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Abstract

Ungulate protoparvovirus 1, also known as porcine parvovirus 1 (PPV1), is considered to be one of the major causes of
reproductive failure in pig breeding herds. Other parvoviruses have also been identified in pigs, including ungulate tetra-
parvovirus 3, or PPV2, ungulate tetraparvovirus 2, or PPV3, and ungulate copiparvovirus 2, or PPV4, but their significance
for pigs is unknown. In the present study, the prevalence of PPV1-4 was investigated using a total of 231 lung and serum
samples collected from slaughterhouses in 13 provinces throughout Vietnam. The overall prevalence was 54.5% (126/231)
for PPV1, 28.0% (65/231) for PPV2, 17.7% (41/231) for PPV3, and 7.8% (18/231) for PPV4. While PPV1 and PPV2 were
found in 11 provinces, PPV4 was detected in only three provinces. Co-circulation of PPV 1, PPV2 and PPV3 was frequently
observed, with PPV1/PPV2 coinfection predominating, with 20.8% (48/231). All four PPVs were detected together in only
one sample from Thua Thien Hue. Three nearly complete PPV4 genome sequences of 5,453 nt were determined and depos-
ited in the GenBank database. Alignment and comparison of the three genome sequences showed 99.5-99.6% nucleotide
sequence identity, and the deduced amino acid sequences of open reading frames 1-3 were 99.6-99.9% identical to each
other, 98.9-99.3% identical to those of other Vietnamese strains and 99.4-99.7% identical to those of Chinese strains). Phy-
logenetic analysis further confirmed a close relationship between Vietnamese and Chinese PPV4 strains. These results are
the first to report the prevalence of PPV1, PPV2, PPV3, and PPV4 and nearly complete genomic sequences of PPV4 in pigs
from slaughterhouses in Vietnam.

Introduction

Parvoviruses are small, non-enveloped viruses with a linear,
single-stranded DNA genome of 4-6 kb [1]. Their genome
is characterized by a hairpin structure at the 5’ and 3’ ends
and contains two open reading frames (ORF) coding for non-
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Supplementary Information The online version contains structural protein (NSP) and viral coat and capsid protein
supplementary material available at https://doi.org/10.1007/s0070 (VP) [2, 3]. A small additional ORF3 located between ORF1
3-020-04928-5. and ORF?2 has been described for some parvoviruses [4].
54 Nguyen Thi Dieu Thuy Parvoviruses in vertebrates, including pigs, are members
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[5]. There are 10 monophyletic genera in this subfamily,
four of which include viruses that infect pigs. Specifically,
these include Bocaparvovirus (species Ungulate bocapar-
vovirus 2, 3, 4 and 5), Copiparvovirus (species Ungulate
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in 1965 in Germany [7] and is associated with reproduc-
tive failure in sows, characterized by stillbirth, mummified
fetuses, embryonic death, and infertility (SMEDI) [8]. To
date, PPV1 is the only parvovirus clearly associated with
disease in pigs. While additional PPVs have been identi-
fied, Koch’s postulates for association of these viruses with
disease still need to be fulfilled. Specifically, ungulate tetra-
parvovirus 3, also known as PPV2, was first discovered in
Myanmar in 2001 [9]. In 2008, ungulate tetraparvovirus 2,
also known as PPV3, was identified in Hong Kong [10]. In
the USA, ungulate copiparvovirus 2, also known as PPV4,
was discovered in 2010 [4] as well as the unclassified PPV5
(closely related to PPV4), which was discovered in 2013
[11]. Ungulate copiparvovirus 4, also known as PPV6,
was identified in China in 2014 [12]. Finally, the currently
unclassified PPV7 (proposed genus "Chappaparvovirus")
was identified in the USA in 2016 [13].

Since their discovery, the prevalence of different parvo-
viruses has been investigated by different groups in differ-
ent countries. The first identification of PPV6 occurred in
North America in 2015 [14] and in Poland in 2016 [15],
while PPV7 was first observed in Korean and Chinese pigs
in 2018 [16, 17]. However, using archived samples from
domestic pigs in the USA and Italy, PPV2 [18, 19], PPV3
[18], PPV4 [18, 19] and PPV6 [19] could be traced back to
1998, while PPV5 was identified in samples from 1997 [18].
Furthermore, phylodynamics and phylogeography history
studies have suggested that PPV2 has been circulating at
least since the 1920s, PPV 3 since the1930s, and PPV4 since
the1980s [19] and that PPV 1 originated approximately 120
years ago [20].

In Vietnam, the SMEDI syndrome caused by ungulate
protoparvovirus 1, or PPV1, has been of interest since the
early 1990s, and at that time, the disease caused great losses
in breeding herds. Currently, it is effectively controlled by
inactivated or subunit vaccines. A survey of the seropreva-
lence of ungulate protoparvovirus 1 in Long An province
(southern Vietnam) revealed that this virus is an impor-
tant factor in the decline of fertility in breeding sows [21].
Until now, no studies on pig parvoviruses concentrating on
other genera and their molecular characterization have been
reported in Vietnam. In this study, we report the prevalence
of ungulate protoparvovirus 1 (PPV1), ungulate tetrapar-
vovirus 2 (PPV3), ungulate tetraparvovirus 3 (PPV2), and
ungulate copiparvovirus 2 (PPV4) in pigs sampled from 13
provinces belonging to three main parts of Vietnam. After
the first detection of PPV4 from lung lavage of PCV2-
infected pigs in the USA [4], the virus has been investigated
by several research groups and was also identified in other
countries with different prevalence rates: 1.8% (13/705) in
China [22], 6.4% (25/392) in Hungary [23], 10% (12/120 in
Romania [24], 44% (41/80) in Thailand [25], 33% (40/120)
in Japan [26], 2.5% (6/247) in Poland [27], 43.6% (48/110)
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in South Africa [28], and 20.0% (10/50) in Cameroon [29].
To obtain additional information about PPV4, nearly com-
plete genomic sequences of circulating PPV4 isolates were
determined in this study.

Materials and methods
Sample collection

From 2016 to 2019, 231 healthy 4.5- to 5.5-month-old pigs
were sampled at abattoirs located in 13 provinces in three
regions of Vietnam, including northern, central and southern
Vietnam. Lung tissue (from one lung lobe, approximately
2 X 2 cm in size) and in some instances serum samples
(3-5 ml blood collected in serum separation tubes) were
collected randomly by local veterinarians. The preferred
sample was lung tissue, but in some cases lungs could not
be collected, and serum samples were collected instead. In
each participating abattoir, a maximum of five samples were
collected, and the number of abattoirs visited was 2-6 for
each province. In total, 136 lung and 95 serum samples were
collected. Detailed information on the collected samples,
including numbers, sample types, collection years, and col-
lection locations is presented in Table 1. After collection, the
samples were stored on ice (4°C) and immediately shipped
to the laboratory. Serum was separated upon arrival, and all
samples were frozen at -20°C until testing.

DNA extraction and PCR analysis

Total viral DNA was extracted from serum or frozen lung
tissues using a commercial kit (GeneJET Viral DNA/
RNA Purification Kit, Thermo Scientific, Lithuania). The
extracted concentration of the DNA was measured using a
NanoDrop spectrophotometer and stored at 4°C until testing.
All of the samples had a concentration of 92 to 446 ng/ul,
making them suitable for further processing.

All DNA samples were tested by conventional PCR
assays using previously described primers (Table 2). The
PCR assays specific for PPV1 through PPV4 were carried
out in a single reaction for each parvovirus using 1.5-2.0 pl
of DNA, 2x PCR master mix (Thermo Scientific, Lithu-
ania), and 5 pmol of each primer. The specific annealing
temperature (Ta) for each primer pair is shown in Table 2. A
Vertiti Thermal Cycler (AB Applied Biosystem) was used.
The resulting PCR products were analyzed by electrophore-
sis on a 2% agarose gel using a 100-bp DNA ladder (Thermo
Fisher Scientific). Appropriate positive and negative extrac-
tion and PCR controls (obtained from the University of
Edinburgh and confirmed by sequencing) were used for each
extraction and PCR run. When a faint DNA band was seen
on the gel, the PCR was carried out again with double the
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Table 1 Information about the

samples collected in this study,
including location, sample type
and year of collection

Region Province Number of abat- Number of sam-  Sample type” Collection year
toirs visited ples collected! I ——
Lung Serum
North Quang Ninh 4 19 19 0 2019
Bac Giang 3 10 0 10 2018
Ha Noi 5 24 19 5 2017-2018
Hoa Binh 4 20 20 0 2016
Central Ha Tinh 4 20 10 10 2017
Quang Tri 5 22 22 0 2019
Thua Thien Hue 6 28 28 0 2019
Quang Nam 4 16 10 6 2018-2019
South Ho Chi Minh 3 13 3 10 2016
Dong Nai 3 14 5 9 2017
Can Tho 7 32 0 32 2017
Ben Tre 2 6 0 6 2017
Vinh Long 2 7 0 7 2017
Total 14 52 231 136 95

"The number of samples collected in each abbottoir was less than five.

2From each animal, only a single sample was collected (either lung or serum).

Table 2 Primers used in this study for genotyping and sequencing. The virus targets were ungulate protoparvovirus 1 (PPV1), ungulate tetrapar-
vovirus 3 (PPV2), ungulate tetraparvovirus 2 (PPV3), and ungulate copiparvovirus 2 (PPV4).

