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ABSTRACT In 2015, foot-and-mouth disease (FMD) virus lineage Ind-2001 was de-
tected for the first time in Southeast Asia. This report contains the first near-
complete genome sequence of a viral isolate from this lineage collected from an
outbreak in Vietnam. This novel incursion has substantial implications for regional
FMD control measures.

Foot-and-mouth disease (FMD) is endemic in several countries in Asia and Africa (1,
2) and is considered one of the most important livestock diseases worldwide. FMD

is caused by FMD virus (FMDV), a positive-sense single-stranded RNA aphthovirus from
the Picornaviridae family (3). Currently, two serotypes of FMDV (A and O) are known to
contribute to endemicity in mainland Southeast Asia. Serotype Asia1 was last confirmed
in 2007 (2).

Ind-2001 is a distinct lineage of the FMDV serotype O, Middle East-South Asia
(ME-SA) topotype. This lineage has been dominant in the Indian subcontinent since
2008 but is exotic to Southeast Asia (4). Limited outbreaks of this lineage were reported
in the Middle East from 2008 to 2009 (http://www.wrlfmd.org/fmd_genotyping/2009/
WRLFMD-2009-00005-United%20Arab%20Emirates-O.pdf). However, in 2013 to 2015,
several outbreaks caused by sublineage Ind-2001d were reported from Libya, Morocco,
Algeria, Tunisia, and the Persian Gulf States (5–8), and it is now endemic in some of
these countries. In 2015, Ind-2001d was detected for the first time in Southeast Asia in
cases reported from Vietnam and Laos (8).

The virus described herein, O/VIT/16451DLBPP04/2015, was isolated from an epi-
thelial lesion collected from a pig in September 2015 in Ðắk Lắk Province, Vietnam.
Acute and rapid onset of vesicular disease was detected in 45 of the 50 pigs present in
the affected farm. Virus isolation was achieved by a single passage in BHK cells, as
previously described (9). Viral RNA was extracted, and the partial 5= untranslated region
(UTR), the complete open reading frame (ORF), and the partial 3= UTR were covered
with three overlapping reverse transcription PCR (RT-PCR) amplicons and Sanger
sequenced, as previously described (10). Chromatogram analysis and consensus se-
quence identification were performed with Sequencher version 5.4.6, as previously
described (11).

Here, we report the near-complete sequence of the novel isolate FMDV O/VIT/
16451DLBPP04/2015. This sequence codes for the complete 6,999-nucleotide (nt) ORF,
71 nucleotides in the 5= UTR, and 38 nucleotides in the 3= UTR. The ORF encodes a
single polyprotein, which undergoes complex proteolytic processing, ultimately result-
ing in 4 structural proteins (VP1 to VP4) and 8 nonstructural proteins (Lpro, 2A, 2B, 2C,
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3A, 3B, 3C, and 3D). The highest identity with FMDV sequences publicly available is
98%, specifically from viruses collected from the Karnataka and Assam states in India
between 2013 and 2014 (GenBank accession numbers KJ825804, KJ825809, KJ825805,
KJ825808, KJ825806, KJ825807, KJ825803, and KJ825801). FMDV O/VIT/16451DLBPP04/
2015 had no polyprotein indels with respect to the Indian sequences.

The outbreaks reported in Laos and Vietnam in 2015 were the first incursions of
FMDV lineage Ind-2001 ever reported, to our knowledge, in Southeast Asia. Character-
ization of this virus has substantial implication for control measures, which are normally
tailored toward endemic viruses and must be reassessed for new viruses. The regional
situation with abundant susceptible hosts and a substantial diversity of cocirculating
FMDV serotypes and lineages elevates the concern of the potential emergence of new
viruses. Subsequent outbreaks, caused by independent introductions of the same
sublineage in Myanmar, Thailand, and Vietnam in 2015 and 2016 (http://www.wrlfmd
.org/fmd_genotyping/asia.html) further emphasize the importance of vigilance and
characterization of novel introductions as they occur.

Accession number(s). The genome nucleotide sequence of O/VIT/16451DLBPP04/
2015 described herein has been deposited in GenBank under the accession no.
KY657269. The version described in this paper is the first version, KY657269.1.
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