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Original Article

Genetic Characterization of Porcine Epidemic Diarrhea Virus
(PEDV) Isolates from Southern Vietnam during 2009-2010
Outbreaks

Do Tien Duy'* Nguyen Tat Toan? Suphasawatt Puranaveja3

Roongroje Thanawongnuwech?*

Abstract

Porcine epidemic diarrhea virus (PEDV) spike (S) glyprotein and membrane (M) glycoprotein genes are
believed to have genetic variation. The heterogeneity in those genomic sequences has been reported and is known
essentially for the diverse PEDV pathogenicity. Eight southern Vietnamese PEDVs collected from severe watery
diarrhea piglets of the recent emerging outbreaks (2009-2010) were sequenced and analyzed. The results revealed
high nucleotide homology of the partial S gene of the current isolates at 98.9-100% and 99.7-100% identity of the full
M gene among these isolates despite dividing into two subclusters of different provincial origins. It should be noted
that the Vietnamese PEDVs contained high differences on nucleotide sequence of partial S gene with other reference
isolates in Europe (Brl/87, CV777) and in Korea (Spkl, Chinju99, DR13 and KNU-0801). The phylogenetic
relationship of both partial S and M protein genes indicated that the current Vietnamese PEDVs were in the same
cluster with the Chinese isolates (JS-2004-2 and DX), the Thai isolates (07NP01, 08NP02 and 08CB01) and the recent
Korean isolates (KNU-0802 and CPF299). The results suggested that the current Vietnamese PEDV isolates might
have originated from the same Chinese ancestor undergoing genetic variation and possibly forming a new PEDV
genotype in Vietnam.
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Introduction

Porcine epidemic diarrhea (PED) is a
contagious disease caused by a Coronavirus called
porcine epidemic diarrhea virus (PEDV) producing
acute enteritis and fatal watery diarrhea with high
mortality particularly in suckling pigs up to 90%
(Pensaert and Yeo, 2006). PED was first identified in
England in 1971 and has currently become a
problematic disease causing massive economic losses
in many countries, mainly, in Europe and Asia
(Pensaert and Yeo, 2006; Park et al., 2007b; Chen et al.,
2008; Puranaveja et al, 2009). Heterogeneity in
genomic sequences has been reported and is known
essentially as the cause for the diverse PED
pathogenicity. A number of molecular investigations
have been performed and revealed low to high
variation of nucleotide sequences of PEDV, especially

in the S glycoprotein gene (Duarte and Laude., 1994;
Kocherhans et al., 2001; Yeo et al., 2003; Kang et al.,
2005; Park et al., 2007b, Puranaveja et al., 2009; Lee et
al., 2010). Phylogenetic analysis comparing PEDVs
from various countries demonstrated that PEDVs
were classified into three distinct groups based on
nucleotide homology of the partial S gene and M gene
(Park et al., 2007b; Chen et al., 2008; Puranaveja et al.,
2009; Lee et al., 2010).

In early 2009, emerging PED outbreaks
confirmed by pathological features and RT-PCR in
most of the southern provinces of Vietnam caused
massive economic losses in the swine industry
(unpublished data). The disease investigation
revealed that acute diarrhea syndrome occurred in all
age groups of pigs. The affected animals manifested
acute watery diarrhea condition and finally recovered
mostly in adult animals. Suckling piglets suffered
from severe watery diarrhea, dehydration and died
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within a few days. Morbidity in suckling pigs reached
100% and mortality among provinces ranged from
65% to 91%. Therefore, the objective of this study was
to genetically characterize the current PEDV isolates
for elucidation of the epidemiologic relationship
among PEDV isolates during the 2009-2010 outbreaks
in southern Vietnam.

Materials and Methods

Sample collection: Total 8 PEDV isolates taken from
3-10 day-old piglets suffering from watery diarrhea
and dehydration on five different affected farms of
three provinces in southern Vietnam were included in
this study.

RNA isolation: Small intestinal samples were
homogenized by adding PBS to 10% suspension,
centrifuged at 3000 rpm for 10-15 min at 4°C. The
supernatant of 1-3 ml was collected into the sterile
centrifuged tubes using for total RNA isolation
according to the protocol of the commercial kit's
instruction (Promega, Madison, WI, USA).