Purpose Target Primer sequence (5°-3’) T (°C) PCR size (bp) Reference
Genotyping PPV1 F: GGGAGGGCTTGGTTAGAATCTC! 56 196 [34]
R: ACCACACCCCCCATGCGTTAGC
PPV2 F: AGATTCTTGCAGGCCGTAGA 60 222
R: CCAAGGGTCAGCACCTTTTA
PPV3 F: GCAGTCTGCGCTTAACTT 50 392 [24]
R: CTGCTTCATCCACTGGTC
PPV4 F: GCATTGGTGTGTGTCTGTGTCC 54 345 [23]
R: GTGGCACATTTGTACATGGGAG
Sequencing PPV4-1 F: TGACGCAGTACAGACCGACGAGA (356-379) 62 842 [23]
R: AATGCAAGTGCAAGCCACCTTIT (1175-1197)
PPV4-2 F: AGTAATCTGGTAATCGCTGTTCG (1050-1072) 62 893
R: ATGTTAGTCTTTCCTGTTGTGGC (1920-1942)
PPV4-3 F: GCTGGTGGATAACAACATCTGCT (1568-1590) 60 986
R: GTTTCTTCTTTCTCGGTGCTTCT (2531-2553)
PPV4-4 F: AAGAAGCACCGAGAAAGAAGAAA (2530-2552) 60 884
R: AAATCTAAGGGACAAGGCAAACG (3391-3413)
PPV4-5 F: TACTAAGAAAGACAAGGTGGAG (3366-3387) 60 898
R: AATAATAGAAGGTATAGCGTC (4243—4263)3
PPV4-6 F: ACCTGCTCCTCCATCTTCTCCAC (3918-3940) 62 980
R: GGCCGTCATCATACATTCTGCTC (4895-4897)
PPV4-7 F: ACTTACTGTTCTATGATGTCTGGAG (4219-4243) 62 1,644

R: ATATCATCTGCGGTGTCTGGG (5842-5862)

'Due to an observed mutation at the 3’end, A was changed to T
2Original primer sequence PF3363: 5’-AGATACTAAGAAAGACAAGGTGGAG-3’
3Original primer sequence PR4263: 5’-AATAATAGAAGGTATAGCGTCTCCA-3’

volume of DNA. Selected PCR products were purified and
sequenced on an ABI 3730x]1 DNA Analyzer (Thermo Fisher
Scientific), and the PPV sequences were confirmed by Basic

Local Alignment Search Tool (BLAST) analysis. For PPV1,
PPV2, and PPV3, the positive samples in each province were
counted. If fewer than 10 samples were positive, one was
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selected at random to be sequenced. If more than 10 samples
tested positive, two random samples were sequenced. All
PPV4-positive samples were sequenced.

PPV4 genome sequencing and sequence analysis

Seven previously described primer pairs [22] were used
to amplify portions of the nearly complete genomes of the
three PPV4-positive strains (Table 2). Amplification prod-
ucts were purified using a GeneJET PCR Purification Kit
(Thermo Scientific, Lithuania) according to the manufac-
turer’s instructions and sequenced by the standard Sanger
method on an ABI 3730xI system. The nucleotide sequences
of PPVs were identified using BLAST at the National Center
for Biotechnology Information [30]. Multiple nucleotide and
amino acid sequence alignments were carried out in BioEdit
7.2.5, using published PPV sequences as references [31].
Phylogenetic analysis was conducted using MEGA X [32]
and the maximum-likelihood method based on the Tamura-
Nei model [33]. Bootstrap analysis (1,000 replicates) was
used to assess the robustness of phylogeny.

Results

Prevalence of the four PPVs in slaughter-age pigs
in Vietham

All four PPVs were detected in the 231 samples tested, with
some samples testing positive for more than one genotype
(Table 3). The geographical location of the different PPVs
is shown in Fig. 1. The overall PPV prevalence rates in pigs
at slaughter age in both sample types collected were 53.7%
for PPV1, 28.0% for PPV2, 17.7% for PPV3, and 7.8% for
PPV4. PPV1 and PPV2 were observed in most of the prov-
inces sampled (11/13), whereas PPV4 was only detected
in pigs from Quang Ninh, Quang Tri and Thua Thien Hue
provinces in northern and central Vietnam. High rates of
PPV1 positivity ranging from 70.0% to 85.6% were observed
in Hanoi, Ha Tinh, Quang Tri, and Thua Thien Hue prov-
inces. The highest prevalence of PPV2 was 71.4% in Thua
Thien Hue and for PPV3 it was 62% in Hanoi.

The distribution according to sample type was as fol-
lows: Of the 136 lung samples, 67.6% (92/136) were positive
for PPV 1, 32/4% (44/136) were positive for PPV2, 18.4%
(25/136) were positive for PPV3, and 7.6% (18/136) were
positive for PPV4. Of the 95 serum samples, 33.7% (32/95)
were positive for PPV1, 22.1% (21/95) were positive for
PPV2 and 16.8% (16/95) were positive for PPV3. PPV4
DNA was not detected in any serum samples.

Often, pigs were positive for more than one genotype. A
summary of coinfections with more than one PPV is pre-
sented in Table 4. The overall highest coinfection rate was
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Table 3 Number of DNA-positive samples (percentage) in this study.
The samples were tested for ungulate protoparvovirus 1 (PPV1),
ungulate tetraparvovirus 3 (PPV2), ungulate tetraparvovirus 2
(PPV3), and ungulate copiparvovirus 2 (PPV4).

Province n PPV1 PPV2 PPV3 PPV4
Quang Ninh 19 15 (78.9) 9 (47.4) 0 6 (31.6)
Bac Giang 10 3 (30) 6 (60) 6 (60) 0
Ha Noi 24 19(79) 3(12) 15 (62) 0
Hoa Binh 20 735 0 3(15) 0
Ha Tinh 20 14 (70.0) 3(15.0) 6 (30) 0
Quang Tri 22 18 (81.8) 10 (45.5) 3 (13.6) 6(27.2)
Thua Thien 28 24 (85.7) 20(71.4) 3(10.7) 6(21.4)
Hue
Quang Nam 16 O 6(37.5) 0 0
Ho Chi 13 2(154) 1(7.7) 0 0
Minh
Dong Nai 14 2 (14.3) 1(7.1) 3(21.4) 0
Can Tho 32 18(56.3) 5(15.6) 0 0
Ben Tre 6 0 1(16.7) 2(33.3) 0
VinhLong 7  2(28.6) 0 0 0
Total 231 124 (53.7%) 65 (28.0%) 41 (17.7%) 18 (7.8%)

seen with PPV1/PPV2, at 20.8%. The rates of infection of
PPV1/PPV3 and PPV2/ PPV3 were lower, at 10.0% and
4.3%, respectively. Only 2.6% of the samples were simulta-
neously positive for PPV1, PPV2, and PPV3.

PPV4 was detected in three provinces (Table 4) and often
co-circulated with PPV1, PPV2 and PPV3. The infection
rates were 23.3% for PPV1 and PPV4, 14.5% for PPV2 and
PPV4, 1.5% for PPV3 and PPV4, and also for PPV 1, PPV2,
PPV3 and PPV4. Only one pig from Thua Thien Hue was
infected with all four PPVs.

Diversity of PPV4 genomes in pigs
from slaughterhouses in Vietham

To investigate the diversity of PPV4 circulating in Viet-
nam, the nearly complete genome sequences of three PPV4
isolates collected from Quang Ninh and Quang Tri were
determined and analyzed. The entire sequence length of
the three isolates was 5,367 nt with no insertion and dele-
tions in the coding regions, and the sequences were depos-
ited in the GenBank database with the accession numbers
MT434667-MT434669. The nucleotide (nt) and amino acid
(aa) sequence identity values for the three PPV4 strains,
Vietnamese strains, and PPV4 reference strains from China
and the USA, and from wild boar hosts are summarized in
Table 5.

A multiple sequence comparison revealed a base substi-
tution at position 124 (G—A) resulting in an amino acid
change (42: D—N) in ORF1 and other substitutions result-
ing in three amino acid changes in ORF2 (455: E—~D/Q,
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Fig. 1 Map of Vietnam, indicat-
ing the different provinces sam-
pled in this study and also the
detection rates of parvoviruses
in pigs in these areas
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Table 4 Rates of coinfection with different parvoviruses in pigs. The samples were tested for ungulate protoparvovirus 1 (PPV1), ungulate tetra-
parvovirus 3 (PPV2), ungulate tetraparvovirus 2 (PPV3), and ungulate copiparvovirus 2 (PPV4).

