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ABSTRACT

Analysis of the VP1 gene sequence of the foot and mouth disease virus (FMDV) is critical

to understanding viral evolution and disease epidemiology. A standard set of primers have
been used for the detection and sequence analysis of the VP1 gene of FMDV directly from
suspected clinical samples with limited success. The study validated VPI-specific degenerate
primer-based reverse transcription polymerase chain reaction (RT-PCR) for the qualitative
detection and sequencing of serotype O FMDV lineages circulating in India. The novel
degenerate primer-based RT-PCR amplifying the VP1 gene can circumvent the genetic
heterogeneity observed in viruses after cell culture adaptation and facilitate precise viral gene
sequence analysis from clinical samples.

Keywords: Picornaviridae; Aphthovirus molecular diagnosis; disease epidemiology;
gene sequencing

INTRODUCTION

Foot-and-mouth disease (FMD) is an acute vesicular disease of domestic and wild ungulate
species of animals. Although high mortality due to FMD is restricted to young animals, the
direct loss of animal productivity, indirect loss due to FMD control strategies, and poor access
to trade lead to severe economic devastation [1]. The disease is caused by the foot-and-mouth
disease virus (FMDV) within the genus Aphthovirus of the family Picornaviridae. The disease is
endemic in India. Among the seven distinct serotypes identified (O, A, C, Asial, and SAT1-3],
three serotypes (O, A, and Asial) are currently prevalent in the country.

Regarding the FMD epidemiology, serotype O has been the leading research subject and has

the widest geographical distribution [2]. In India, serotype O has been responsible for most
FMD outbreaks reported across the states [3-6]. The geographical distribution, antigenic and
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genetic characterization of serotype O FMDV field isolates from India have been described
[3-6]. Globally, FMD serotype O viruses were classically divided into 11 topotypes, and all the
serotype O isolates reported thus far in India belonged to the ME-SA topotype [2,7].

Various lineages of FMDV serotype O under the ME-SA topotype exhibit a distinct pattern of
evolution and geographical distribution [8]. In India, multiple lineages of FMDV serotype O,
i.e., A, B, PanAsial, Ind2001, and Ind2018, have dominated the epidemic landscape at various
periods [3-6]. Furthermore, co-circulation and gradual replacement of one lineage with
another group of serotype O viruses have been documented in various studies [4-6].

In an endemic disease setting, confirmatory laboratory diagnosis of every suspected FMD
case is vital for the effective and quick implementation of the disease control program.
Conventionally, the serotype detection of suspected samples for FMD is done by multiplex
polymerase chain reaction (mPCR) [9] in India. FMDV-positive samples were processed
further for cell culture isolation and reverse transcription polymerase chain reaction (RT-PCR)
sequencing of the VP1/P1 gene as per standard protocol [10]. The surface-exposed capsid
protein VP1 s critical for the antigenic and phylogenetic characterization of FMDV [11].

Despite being a fast and specific diagnostic tool, RT-PCR is used with routine virus isolation
and serotype-differentiating enzyme-linked immunosorbent assay protocols for detecting
FMDV. RT-PCR has the specific advantage of sequencing the genome from original tissue
material over cell culture virus isolation, wherein a genetic mutation is possible due to
adaptation in cell culture passage [12]. Hence, RT-PCR assay is equally important for
determining the genome sequence from a suspected clinical sample and for the positive
samples where virus isolation is disconfirming.

A standard set of primers are used to amplify the VP1/P1 region from the viral strain of

the respective FMDV serotype [10]. For serotype O, a universal set of primers, ARS4 and
NKG61, has been used worldwide for VP1 sequence analysis. Originally, ARS4 and NK61 were
advocated for the theoretical detection of FMDV serotype O through RT-PCR, followed

by sequence determination using various sequencing primers (1C244, 1C272, 1C283, and
NK72) [10]. Although the primer pair ARS4-NKG61 is highly specific to serotype O, it has low
detection sensitivity (Dsn= ~50%) in clinical samples [13,14]. In addition, the ARS4-NK61
primer pair has been used in the authors’ laboratory to amplify FMDV serotype O virus
isolates from tissue samples with moderate success. Thus, the present study was designed to
improve the qualitative detection and sequencing of the VP1 gene of serotype O FMDV from
clinically suspected samples by degenerate primer-based RT-PCR.

MATERIALS AND METHODS

The study was designed according to the guidelines for the Standard for the Reporting of
Diagnostic Accuracy Studies as per STARD 2015 guidelines [15].

