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ABSTRACT 
Foot-and-mouth disease (FMD) is a major economic infectious disease in endemic regions like Bangladesh, affecting 

cloven-hooved animals and hindering livestock development. Good farm practices, including vaccination, is the only effective 
control method and continuous monitoring is necessary to detect vaccine effectiveness. Buffalo, a significant livestock 
resource in the southern coastal region of Bangladesh, requires more disease management efforts than cattle. This study aimed 
to isolate and make molecularly characterize of the VP1 coding region of FMDV in clinically suspected buffaloes. Tongue 
epithelial tissues were collected from two buffalos suspected of FMD in June-2018 in the Manikganj district of Bangladesh. 
Both samples were identified as FMDV serotype O using RT-PCR testing and  were subsequently cultured in BHK-21 cell 
line. Phylogenetic analysis of VP1 region revealed that both isolates clustered into a distinct sublineage Ind2001e, within the 
dominant lineage Ind2001 of Middle East-South Asia (ME-SA) topotype of FMDV serotype O, which has been circulating 
in Bangladesh since 2012. Analysis of nucleotide (NT) similarities revealed that 92.38% of NTs are homologous between  
isolates, whereas similarities with the Indian sequences was 99.91%-99.99%, and with the Nepal sequences was 99.90%-99.99%.  
The amino acid mutations within the VP1 sequence between the vaccine strain (O/India/R2/75) and the BAN450 isolates 
was 3.75% (8; 96.25% homology), specifically in the B-C loop and C-terminal region. In conclusion, buffalos get infected 
with the emerging novel sublineage Ind2001e. The effectiveness of vaccination in Bangladesh with the potential mutational 
trend poses significant concern regarding the transmission between multiple species. 
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INTRODUCTION 

Foot-and-mouth disease (FMD) is a 
transboundary, airborne, acute, and highly 

contagious animal disease characterized by 
high  fever and anorexia, followed by vesicular 
lesions in the oral mucosa and interdigital spaces 
of cloven-hoofed animals, such as buffalo, cattle, 
goats, pigs, sheep, and various wild species (1, 2). 
Consequently, the animal undergoes weight loss, 
resulting in reduced production, particularly in milk 
and meat production. FMD can also cause abortion, 
death in calves, international trade restrictions, and 
high treatment costs (2, 3). It has a significant global 
economic impact which is estimated between 6.5 
and 21 billion US dollars. In endemic countries it 
can reach higher than 1.5 billion dollars annually (3, 4).  
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A study by Giasuddin et al. (5) projected an 
annual economic impact of 2.22 billion dollars 
in Bangladesh. Foot-and-mouth disease virus 
(FMDV) is the etiological agent comprising seven 
serotypes characterized by distinct genetic and 
antigenic variations: O, A, Asia 1, C, SAT-1, SAT-2,  
and SAT-3. Currently, only serotypes O, A, and 
Asia 1 are prevalent in Bangladesh, with serotype 
O predominating in 82% of the outbreaks (6). 
Serotype O is divided into 11 topotypes of which 
the Middle-East-South Asia (ME-SA) topotype 
was identified in Bangladesh. To date, four lineages 
within the ME-SA topotype have been identified: 
Ind2001, Ind2011, PanAsia, and PanAsia-2 (7, 8).  
The Ind2001 lineage subsequently developed into 
five sublineages: Ind2001a, b, c, d, and e (9, 10).  
A newly identified sublineage Ind2001BD1, was 
reported to be the predominant sublineage in 
Bangladesh which was later classified as Ind2001e  
by the World Reference Laboratory for Foot-and-mouth  
disease (WRLFMA) (11, 12). However, to prevent 
FMDV in cattle and buffaloes, the Government of 
Bangladesh has adopted a national strategic plan 
to control FMD through early diagnosis, strategic 
mass vaccination, zonal control measures, and 
implementation of the OIE FMD control model.

Although most of the research focuses on FMDV 
in cattle, there is less synthesized information 
on monitoring of FMDV in buffaloes, despite 
being the second biggest livestock population in 
Bangladesh. Buffalo, referred to as “Black Gold,” 
holds significant value and is predominantly located 
in the southern coast area of Bangladesh (13, 14). 
The buffalo management system remains reliant 
on traditional practices and lacks modern housing, 
biosecurity measures, nutritional management, 
and disease control strategies. Farmers possess 
misconceptions regarding the necessity of 
vaccinations and deworming for buffaloes. 
Consequently, buffaloes were silently affected 
by many infectious diseases, including FMD, yet 
remained underreported (15). Therefore, the study 
aimed to isolate and molecularly  type  serotypes, 
and characterize FMDV serotype O, including 
amino acid mutations in the VP1 coding region, 
in comparison to the vaccine strain identified  in 
buffaloes from the Manikganj district of Bangladesh. 
Based on the previous reports of genetic diversity of 
FMDV circulating in Bangladesh, we hypothesized 
that the FMDV serotype isolated from buffaloes 
in Manikgonj will carry notable mutations in VP1 
coding region which may reduce the match with the 
vaccine strain.   