Province n PPV1+2 PPV2+3  PPVI+3 PPVI+2+3 PPVI+4 PPV2+4 PPV3+4  PPVI1+2+3+4
Quang Ninh 19  8(2.1) 0 0 0 5(26.3) 1(5.3) 0 0

Bac Giang 10 2(200) 5(50.0)  3(30) 1 (10.0) 0 0 0 0

Ha Noi 24 3(125) 0 11 (45.8) 1(4.2) 0 0 0 0

Hoa Binh 20 0 0 1 (5.0) 0 0 0 0 0

Ha Tinh 20 3(15.0) 0 2 (10.0) 0 0 0 0 0
Quang Tri 22 9(40.9) 2(9.1) 3(13.6) 2(9.1) 5(22.7) 3(13.6) 0 0

Thua Thien Hue 28  19(67.9)  3(10.7)  2(7.14) 2(7.1) 6(21.4) 6 (21.4) 1(3.6) 1 (3.6)
Quang Nam 16 0 0 0(0) 0 0 0 0 0

Ho Chi Minh 13 0 0 0(0) 0 0 0 0 0

Dong Nai 14 0 0 1(7.1) 0 0 0 0 0

Can Tho 32 4(125) 0 0 0 0 0 0 0

Ben Tre 6 0 0 0 0 0 0 0 0

Vinh Long 7 0 0 0 0 0 0 0 0

Total 231 48 (20.8%) 10(43%) 23 (10.0%) 6 (2.6%) 16(232%) 10(145%) 1(1.5%) 1(1.5%)

Table 5 Percent of nucleotide and amino acid sequence identity for
different open reading frames (ORF) of Vietnamese ungulate copipar-
vovirus 2 (PPV4) sequences investigated in this study (MT434667-
MT434669) compared with reference strains from domestic pigs in
China (GU978965-GU978967; HMO031134; MG345027), the USA
(GQ387499-GQ387500; NCO014665), and Romania (JQ868713-

JQ868716)
ORF Size! Vietnam China USA Romania
1 1,797 nt  99.6-99.9 99.4-99.6 99.1-99.2 99.1-99.2
598 aa  99.6-99.8 99.3-99.6 98.3-98.9 99.1-100
2 2,187 nt 99.2-99.7 99.3-99.7 98.6-99.3 99.2-99.7
728 aa  99.5-100 99.4-99.8 99.4 99.7-99.8
3 615nt  99.6-99.8 99.1-99.8 99.6-99.8 99.8-100
204 aa 100 100 100 100
Whole 5,367 nt 99.3-99.6 98.9-99.4 98.8-99.0 99.0-99.5
sequence 1,500 aa 99.6-99.9 99.4-99.7 99.1-99.3 99.4-99.8

Iht, nucleotide; aa, amino acid

469: I-V, and 531: H—Q). No variation was detected in
the deduced aa sequence of ORF3. As seen in Table 5, the
three sequences contained two main ORFs, ORF1 (1797 nt),
encoding a 598-aa protein, and ORF2 (2,187 nt), encoding
a 728-aa protein, as well as a small ORF (ORF3) with a
length of 615 nt, encoding a 204-aa protein. The level of
nucleotide sequence similarity among the PPV4 genomes
obtained from pigs raised in Vietnam was high: 99.6-99.9%
in ORF1, 99.2-99.7% in ORF2 and 99.6-99.8% in ORF3.
When full sequences were compared, the PPV4 strains
shared 99.3-99.6% nt sequence identity and 99.6-99.9% aa
sequence identity. High levels of sequence identity at the
nucleotide and amino acid level were observed between
Vietnamese PPV4 strains and Chinese strains (98.8-99.4%
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and 99.4-99.7%, respectively). The amino acid sequences of
ORF3 were 100% identical among the Vietnamese strains
and between the Vietnamese strains and other reference
strains. The data presented in Table 5 also show that ORF1/
ORF?2 nucleotide and amino acid sequences of Vietnamese
PPV4 strains exhibited a high degree of similarity to Chi-
nese and Romanian strains, and less to US strains. To ana-
lyze the genetic relationship between the PPV4 sequences
obtained in this study and the reference strains from other
geographic locations, a phylogenetic tree was constructed
based on nearly complete genomic sequences. As seen
in Fig. 2, the three Vietnamese PPV4 strains (black dots;
MT434667-MT434669) group in a clade together with
Romanian (JQ868713-JQ868714) and Chinese (GU978964-
GU978968; HM031134-HMO031135) sequences. The other
clade was formed by PPV4 sequences from the USA (black
square boxes; GQ387499, GQ387500m BC014665), two
sequences from Romania (JQ868715, RJQ868716), and a
sequence from China (MG345027). The bootstrap values for
all branches were higher than 63%, indicating the reliability
of phylogenetic tree.

Discussion

Vietnam is among the world’s major pork-producing coun-
tries; therefore, it is not exceptional that parvoviruses are
commonly found in the pig population. A previous study on
the seroprevalence of PPV1 in Long An, a southern province
of Vietnam, showed that PPV1 contributed to reproductive
failure in sows [21]. The results from this present study con-
firm the circulation of PPV genotypes 1-4 in pigs in slaugh-
terhouses in Vietnam.
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Fig.2 Phylogenetic tree
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PPV1 is currently the most prevalent genotype in pigs in
several countries. The overall prevalence of PPV1 observed
in this study was 53.7% (124/231). This is similar to that in
commercial pig herds in Thailand (53.0%) [25]. The preva-
lence rates of PPV1 reported in Japan (67%) [26] and Ger-
many (61%) [34] were slightly higher. In contrast, the rate of
PPV1 circulation in China (5.6%) [35], South Korea (4.6%)
[36], North America (8.9%) [37], and Argentina (11.3%)
[38] is much lower. This might be due to differences in PPV1
vaccination programs for breeding herds in these selected
regions. The PPV2 prevalence rate in this study was 28.0%
(65/231) in pigs across 13 provinces. The reported PPV2
prevalence rates in North America (36.8%), Poland (19%),
and in South Africa (21.8%) are in a similar range [27, 37,
39]. In contrast, high PPV2 prevalence rates in swine herds
have been observed in Hungary (51.0%) [40], Germany
(78.0%) [34], Thailand (82.5%) [25], and Japan (58.0%)
[41]. The reported circulation of PPV3 in pigs in Asian
countries is high, with 72.5% in Thailand [25], 45.1% in
China [35], and 39.0% in Japan [26]. In contrast, the detec-
tion rate of PPV3 in this study was relatively low, at 17.7%.
PPV3 is also present at a lower rate in Europe, including
21.3% in Hungary [40], 20.0% in Germany [34], 7.7% in
Poland [27], and 19.1% in Slovakia [42]. The reported preva-
lence of PPV3 in South Africa is also low, at 5.5% [28].
PPV4 was detected in three of 13 provinces investigated
in the northern and central part of Vietnam, and only in
lung samples. PPV4 infection rates ranged from 21.4% to
31.6% (Table 3). This is similar to what has been observed
in domestic pigs in other Asian countries, such as 33.0% in

MG345027 PPV4-SERUM-SMU China
| W GQ387499 PPV4 17

| ]—USA
7' [l NC 014665 PPV4

6

w

Japan [26], 21.6% in China [35], and 44.0% in Thailand [25],
as well as 43.6% in South Africa [28]. Much lower infection
rates of PPV4 were detected in pigs in the USA, with 2.9%
positive samples [37], and in European countries, includ-
ing 6.4% in Hungary [23], 10.0% in Romania [19], 7.0% in
Germany [34], and 2.5% in Poland [27].

In Vietnamese pigs at slaughter age, coinfection with
PPV1 and PPV2 was detected in 20.8% of the investigated
animals, making it the most frequent combination, fol-
lowed by PPV1 and PPV3 coinfection in 10.0% of the pigs
and PPV2 and PPV3 coinfection in 4.3% of the pigs. Tri-
ple infection with PPV 1, PPV2 and PPCV3 was found in
only 2.6% of the investigated pigs. In a previous study from
Romania, concurrent infection with PPV2 and PPV3 was
frequent and present in 79% (31/39) of domestic pigs and
95% (169/177) of wild boars investigated [19]. When six pig
farms in Poland were inspected, PPV2 was the most com-
mon and was detected in 80.2% (65/81) of samples that were
positive for at least one PPV type [27]. In Japan, where 120
pigs, aged about 6 months, sampled from a slaughterhouse,
were tested, 67% were PPV 1 positive, 58% were PPV2 posi-
tive, 39% were PPV3 positive, and 33% were PPV4 positive
[26]. In Thailand, across five genotypes (PPV1-4 and PBo-
likeV), over 60% of the pigs carried more than three PPVs,
and more than four PPVs were identified in 28% of tonsil
samples [25]. Concurrent infection with PPV2, PPV3 and
PPV4 and PCV2 was analysed using a biobank of archival
pig samples (n = 695) [43]. The samples originated from
Northern Ireland, the Republic of Ireland, Great Britain, and
other neighbouring European countries and were collected
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from 1997 to 2012. Concurrent infection with PPV2 and
PPV3 occurred in 3.0% of the samples (23/695), dual infec-
tion with PPV2 and PPV4 was identified in 1.2% of the sam-
ples (8/695), and PPV3 and PPV4 coinfection occurred in
0.6% of the samples (4/695) [43]. As shown in Table 4, in
this study, only a single sample was concurrently infected
with all four investigated PPVs. The overall prevalence of
PPVs was higher in lung tissue than in serum samples in
healthy slaughter-age pigs. This is in agreement with a previ-
ous study showing the prevalence of PPV 1-5 to be higher in
tissue samples was also higher than in serum samples [37].
Taken together, the data on PPV coinfections indicate that
the dual, triple, and quadruple infection rates in our study
were lower than in other studies. The reported variations
among geographic regions may be due to differences in the
sample types investigated, the animal’s age at sample collec-
tion, the test used, the health status of the pig, and the overall
number of samples tested.

PPV4 was first identified in the lung lavage of a pig that
was coinfected with porcine circovirus type 2 in the USA in
2010 [4]. It was found to have a genome size of about 5.9
kb. PPV4 has two major ORFs (ORF1, located at the 5’end,
encoding non-structural proteins, and ORF2, at the 3’end,
encoding structural proteins) and a small ORF3 located
between ORF1 and ORF2 [4]. The initial discovery of PPV4
resulted in further investigations, and it was quickly con-
firmed that PPV4 was present globally. In this study, PPV4
was further characterized by genomic sequencing. PPV4 was
selected over PPV 1, PPV2, and PPV3 during the early stages
of the investigation and for no particular reason. In hind-
sight, and after having all PPV prevalence rates available,
it would perhaps have been better to have chosen another,
more prevalent, PPV type. However, the results of this study
still contribute to the overall knowledge base of PPV4 and
are therefore important.

