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A highly virulent strain of Porcine epidemic diarrhea virus (PEDV) causing severe diarrhea has recently emerged in Vietnam.
Genomic sequences from a novel strain, HUA-14PED96, isolated from a Vietnamese piglet with serious diarrhea show relatively
high identity with U.S.-like PEDV strains, and have a 72-nt deletion in the open reading frame 1a (ORF1a) gene.
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Porcine epidemic diarrhea virus (PEDV) belongs to the family
Coronaviridae and is an enveloped, single stranded RNA virus

(1). PEDV was first reported in Belgium and the United Kingdom
in 1971 (2), and has since been identified in many European,
Asian, and North and South American countries (3). Two genetic
types of PEDV are also circulating in the United States; the highly
virulent U.S. PEDV strains and the mildly virulent INDEL PEDV
strains, the latter of which contain insertions and deletions in the
N-terminal region of the spike protein (4, 5). Vietnamese PEDVs
detected in 2013 are closely related to Chinese strains (6), and of
the two Vietnamese PEDV strains detected in northern and cen-
tral Vietnam in 2014, one lineage is closely related to Chinese
strains and the other to the mildly virulent INDEL PEDV group of
strains (7).

In this study, we sequenced the complete genome of a Viet-
namese strain of PEDV, HUA-14PED96, and analyzed it to un-
derstand the molecular characteristics and diversity of PEDVs in
Vietnam.

In October 2014, fecal samples were collected from piglets with
watery diarrhea in Hung Yen province, Vietnam. Viral RNA was
extracted using the RNeasy minikit (Qiagen, Germany) and
cDNA synthesized with the OneStep reverse transcription-PCR
kit (Qiagen, Germany). Twenty sets of primers were designed
(based on the USA/Iowa/18984/2013 strain) to facilitate amplifi-
cation of the full-length PEDV genome. PCR products amplified
using the primers were cloned into pGEM-T Easy Vector (Pro-
mega, USA) and sequenced using an ABI Prism 3730xi DNA se-
quencer. Multiple PEDV sequences were aligned using the pro-
gram BIOEDIT 7.053 and Maximum-likelihood estimation, using
the general time reversible nucleotide substitution model, was
performed using Mega 6.0 software (8).

The length of the HUA-14PED96 genome is 27,966 nucleo-
tides (nt), excluding the 3= poly (A) tail, and is arranged as follows:
A 5= untranslated region (UTR) comprising 292 nt, open reading
frame 1a (ORF1a) and ORF1b encoding a replicase of 20,273 nt, a
spike gene comprising 4,161 nt, ORF3 of 675 nt, an envelope gene

of 231 nt, a membrane gene of 681 nt, a nucleocapsid gene of
1,326 nt, and a 3= UTR comprising 334 nt.

The complete genome sequence of HUA-14PED96 shows high
nucleotide sequence identity (98.6%) with the highly virulent U.S.
PEDV strain (USA/IOWA/18984/2013) and relatively lower iden-
tity (97.5%) with a Vietnamese strain (VN/KCHY-310113/2013).
Interestingly, sequence analyses of the HUA-14PED96 genome
demonstrated a 72-nt deletion in the ORF1a gene, corresponding
to a 24 amino acid deletion. Phylogenetic analysis using the nu-
cleotide sequences of the full-length genomes of PEDVs revealed
that HUA-14PED96 belonged to the G2 group. The 72-nt deletion
could cause a conformational change in the ORF1a protein, re-
sulting in altered antigenicity and immunogenicity of this PEDV
variant strain. Further study is required to analyze additional
genomic sequences and determine the biological properties of the
novel strain, including pathogenicity, tissue tropism, and trans-
missibility.

Nucleotide sequence accession number. The complete ge-
nome sequence of PEDV strain HUA-14PED96 has been depos-
ited in GenBank under accession no. KT941120.

FUNDING INFORMATION
This work was supported by the Vietnam National Foundation for Science
and Technology Development (NAFOSTED) under grant number 106-
NN.04-2014.16 and by a grant (project code no. 313014-03-1-HD030)
from the Korea Institute of Planning & Evaluation for Technology in
Food, Agriculture, Forestry & Fisheries, 2013.

REFERENCES
1. Bridgen A, Duarte M, Tobler K, Laude H, Ackermann M. 1993. Sequence

determination of the nucleocapsid protein gene of the porcine epidemic
diarrhea virus confirms that this virus is a coronavirus related to human
coronavirus 229E and porcine transmissible gastroenteritis virus. J Gen
Virol 74:1795–1804. http://dx.doi.org/10.1099/0022-1317-74-9-1795.

2. Pensaert MB, de Bouck P. 1978. A new coronavirus-like particle associated
with diarrhea in swine. Arch Virol 58:243–247. http://dx.doi.org/10.1007/
BF01317606.

3. Suzuki T, Murakami S, Takahashi O, Kodera A, Masuda T, Itoh S,

crossmark

Genome AnnouncementsJanuary/February 2016 Volume 4 Issue 1 e00002-16 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00002-16&domain=pdf&date_stamp=2016-2-18
http://genomea.asm.org


Miyazaki A, Ohashi S, Tsutsui T. 2015. Molecular characterization
of pig epidemic diarrhea viruses isolated in Japan from 2013 to 2014.
In fec t Genet Evo l 3 6 : 363–368 . h t tp : / /dx .do i .org /10 .1016/
j.meegid.2015.10.017.

4. Vlasova AN, Marthaler D, Wang Q, Culhane MR, Rossow KD, Rovira A,
Collins J, Saif LJ. 2014. Distinct characteristics and complex evolution of
PEDV strains, North America, May 2013–February 2014. Emerg Infect Dis
20:1620 –1628. http://dx.doi.org/10.3201/eid2010.140491.

5. Wang L, Byrum B, Zhang Y. 2014. New variant of porcine epidemic
diarrhea virus, United States, 2014. Emerg Infect Dis 20:917–919. http://
dx.doi.org/10.3201/eid2005.140195.

6. Vui DT, Thanh TL, Tung N, Srijangwad A, Tripipat T, Chuanasa T,
Nilubol D. 2015. Complete genome characterization of porcine epidemic
diarrhea virus in Vietnam. Arch Virol 160:1931–1938. http://dx.doi.org/
10.1007/s00705-015-2463-6.

7. Kim YK, Lim SI, Lim JA, Cho IS, Park EH, Le VP, Hien NB, Thach PN,
Quynh do H, Vui TQ, Tien NT, An DJ. 2015. A novel strain of porcine
epidemic diarrhea virus in Vietnamese pigs. Arch Virol 160:1573–1577.
http://dx.doi.org/10.1007/s00705-015-2411-5.

8. Tamura KG, Stecher D, Peterson D, Filipski A, Kumar S. 2013. MEGA6:
molecular evolutionary genetics analysis version 6.0. Mol Biol Evol 30:
2725–2729. http://dx.doi.org/10.1093/molbev/mst197.

Choe et al.

Genome Announcements2 genomea.asm.org January/February 2016 Volume 4 Issue 1 e00002-16

http://genomea.asm.org

	Complete Genome Sequence of a Porcine Epidemic Diarrhea Virus Strain from Vietnam, HUA-14PED96, with a Large Genomic Deletion
	Nucleotide sequence accession number. 

	REFERENCES