MATERIAL AND METHODS

Sample collection
Two tongue epithelial tissue samples were 

aseptically collected into virus transfer medium 
from two different buffalo farms suspected of having 
FMD in June 2018, located in the Manikganj District 
(coordinates: 23.85°N 90.01°E) of Bangladesh (Fig. 1).  
Clinical signs in buffaloes included abscense of 
appetite, fever, drooling of saliva, vesicles on the 
tongue and gums. The animals were not vaccinated 
and were mixed with cattle that have recently 
recovered from FMD. Samples were immediately 
transferred to the laboratory in a cooler with ice 
and stored at -80 °C in a freezer until subsequent 
laboratory procedures.

Detection of FMDV serotypes by RT-PCR test
The tongue epithelial samples were grinded 

and macerated in pestle and mortar with sterile 
sand. A 10% tissue suspension was made with 
phosphate-buffered saline. Total RNA was 
extracted from an aliquot of suspension samples 
utilizing the QIAamp® Viral RNA kit (QIAGEN, 
Hilden, Germany) following the manufacturer’s 
instructions. The VP1 gene-based PCR diagnostic 
assay was used for the confirmation of FMDV, 
adopting the primers and RT-PCR protocols 
developed by Vangrysperre and De Clercq (16), with 
minor modifications including the QIAGEN® One-
Step RT-PCR Kit (QIAGEN, Hilden, Germany) 
as the RT-PCR master mix. Additionally, three 
serotypes A, O, and Asia 1 of FMDV circulating 
in Bangladesh were examined using the primers 
and procedures designed by Vangrysperre and  
De Clercq (16) and Callens and De Clercq (17).  
The list of primers is described in Table 1, and the 
RT-PCR temperature profile is described in Table 2.

Isolation of FMDV
The tissue inoculums were inoculated  onto a 

pre-established monolayer of BHK-21 cells (widely 
used cell line for FMDV culture) using Eagle’s 
medium supplemented with trypticase soy broth 
and antibiotics, incubated at 37 °C in a 5% CO2 
condition with 10% fetal bovine serum (Gibco, 
USA). The cells were monitored consistently 
until the third passage, and after four days post-
inoculation. Characteristic  cytopathic effects 
(CPE) became apparent, including cell rounding 
and flattening, formation of multinucleated giant 
cells, disruption of intracellular connections, and 
cell death (18). 
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Figure 1. Location of the buffalo farms included in the current study.

Table 1. List of primer (forward and reverse) sequences used for detection of FMDV and serotyping of FMDV 
by RT-PCR

Serotype Primer 
name Primer sequence (5’ to 3’) Location PCR 

products (bp) Reference

Universal
1F GCC TGG TCT TTC CAG GTC T 5ʹUTR

328

(16)

1R CCA GTC CCC TTC TCA GAT C 5ʹUTR

O
P38 GCTGCCTACCTCCTTCAA 1D

402
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 (16, 17)

P33 AGCTTGTACCAGGGTTTGGC 2B

Table 2. One‑Step RT‑PCR thermal  conditions

Step Stage
Name of the primers

1F and 1R P33, P38, P74, P110
1 Reverse transcription 50 °C, 30 min 50 °C, 30 min
2 Initial denaturation 95 °C, 15 min 95 °C, 15 min
3 Amplification (30×Denature, Anneal) 94/55 °C, 1 min 35×(94/55 °C, 1 min)
4 Extension 72 °C, 2 min 72 °C, 30 min
5 Final extension 72 °C, 7 min 60 °C, 6 min
6 Hold 4 °C, 4 min 4 °C, 4 min
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Sequencing of VP1 coding region
Total RNA was extracted from the third 

passages of both isolates using the QIAamp® Viral 
RNA kit. The VP1 gene coding region of FMDV 
was amplified using three sets of primers and PCR 
methods as described by Knowles et al. (19) for 
FMDV serotype O. The amplified PCR products 
were analyzed using electrophoresis on a 1.5% 
agarose gel, alongside a 1kb DNA ladder stained 
with SYBR Safe DNA Gel Stain (ThermoFisher, 
Waltham, MA), and a UV transilluminator 
confirmed the amplified band. Later on, the 
QIAquick® Gel Extraction Kit (QIAGEN®, 
Hilden, Germany) was used to purify the amplified 
products. The products were quantified  and sent 
to the commercial source for cycle sequencing 
reaction  of amplified FMD serotype O products. 
The forward and reverse sequences of the VP1 
coding region were subjected to quality assessment, 
editing, and trimming. The were assembled into a 
consensus sequence by BioEdit version 7.2.  