Virus strains, clinical samples, and cell lines

The FMDV vaccine virus strains (for serotype O, A, and Asial) and field clinical epithelial
samples (n = 245) (Supplementary Table 1) were obtained from the repository of ICAR-
Directorate of Foot and Mouth Disease, Mukteshwar. The BHK-21 cells were maintained in
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Glasgow MEM (Thermo Fisher Scientific, USA), supplemented with tryptose phosphate,
sodium hydrogen carbonate, and 10% fetal bovine serum.

Design of primers

The coding sequences of the VP1 gene of viruses from different lineages of

serotype O FMDV available in the institute database were aligned to determine

the consensus region. The degenerate oligonucleotide primers, forward KSP21
(5'-CCGCGGCCGCACCACCTCCACAGGTGAGTCWG-3'), and reverse KSP24
(5'-CTCGAGCTGYTTCACAGGTGCCACAATC-3') spanning complete coding sequence (639
bp) were custom synthesized accommodating nucleotide variations at N’ and C’ terminal of
VP1 gene across lineages.

KSP21- KSP24 RT-PCR assay setup

The degenerate primer RT-PCR was optimized using cell culture supernatant of serotype

O FMDV strains. The reverse primer (KSP24) was used to synthesize complementary DNA
(cDNA) from the total RNA extracted from samples using the RevertAid First Strand cDNA
Synthesis Kit (Thermo Scientific™). The amplification was done using HotStarTaq™ DNA
Polymerase (Qiagen, Germany) in 25 pL reaction volume (Supplementary Table 1). The time-
thermal profile was optimized to 95°C for 15 min, 35 cycles of denaturation (95°C for 30 sec),
annealing (50°C for 30 sec), and extension (72°C for 30 sec) followed by a single cycle of final
extension (72°C for 10 min). Appropriate controls were placed for each amplification reaction.

Sensitivity and specificity of the assay

The analytical specificity (Asp) of the degenerate primers was determined using a pool

of positive samples used in the laboratory as internal quality controls from cell culture
supernatant samples of healthy BHK-21 cell culture, serotype O, A, and Asial FMDV isolates.
The analytical sensitivity (Asn) for custom degenerate primers RT-PCR to detect serotype

O was determined against a 10-fold serially titrated virus in BHK-21 cells. The diagnostic
sensitivity (Dsn) and specificity (Dsp) of KSP21-KSP24-based RT-PCR was evaluated using
archival serotype O FMDV mPCR positive and negative clinical epithelial suspensions
(Supplementary Table 1).

VP1 sequencing and analysis

Sanger sequencing of representative VP1 amplicons from two recent serotype O FMDV
outbreaks was performed using the KSP21-KSP24 primer pair. Phylogenetic analysis of these
VP1 sequences was conducted using MEGA11.

RESULTS

Validation Degenerate primer-based RT-PCR for serotype O FMDV

The degenerate primer-based RT-PCR for serotype O FMDV did not return false positive
results (Asp =100%) for healthy cell culture, serotype A and serotype Asial isolates using
serotype O specific degenerate primers (Fig. 1A). The analytical sensitivity (Asn) for custom
degenerate primers RT-PCR to detect the serotype O FMDV were determined to be 199
TCIDs,/ ml of 10-fold serially titrated virus in BHK-21 cells (Fig. 1B).

The clinical epithelial suspension samples (n = 245) from the major sites of FMDV
amplification in the host, namely vesicular fluid, tongue epithelium, teat erosions, and
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Fig. 1. Validation of VP1 gene degenerate primer-based reverse transcription polymerase chain reaction for serotype O FMDV. (A) Agarose Gel Electrophoresis
showing lineage independent specific amplification of complete VP1 gene (639 bp) for the representative strain of serotype O FMDV lineage B, Ind2001, PanAsia,
2018 in lane 1, 2, 3, 4 respectively. Lane 5 and lane 6 serotype A and serotype Asial FMDV, Lane 7: NTC, Lane M: molecular weight marker 500 bp. (B) Agarose Gel
Electrophoresis showing detection limits of degenerate VP1 primer. Numerical at each lane indicates infectious titer (TCIDso/mL) of the serotype O FMDV dilutions
used for RNA extraction. Lane M: molecular weight marker 500 bp. (C) Maximum Likelihood phylogenetic tree showing different lineages of serotype O reported
in India. The filled in the red triangle indicates isolates sequenced in this study.

FMDV, foot and mouth disease virus.

https://vetsci.org

Table 1. Comparative diagnostic sensitivity and specificity of degenerate VP1 primer-based RT-PCR for serotype O FMDV

Sample type Serotype O FMDV RT-PCR Assay
Serotyping mPCR [9] KSP21-KSP24 primer Dsn (%) Dsp (%)
*) )
Epithelial suspension +/-) 105/33 0/107 76.08 100

RT-PCR, reverse transcription polymerase chain reaction; FMDV, foot and mouth disease virus; mPCR, multiplex
polymerase chain reaction; Dsn, diagnostic sensitivity, Dsp, diagnostic specificity.

foot lesions, were examined. The KSP21-KSP24-based RT-PCR was determined to have
the percent diagnostic sensitivity (Dsn) and diagnostic specificity (Dsp) of 76.083 and 100,
respectively (Table 1).