The sequence length of the three Vietnamese PPV4
strains analyzed in this study was 5,367 nt. Three varia-
tions in the deduced amino acid sequence of the protein
encoded by ORF2 were observed in all three Vietnam-
ese PPV4 strains, supporting the suggestion that ORF2
mutates at a faster rate than ORF1 [14]. This may be due
to higher selection pressure by the host immune system on
the viral capsid protein. Comparison of the nucleotide and
amino acid sequences among Vietnamese PPV4 strains
revealed high similarity, suggesting a common origin of
these viruses. Sequence comparisons and phylogenetic
analysis based on nearly complete genome sequences of
PPV4 showed that the Vietnamese isolates were closely
related to Romanian and Chinese PPV4 strains. They clus-
tered together in a clade, which was separate from the
clade formed by PPV4 sequences from the USA, China
and Romania (Fig. 2). These results are consistent with
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a previous phylogenetic analysis based on PPV4 genome
sequences [22] and further confirm the close genetic rela-
tionship among the investigated PPV4 strains. The lack
of circulating PPV4 in the southern regions of Vietnam
in this study, together with the high nucleotide and amino
acid sequence similarity between Vietnamese and Chinese
PPV4 strains, suggests a possible introduction of this gen-
otype into Vietnam via the northern border with China.
However, further investigations are needed, with a larger
sample size, in order to test this hypothesis.

Conclusions

This study is the first survey of PPV1, PPV2, PPV3, and
PPV4 genotypes in slaughter-age pigs in three regions of
Vietnam. The information obtained about the PPV infec-
tion rate within Vietnamese swine herds contributes sub-
stantially to the general disease knowledge base and will
be useful for future disease management and investigations
of other pathogens in this region. However, the limitations
of this study include sample type (only lung and serum
were investigated), disease status of investigated pigs (only
healthy pigs at slaughter were tested), and age (only 4- to
6-month-old pigs were tested). The results allow a pre-
liminary insight into the prevalence of the major PPVs in
healthy pigs in Vietnam. In addition, genomic characteri-
zation of PPV4 is also provided. Additional epidemiologi-
cal studies that also include PPV5 and PPV6 and whole
genome sequencing for the other PPVs are necessary to
gain an overview of the prevalence of parvoviruses in the
Vietnamese pig population. While the role of PPV1 in
reproductive failure in breeding herds is well recognized,
the association of the other PPVs with disease still needs
to be established. This will ultimately aid in achieving an
improved understanding and control of porcine pathogen
transmission.
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Abstract. Porcine parvovirus (PPV) is a DNA virus and causative agent of several reproductive
problems in sows. This study was conducted for the prevalence and analyzing the DNA sequence of
structural protein encoding gene (VP) of PPV2 genotype in pig. A total of 146 samples (lung and blood
samples) was collected from slaughtered pigs of seven provinces in central of Vietham during 2018-
2019. The overall prevalence of PPV2 was 56.2% (82/146). PPV2 positive rate in each province ranged
from 37.5% for Quang Nam to 100% for Quang Binh, with the exception of Da Nang, where no PPV2
positive samples were detected. Nearly complete PPV2-VP gene sequences of three strains were
identified with the length of 2,493 nucleotides and deposited in GenBank with accession number of
OL913365-0L913367. Four nucleotide substitutions were detected in Vietnamese PPV2 isolates and
were not observed in PPV2 reference strains. Multiple alignment and comparison of nucleotide and
deducted amino acid sequences showed the high similarity within Vietnamese PPV2 strains (95.6-
96.5% and 94.7-96.9%, respectively). The PPV2 strains from this study clustered together with the
"primitive" PPV2 strains from Myanmar, and strains from China in a main clade in the phylogenetic
tree (Cluster A). This is the first report on the prevalence of PPV2 genotype and its VP gene sequence
in pigs in Vietnam. This also provides the value information of the molecular evolution of locally
circulating PPV2 and contributes to the control of PPV-induced SMEDI syndrome in sows, especially
in Central provinces of Vietnam.

Keywords: Porcine parvovirus 2, prevalence, pigs, VP gene nucleotide sequence, phylogenetic tree

1 Introduction

To date, the clinical significance of porcine
parvovirus (PPV) has been well-described with
the predominant effect being impaired fertility in
sows [1]. PPV are

isometric, 18-26 nm in diameter viruses, with a

small, non-enveloped,

genome structure that resembles a linear, non-
ssDNA  which is
approximately 4-6.3 kb in size [2] that causes

segmented molecule of

porcine reproductive failure in swine [3]. PPV

DOI: 10.26459/hueunijns.v132i1D.6986

genome is characterized by a hairpin structure at
two 5-3” ends [4, 5] and two open reading frames
(ORF) coding for non-structural protein (NSP)
and viral coat and capsid protein (VP). PPV is
stable to environmental factors, living in a pH
range of 3.0-8.0 and is heat resistant for hours at
80°C [6].

PPV is a member of the family Parvoviridae
[7].  Ungulate

parvovirus 1 (PPV1- known as “classical” PPV)

protoparvovirus 1, or Porcine

was first isolated in 1965 in Germany [8] and is
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the causative agent of reproductive dysfunction in
sows, characterized by stillbirth, mummified
fetuses, embryonic death, and infertility (SMEDI)
[3]. In the following years, other genotypes of PPV
were also confirmed, including: Porcine parvovirus
2 (PPV2) (formally name is Ungulate tetraparvovirus
3), belongs to the Tetraparvovirus genus, was
discovered in 2001 during a survey for Hepatitis E
virus (HEV) in swine sera collected in Myanmar [9];
PPV3 (Ungulate tetraparvovirus 2) was discovered
in 2008; PPV4
copiparvovirus 2) and PPV5 (unclassifed) were
identified in the USA in 2010 and 2013,
respectively; PPV6 (Ungulate copiparvovirus 4) was

in Hong Kong (Ungulate

discovered in China in 2014 and most recently,
PPV7 (proposed genus Chappaparvovirus) was
identified in the USA in 2016 [10, 11, 12, 13, 14, 15,
16].

Analysis of the genetic relationship between
PPV1 and PPV2 revealed that PPV2 is "distantly
related” to PPV1 with 32.2-34.5% genomic identity
and amino acid identity 20.2-21.5 % for ORF1 and
16.5-16.9% for ORF2 [17]. The efforts to propagate
the PPV2 in vitro have so far been unsuccessful, so
studies on the pathogenicity of PPV2 have not
been possible [18]. However, there is recent
evidence shows that PPV2 may be a co-factor or
triggering agent associated with PCVAD [17] or
‘high fever disease’ [19].

Further epidemiological studies of PPV2 have
reported differently worldwide [20]. About a decade
after it was first detected, PPV2 was identified in
8.8% of serum samples obtained from commercial
pig farms in Southeastern China [19] Subsequently,
PPV2 has been discovered in other samples
including hearts, blood, faeces and lungs in many
other countries including Hungary, USA, Germany,

Japan, and Thailand with prevalence of 6.4%, 20.7%,
55%, 58% and 83% respectively [18, 21, 22, 23, 24].
Meanwhile, using tonsil samples in PPV2 screening
has reported a higher prevalence, ranging from 78%
(Germany) to 100% (Japan), leading to a hypothesis
that viral prevalence may depend on the organ type
examined, although the routes of infection and viral
loci are yet to be elucidated experimentally [22, 23,
24].

In Vietnam, SMEDI syndrome in sows caused
by PPV is nationwide and has been of concern since
the early 1990s. Previous studies have investigated
the prevalence of PPVs using serological testing and
PCR methods. Objective of this study is to analyze
the genotypic prevalence of PPVs and molecular
characterization of VP gene of PPV2 from
slaughtered pigs in central Vietnam.

2 Materials and methods

21  Sample collection

Lung tissue and blood samples of grow-finish
healthy pigs (18-25 weeks) were sampled at
abattoirs located in seven provinces in Central of
Vietnam. In each participating abattoir, a
maximum of five samples were collected, and the
number of abattoirs visited was 3-6 for each
province. Only one blood or lung tissue sample
was collected from each individual pig to avoid
duplication. In total, 136 lung and 29 blood
samples were collected. Detailed information on
the collected sample, including number, sample
type, collection year, and collection location is
presented in Table 1. After collection, the samples
were stored on ice (4°C) and immediately shipped
to the laboratory and all samples were frozen at -

20°C until testing.
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Table 1. Sample information collected in this study

Province Nur.nbel.' (?f Number of Sample type Collection
abattoirs visited! =~ samples collected? Lung Blood year

Quang Binh 4 17 0 17 2019
Quang Tri 5 22 22 0 2019
Thua Thien Hue 6 28 28 0 2019
Da Nang 3 14 8 6 2018
Quang Nam 4 16 10 6 2018-2019
Quang Ngai 5 24 24 0 2018-2019
Binh Dinh 5 25 25 0 2018
Total 32 146 117 29

IThe number of samples collected in each abattoir was less than five.

2From each pig, only a single sample was collected (either lung or blood).

2.2 DNA extraction and PCR analysis

Total DNA was extracted and purified according
to the methods of Sambrook and Russell [25] with
small modifications: small modifications: blood
samples were washed several times with PBS
buffer until they become white (try to remove all
the hemoglobin) before using for DNA extraction.
DNA was diluted in TE buffer, and stored at 4°C

for analysis.

To detect PPV2, specific PCR assays were
carried out in a single reaction with 50-100 ng of
DNA template 2x PCR master mix (Thermo
Scientifc, Lithuania), and 5 pmol of each primer.
The PPV2 primers for detection were followed
Streck et al. [22]. Primers for the PPV2 sequencing
(Table 2) were designed using the program
Primer3 based on reference sequences listed
below (Table 3). Information on primer sequence,
annealing temperature (Ta) and product size are
shown in Table 2. The PCR consisted of an initial
activation step at 94°C for 5 min, followed by 35
cycles of denaturation at 94°C for 30 sec,
annealing at 56/60/50/54 °C for 30 sec., extension
at 72°C for 30 sec., final synthesis at 72°C for 5
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minutes and holding at 14°C.