RT-PCR: Two different genomic regions were
amplified, 651 bp fragment of partial S glycoprotein
gene and 715 bp fragment of full M gene, by using the
two pairs of primers based on previous publication
(Park et al, 2007b; Chen et al., 2008). Briefly,
nucleotide strands of the partial S gene primers are 5'-
TTCTGAGTCACGAACAGCCA-3 (PS1, forward), 5'-
CATATGCAGCCTGCTCTGAA-3" (PS2, backward)
and of M gene primers, 5-CCCCAGTACTGTTA
TTGACGTATAAAC-3 (PM1, forward), 5-GTTTAG
ACTAAATGAAGCACTTTC-3 (PM2, backward),

Table 1 Sources of viruses
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respectively. One tube RT-PCR reaction was used to
amplify partial S and M glycoprotein genes of PEDV
(AccessQuickTM, Promega, Madison, USA). Exactly,
4 pl RNA template was mixed with a reaction
mixture, which contained 10 ul of 2x AccessQuickTM
Master Mix (Promega, Madison, WI, USA), 1 pl of
each specific primer (10 uM), 0.5 pl of MgCl, (25 uM),
0.5 pl and AMV reverse transcriptase (10 u/ul). Then,
8 pl nuclease-free water was added to reaching the
total volume reaction of 25 pl. The RT-PCR reactions
were run in a Thermal hybrid PCR machine (USA),
divided into three stages. Firstly, reverse transcription
reaction incubated at 48°C for 45 min to make the first
strand cDNA synthesis. Then, the second strand
cDNA synthesis and PCR amplification were
denatured at 95°C for 2 min (01 cycle), repeatedly
denatured at 94°C for 30 sec for 30 cycles, annealed at
53°C for 60 sec and extended at 72°C for 60 sec.
Additional step is the final extension at 72°C for 5
min. The last stage is to hold the PCR products at 4°C.
Analyzing the PCR products by agarose gel
electrophoresis of 1.5% was readily visible by UV
transillumination of an ethidium bromide-stained gel.

Sequencing: Purified PCR products corresponding to
the partial S glycoprotein gene and full M gene were
sequenced by 1st BASE Pte Ltd (Singapore). All
sequencing reactions were carried out in duplicate
and all sequences was determined by sequencing both
strands (forward and backward strands). The
sequencing process used BigDye Terminator v3.1
cycle sequencing kit performed in 96-well plate
(BigDye® Terminator v3.1 Cycle Sequencing Kit's
protocol).

Order Isolates Countries and year of sampling Accession number References

1 CV777 S/M Belgium, 1977 AF353511.1 Kocherhans et al., 2001
2 Brl/875/M Britain, 1987 725483/724733.1 Duarte and Laude, 1994
3 JS-2004-2 S/M China, 2004 AY653204.1/ Y653205.1 Unpublished

4 LzcMm China, 2006 EF185992.1 Unpublished

5 DXs/M China, 2007 EU031893.1 Unpublished

6 CHIMT06M China, 2006 EU033965.1 Chen et al., 2010

7 Spk1s Korea, 2002 AF500215.1 Kang et al., 2005

8 Chinju99s/M Korea, 1999 AY167585.1 Yeo et al., 2003

9 DR13S Korea, 2006 DQ462404.2 Park et al., 20072

10 KNU-08015s Korea, 2008 GU180142.1 Lee et al., 2010

11 KNU-08025 Korea, 2008 GU180143.1 Lee et al., 2010

12 M1763M Korea, 2003 FJ687455.1 Unpublished

13 CPF299M Korea, 2007 FJ687467.1 Unpublished

14 KPEDV-09M Korea, 1997 AF015888.1 Kweon et al., 1999

15 07NP01 /M Thailand, 2007 FJ196196.1 Puranaveja et al., 2009
16 08NP025/M Thailand, 2008 FJ196204.1 Puranaveja et al., 2009
17 08CB015S Thailand, 2008 FJ196197.1 Puranaveja et al., 2009
18 KUO6RB08 M Thailand, 2008 FJ196194.1 Puranaveja et al., 2009
19 VN92s/M Vietnam, 2009 HQ883485/HQ883479 In this study