Phylogeny analysis
A total of 56 VP1 coding sequences were 

retrieved from the GenBank database through 
NCBI BLAST (20) search, sourced from 
neighboring countries  and Bangladesh, for an 
analysis of the evolutionary divergence of FMDV 
serotype O isolated in this study. The sequences 
were assembled and aligned using the ClustalW 
algorithm (21) using MEGA11 software (22). 
Finally, the phylogenetic tree with different 
lineages and sublineages was constructed using 
MEGA11. The best substitution model Tamura-Nei 
(23), with discrete Gamma distribution (TN93+G) 
in  the Maximum Likelihood method, with 1,000 
times bootstrap replications, was applied based on 
nucleotide alignment data. 

Mutational analysis 
The VP1 coding amino acid sequence of the BAN 450  

(O/BAN/BLRI/450/2018) isolate was compared 
with the common vaccine strain O/India/R2/75 for 
checking the mutational spectrum between them 
by using BioEdit 7.2. The amino acid sequence was 
translated from the nucleotide sequence based on the 
standard genetic code after codon-based alignment 
using MEGA11 software (22).

Ethical approval
The research protocol was approved by the Animal 

Experimentation Ethics Committee, Bangladesh 
Livestock Research Institute, Savar, Dhaka 1341, 
Bangladesh, under reference-BLRI0006.

RESULTS

The VP1-based RT-PCR test confirmed that the 
two tongue epithelium samples obtained from both 
buffalo farms were positive for FMDV. Subsequent 
serotyping via RT-PCR revealed that both were 
confirmed as FMDV serotype O. The VP1 coding 
sequences of positive isolates were submitted 
to the NCBI GenBank database with accession 
IDs PQ468693 (O/BAN/BLRI/450.5/2018) and 
PQ468694 (O/BAN/BLRI/450.6/2018) (October 
2024). The VP1 sequence data analysis for FMDV 
using the NCBI BLAST database revealed 100% 
nucleotide query coverage with FMDV serotype O. 
The 26 sequences of FMDV serotype O, including 
the two sequences of the current study, were clustered 
within the emerging novel sublineage Ind2001e from 
lineage Ind2001 under the Middle East-South Asia 
(ME-SA) topotype (Fig. 2). Phylogenetic analysis 
showed that the isolates identified in this study 
clustered within the same group, corresponding to 
FMDV serotype O strains previously reported in 
Bangladesh between 2012 and 2018. 

The VP1 coding region sequences had a 
nucleotide similarity of 92.38%. The VP1 coding 
region sequences of FMDV serotype O obtained 
from NCBI GenBank had nucleotide similarity of 
99.10% to 99.97% with various Bangladesh isolates, 
99.91% to 99.99% with Indian isolates, and 99.90% 
to 99.99% with Nepalese sequences (Fig. 3). 

Eight mutations were identified among the 
isolates and the vaccine strains BAN 450 and  
O/India/R2/75, with the majority occurring in the 
G-H loop (D138E, S140A, S140H, I144V) in the 
VP1 regions of buffalo isolates. Two mutations 
were seen in the C-terminus (N197E and E198Q), 
while no mutations were found in the B-C loop 
(Fig. 4). Cytopathic effects were observed in the 
cell line (Fig. 5), and the presence of the virus was 
subsequently confirmed by RT-PCR. 
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Figure 3. Comparison of the nucleotide similarities and divergence of the sequences of Bangladesh samples of 
FMDV with other sequences of this virus

Figure 2. The phylogenetic tree reconstructed from isolates of the current study (red circles) and collected 
sequences of Bangladesh, India, and Nepal of diverse lineages of VP1 coding sequences of foot-and-mouth disease 
virus serotype O by Tamura-Nei model with discrete Gamma distribution (TN93+G) in Maximum Likelihood method 
and 1,000 times robustness
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A B
Figure 5. Growth of Foot-and-mouth disease virus serotype O in BHK-21 cell; adherent BHK-21 cells in a 

T-flask (A); cells were monitored after 4 days of post inoculation and found characteristic CPE like rounding and 
flattening of cells with multinucleated giant cells, breaking down of intracellular bridges, and cell death (B)