The resulting PCR products were analyzed by
electrophoresis on a 2% agarose gel using a 100 bp
DNA ladder (Thermo Fisher Scientific). Appropriate
positive and negative extraction and PCR controls
(obtained from the University of Edinburgh and
confirmed by sequencing) were used for each

extraction and PCR run.

2.3 PPV2-VP2 gene sequencing and sequence
analysis

Five primer pairs designed based on PPV2 gene
sequence published on GenBank were used to
amplify structural protein encoding genes (VP genes)
of three PPV2 positive strains (Table 2).

The PCR products were sent to Macrogen Inc.,
South Korea for sequencing using an ABI-3100
Avant Genetic Analyzer automated sequencer

according to the standard Sanger method [26].

Multinucleotide and amino acid sequence
alignments were performed in BioEdit 7.0.9.0 [27].
The published PPV2 sequence information used
as a reference is presented in Table 3. Obtained

nucleotide sequences were identified with the
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Basic Local Alignment Search Tool (BLAST, method [29] and computed with the Kimura 2-
NCBI) [28]. parameter method [30]. Bootstrap values were

The phylogenetic tree was constructed with calculated using 1.000 replicates of the alignment.

Mega X solfware using the neighbor-joining (NJ)

Table 2. Primer information used in this study for genotyping and sequencing. The virus target was U. tetraparvovirus

3 (PPV2)
Purpose Target Primer sequence (5’-3) Ta (°C) PCR size (bp) Reference
Genotyping PPV2 F: AGATTCTTGCAGGCCGTAGA 60 222 Streck et al., 2013
R: CCAAGGGTCAGCACCTTITA
Sequencing ~ PPV2-1 F: CAGCTTCATGGCTTACGGGCA 50 721 This study
R: ATCCCTCTCCGCCCGCCAGA
PPV2-2 F: CATGAGCGCTGCCGACGCGT 54 730
R: TCCATCAGACCCTGGGCCA
PPV2-3 F: GACCCAGAGATAGATAGCGT 53 773
R: CCACCAATGAGATCCGCTA
PPV2-4 F: TGGACAAAGTCTTACCGCC 50 743
R: AGGGTTGTACCACTGAATACT
PPV2-5 F: CATTGGCGCGCAGGCACC 50 776
R: ATAAACCCCTGAGGAAATA
Table 3. List of PPV2 strains used in this study
Strain Location Year Size (bp) Reference
AB076669 Myamar 2001 5118 Hijikata et al., 2001
KP245940 China 2014 3099 Sun et al., 2015
KP245943 2014 3099
KP245944 2014 3099
MK092387 2018 5205 Ren et al., 2020
MK092408 2018 3172
MN326142 2019 5119 Sun et al., 2021
MN326185 2019 5119
MZ577029 2021 5426 Lietal, 2021
MG345016 2017 5427 Qin et al., 2018
OL913365 Vietnam 2019 2493 This study
OL913366 2019 2493 This study
OL913367 2019 2493 This study
KY586144 Brazil 2017 5316 Cervaetal.,, 2017
KX517759 Hungary 2016 5533 Novosel et al., 2017
KC701296 2013 3099
KC687100 Cromania 2013 3099 Cadar et al,, 2013
JQ860238 2012 3096
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Strain Location Year Size (bp) Reference
JQ860240 Romania 2012 3096
JQ860243 2012 3099
JQ860248 2012 3099
JX101461 us 2012 5486 Xiao et al., 2013
KF725662 2013 3259 Opriessnig et al., 2014

Porcine parvovirus 2 isolate SERUM-SMU non-structural protein and structural protein genes, complete cds
Soquance 10: MGIS019.1 Length: 5438 Number of Matches: 1

3 Results and discussion

3.1 Detection PPV2 genotype

The quality and quantity of total extracted DNA
were sufficient for analysis with the ratio of OD
260/280 (1.84 to 2.16) and DNA concentration (92 to
446 ng/ul). The PCR products for genotyping of
PPV2 are shown in Fig 1. In Fig 1, single clear

Fig. 2. BLAST result revealed the positive sample with
98% nucleotide identity compared with reference PPV2

band was observed in wells 2 and 4-11, strain (MG345019).

corresponding to the size of positive control (+).

That means those samples were positive of PPV2 In the present study, among the 146 lung
genotype, but this is neccesary to confirm by and blood samples from 32 different abattoirs in
sequencing. No DNA band appeared at negative seven provinces of Central Vietham, PPV2 DNA
control (-) and negative samples (well 1 and 3). was detected with 56.2% (82/146). PPV2

prevalence rates for each province ranged from
37.5% for Quang Nam to 100% for Quang Binh,
with the exception of Da Nang, where no PPV2-

The expected bands represented for PPV2
genotypes were purified and sequenced. Obtained
nucleotide sequences of 222 bp in length were

positive samples were detected (Table 4).
identified as PPV2 by BioEdit software, respectively.

As shown in Fig 2 the BLAST analyses also revealed Table 4. Number of DNA-positive samples
the high nucleotide identities (98%) between PPV2 (percentage) in this study
sequence and reference PPV2 strain (MG345019). Province n PPV2 (%)
Quang Binh 17 17 (100)
Quang Tri 22 10 (45.5)
Thua Thien Hue 28 20 (71.4)
Da Nang 14 0
Quang Nam 16 6 (37.5)
Quang Ngai 24 18 (75)
Fig. 1. Agarose gel electrophoresis of PPV2 genotyping Binh Dinh 25 11 (44)
PCR product (-222 bp) Total 146 82 (56.2)
M: 1 kb DNA ladder (Thermo Fisher Scientific); 1, 3: Of the 117 lun g an d 29 blood sam pl es, the

negative samples; 2, 4-11: positive samples; (-): negative

positive PPV2 was detected at 50.4% (59/117) and
79.3% (23/29), respectively (data not shown).
However, this result did not reflect the effect of

control; (+): positive control (~222 bp)

sample types because only a single sample was

DOI: 10.26459/hueunijns.v132i1D.6986 9
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collected from each pig (either lung tissue or
blood).

Recently, studies using diagnostic methods
based on target amplification PCR have detected
PPV in commercial pigs in many countries around
the world. With a PPV2 prevalence of 56.2%, our
study results were in a similar range to the PPV2
prevalence in China (45.1%), Hungary (51.0%) and
Japan (58.0%) [31, 32, 23]. A lower prevalence of
PPV2 infection was reported in North America
(36.8%), Romania (25%), South Africa (21.8%) and
Poland (19%) [15, 33, 1, 34]. In contrast, high
prevalence of PPV2 in pig herds was observed in
Germany (78.0%) and Thailand (82%) [22, 24].

In Vietnam, PPV-induced fertility decline
syndrome has been of concern since the early 90s
of the last century and has caused considerable
damage to the pig industry; Therefore, the
detection of PPVs genotypes in pigs, including
PPV2, is not an exception. In a previous survey of
sows in Long An province by serological testing,
Nguyen and Tran [35] reported that the positive
rate for PPV was quite high at 69%. In addition,
analysis of 52 stillbirth samples detected PPV
and PPV

Recently, surveys in some localities have initially

virus antibodies simultaneously.
confirmed the prevalence of PPV2 genotype in pig
farms. In a study on pig lung samples collected
from abattoirs in four northern provinces of
Vietnam, Cuong [36] reported a PPV2 infection
rate of 17.6%. Most recently, Thuy et al. [37] found
PPV2 prevalence up to 28% in finishing pig of 13
provinces in three regions of Vietnam, including

North, Central and South Vietnam.

Taken together, the above data have shown
that our results on PPV2 prevalence are in the
average range compared with other previous
studies. It could be explained by the type of
sample collected (mainly lung sample) and status
of investigated animal (slaughtered pig) in our

study. This result supports the hypothesis of

10

Saekhow and Ikeda [24]: viral prevalence may
depend on the type of sample collected and
screened, although the routes of infection and the

virus tissue tropism are yet to be elucidated.

3.2  Analysis of PPV2-VP gene

The VP gene sequences encoding structural
protein of three PPV2 strains collected from
Quang Binh, Hue and Quang Ngai were
identified and analyzed. The length of partial of
VP gene of three PPV2 strains isolates in this study
is 2,493 nucleotides, including VP1 and VP2
sequences, without insertions and deletions in the
coding regions. The sequences were deposited in the
GenBank database with the accession numbers
OL913365-0OL913367.

Comparing many reference strains found
that there are four base substitutions (444: T—A,
734: C—T, 820: A—C, 1974: T—A) in PPV2 QNO3-
VN strain, completely different compared with
the reference strains, two of them (734: C—T, 820:
A—CQC) resulted in amino acid changes in the VP
gene sequence (245: S—F, 274: K—Q). No
variation was detected in the deduced amino acid
sequence of the two strains PPV2 HU10-VN and
PPV2 QBO05-VN. For the

nucleotide changes leading to amino acid changes

PPV1 genotype,

at several potential sites on the VP2 gene and
responsible for antigenicity were observed in
previous study [4, 38, 39, 40, 41]. The studies on
molecular genetic variability of PPV2 is still
limited and therefore, the analysis of molecular
changes related to antigenicity, viruslence,
immune response, neutralization activity and

pathogenesis is necessary.

Comparison results of the VP nucleotide
and amino acid sequence (2,493 nucleotides and
832 amino acid) between the PPV2 strains isolated
in Vietnam in this study and strains isolated in
Myamar, China and Europe are presented in
Table 5.
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Table 5. Nucleotide and amino acid sequence identity
(%) within Vietnamese U. tetraparvovirus 3 (PPV2)
strains and compared with reference strains

Molecular size?!