20 VN94 s Vietnam, 2009 HQ883486 In this study

21 VNO97s Vietnam, 2010 HQ883487 In this study

22 VN103 /M Vietnam, 2010 HQ883488/HQ883480 In this study

23 VN109s/M Vietnam, 2010 HQ883489/HQ883481 In this study

24 VN1125/M Vietnam, 2010 HQ883490/HQ883482 In this study

25 VN1165/M Vietnam, 2010 HQ883491/HQ883483 In this study

26 VN1225/M Vietnam, 2010 HQ883492/H(Q883484 In this study

SIsolate used for sequence analysis of the partial S gene; MIsolate used for sequence analysis of the full M gene

Sequencing analysis: Nucleotide sequences of the
current Vietnamese PEDV isolates and other selected
isolates  presented on Table 1 (Genbank:
http:/ /www.ncbi.nlm.nih.gov) were edited, aligned

and analyzed with Chromas 2.33, Bioedit v7.0.5.3, and
ClustalX 2.0.11 program. The phylogenetic trees and
deduced amino acid sequences were then generated
based on the Maximum likelihood method (Saitou
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and Nei, 1993) with the MEGA 5.0. The relative
support for each branch and the bootstrap value of
1000 replicates were computed (Tamura et al., 2007).

Results

Eight southern Vietnamese PEDVs were
collected from recent PEDV-affected commercial
swine farms (2009-2010) in three different provinces.
These isolates were confirmed by one-step RT-PCR
amplification to recognize the specific products of
partial S gene and full M gene. They were sequenced
and named VNO9251, VN94S2, VNO9753, VN10354,
VN109S5, VN112S6, VN11657, VN122S8 for partial S
gene analysis and VN92M1, VN9103M2, VN109M3,
VN112M4, VN116M5, VN122M6 for full M gene
analysis.

Sequence homology

Partial S gene: The pairwise alignment of the
southern Vietnamese PEDV isolates showed high
nucleotide homology to each other (98.9-100%).
VN9251 had minor different nucleotide and encoded
amino acid sequence with other isolates (VN9452,
VN9753, VN10354, VN109S5, VN112S6, VN11657,
VN122S8) at 98.9% and 97.3% identity, respectively. It
should be noted that the current PEDV isolates
contained variable differences on nucleotide
sequences of the partial S gene with other reference
isolates (Table 2) sharing 95.6-96.4% nucleotide
identity with the European prototypes (CV777,
Br1/87) and 91.4-97.8% identity with the Korean
isolates (Chinju99, Spkl, DR13, KNU-0801, KNU-
0802). Interestingly, the Vietnamese isolates shared
high nucleotide homology with the Chinese isolates
(JS-2004-2, DX) and the Thai isolates (07NP01,
08NP02, 08CB01) at 97.7-98.5% and 98.8-99.5%,
respectively. The average of nucleotide sequence
identity of the current Vietnamese PEDVs revealed
high correlation together with those of neighboring
countries such as the Chinese isolate (JS-2004-2) at
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98.4%, the Thai isolates at 99.35% and the recent
Korean isolate (KNU-0802) at 97.51% (Table 3).

For deduced amino acid sequence analyses
of the partial S glycoprotein gene, the current
Vietnamese PEDV isolates also showed high amino
acid sequence homology ranging from 97.3-100% and
were closely related to the Chinese isolates (JS-2004-2,
DX) and the Thai isolates (07NP01, 08NP02, 08CB01)
approximately 92.3-95.2% and 97.3-99.3% identity,
respectively. In contrast, these current Vietnamese
isolates had quite a lot of differences in genetic
distance of amino acid sequences with those in
Europe (CV777, Brl/87) and in Korea (Chinju99,
Spk1, DR13, KNU-0801) at 85.6-87.9% and 80.0-93.8%.
Likewise, the average percentages of peptide
sequence homology of the Vietnamese PEDVs shared
high relationship with the mentioned PEDVs in the
neighboring countries including China, Korea and
Thailand (Table 3) at 94.3%, 92.87% and 98.81%,
respectively.

