDV serotype O isolates collected 
on the northern borders of Bangladesh during 
2013 that were closely related and shared the 
same genetic lineage suggesting a common 
origin (Fig. 3). From the results presented in this 
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study, it also became evident that all serotype O 
viruses sequenced from Bangladesh outbreaks 
belong to the Pan Asia topotype [26]. Viruses in 
this topotype occurred in various lineages and, 
based on the phylogenetic analysis, it can be 
concluded that sequenced viruses from the BLRI 
isolates may be transmitted from north border of 
India (Assam), Bhutan to Bangladesh (Kurigram). 
Moreover, it revealed that there was slight 
divergence (0.5% to 6.3%) among the BLRI 
isolated serotypes O strains. However, there was 

an obvious divergence (more than 12%) to the 
other compared FMDV strains. Previously 
published work indicates circulating serotype O 
in Bangladesh was genetically closely related to 
the India 2001 sublineage of Middle East–South 
Asia (ME-SA) topotype [26]. However, serotype 
O Ind 2001 sublineage of ME-SA topotype 
viruses were predominantly circulating in India 
since 1982 [36] and was detected to be 
homogenously distributed over the regions in 
Bangladesh.  

 

 

 
 

Fig. 3. Phylogenetic tree showing the relationships of FMDV serotype O isolates  
The relationship is based on VP1 partial nucleotide sequences. Sequence analysis of VP1 gene of FMDV type O 
revealed that FMDV type O of BLRI isolates Kapasia/44, Dinajpur/61, Gaibandha/70, Kurigram/82 were closely 

related to each other and also shared 99 to 99.5% similarity at the nucleotide level 
 

 
Fig. 4. Phylogenetic tree based on VP1 partial nucleotide sequences showing the relationships 

of FMDV serotype A isolates 
BLRI isolate Savar/127 was the most nearly isolate to other FMDV serotype A of India, Bangladesh, Bhutan, 

Nepal. BLRI/Savar/127 may be originated from A/IND/43/2006 and A/IND/40/2000. Much divergent rates 
between BLRI/Savar/127 A strains and the other international FMDV strains 
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Fig. 5. Phylogenetic tree showing the relationships of FMDV serotype Asia1 isolates which 
based on VP1 partial nucleotide sequences 

BLRI isolates Kap/40 and CTG/116 clustered at the same branch with 99.4% identity were most closely related to 
isolates collected from Gazipur area (Asia 1 BAN/187) of Bangladesh during 2013. Whereas analyses of VP1 

gene sequences suggested that BLRI isolates GAI/78 and SAV/107, have the maximum identity of 99.4%, and 
were most closely related to isolates collected in India (Asia-1/ IND /139) during 2002 

 
There was a limitation of FMDV serotype A 
isolation from different areas of Bangladesh 
because this serotype was co-circulated at the 
negligible level during the period of 2011 to 2014. 
So, it is difficult to determine the genetic 
comparison of this isolate throughout the country. 
However, the sequencing of VP1 gene of FMDV 
serotype A, BLRI/BAN/127 isolates showed close 
resemblances to isolates originated from India 
during 2000 to 2006 (Fig. 4). There was high 
divergence showed (1.1% to 20.7%) from the 
sequencing of VP1 gene of FMDV serotype A 
with BLRI and other isolates. Nandi et al. [26] 
reported the emergence of FMDV serotype A 
genotype VII virus were found in                       
Bangladesh during the outbreaks of 2012. It is 
one of the 10 existing genotypes of FMDV 
serotype A worldwide and was previously 
isolated from India. These data coupled                      
with the fact that the serotype A viruses are 
known to be the most antigenically                          
variable among the four Eurasian FMDV 
serotypes [31,37] and also provide strong 
evidence that the viruses collected on the 
northern borders of Bangladesh as well as A 
/IND/ 43/2006 and A/IND/40/2000 share a recent 
common origin. 
 
The FMDV serotype Asia 1 collected in 
Bangladesh were grouped in the same clade 
including two different genetic lineages. First 

lineage revealed Asia 1 shared the same origin 
with southern border of Bangladesh 
(BAN/BLRI/40/2013, BAN/BLRI/116/2014 and 
BAN/187/2013) and the second lineage relates 
with the northern part of Bangladesh 
(BAN/BLRI/78/2013, BAN/BLRI/107/2011 and 
BAN/06/2012). The next closest relatives 
(Asia/IND /139/2002 and Asia 1/IND /97/03) were 
largely divergent at the nucleotide level which 
reflecting the different temporal origin of these 
viruses (Fig. 5). The results of the sequencing of 
VP1 gene (1D) of FMDV serotype Asia 1 also 
showed minor divergence (0.6% to 6.3%)             
among the strains isolated in Bangladesh. While 
there were a noticeable divergence (more than 
13.1%) between BLRI isolates and                            
the other isolates that compared with FMDV 
serotype A strains. The close genetic relationship 
of these isolates, though collected in                 
different distant geographic regions, indicated 
intra- and inter-country spread of the disease. 
Detection of circulating FMDV serotypes and 
disease monitoring of animals entering 
Bangladesh are crucial components for an 
effective national FMDV control program in 
Bangladesh [26].   
 

5. CONCLUSION 
 

This study provided an overview of the molecular 
epidemiology of FMDV in Bangladesh. Detected 
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three different FMDV serotypes O, A, and Asia 1, 
which are co-circulating in Bangladesh. Although 
only a limited number of ad-hoc samples were 
available for sequence analysis. It was 
concluded that serotype O and Asia 1 were more 
prevalent in Bangladesh than A serotypes of 
FMDV. Molecular analysis of FMDV isolated from 
Bangladesh also proof that the circulating FMDV 
serotype O and A during 2011 to 2014 may be 
transmitted from India. Additional                        
surveillance and epidemiological studies in this 
region combined with proper phylogenetic 
analysis should aid in implementation                           
and development of appropriate control 
measures. 
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