Strai
rain Nucleotide Amino acid
(2,493 nt) (832 aa)
Vietnam 95.6-96.8 94.7-96.9
Myanma 96.1-97.9 95.4-98.1
Cluster A 95.2-99.5 94.5-99.0
China
Cluster B 93.5-94.6 93.2-95.4
Europe 94.9-100 93.3-100

Int, nucleotide; aa, amino acid

Comparison between three strains of PPV2
isolated from pigs raised in central Vietnam
showed that the nucleotide similarity between
them was quite high, at 95.6-96.5%. Compared
with the "original" PPV2 strain first identified
from Myanmar in 2001, the PPV2 strains isolated
in Vietnam showed nucleotide and amino acid
96.1-97.9% and  95.4-98.1%,
respectively. A high level of sequence identity at

similarity  of

the nucleotide and amino acid levels was
observed between the Vietnamese PPV2 strains
and the European strains (94.9-100% and 93.3-
100%, respectively). The data presented in Table 5
also show that: the nucleotide and amino acid
sequences of the PPV2 strains in Vietnam have a
high degree of similarity with the Chinese strains
isolated from 2018-2021 and less with the Chinese
strains isolated in 2014.

To analyze the genetic relationship between
the PPV2 sequence obtained in this study and the
reference strains from other geographical
locations, a phylogenetic tree was constructed
based on the sequence of the partial of PPV2-VP
gene. As seen in Fig 3, the PPV2 phylogenetic tree
splits into two main branches (Cluster A and B).
PPV2 strains isolated in Vietnam (black dots),
"primitive" PPV2 strains discovered for the first

time in Myanmar, strains isolated in China during

DOI: 10.26459/hueunijns.v132i1D.6986

2018-2021
gathered together to form Cluster A. Cluster B
includes PPV2 strains isolated in China in 2014
and PPV2 strains originating from the USA. The

together with isolates in Europe

bootstrap value for all branches reached 99%,
indicating the reliability of the phylogenetic tree.
These results are consistent with a previous
phylogenetic analysis based on PPV2 genome
sequencing [22, 31] and showed the genetic
relationship between PPV2 strains circulating in

Vietnam and reference strains.

4 Conclusions

This is the first study on the circulation of PPV2 in
commercial pigs in seven Central provinces of
Vietnam and the characterization of their VP gene
sequence. The partial VP gene sequences of three
PPV2 strains (2,493 nucleotides) deposited in the
GenBank database

substitution mutations that were completely

showed four nucleotide
different from the reference strains. The PPV2
strains from this study clustered with the
"primitive" PPV2 strains from Myanmar, and
strains from China to form a large clade in the
phylogenetic tree (Cluster A). The obtained result
provides the value information of the molecular
evolution of
contributes to the control of PPV-induced SMEDI
syndrome in sows, especially in Central provinces
of Vietnam.

locally circulating PPV2 and
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Fig. 3. Phylogenetic tree based on VP nucleotide sequence of PPV2 (2,493 nucleotides) obtained from three provinces
of Vietnam (in this study) and reference sequences from GenBank database. The black square box indicates the
Vietnamese PPV2 sequence. The number indicated the bootstrap value 1.000 replicates.
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CHAN NUOI PONG VAT VA CAC VAN PE KHAC

PHAN TiCH TRINH TU VUNG GEN NS1/VP1 CUA VIRUS PARVO
(PPV3) TREN LON NUOI TAI QUANG TRI VA QUANG NGAI

Nguyén Tran Trung'?, Tran Qudc Dung?, Dinh Thi Ngoc Thity® va Nguyén Thi Diéu Thily*

Ngay nhan bai bao: 06/7/2023 - Ngay nhan bai phan bién: 30/7/2023
Ngay bai bdo dugc chap nhan dang: 30/8/2023
TOM TAT

Virus Parvo trén lon (Porcine Parvovirus - PPV) la mot trong nhitng tdc nhan chinh gay nén hoi
chiing suy giam kha ndng sinh san ¢ lon nai. Nghién cttu nay tién hanh phan tich trinh tw nucleotide
va cac bién d6i di truyén vung gen thudc gen ma hoa protein khong cau triac (Nonstructural protein
- NS1) va gen ma hoa protein vo capsid (Viral coat and capsid protein-VP) ctia PPV3 trén lon nuoi
thu tai 2 tinh Quang Ngai va Quang Tri. Trinh tu nucleotide c6 kich thwdc phan tte 995bp (thudc
gen NS1 va VP1) da duoc xac dinh tir 2 chung PPV3-QN16 va PPV3-QT4. Trinh tw gen NS1/VP1
(995bp) ctia 2 chung PPV3 boc 16 6 vi tri thay thé, twong Ging v6i mue tuong dong nucleotide la
99,1%. 4/6 bién doi nucleotide nay la hoan toan khéc biét véi cac chung PPV3 tham chiéu. Cay phat
sinh chuing loai xay dung dwa trén trinh ty doan gen VP1 (305bp) phan thanh 2 nhanh véi gia tri
bootstrap tin cdy. Trong dd, hai ching PPV3 phan 1ap tir mién Trung Viét Nam thudc cling mot
nhanh vdi cac ching PPV3 ¢6 ngudn gdc tir Trung Qudc (2017-2019) va My. Nhanh thit hai bao
gbm cac chung PPV3 ¢6 ngudn goc tir Trung Qudc, Han Qudc, chau Au va chau My. Nghién ctu
nay cung cap thong tin vé bién ddi di truyén trong trinh tu nucleotide ctia PPV3 luu hanh trén dan
lon thwong pham nudi tai Mién Trung.

Tw khoa: Trinh tw nucleotide, Virus Parvo 3, lon, cdy phit sinh chiing logi, Quang Ngai, Quang Tri.

ABSTRACT

The nucleotide sequence of NS1/VP1 gene of Porcine Parvovirus 3 (PPV3)
in finishing pigs raised in Quang Ngai and Quang Tri provinces

Porcine Parvovirus (PPV) is one of the main causes of reproductive failure syndrome in sows.
In this study, the nucleotide sequence and genetic variation of nonstructural and capside protein
encoding region (NS1/VP1) of the PPV3 genotype in pigs raised in the two provinces of Quang
Ngai and Quang Tri were analysed. The nucleotide sequence of NS1/VP1 with a molecular size of
995bp, was determined from two strains PPV3-QN16 and PPV3-QT4. Six nucleotide substitutions
were detected in two analyzed PPV3 strains, which is correspondent to 99,1% of nucleotide identity.
Out of six nucleotide subtitutions, four were completely different from PPV3 reference strains.
The phylogenetic tree based on the VP1 gene sequence (305bp) showed two identical clades with
reliable bootstrap values. In which, the two Vietnamese PPV3 strains grouped in a clade together
with PPV3 strains originating from China (2017-2019) and the US. The second clade was formed
by the PPV3 strains from China, Korea, Europe and America. The results of this study provide
information about the genetic variation of PPV3 strains circulating in finishing pigs raised in the
central provinces of Vietnam.

Keywords: Nucleotide sequence, Porcine Parvovirus 3, pigs, phylogenetic tree, Quang Ngai, Quang Tri.

1. DAT VAN DE

O cac nuoc c6 nganh chan nudi lon phat
trién, dan lon ndi thuong gdp cac van dé lién

1Vién Cong nghé sinh hoc, Pai hoc Hué

2Truong Dai hoc Su pham, Pai hoc Hué’

*Vién Cong nghé sinh hoc, Vién Han lam Khoa hoc va Cong
nghé Viét Nam

*Téc gia lién hé: TS. Nguyén Thi Diéu Thiy, Vién Cong nghé
sinh hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam.
Dién thoai: 0916541273; Email: ntdthuy@ibt.ac.vn

quan dén suy giam kha nang sinh san. Porcine
Parvovirus (PPV) duoc xem la nguyén nhan
gay nén hoi chiing suy gidam kha nang sinh
san o lon nai, biéu hién & viéc lon nai nhiém
PPV sinh con bi chét non, wép xac, chét phoi
va vO sinh (Stillbirth, Mummification, Em-
bryonic Death and Infertility-SMEDI). PPV la
virus khong vo, hinh dang tron, c6 kich thwdc
nho, duong kinh virion khoang 18-26nm, cau
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truc do6i xting 20 mat (Bern va Hauswirth,
1983). Vat liéu di truyén cua PPV la DNA soi
don, kich thudc phan tir dao dong ttr 4-6,3kb
(Molitor va ctv, 1983). Hé gen PPV ddc trung
boi cau truc kep toc ¢ hai dau 5°-3’, hai khung
doc m¢ (ORF) ma hoa cho cac protein khong
cau truc (nonstructural protein) va vo capsid
ctia chung (capside protein) (Simpson va ctv,
2002). Hién tai, theo phan loai cua Uy ban
Qudc t&' vé phan loai virus (International Com-
mittee on Taxonomy of Viruses-ICTV), 7 kiéu
gen PPV da dwoc xac nhan: PPV1 (U. protopar-
vovirus 1); PPV2 (U. tetraparvovirus 3); PPV3
(U. tetraparvovirus 2); PPV4 (U. copiparvovirus
2); PPV5 (chwa co tén loai); PPV6 (U. copipar-
vovirus 4) va PPV7 (U. chaphamaparvovirus)
(Walker va ctv, 2020). Gan day, kiéu gen PPV8
duwoc phat hién boi Guo va ctv (2022) trén dan
lon nudi tai Trung Qudc va chuwa duoc chinh
thitc phan loai.