Full M gene: Homology of nucleotide and deduced
amino acid sequences in full M gene of the current
Vietnamese PEDV isolates shared considerably high
homology (99.7-100% and 99.0-100%) to each other
(Table 4). Similar to the partial S gene, the nucleotide
and amino acid sequence homology were computed
to make clearly the relationship among groups and
within each group. Group 1 shared 97.89% and
96.18% in nucleotide and deduced peptide sequence
identity, respectively, with group 2 and 97.33% and
95.09% with group 3 (Fig. 4). Within group 1, the
current Vietnamese PEDV isolates shared 98.89% and
97.07% of nucleotide and amino acid sequence
identity with the Thai isolates (07NP01, 08NP02,
KUO6RBO08), 98.53% and 97.49% identity with the
Chinese isolates (JS-2004-2, DX), and 98.56% and
96.71% identity with the recent Korean isolates
(CPF299, M1763). Furthermore, the Thai isolates
shared 98.24% and 96.97% of nucleotide and peptide

Table 2 Comparison between percent of homology of nucleotide and encoded amino acid sequences of the partial S gene of the

southern Vietnamese PEDV isolates

2

. = =z ] - ['=} o ] [

= g = - = E = & E I o ] = = = ) s

P 5 ¢ 8 ® B P u B E E f ® E £ F E B G C
Brl/87 - 100 9Le 7.1 92,3 916 879 87.9 90,9 87.1 57.1 G7.1 836 871 56,4 879 &87.9 87,9 87.9 87.9
CV777 100 - 9L6 7.1 92,3 91,6 879 87.9 Q20,9 871 57.1 871 836 87,1 56,4 87,9 879 87,9 87.9 87,9
Spkl 96,9 96,9 - 90,9 93,9 100 93,1 al6 93,1 90,1 90,1 90,1 85,6 91,6 90,9 90,9 90,9 90,9 90,9 90,9
Chinjus9e 94,2 94,2 933 - Go4 90,9 83,2 816 548 81,6 516 516 80,0 83,2 524 524 524 524 82,4 824
DR13 97,9 97,9 97,5 938 - 95,9 935 945 93,9 92,3 92,3 92,3 90,9 92,3 91,6 93,1 93,1 93,1 93,1 93,1
KNU-0801 97,1 97,1 99,5 93,7 979 - 93,1 91,6 93,1 90,1 90,1 o0,1 88,6 aL6 90,9 90,9 90,9 909 20,9 90,9
ENU-0602 96,5 96,5 97,2 92,9 7o 974 - 94,5 939 94,5 94,3 94,3 91,6 a3,1 92,3 93,8 93,8 93,8 93,8 93,6
96,6 96,6 96,2 92,0 979 96,3 98,2 - 973 93,9 Q3,9 95,9 93,1 945 93,8 93,2 93,2 93,2 952 95,2
a7l 97,1 96,4 92,5 98,1 96,5 98,1 99,1 - 95,2 932 05,2 923 93,1 93,1 945 945 94,5 94,5 94,3
96,4 96,4 938 92,2 97,5 95,9 98,1 99,1 98,6 - 100 100 97,3 98,6 95,0 993 993 99,3 99,3 99,3
96,4 96,4 938 92,2 97,5 95,9 95,1 99,1 98,6 100 - 100 97,3 98,6 95,0 993 993 99,3 99,3 99,3
96,4 96,4 935 92,2 97,5 95,9 95,1 99,1 98,6 100 100 - 97,3 98,6 95,0 993 99,3 99,3 99,3 99,3
93,6 93,6 93,0 914 96,8 95,1 97,1 97,8 97,7 95,8 95,5 98,5 - 97,3 95,0 95,0 95,0 98,0 98,0 95,0
96,2 96,2 939 924 974 96,0 97,6 98,4 97,9 99,3 99,3 99,3 98,9 - 99,3 993 99,3 99,3 99,3 99,3
96,1 96,1 93,7 92,2 7.2 93,9 973 98,2 7.8 99,2 99,2 99,2 99,1 99,9 - 98,6 98,6 98,6 95,6 95,6
96,4 96,4 93,8 92,2 7.5 93,9 97,8 98,5 98,1 99,5 99,5 99,5 99,1 99,9 99,7 - 100 100 100 100
96,4 96,4 93,8 92,2 97,5 93,9 97,8 98,5 98,1 99,5 99,5 99,5 29,1 99,9 99,7 100 - 100 100 100
VIN11256 96,4 96,4 93,8 92,2 97,5 95,9 978 98,5 98,1 99,5 99,5 99,5 99,1 99,9 99,7 100 100 - 100 100
V12258 96,4 96,4 938 92,2 97.5 95,9 97,5 98,3 98,1 99,5 99,3 99,5 99,1 99,9 99,7 100 100 100 - 100