DISCUSSION

FMD affects all cloven hoof animal species in 
Bangladesh every year, especially cattle and buffalo. 
It has been  reported that  the genetic evolution of 
FMDV   leads to consistently increasing tendency 
of infection and mortality (24, 25). Buffalo 
were perceived as having a lower susceptibility to 
diseases, and farmers considered buffaloes resistant 
to FMDV (26). Evidence indicates that Bangladeshi 

buffalo farmers occasionally experience outbreaks 
of FMD, although symptoms are less severe than in 
cattle (6). In recent outbreaks, FMDV serotype O  
has been the predominant serotype in both cattle 
and buffalo in Bangladesh (12). However, there 
is a lack of comprehensive genetic information 
on FMDV serotype O in buffalo as compared 
to  cattle  in  Bangladesh. The study aimed to 
investigate the evolutionary relationships of FMDV 
serotype O circulating in buffalo in Bangladesh 

Figure 4. Alignment of the VP1 sequences representing exclusive amino acid substitutions between the current 
field vaccine strain (O/India/R2/75) and O/BAN/BLRI/450/2018 isolates. Mismatched amino acids are indicated in 
the second line of corresponding amino acid. The majority of the mutations (3) occurred in the G-H loop (130–160). 
VP1 amino acid sequences were aligned and viewed using BioEdit version 7.2
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and to compare the amino acid mutation against the 
vaccine strain based on the VP1 coding sequence 
of the genome.   

The VP1 sequencing analysis indicated that the 
lineage Ind2001 has been predominantly circulating 
in Bangladeshi cattle since 2009 (9, 25). The study 
identified an emerging novel sublineage Ind2001e 
(previous name Ind2001BD1) under  the ME-SA 
topotype  circulating in both buffalo and cattle. 
The sublineages  Ind2001e and Ind2001BD2 were 
first identified in samples collected between 2012 
and 2016 by Siddique et al. (9). Later, lineage 
PanAsia along with other two sublineages Ind2001e 
and Ind2001BD2  were reported in cattle in 2018 
from Manikganj (27). However, the present isolates 
were collected from diverse host buffaloes within the 
same geographical region and year. The farms were 
not vaccinated against FMD and practiced mixed 
farming, housing both cattle and buffalo. Recently, 
the farm experienced an FMD infection among the 
cattle. Consequently, there was a high probability 
of FMDV transmission from cattle to buffalo (28). 
The lineage Ind2001 has been categorized into 
four distinct sublineages: Ind2001a, Ind2001b, 
Ind2001c, Ind2001d, and Ind2001e (8). Sublineage 
Ind2001e, is the most prevalent and dominant 
sublineage in Bangladesh since 2009 (9, 12, 25). 
Recently, another novel sublineage MYMBD21 
under SA-2018 was identified in the sample from 
2019 to 2021 in Mymensingh, Bangladesh  (12). 
Therefore, five distinct lineages of the FMDV 
serotype O circulating in the Indian subcontinent: 
SA-2018, Ind2001, PanAsia, PanAsia-2, and 
Ind2011, with potential cross-border transmission 
among neighboring countries (10, 12, 25).  

The O/India/R2/75 strain, used in India’s 
national FMD control program as the primary 
component of the trivalent vaccine, serves as a 
relevant reference to assess antigenic variation 
and implications for vaccine efficacy (29). The 
VP1 region amino acid sequence of vaccine strain 
(O/India/R2/75) and BAN 450 isolates differed 
in 3.75% amino acids and BAN 450 isolates had 
mutations in both B-C loop and C-terminal region.  
These mutations in the antigenic sites of the  
BAN 450 isolates may contribute to future vaccine 
escape by field viruses  (30). As a result, the  
co-circulation of several sublineages with ongoing 
mutations that differ from the vaccine strains may 
pose a significant threat to future outbreaks with 
high mortality rates. Vaccine failures will have a 
direct  effect on Bangladesh’s livestock  industry. 
However, regular surveillance of FMD, along with 
the study of its genomic and antigenic evolution, 

and the implementation of an effective national 
vaccination program, are essential to limit the 
spread of FMD in Bangladesh.

CONCLUSION

The emerging sublineage Ind2001e of FMDV 
serotype O is circulating in buffalo in Manikganj 
district of Bangladesh. There are several mutations 
in the VP1 amino acid sequences as compared 
to vaccination strains, which could make the 
current FMD situation in Bangladesh even more 
complicated. The emergence of multiple sublineages 
of FMDV serotype O in multiple susceptible hosts is a 
concern for FMD control program.  Emphasis should 
be placed on increasing vaccination coverage in 
buffaloes, similar to the vaccination efforts in cattle, 
by motivating buffalo farmers and continuously 
monitoring FMD in buffalo through evaluating the 
genomic and antigenic variation of FMDV.
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