Phylogenetic analysis

The complete VP1 sequence (639 bp) from two recent serotype O FMDV filed virus isolates
were curated and deposited in NCBI under accession numbers (ON792382 and ON792383).
The VP1 phylogenetic analysis placed these viruses appropriately under serotype O/ME-SA/
lineage 2018 (Fig. 1C).

DISCUSSION

Historically, serotype O FMDV strains were responsible for the highest number of disease
outbreaks in India [3-6]. Despite the presence of limited antigenic heterogeneity within
serotype O FMDV, a higher amount of genetic diversity was seen in viral nucleic acids can
further classify these viral strains into numerous distinct lineages under each topotype [8].
The continuous turnover of serotype O FMDV strains has been documented regarding the
disappearance, emergence, and re-emergence of lineages. Thus, the lineage-independent
identification of serotype O FMDV becomes vital for an endemic country like India.

The RT-PCR and VP1 gene sequence analysis for FMDV combined to evaluate the relationship

among virus strains and to trace the source of infection and the possibility of preventing
further outbreaks [13]. The novel strategy of pan-lineage amplification and sequencing of
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the VP1 gene of serotype O FMDV circulating in India directly from clinical samples using a
single set of degenerate oligonucleotide primers is validated in this study. A primer set was
designed to accommodate minimum accumulative degeneracy of many sequences and reduce
the nonspecific PCR amplification of undesired DNA fragments. The assay could successfully
amplify the complete VP1 gene (639 bp) of serotype O FMDV from clinical samples, which is
critical in the rapid molecular epidemiological investigation of disease outbreaks [10,13]. The
novel degenerate primer set presents an alternative and more sensitive approach to currently
used primer sets for VP1 region amplification and sequence analysis of serotype O FDMV

and could exclude the use of different primer sets for each step of RT-PCR (ARS4-NK61) and
sequencing (1C244, 1C272, 1C283-, and NK72) [10]. The degenerate primer set was more
sensitive than the ARS4-NK61 pair to detect viruses in suspected epithelial tissue samples.
The primer pair is specific to serotype O and has no cross-reactivity to serotype A and Asial
FMD viruses. The assay is useful for molecular epidemiological studies in endemic countries,
such as India, to characterize the complete VP1 gene of various circulating serotype O FMDV
lineages from suspected field samples without going for cell culture isolation of the virus.
Similarly, the strategy can be used for precise genetic characterization of other serotypes and
lineages of FMDV in different parts of the globe.

ACKNOWLEDGEMENTS

Infrastructure and funding provided to carry out the study by the Indian Council of
Agriculture Research, New Delhi, and the National Animal Disease Control Program- FMD,
Department of Animal Husbandry and Dairying, Government of India, is duly acknowledged.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Determination of sensitivity and specificity of the test

Click here to view

REFERENCES

1. Knight-Jones TJ, Rushton J. The economic impacts of foot and mouth disease - what are they, how big are
they and where do they occur? Prev Vet Med. 2013;112(3-4):161-173.
PUBMED | CROSSREF

2. Knowles NJ, Samuel AR. Molecular epidemiology of foot-and-mouth disease virus. Virus Res.
2003;91(1):65-80.
PUBMED | CROSSREF

3. Hemadri D, Tosh C, Sanyal A, Venkataramanan R. 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. 2002;25(1):23-34.
PUBMED | CROSSREF

4. Subramaniam S, Sanyal A, Mohapatra JK, Sharma GK, Biswal JK, Ranjan R, et al. Emergence of a novel
lineage genetically divergent from the predominant Ind2001 lineage of serotype O foot-and-mouth
disease virus in India. Infect Genet Evol. 2013;18:1-7.
PUBMED | CROSSREF

https://vetsci.org https://doi.org/10.4142/jvs.22292 5/6


https://vetsci.org/DownloadSupplMaterial.php?id=10.4142/jvs.22292&fn=jvs-24-e40-s001.xls
http://www.ncbi.nlm.nih.gov/pubmed/23958457
https://doi.org/10.1016/j.prevetmed.2013.07.013
http://www.ncbi.nlm.nih.gov/pubmed/12527438
https://doi.org/10.1016/S0168-1702(02)00260-5
http://www.ncbi.nlm.nih.gov/pubmed/12206305
https://doi.org/10.1023/A:1020165923805
http://www.ncbi.nlm.nih.gov/pubmed/23643555
https://doi.org/10.1016/j.meegid.2013.04.027

Journal of (

Evaluation of degenerate primers for VP1 of FMDV Veterinary Science V)

https://vetsci.org

10.