VIN11657 96,4 96,4 93,8 92,2 97,5 95,9 97,5 98,5 98,1 99,5 99,3 99,3 99,1 99,9 99,7 100 100 100 100 -

Nucleotide identity (%) in lower triangle of table, Decoded amino acid identity (%) in upper triangle of table
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Table 3 Comparison percent genetic distance (average % identity) of nucleotide/deduced amino acid sequences of the partial S gene

5 Group 1
PEDV strains Europe Korea China Thailand Vietnam Group 2 Group 3
Europe - 97,21 96,85 96,40 96,24
Korea 90,11 - 98,10 97,80 97,51
Group 1 China 90,85 95,19 - 98,85 98,18 96,20 92,72
Thailand 87,10 93,41 95,54 - 99,35
Vietnam 87,31 92,87 94,30 98,81 -
Group 2 91,58 - 95,50
Group 3 82,59 90,90 -

Nucleotide identity (%) in upper triangle of table, Decoded amino acid identity (%) in lower triangle of table

sequence homology with the Chinese isolates, 98.95%
and 97.74% identity with the recent Korean isolates.
The Chinese and the recent Korean isolates shared
98.06% and 96.35% of nucleotide and decoded
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aminoacid sequence identity, respectively. In
particular, the Thai isolates had absolute homology of
M gene with the recent Korean isolate (CPF299) at
100% identity. Similarly, the current Vietnamese
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Figure 1 Comparison of encoded peptide sequence alignment of the partial S gene of eight Vietnamese PEDV isolates (VN92S1,
VN94S2, VN97S3, VN10354, VN109S5, VN112S6, VN116S7, VN122S8) and selected reference PEDV strains (European
strains, CV777; Chinese isolates, ]JS-2004-2 and DX; Korean isolates, Spk1l, KNU-0801, KNU-0802; Thai isolates, 07NP01,
08NP02). Dash (.) reveals the amino acid identity of isolates compare with prototype isolate (CV777). There were some
sites in sequence with different encoded amino acids due to substitution of amino acids comparing with CV777.
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Figure 2 Comparison of deduced amino acids sequence of the full M gene of six Vietnamese PEDV isolates (VN92M1, VN103M2,
VN109M3, VN112M4, VN116M5, VN122M6) and selected reference PEDV strains (European strains, CV777 and Br1/87;
Chinese isolates, JS-2004-2, LZC, DX and CHIMTO06; Korean isolates, Chinju99, M1763, CPF299, KPEDV-09); Thai isolates,
07NP01, 08NP02 and KUO6RB08). Dash (.) reveals the amino acid identity of isolates compare with prototype isolate
(CV777). There were some sites in sequence with different amino acids due to substitution of amino acids comparing with

CvV777.

isolates had the closest relation with JS-2004-2 at
99.7% and 99.0% of nucleotide and decoded amino
acid sequence identity, respectively.

Genetic characterization

Partial S gene: The nucleotide sequences of partial S
gene of the southern Vietnamese PEDV isolates were
composed of 600 nucleotides (encoded approximately
200 amino acids), located from position 1530 to 2130
in full length of S gene responding for epitope
determinant of virus (data not shown) in which the
nucleotide sequence revealed high variable sites from
1561 to 1600 and 1821 to 1851 (520 to 533 and 598 to
617 residues of amino acid sequence, respectively).
There was a total 15 amino acids changes within 25
nucleotides substitution corresponding to the partial S
gene (Fig 1).

Full M gene: The nucleotide sequence of the full M
gene of the current Vietnamese PEDV isolates were
composed of 687 nucleotides encoded approximately
225 amino acids. The six current Vietnamese PEDV
isolates and the European prototype (CV777) revealed
high homology containing 13 nucleotide changes
corresponding to 2 residues substitution on amino
acid sequences. Likewise, deduced amino acid of M
gene shared extremely high homology among PEDV
isolates of the neighboring countries of Asia (Fig. 2).