PPV3 lan dau tién dwgc phan lap tai
Hoéng Kong véi tén goi la PhoV (Porcine Ho-
kovirus) nam 2008. Trinh ty hé gen cua PhoV
thé hién mic d6 twong ddng cao voéi Parvo-
virus 4 6 nguoi va Hokovirus ¢ bo, tao thanh
nhanh riéng trong ho Parvovirus (Lau va ctv,
2008). PPV3 duoc phat hién vdi ty 1€ 9,7% ¢
lon nuéi 6 Hungari (Csagola va ctv, 2012),
ty 16 dwong tinh PPV3 trén lon ritng ¢ Dirc
(Adlhoch va ctv, 2010), Romania (Cadar va ctv,
2011) va mién Nam nuwdc Y (Amoroso va ctv,
2019) cao hon 1an lwot 1a 32,7 va 35%. Trén do6i
teong lon nudi tai chau A, PPV3 duoc phat
hién tai Trung Qudc (Sun va ctv, 2015), Thai
Lan (Saekhow va lkeda, 2015) va Nhat Ban
(Saekhow va ctv, 2015) vdi ty 1€ cao hon hin 1a
45,1; 73 va 39%. Gan day, PPV3 cing da duoc
phat hién tai Nam Phi va Congo véi ty 1¢ lan
lwot 1a 5,5 va 17,5% (Afolabi va ctv, 2019 ; Bi-
simwa va ctv, 2021). Thong tin vé kha nang
gy bénh trén lon ctia PPV3 cho dén nay van
con han ché, tuy nhién, da c6 minh chiing cho
thdy PPV3 lam suy giam kha ning mién dich
0 lon (Amoroso va ctv, 2019), dong vai tro la
yéu t6 kich hoat lién quan dén bénh do PCV2
trén lon (Patrick va ctv, 2014). Dong thoi, gan
day PPV3 dugc xac nhan c6 lién quan dang ké

dén hién twong viém phuc mac, viém loét da
day, dai trang va manh trang, bénh viém da va
hoi chtitng bénh than ¢ lon (Porcine dermatitis
and nephropathy syndrome) (Tregakis va ctv,
2020).

O Viét Nam, cac nghién ctru gan day da
xac nhan sw lvu hanh ctia PPV1-4 trén dan lon
¢ mot sd tinh thanh trong pham vi ca nudc
(Nguyen Tran Trung va ctv, 2019 ; Thuy va
ctv, 2021). Trong d6, kiéu gen PPV3 da duoc
phat hién trén dan lon nudi ¢ mot so tinh mién
Bac, mién Nam véi ty 1& 1an luot 1a 43,2; 6,9%
(Thuy va ctv, 2021). Nghién cttu cua Giap va
ctv (2022) da khao sat ty 1€ lon duong tinh véi
PPV3 1a 46,5% (ndm 2017) va 27,3% (2021).
Trinh tu hé gen PPV4, ddc diém phan ti gen
ma hoa ctia PPV2 phan lap trén lgn nudi tai
mot s6 dia phwong da duoc phan tich (Thuy
va ctv, 2021; Nguyen Tran Trung va ctv, 2023).
Trong nghién ctru nay, vung gen NS1/VP1
(kich thwdc phan ti 995bp) cua chung PPV3
phan 14p tai 2 tinh mién Trung (Quang Tri va
Quang Ngai) da duoc giai trinh te va phan
tich bién d6i di truyén.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

Mau phdi dwong tinh véi PPV3 thu tir lon
thuong pham nuo6i tai Quang Ngai va Quang
Tri 1an lwot vao nam 2018 va 2019 (Nguyen
Tran Trung va ctv, 2019). Mau duoc gitr ¢ 4°C
va chuyén vé phong thi nghiém Vién Cong
nghé sinh hoc, Vién Han lam Khoa hoc va
Coéng nghé Viét Nam bao quan ¢ -20°C cho
dén khi st dung d€ tach chiét DNA tong so.

DNA tdng s6 duoc tach chiét theo phuong
phap ctia Sambrook va Russell (2001): sit dung
proteinase K; phenol/phloroform. DNA tong
s0 duoc pha loang trong dém TE va bao quan
0 4°C trudce khi tién hanh thi nghiém.

D¢ khuéch dai vung gen NS1/VP1 cua
PPV3, phan tng PCR dwoc thuc hién voi 50-
100ng DNA t&ng s8, hon hop PCR master mix
2X (Thermo Scientifc, Lithuania), 5pmol mdi
mdi xudi (F: TTGGAGGTACCGGCAGA) va
mdi nguoc (R: TCATCGTACCGTTCATCG
v6i kich thude san pham khuéch dai theo tinh
toan ly thuyét la 995bp. Chu trinh PCR duoc
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thue hién vdi 3 budce: (i) Bién tinh ban dau &
94°C trong 5 phut; (ii) 35 chu ky bao gom: bién
tinh & 94°C trong 30 gidy, gan mdi & 58/53°C
trong 30 gidy va kéo dai mach & 72°C trong
30 giay; (iii) Két thac tong hop 6 72°C trong 5
phut va gitt mau ¢ 14°C. San pham PCR dwoc
kiém tra bang dién di trén gel agarose 2% str
dung Marker DNA 100bp (Thermo Fisher
Scientific). San pham PCR dugc st dung dé
giai trinh ty gen truc tiép 2 chiéu theo nguyén
ly Sanger bang thiét bi giai trinh tw tu dong
ABI-3100 Avant Genetic Analyzer (Macrogen,
Han Qudc).

Cac trinh tu gen thu duoc duoc xt ly
bang phan mém BioEdit v.7.0.9.0 (Hall, 1999)
va tim kiém trinh tw twong déng bang cong
cu BLAST trén co sé dir liéu NCBI (Altschul
va ctv, 1990). Danh sach cac trinh ti gen PPV3
tham chiéu duoc trinh bay ¢ Bang 1.

Bang 1. Trinh tw nucleotide cac chung PPV3

Mi s6 Phan lap

GenBank Qudc gia nam Tac gia
KJ842609 2014 He va ctv
MK378232
MK378244 2019 He va Tu
MK378240 Trung Qudc
KX827776 2017 Sun va ctv
MG345026 2018 Qin va ctv
JQ177085 2013 Pan va ctv
MW355754 Congo 2021  Bisimwa va ctv
EU200671 Hong Kong 2008 Lau va ctv
gggzgié Han Qudc 2023 Park va ctv
KC296751 bic 2013 Streck va ctv
KC701326 Hungary 2013 Cadar va ctv
KP768509 Slovakia 2015 Sliz va ctv
JQ700072 Brazil 2016 Souza va ctv
KT726332 BoDPaoNha 2016  Miranda va ctv
E;ggi:é Romania 2011 Cadar va ctv
KF561854 My 2014 ~ Opriessnigva
8?416 Viét Nam 5812 Trung va ctv

Cay phat sinh chung loai duoc xay dung
bang phan mém MEGA X (Tamura, 2013) véi
cac tham s6 dau vao bao gom: Phuong phéap

suy dién cay phat sinh chting loai Neighbor
Joining; md phong suw thay ddi nucleotide
gitra cac trinh tu gen dwa vao mo hinh Tajima-
Nei; mutc tin cdy ¢ cac nhanh ctia cay phat
sinh chting loai duoc wéc tinh bang phép thir
bootstrap 14p lai 1.000 1an.

3. KET QUA VA THAO LUAN

PPVs duoc xem la mot trong nhitng tac
nhan chinh gay ra hoi chitng suy giam kha
nang sinh san ¢ lon nai va hoi chitng nay da
gay thiét hai dang ké cho nganh chan nuo6i
lon; do do, viéc phat hién cac kiéu gen PPVs
& lon stt dung phuong phap PCR khuéch dai
gen muc tiéu da dugc ting dung trong kiém
soat PPVs trén lon thuong pham & nhiéu nude
trén thé gioi.

Nhom nghién cttu cta chung toi da
phat hién PPV3 lwu hanh trén dan lon nuoi
tai 7 tinh khu viec mién Trung véi ty 1€ 5,5%
(8/146). Cu thé, PPV3 da duwoc phat hién 3/7
tinh thanh gom Quang Tri, Thita Thién Hué
va Quang Ngai vdi ty 1é lan luot la 13,6; 10,7
va 8,3% (Nguyen Tran Trung va ctv, 2019).
Gan day, Thuy va ctv (2021) da phat hién
PPV3 véi ty 16 nhiém 17,7% trén lon trong d6
tudi xuat chuodng tai 13 tinh thudc 3 mién cua
Viét Nam. Vi ty 1é phat hién PPV3 ¢ bay tinh
mién Trung la 5,5%, két qua nghién cttu cua
ching t6i twong duong véi két qua phat hién
PPV3 trén dan lon tai Anh va mot s6 nudc
chau Au (5,8%) ciing nhu tai Nam Phi (5,5%)
(Tregakis va ctv, 2020; Afolabi va ctv, 2019). Ty
1é phat hién PPV3 cao hon da dwoc bdo cdo
¢ Trung Quoc (45,11%), Thai Lan (73%), Nhat
Ban (39%), Ptec (20%), Slovakia (11%), Bac My
(19,2%) va Congo (17,5%) (Streck va ctv, 2013;
Opriessnig va ctv 2014; Sliz va ctv, 2015; Sun
va ctv, 2015; Saekhow va Ikeda, 2015; Saekhow
va ctv, 2016; Bisimwa va ctv 2021).

Sw khac biét vé ty 1é phat hién PPV3 trén
dan lon tai cac dia phwong khéac nhau cé thé
duoc giai thich bang viéc thu thap nhiing loai
mau khac nhau, Itta tudi, tinh trang lon, ciing
nhu diéu kién chan nudi lon. Theo Saekhow
va Ikeda (2015), ty 1¢ lvu hanh cua PPVs c6 thé
phu thudc vao loai mau duoc thu thap va sang
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loc. Bong thoi, sy khac biét vé két qua phat
hién PPV3 & méi dia phuong cé thé duoc ly
giai boi s khac biét trong quy m6 chan nu6i
cling nhu hoat dong quan 1y vé sinh dich té
thu y 0 tiing trang trai/dia phuong.

