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Abstract

Background: Foot-and-mouth disease (FMD) is an endemic disease of cloven-hoofed animals in Bangladesh and
multiple outbreaks occur every year because of the FMD virus (FMDV).

Aim: The aim of the present investigation was to determine the molecular characterization of the VP1 coding region
of FMDV serotype O outbreak in cattle.

Methods: A total of four tongue epithelial specimens were collected from clinically FMD-positive cattle during June
2018 in Manikgonj district of Bangladesh.

Results: All four isolates were recorded positive for FMDV serotype O. The phylogenetic analysis showed that two
isolates were clustered within an emerging novel sublineage Ind2001BD1 under lineage Ind2001 of FMDYV serotype
0O, which was identified during 2012-2016 in Bangladesh. One isolate was clustered within the lincage PanAsia of
FMDV serotype O and was closely related to an isolate identified in Nepal in 2009. The phylogenetic reconstruction
revealed that all the four isolates belong to the Middle East—South Asia topotype.

Conclusion: Therefore, multiple lineages of the FMDV serotype O are circulating among the cattle in the outbreak
area, which make it more complex for the FMD control program in Bangladesh. A comprehensive study on the genetic

characteristics of FMDYV across the country is required for effective FMD prevention and control strategy.
Keywords: Cattle, Foot-and-mouth disease, Ind2001BD1, Lineage, PanAsia.

Introduction

Foot-and-mouth disease (FMD) is a viral disease
caused by the FMD virus (FMDV), a member of
the Aphthovirus genus of the Picornaviridae family
(Bachrach, 1968; Domingo et al., 2002). It is an
acute, highly contagious disease among cloven-
hoofed animals, like cattle, buffalo, pigs, sheep, goats,
wild ruminants, etc. The prominent clinical signs of
FMD are high fever, drooling of saliva, vesicles on
tongue, gums, and interdigital spaces (Kitching, 2002;
Grubman and Baxt, 2004). Therefore, the animal
becomes emaciated, resulting in loss of meat and
milk production, abortion of pregnant cows, death of
infected young calves, restriction in international trade,
and medication cost of infected animals (Grubman and
Baxt, 2004; Brito et al., 2017). In Bangladesh, FMD is
well known among the village people by its local name
“Khura Rog” (Kazi ef al., 2007; Bary et al., 2018). In
the outbreak areas, an overall of 53.89% cases was
reported, among which case fatality rates were 2.27%
in adults but very high (71.46%) in calves aged below
2 years in Bangladesh (Ali ef al., 2019). The virus can
transmit via air and has a transboundary potentiality
by the movement of livestock across borders (Loth et
al., 2011). In South Asia, there is a record of extensive

cattle movement from India, Nepal, and Myanmar to
Bangladesh as a neighboring country (Sumption et al.,
2008; Khounsy et al., 2009). However, the movement
of cattle increases during the Muslim celebration of Eid
al-Adha for cattle sacrifice (Gleeson, 2002; Siddique et
al.,2018). There are seven serotypes of FMDV, namely
serotype A, O, C, Asia 1, SAT 1, SAT 2, and SAT 3
distributed globally. Out of these, only three serotypes
A, O, and Asia 1 are circulating in Bangladesh, with
serotype O dominating the others (Nandi et al., 2015;
Ullah et al., 2015; Ali et al., 2016). But there is no
cross-protection between the serotypes and vaccines,
and so multivalent strain vaccine is a popular solution
for FMD vaccine (Mumford, 2007). Therefore, the
genetic characteristics and serotype variations should
be taken into consideration for vaccination strategy or
any intervention policies in endemic countries (Loth et
al., 2011; Siddique et al., 2018).

The FMDYV has a single-stranded positive-sense RNA
genome and is surrounded by 60 copies of icosahedral
capsid; each copy is composed of four structural
proteins, including VP1, VP2, VP3, and VP4 (Carroll
et al., 1984; Jackson et al.,2003). Based on VP1 coding
nucleotide sequences, the topotype of FMDV was
classified (Samuel and Knowles, 2001). In the Indian
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subcontinent, the Middle East-South Asia (ME-SA)
topotype is circulating and four distinct lineages have
been established, namely Ind2001, Ind2011, PanAsia,
and PanAsia2, under this topotype (Subramaniam
et al., 2015; Brito et al., 2017). Since 2009, lineage
Ind2001 of the FMDYV serotype O has been dominating
in Bangladesh and two novel sublineages Ind2001BD1
and Ind2001BD2 have emerged from 2012 to 2016
(Siddique et al., 2018). Therefore, this study is focused
on the investigation of FMDV serotypes and their
genetic characteristics from an outbreak visit during
2018.