Phylogenetic analysis

Partial S gene: Phylogenetic analysis based on
nucleotide and encoded amino acid sequences of the
partial S gene revealed PEDV isolates divided into
three groups (Fig. 3). Group 1 contained most of
PEDV isolates in suffered countries including Europe
(CV777, Brl/87), China (JS-2004, DX), Korea (DR13,
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VN122-58
VN112-56
VN109-55
VN103-54
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Vietnamese isolates

07NPO1 (Thailand)
08CBO1 (Thailand)

08NPO2 (Thailand)
JS-2004-2 (China)
strain DX (China)
L KNU-0802 (Korea)
DR13 (Korea)
Br1/87 (Britain)
(CV?TT (Belgium)
Chinjud9 (Korea) | Gr2
[ KNU-0801 (Korea)
Spk1 (Korea) ‘ Gr3

om

Figure 3 Dendrogram based nucleotide sequence of
the partial S gene among eight southern
Vietnamese = PEDV  isolates  (VN92SI,
VN94S2, VN9753, VN10354, VN109S5,
VN112S6, VN11657, VN122S8) with those of
other reference strains (European strains,
CV777 and Brl/87; Chinese isolates, JS-2004-
2 and DX; Korean isolates, Chinju99, DR13,
Spkl, KNU-0801, KNU-0802; Thai isolates,
07NP01, 08NP02, and 08CBO1). Multiple
alignment method performed by using
ClustalX program. The scale bars indicate the
number of 0.01 estimate evolutionary time.

KNU-0802), Thailand (07NP01, 08NP02, 08CB01) and
Vietnam (in this study). Group 2 comprised Spkl,
KNU-0801 (Korean isolates). Group 3 comprised
previous Korean isolate (Chinju99). The current
Vietnamese PEDV isolates dropped into a distinct
clade compared with other reference isolates. They
shared high homology. However, at least two
separated clades in which clade 1 comprising
VN94S2, VN97S3, VN10354, VN109S5 VN112S6,
VN116S7, VN122S8 and clade 2 containing only
VN9251 with 98.9% sequence identity were observed.
It should be noted that the Vietnamese isolates
contained high differences on the nucleotide sequence
of the partial S gene with other prototypes in Europe
(CV777, Br1/87) and in Korea (Chinju99, Spk1, KNU-
0801). However, the current Vietnamese isolates, the
Thai isolates, the Chinese isolates and the recent
Korean isolate (KNU-0802) were clustered into the
same subgroup on the phylogenetic tree.
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VN112-M4
VN116-M5
VN109-M3
VN103-M2

Vietnamese isolates

VNI2-M1

VN122-M6
JS-2004-2 (China)

CPF299 (Korea)

07NPO1 (Thailand)

08NPO02 (Thailand)
KUOERB08 (Thailand)

MA1763 (Korea)
Chinju99 (Korea)
strain DX (China) ‘
CH/AMT/06 (China)
Br1/87 (Britain)
CV777 (Belgium)

strain LZC (China)

0.002

Figure 4 Dendrogram based on nucleotide sequence
of the full M gene among six southern
Vietnamese PEDV  isolates (VN92M1,
VN103M2, VN109M3, VN112M4, VN116MS5,
VN122M6) with those of other reference
strains (European strains, CV777 and Brl/87;
Chinese isolates, ]JS-2004-2, LZC, DX and
CHIMTO06; Korean isolates, Chinju99, M1763,
CPF299; Thai isolates, 07NP01, 08NP02 and
KUO6RB08). Multiple alignment method
performed by using ClustalX program. The
scale bars indicate the number of 0.002
estimate evolutionary time.

Full M gene: PEDVs were similarly divided into three
distinct genetic groups (Fig 4). Group 1 comprised the
Vietnamese isolates (in this study), the Chinese isolate
(JS-2004-2), the recent Korean isolates (CPF299,
M1763) and the Thai isolates (07NP01, O08NP02,
KUO6RBO08). The current Vietnamese PEDV isolates
had close relationship with the mentioned above
recent isolates from Asian countries including China
(JS-2004-2), Thailand (07NP01, 08NP02, KUO6RBO0S),
and Korea (CPF299) clustering into a separated
subgroup in phylogenetic tree. Group 2 comprised
Chinju99 (Korea), DX and CHIMTO06 (China). Group 3
included CV777, Brl/87 (Europe) and LZC (China).