3.1. Phan tich trinh tu viing gen NS1/VP1 cta
PPV3

Trinh ty viing gen NS1/VP1 ctia hai ching
PPV3-QN16 va PPV3-QT4 lwu hanh trén lon &
Quang Ngai va Quang Tri da dwoc xac dinh
va phan tich. Két qua giai trinh tw thu duoc
doan gen c6 kich thudc phan tir 995bp; trong
d6 khong xuat hién cac dot bién chen/xoa
(Hinh 1).

BEU200671
oP377042
JF738351 .
JF738350 .
MK378232.
oP377043.
MK378240 .
KG296751.1 Germany
KF561854.1 USA
MG345026.1 China
MK378244
KX827776
QN16 Vietnam
QT4 Vietnam

.1 HongKong

.1 china
.1 china

EU200671
OP377042
JF738351

.1 HongKong
.1 South Korea ... . Aottt aaaa
.1 Romania
JF738350
MK378232
©oP377043
MK378240
KC296751
KF561854
MG345026
MK378244
KX827776

.1 Romania
.1 China
.1 South Korea ....A.................
.1 China
.1 Germany
.1 UsA

.1 China
.1 China
-1 China

QN16 Vietnam
QT4 Vietnam

Trong trinh tw gen kich thwdéc 995bp, 2
chung PPV3 boc 10 6 vi tri nucleotide khac
biét, cu thé 39: A—T, 131: G—C, 137: TG,
208: A—G, 361: T-C va 542: T-C (Hinh 1,
Bang 2). Trong s6 6 vi tri bién do6i do, 4 vi tri
thay thé nucleotide khac biét hoan toan so véi
cac chung tham chiéu, bao gom cac vi tri 39:
A—T,131: G—C, 137 T-G va 542: T-C (Bang
2). Bén canh d6, so sanh céc vi tri thay thé
nucleotide twong tw véi cac chung tham chiéu
cting cho thay hai chung PPV3 phan lap tai
mién Trung mét sd thay thé nucleotide tuwong
dong voi chung PPV3 phan lap tai Trung Qudc
(2017-2019), Han Quéc va My (107: T—C, 433:
G—A, 667: G—A va 709: A—C) (Bang 2).

3 210
BN

[ I T e L L L TPy 1 R
TTGGAGGTACGGGCAGACTTTAAGGCGCACTGAGGGCTAGG [TTTTGTCTTTTCTTTATTTTATCCTTGTCTGTTTATT TCCATTT! CTCTTTAG

66 67 68 630
R R R T EE R R e

eleceelosaclosaeloenalon soloss hoeoifocenloae Too.. P
CCAAGGTATATCCAGTGAAACAAT GCGGAI ATATTAGTTGCTCCC GCTAAGGATGCCGTAGTGCCTTCTGCGGAGGATATTAAAATT

Hinh 1. Cac vi tri khac biét nucleotide trong viing gen NS1/VP1 (995bp) ctia cac chiung PPV3
trong nghién ctru nay va cac chung PPV3 tham chiéu

Bang 2. Vi tri thay thé nucleotide trong viing gen NS1/VP1 ctia 2 chung PPV3-QN16, PPV3-QT4
va cac chung PPV3 tham chiéu

Vi tri thay thé nucleotide

Chung tham chiéu

107 131 137 208 361 433 451 481 542 547 652 667 688 709 745

EU200671 HongKong
OP377042 South Korea
JF738351 Romania
JF738350 Romania
MK378232 China
OP377043 South Korea
MK378240 China
KC296751 Germany
KF561854 USA
MG345026 China
MK378244 China
KX827776 China
QN16 Vietnam

QT4 Vietnam

> >

> >0 >3
N0 N—L000—"—=—34
ononnoaOOOnnn
HOHHHAAHAAAAAA4a3
Q> >0 >
NH-ANHAAaaa3-4

>
> >
>0

> >00>0>>>0
OOOQQ>>>0>» >
> 000>00000
HOHAAAAS A
NONON=R=S—SN—H-a--4
I R R T PR
> >00>00000
QOO >>0>» >
NONONNX>0>NNN>
> > > > > >
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Két qua so sanh trinh ty nucleotide cho thay 2
chiung PPV3 phan lap tai Quang Tri va Quang
Ngai co su khac biét ¢ 6 vi tri nucleotide, ty
1é twong dong gitra hai chiing PPV3 phan lap
0 Quang Ngai va Quang Tri la 99,1%. Ty 1lé
twong dong cta hai chung PPV3 trong nghién
ctu cta chung t6i voi cac chung Trung Qudc
duoc phan lap trong cung thoi diém (2017-
2019) dao dong 99,2-99,5%, cao hon ty 1é
twong dong nucleotide gitta 2 chung PPV3
nghién cttu (99,1%); va cao hon han khi so
sanh v6i cac chung Trung Qudc duoc phéan lap
trong giai doan 2014-2019 (97,8-97,9%). So vdi
chung PPV3 ¢6 ngudn goc tit My, cac ching
PPV3 phan lap tai Quang Ngai va Quang Tri
c6 d6 tuong dong nucleotide 98,3-98,4%. Ty
1é twong ddng nucleotide nay thap hon, dao
dong trong khoang 97-98,4% khi so sanh véi
céc chiing PPV3 ¢ ngudn goc tir Chau Au.
3.2. Ciy pha hé di truyén cac ching PPV3
trén lon nuéi tai Quang Ngai va Quang Tri

Nghién cttu dich té hoc phan t dua trén
viéc phan tich cay phat sinh chiung loai la mot
vén d€ quan trong nham danh gia su biéh dsi
di truyén cua cac chiung virus ngoai thuce dia,
tlr d6 danh gia su bién chung cua virus theo
thoi gian. Cay phat sinh chung loai ctia cac
chung PPV3 phan lap trong nghién cttu nay
va cac chung tham chiéu c¢6 ngudn goc tir 3
trung tam chan nuoi lon 16n trén thé gidi la
chau Au, chau My va chau A (Bang 1) duoc
xay dung dua trén trinh ti ving gen ma hoa
protein cdu trac VP1 ctia PPV3 véi kich thudce
phan tix 305bp (Hinh 2).

Cay phat sinh ching loai PPV3 dua trén
trinh ty vung gen ma hod protein cau truc
VP1 (305bp) phan cac chung PPV3 phan tich
thanh hai nhanh chinh. Hai chung PPV3 dwoc
phan 1ap vao nam 2018-2019 & mién Trung
Viét Nam tap hop cung vdi cac chung PPV3
dwoc phan 1ap tai Trung Qudc trong giai doan
2017-2019 va chung PPV3 cd ngudn goc tir
My trong mot phan nhanh. Nhanh th 2 bao
gom cac chung PPV3 ¢6 ngudn gdc tir Trung
Qudc, Han Qudc, chau Au, Congo va Brazil.
Két qua nghién cttu nay phu hop vdi cac phan

tich phat sinh chtng loai dura trén trinh tw gen
VP ctia PPV3 duogc thuec hién béi cac nghién
ctru trede day (Sun va ctv, 2015; Bisimwa va
ctv, 2021).

[ Trung Quéc 2014 KJ842609 —
| L Congo 2021 MwasS754
48 Hong Kong 2008 EU200671
J bﬁ Trung Qufn: 2019 MK378232
61 Trung Qudc 2019 MK378240
’ Diic 2013 KC296751
51 \;’7 Hungary 2013 KC701326
40 L Slovakia 2015 KP768509
Brazil 2016 JQ700072
\_, Romania 2011 JF738350
& 64— Romania 2011 JE738351
Han Qudc 2023 OP377042
Bo Dao Nha 2016 KT726332 —

~ Nhanh B

My 2014 KF561854
Trung Quéc 2018 MG345026
Trung Qudc 2019 MK378244
Trung Quéc 2017 KX827776
Han Qudc 2023 OP377043
’—.Viét Nam 2019 PPV3-QT4
77 iét Nam 2018 PPV3-QN16

91
Nhénh A

74

Hinh 2. Cay phat sinh chuing loai dwoc xay
dung dua trén trinh tu ving gen VP1 (305bp)
ciia 2 chung PPV3-QN16 va PPV3-QT4 (chim

tron) va cac chting PPV3 tham chiéu bing

phan mém MEGA X (Tamura, 2013).

Cdc chir s0'trén cic nhdanh la gid tri bootstrap véi 1.000
lin lap lai.

4. KET LUAN

Trinh tu vung gen NS1/VP1 (995bp) cua
hai chung PPV3-QN16 va PPV3-QT4 trén
lon nuoi tai 2 tinh Quang Ngai va Quang Tri
da duoc xac dinh va phan tich. Két qua boc
16 6 vi tri nucleotide khac biét gitta 2 chung
PPV3 nghién cttu, trong d6, 4 vi tri thay thé’
nucleotide khac biét so voi cac chung PPV3
tham chiéu. Hai chiing PPV3 phan lap duoc
x&p cung nhom di truyén véi cac chung PPV3
c6 ngudn goc tir Trung Quoc va My. Két qua
ttr nghién ctru nay cung cap thong tin vé bién
doéi di truyén trong trinh ty vung gen NS1/
VP1 ctia PPV3 lwu hanh trén lon nudi tai 2 tinh
mién Trung, déng gdp vao co so dir liéu vé
dich té phan tit PPVs ¢ Viét Nam.
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