Materials and Methods

Collection of samples

An FMD outbreak field visit was conducted during
June 2018 in four villages of Manikgonj district
of Bangladesh. Tongue epithelial specimens were
collected from the affected cattle of each village
into a virus transfer media. The geographic positions
(23.905632, 89.956403; 23.901865, 89.981122;
23.890565, 89.996228; and 23.886798, 90.011334) of
the sampling locations were recorded by GPS mobile
application and a sampling map (Fig. 1) was designed
by using ESRI ArcGIS version 10.6.1 (ESRI ArcGIS
for Desktop, 2018). After collection, the samples were
kept in an ice-cool carrier and transferred to FMD
Research Laboratory, Bangladesh Livestock Research
Institute, and stored at —70°C until laboratory analysis.
Detection of FMDV serotypes by RT-PCR test

The tongue epithelial tissue specimens were ground
with a pestle and mortar in phosphate-buffered saline
solution using sterile sand to make 10% suspension.
The genomic total RNA was extracted from an aliquot
of suspension samples by using QIAamp® Viral
RNA kit (QIAGEN, Hilden, Germany), following the
manufacturer’s protocol. The RNAs were subjected
to RT-PCR test targeting 5" UTR and 3D regions for
the detection of FMDYV, serotypes A, O, and Asia 1
by using QIAGEN One-Step RT-PCR Kit (QIAGEN,
Hilden, Germany) with the universal primers listed in

Table 1. The suspensions of samples were inoculated
into BHK21 cells and incubated for virus isolation.
Sequencing of VPI coding region

The cell culture supernatant, at 3rd passages, was
harvested and total RNAs were extracted by using
the QIlAamp® Viral RNA kit (QIAGEN, Hilden,
Germany), following the manufacturer’s protocol.
The RNAs were subjected to amplify the VP1 region
using the QIAGEN One-Step RT-PCR Kit (QIAGEN,
Hilden, Germany) with three specific sets of forward
and one reverse primer developed by Knowles et al.
(2016) for FMD serotype O. Then, the amplified
product was run in 1.5% agarose gel along with 1kb
DNA ladder stained with SYBR Safe DNA Gel Stain
(ThermoFissher, Waltham, MA) and the amplified
band was visible through the UV transilluminator. The
amplified product was harvested and extracted by using
the QIAquick Gel Extraction Kit (QIAGEN, Hilden,
Germany) and the product was quantified by using a
spectrophotometer (Thermo Scientific™ NanoDrop™,
Wilmington DE). The cycle sequencing reactions were
carried out on amplified products from a commercial
source (Macrogen®, South Korea).

Phylogenetic analysis

A total of 50 FMDV serotype O sequences were
retrieved from the NCBI GenBank (https://www.ncbi.
nlm.nih.gov/genbank/) along with the four sequences
generated in the study to compare the Bangladeshi
isolates with the spatially, temporally matching FMDV
serotype O circulating in neighboring countries (India
and Nepal). The topology, lineage, sublineage, and
clade were also carried out during virus collection. The
nucleotide sequences were aligned by using BioEdit
7.2.5 (Hall, 1999) and Clustal W 1.83 (Thompson
et al., 1994) software. An evolutionary analysis of
viruses was conducted in MEGA X (Kumar et al.,
2018) using the Maximum Likelihood phylogenetic
tree with Tamura—Nei’s model (Tamura and Nei,
1993). The 1,000 times robustness of the branches
of the phylogenetic tree was generated to verify the
statistical significance.

Table 1. List of primer sequences used for universal FMDV and serotyping of FMDV by RT-PCR

PCR

Serotype Primer name  Primer sequence (5’ to 3”) Location Bhigiiuga (50) Reference
. IF GCCTGG TCTTTC CAG GTCT 5'UTR
Universal 328
IR CCA GTC CCC TTC TCA GAT C 5'UTR
P38 GCTGCCTACCTCCTTCAA 1D Vangrysperre and
(0) 402
P33 AGCTTGTACCAGGGTTTGGC 2B De Clercq (1996)
Py P74 GACACCACTCAGGACCGCCG 1D 255
sia-
P33 AGCTTGTACCAGGGTTTGGC 2B
P110 GT(G:A:T:C)ATTGACCT(G:A:T:C)ATGCA D
A (G:A:T:C) AC (G:A:T:C) CAC 732 Callens and
De Clercq (1997)
P33 AGCTTGTACCAGGGTTTGGC 2B
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Fig. 1. Map showing the geographical positions of the four samples collected from Manikgonj district of Bangladesh. The map was
created by using the Geographic Information Systems (GIS) software ESRI ArcGIS version 10.6.1.
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Fig. 2. The phylogenetic analysis of collected isolates and FMDYV serotype O from Bangladesh, India, and Nepal from 2009 to
2016. The nucleotide sequences of the VP1 coding region constructed the phylogenetic tree by using the Tamura—Nei model under
the Maximum Likelihood method. The nucleotide sequences that were generated for this study are shown in red circles.
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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