Gr-l

Gr2

‘ Gr-3
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Table 4 Comparison between percent of homology of nucleotide and encoded amino acid sequences of full M gene of the southern

Vietnamese PEDYV isolates

= = =)
; B . E 4§ & o &8 2 & & g =
5 E B B 2 =z = E 2 E B = = = 4 H#
Ee ©n B8 5 H B B @ E g EB £ € & £ £ £
Brl/87 - 99,5 97,9 93,3 96,4 96,9 96,4 974 95,8 93,3 948 95,3 94,8 95,8 93,8 95,8 95,8 95,8
CV777 100 - 98,5 93,8 96,9 974 96,9 979 96,4 93,8 95,3 95,8 95,3 9,4 96,4 96,4 96,4 96,4
Chinju%9 99,7 99,7 - 93,3 96,4 95,3 96,4 974 95,83 95,3 943 95,3 94,76 95,8 93,8 95,8 95,3 95,8
CPF299 97,2 G972 97,2 - 95,8 93,1 95,8 93,8 98,5 100 99,5 100 96,4 G974 97,4 974 974 97 4
MI1763 98,6 98,6 98,3 97,9 - 94,2 943 95,8 96,4 95,8 95,3 95,3 95,3 96,4 96,4 96,4 96,4 96,4
LZC 99,3 9.3 99,0 96,4 97,9 - G942 93,3 93,7 93,1 92,6 93,1 92,6 937 93,7 93,7 93,7 93,7
DX 98,6 98,6 99,0 97,2 97,2 979 - 97,9 974 95,8 95,3 95,3 95,3 96,4 96,4 96,4 96,4 96,4
CHIMT06 99,7 99,7 99,3 97,5 98,3 99,0 99,0 - 974 93,8 93,3 95,8 96,4 974 974 974 974 97,4
J5-2004-2 979 97,9 98,3 993 98,6 97,2 97,9 98,3 - 98,5 979 98,5 97,9 99,0 99,0 99.0 99.0 99,0
07NPO1 97,2 97,2 97,5 100 97,9 96,4 97,2 97,5 993 - 99,5 100 96,4 97 4 97,4 974 974 97 4
KUO06GREOS 97,2 97,2 97,5 100 97,9 96,4 97,2 975 99,3 100 - 99,5 93,8 a7 96,9 96,9 96,9 96,9
08NP02 97,2 97,2 97,5 100 979 96,4 97,2 97,5 993 100 100 - 96,4 97 4 97,4 974 974 974
VNI2M1 97,2 472 97,2 98,6 97,9 96,4 97,2 97,5 99,3 98,6 98,6 98,6 - 9.0 99.0 99,0 99,0 99,0
VIN103M2 97,5 97,5 97,9 99,0 98,3 96,3 97,5 97,9 99,7 99,0 99,0 99,0 99,7 - 100 100 100 100
VN109M3 97,5 4973 97,9 99.0 98,3 96,8 97,5 97,9 99,7 99,0 99.0 99,0 99,7 100 - 100 100 100
VIN112M4 97,5 97,5 97,9 99,0 98,3 96,3 97,5 97,9 99,7 99,0 99,0 99,0 99,7 100 100 - 100 100
VN116M5 97,5 97,2 97,9 99,0 98,3 96,8 97,3 97,9 99,7 99,0 99.0 99,0 99,7 100 100 100 - 100
VN122Me 97,5 97,5 97,9 99,0 983 96,3 97,5 97,9 99,7 99,0 99.0 99,0 99,7 100 100 100 100 -

Nucleotide identity (%) in lower triangle of table;