11.

12.

13.

14.

15.

Subramaniam S, Mohapatra JK, Sharma GK, Biswal JK, Ranjan R, Rout M, et al. Evolutionary dynamics of
foot-and-mouth disease virus O/ME-SA/Ind2001 lineage. Vet Microbiol. 2015;178(3-4):181-189.

PUBMED | CROSSREF

Dahiya SS, Subramaniam S, Biswal JK, Das B, Prusty BR, Ali SZ, et al. Genetic characterization of foot-
and-mouth disease virus serotype O isolates collected during 2014-2018 revealed dominance of O/ME-SA/
Ind2001e and the emergence of a novel lineage in India. Transbound Emerg Dis. 2021;68(6):3498-3508.
PUBMED | CROSSREF

Davie J. The classification of subtype variants of the virus of foot-and-mouth disease. Bull Off Int Epizoot.
1962;17:34.

Samuel AR, Knowles NJ. Foot-and-mouth disease type O viruses exhibit genetically and geographically
distinct evolutionary lineages (topotypes). ] Gen Virol. 2001;82(Pt 3):609-621.

PUBMED | CROSSREF

Giridharan P, Hemadri D, Tosh C, Sanyal A, Bandyopadhyay SK. Development and evaluation of a
multiplex PCR for differentiation of foot-and-mouth disease virus strains native to India. ] Virol Methods.
2005;126(1-2):1-11.

PUBMED | CROSSREF

Knowles NJ, Wadsworth J, Bachanek-Bankowska K, King DP. VP1 sequencing protocol for foot and mouth
disease virus molecular epidemiology. Rev Sci Tech. 2016;35(3):741-755.

PUBMED | CROSSREF

Beck E, Strohmaier K. Subtyping of European foot-and-mouth disease virus strains by nucleotide
sequence determination. J Virol. 1987;61(5):16211629.

PUBMED | CROSSREF

Meyer RF, Pacciarini M, Hilyard EJ, Ferrari S, Vakharia VN, Donini G, et al. Genetic variation of foot-and-
mouth disease virus from field outbreaks to laboratory isolation. Virus Res. 1994;32(3):299-312.

PUBMED | CROSSREF

Reid SM, Ferris NP, Hutchings GH, Samuel AR, Knowles NJ. Primary diagnosis of foot-and-mouth
disease by reverse transcription polymerase chain reaction. J Virol Methods. 2000;89(1-2):167-176.
PUBMED | CROSSREF

Saeed A, Khan QM, Waheed U, Arshad M, Asif M, Farooq M. RT-PCR evaluation for identification and
sequence analysis of foot-and-mouth disease serotype O from 2006 to 2007 in Punjab, Pakistan. Comp
Immunol Microbiol Infect Dis. 2011;34(2):95-101.

PUBMED | CROSSREF

Korevaar DA, Cohen JF, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, et al. Updating standards for
reporting diagnostic accuracy: the development of STARD 2015. Res Integr Peer Rev. 2016;1(1):7.
PUBMED | CROSSREF

https://doi.org/10.4142/jvs.22292 6/6


http://www.ncbi.nlm.nih.gov/pubmed/26049591
https://doi.org/10.1016/j.vetmic.2015.05.015
http://www.ncbi.nlm.nih.gov/pubmed/33305514
https://doi.org/10.1111/tbed.13954
http://www.ncbi.nlm.nih.gov/pubmed/11172103
https://doi.org/10.1099/0022-1317-82-3-609
http://www.ncbi.nlm.nih.gov/pubmed/15847913
https://doi.org/10.1016/j.jviromet.2005.01.015
http://www.ncbi.nlm.nih.gov/pubmed/28332654
https://doi.org/10.20506/rst.35.3.2565
http://www.ncbi.nlm.nih.gov/pubmed/3033288
https://doi.org/10.1128/jvi.61.5.1621-1629.1987
http://www.ncbi.nlm.nih.gov/pubmed/8079512
https://doi.org/10.1016/0168-1702(94)90079-5
http://www.ncbi.nlm.nih.gov/pubmed/10996650
https://doi.org/10.1016/S0166-0934(00)00213-5
http://www.ncbi.nlm.nih.gov/pubmed/20031216
https://doi.org/10.1016/j.cimid.2009.10.004
http://www.ncbi.nlm.nih.gov/pubmed/29451535
https://doi.org/10.1186/s41073-016-0014-7