FMDYV serotype O was detected in all the four samples
by RT-PCR test and the virus was isolated in BHK21
cell culture. The VP1 coding region of four isolates
was sequenced and submitted to the NCBI GenBank
database underassigned accessionnumbers MT316587—
MT316590. The phylogenetic analysis revealed that all
the four isolates of FMDV serotype O belong to the
ME-SA topotype. Two isolates, including O/BAN/
BLRI/450.1/2018 and  O/BAN/BLRI/450.3/2018,
became clustered within the sublineage Ind2001BDI,
a newly emerged novel sublineage of lineage Ind2001
under ME-SA topotype identified in Bangladesh during
2012-2016 (Fig. 2). One isolate was clustered within the
PanAsia lineage, including O/BAN/BLR1/450.4/2018.
Another one isolate O/BAN/BLRI/450.2/2018 was
clustered in an unnamed lineage. Analysis of sequences
showed that the isolates of FMDYV serotype O from
Bangladesh were in a very close relationship with all
sequences of FMDYV serotype O in Bangladesh and the
isolates of FMDV serotype O from Nepal in 2009 (O/
BAN/BLRI/450.4/2018, less than 1.5% difference with
O/NEP/10/2009).

Discussion

FMD is an endemic disease among cattle and buffalos
in Bangladesh for many years (WAHID, 2009; Loth et
al., 2011). There are three serotypes of FMDV that are
circulating in Bangladesh, namely serotype A, O, and
Asia 1, with a prevalence of 10%—15%, 80%—85%,
and 5%, respectively (Nandi et al., 2015). Therefore,
FMDV serotype O is the dominating serotype over the
other two serotypes (Giasuddin et al., 2016; Siddique
et al., 2018). Every year a lot of FMD outbreak waves
occur among the cattle of Bangladesh, which in turn
causes an important economic loss. The global impact
of FMD is US$ 6.5-21 billion for endemic countries
and US$ >1.5 billion for FMD-free countries (Knight-
Jones and Rushton, 2013). Howlader et al. (2004)
estimated an economic loss of US$ 163,329 for 3,708
affected farms in Bangladesh due to FMD. However,
the total economic loss due to FMD is US$ 60 million
per year in Bangladesh (FAO/OIE, 2012).

Since 2009, linecage Ind2001 under the ME-SA
topotype of FMDV serotype O is dominating most
of the outbreaks in Bangladesh (Loth et al., 2011;
Siddique et al., 2018). In this study, two isolates were
clustered with the sublineage Ind2001BD1 of lineage
Ind2001 under the ME-SA topotype. The sublineages
Ind2001BD1 and Ind2001BD2 are the two novel

emergences of the FMDV serotype O in Bangladesh
identified by Siddique ef al. (2018). They identified 23
isolates under Ind2001BD1 and three isolates under
Ind2001BD2 sublineage collected during 2012-2016
in Bangladesh. The genetic analysis showed that two
isolates were closely related to isolates collected in
2012 and 2016 by Siddique ef al. (2018). So, the novel
sublineage Ind2001BD1 was well circulating in the
Manikgonj district of Bangladesh where outbreaks
occurred. The lineage Ind2001 has been divided
into four separate sublineages: Ind2001a, Ind2001b,
Ind2001¢, and Ind2001d (Subramaniam et al., 2015).
Among the sublineages, sublineage Ind2001d is the
second most circulating and dominating in Bangladesh
from 2009 (Loth et al., 2011; Siddique et al., 2018).
But sublineage Ind2001d was not identified in this
investigation, which could be a reason for the small
sample size, short geographic area, and similar host.
The study revealed one more isolate O/BAN/
BLRI1/450.4/2018 clustered within lineage PanAsia
and closely related to FMDV serotype O isolated in
late 2009 in Nepal (O/NEP/10/2009), with a difference
of less than 1.5%. This possibly indicates a linkage of
viruses between the two countries (Loth ez al., 2011).
A study was conducted by Giasuddin et al. (2016) who
reported that the PanAsia lineage of FMDV serotype
O was circulating in Bangladesh during 2011-2014.
The other research group also reported that the
PanAsia lineage of FMD serotype O was circulating in
Bangladesh during 2012-2016 (Siddique et al., 2018).
In the Indian subcontinent, there are four distinct
lineages, namely Ind2001, PanAsia, PanAsia-2,
and Ind2011, of the FMDV serotype O which were
circulating (Subramaniam et al., 2013).

The cattle trade network among India, Myanmar, and
Nepal through the international border is very common
and increases during big Muslim religious celebrations
in Bangladesh (Loth et al., 2011). So, there is a big
chance of transboundary movement of viruses from
neighboring countries to Bangladesh, which is a main
reason for implementing a successful FMD control
program in Bangladesh.

Conclusion

The investigation revealed an emerging novel
sublineage Ind2001BD1 within lineage Ind2001 and
lineage PanAsia along with one unnamed cluster of
FMDV serotype O circulating in the outbreak area
of Bangladesh. There was a closely related FMDV
serotype O with a virus of Nepal, which was identified
and could be a transboundary linkage. However,
comprehensive studies on the current circulating
viruses along with proper outbreak investigations are
needed to know the genetic characteristics of viruses
in Bangladesh for helping further policy decisions of
FMD prevention strategy.
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