Decoded amino acid identity (%) in upper triangle of table

Discussion

Porcine epidemic diarrhea virus (PEDV) is
classified into genetic group 1 of Coronaviruses. Spike
(S) glycoprotein and membrane (M) glycoprotein
genes are believed to have genetic variation
geographically (Britton et al., 1991; Cavanagh et al.,
1992; Adzhar et al, 1995; Ballesteros et al., 1997;
Leparc-Goffart et al., 1997; Kingham et al., 2000; Saif,
2004; Weiss and Navas-Martin, 2005). Moreover, the
heterogeneity in those genomic sequences has been
reported and is known essentially for the diverse
PEDV pathogenicity (Lai et al., 2007; Lee et al., 2010).
PEDV genome is considered to have a diversity based
on previous studies (Kweon et al., 1999; Kocherhans
et al., 2001; Yeo et al., 2003; Jinghui and Yijing, 2004;
Junwei et al., 2006; Park et al., 2007b; Li et al., 2009;
Puranaveja et al., 2009; Lee et al., 2010). The genetic
regions of nucleotide sequence containing the highest
variations are C-terminal and N-terminal regions of
Sldomain which are used to analyze genetic
relationship among PEDVs in this study (Park et al.,
2007b; Lee et al., 2010). The M gene of Coronaviruses
seems to be more conservable than the S gene (Lai et
al., 2007; Chen et al., 2008; Puranaveja et al., 2009). The
important role of M gene contributes to the assembly
of process of viral nucleocapsid and membrane of
internal structure as well as to the interferon secretion
stimulation (Lai et al., 2007). The phylogenetic
analysis showed the close relationship among isolates
of neighboring countries in group 1 in China (JS-2004-
2, DX), in Korea (KNU-0802, CPF299, and M1763), in
Thailand (07NP01, 08NP02, 08CB01, KUO6RB08) and
in Vietnam. Particularly, Vietnamese PEDV isolates
are extremely related to ]JS-2004-2 and the Thai
isolates are absolutely related to the Korean isolate
(CPF299) with 100% nucleotide and amino acid
identity of M gene. These evidences suggests that the
Chinese-like isolates have been responsible for the
recent Asian outbreaks prevailing in Korea, Thailand
and Vietnam (Park et al., 2007b; Puranaveja et al.,
2009; Lee et al., 2010). Interestingly, geographic risk

factor seem to play a minor role in this PED outbreak
similar to the outbreaks in Thailand and Korea since
the outbreak occurred first in the southern part of
Vietnam faraway from China. In addition, animal
movement among those countries is limited. Other
risk factors including poor bio-security application on
fomites, animals and humans may play a major
impact in the disease outbreak among those affected
countries.

Within the eight southern Vietnamese PEDV
isolates, there was a small difference in VN92S1
compared with other Vietnamese isolates since it was
isolated from a different farm and a different province
(Farm 1, Binhduong). Two other isolates (VIN9454,
VN9753) collected from another farm in Binhduong
also revealed minor differences in nucleotide and
amino acid sequence with the other isolates.
Therefore, the isolates from Binhduong were grouped
into a distinct sub-cluster demonstrating that the
current PEDV isolates have gradually had genetic
diversity.

In conclusion, the phylogenetic analysis
indicated that these current Vietnamese PEDV isolates
have originated from the same Chinese ancestor and
they were gradually undergoing genetic variation and
forming a new PEDV sub-cluster in Vietnam.
Furthermore, these results suggested that the Chinese
isolates (JS-2004-2) could be the ancestor of the current
PEDV outbreaks transmitting to the neighboring
countries of Asia including Korea, Thailand and
Vietnam (Park et al, 2007b; Chen et al, 2008;
Puranaveja et al., 2009). It should be noted that the
epidemiology of PED outbreaks is commonly related
to geographic influence by transmission and
circulation of the causative agent among neighboring
countries. Since emerging in Europe, PED outbreaks
have been worldwide spread to many geographical
areas but not in the American continents excepting an
old report of PED-induced outbreak in Canada
(Turgeon et al., 1980). The reasons explained for the
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absence of PED in Americas might be the
geographical separation from the arising places of
emerging virus and the availability of good
preventive strategies in those countries. In addition,
no animal movement from the PEDV endemic areas
has been introduced into the North American
continent. Normally, movement of live pigs, breeding
stocks supplying for commercial farms and human
movement among the countries could be major risk
factors for the transmission of any emerging disease.
In the current Vietnamese PED outbreaks, poor bio-
security application on fomites, animals and humans
were considered main risk factors. Spreading among
neighboring farms after the first introduction in the
area is mostly due to animal and human movement as
well as contaminated vehicles. Therefore, the clear
elucidation of the origin and transmitted route of this
emerging PEDV may contribute to a better
understanding on the epidemiology and finally to
effective prevention and control of the disease.
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