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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 to determine the prevalence and analyze the DNA
sequence of structural protein encoding gene (VP) of PPV2 genotype in pigs. A total of 146 samples
(lung and blood samples) were collected from slaughtered pigs of seven provinces in Central Vietnam
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
numbers of OL913365-OL913367. Four nucleotide substitutions were detected in Vietnamese PPV2
isolates and were not observed in PPV2 reference strains. Multiple alignment and comparison of
nucleotide and deduced amino acid sequences showed the high similarity within Viethamese 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 valuable information on the molecular
evolution of locally circulating PPV2 and contributes to the control of PPV-induced SMEDI syndrome
in sows, especially in the central provinces of Vietnam.
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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
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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 protoparvovirus 1, or Porcine
parvovirus 1 (PPV1- known as “classical” PPV),

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 of 20.2-21.5% for ORF1 and
16.5-16.9% for ORF2 [17]. The efforts to propagate
PPV2 in vitro have so far been unsuccessful, so
studies on the pathogenicity of PPV2 have not
been possible [18]. However, 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
been 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, the 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 the
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. The 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
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.nbelj (?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

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

%From 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: blood samples were washed
several times with PBS buffer until they became
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
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.

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 pPPV2 F: AGATTCTTGCAGGCCGTAGA 60 222 Streck et al., 2013
R: CCAAGGGTCAGCACCTTTTA
Sequencing PPV2-1 F: CAGCTTCATGGCITACGGGCA 50 721
R: ATCCCTCTCCGCCCGCCAGA
PPV2-2 F: CATGAGCGCTGCCGACGCGT 54 730
R: TCCATCAGACCCTGGGCCA This study
DOI: 10.26459 /hueunijns.v132i1D.6986 7
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Purpose Target Primer sequence (5’-3") Ta (°C) PCR size (bp) Reference
PPV2-3 F: GACCCAGAGATAGATAGCGT 53 773
R: CCACCAATGAGATCCGCTA
PPV2-4 F: TGGACAAAGTCTTACCGCC 50 743
R: AGGGTTGTACCACTGAATACT
PPV2-5 F: CATTGGCGCGCAGGCACC 50 776

R: ATAAACCCCTGAGGAAATA

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 (VI 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
Basic Local Alignment Search Tool (BLAST,
NCBI) [28].

The phylogenetic tree was constructed with
Mega X software using the neighbor-joining (NJ)
method [29] and computed with the Kimura 2-
parameter method [30]. Bootstrap values were

calculated using 1.000 replicates of the alignment.

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
KP245943 2014 3099 Sun et al., 2015
KP245944 2014 3099
MKO092387 2018 5205 Ren et al., 2020
MK092408 2018 3172
MN326142 2019 5119 Sun et al., 2021
MN326185 2019 5119
MZ577029 2021 5426 Li et al., 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 Cerva et al.,, 2017
KX517759 Hungary 2016 5533 Novosel et al., 2017
KC701296 2013 3099
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Strain Location Year Size (bp) Reference
KC687100 Cromania 2013 3099
JQ860238 Romania 2012 3096 Cadar etal, 2013
JQ860240 2012 3096
JQ860243 2012 3099
JQ860248 2012 3099
JX101461 UsS 2012 5486 Xiao et al., 2013
KF725662 2013 3259 Opriessnig et al., 2014

3 Results and discussion

3.1 Detection of the 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, a single clear
band was observed in wells 2-6 and 8,
corresponding to the size of positive control (+).
That means those samples were positive for the
PPV2 genotype, but this is necessary to confirm
by sequencing. No DNA band appeared in
negative control (-) and negative samples (wells 1
and 7).

The expected bands represented for PPV2
genotypes were purified and sequenced. Obtained
nucleotide sequences of 222 bp in length were
identified as PPV2 by BioEdit software. As shown in
Fig. 2, the BLAST analyses also revealed a high
nucleotide identity (98%) between PPV2 sequence
and reference PPV2 strain (MG345019).

In the present study, among the 146 lung
and blood samples from 32 different abattoirs in
seven provinces of Central Vietnam, PPV2 DNA
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-

positive samples were detected (Table 4).

DOI: 10.26459 /hueunijns.v132i1D.6986

Fig. 1. Agarose gel electrophoresis of PPV2 genotyping
PCR product (~222 bp).
M: 100 bp DNA ladder (Thermo Fisher Scientific); 1, 7:
negative samples; 2-6, 8: positive samples; (-): negative
control; (+): positive control (~222 bp).

Porcine parvovirus 2 isolate SERUM-SMU non-structura
1 Length: 5438 Number of Matches: 1

Sequence 10: MG 3450

Range 11 828 to 1035 Gaalank Graghe

al protein and structural protein genes, complete cds
1

Fig. 2. BLAST result revealed the positive sample with
98% nucleotide identity compared with reference PPV2
strain (MG345019)

Table 4. Number of DNA-positive samples
(percentage) in this study

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)
Binh Dinh 25 11 (44)
Total 146 82 (56.2)
9
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Of the 117 lung and 29 blood samples, the
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
sample types because only a single sample was

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, a 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 PPV 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 the 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 from 13 provinces in three regions of
Vietnam, including North, Central and South

Vietnam.

Taken together, the above data have shown

10

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 the
status of investigated animal (slaughtered pig) in
our study. This result supports the hypothesis of
Saekhow and Ikeda [24]: viral prevalence may
depend on the type of sample collected and
screened, although the routes of infection and the

viral tissue tropism are yet to be elucidated.

3.2  Analysis of PPV2-VP gene

The VP gene sequences encoding structural
proteins of three PPV2 strains collected from
Quang Binh, Hue and Quang Ngai were
identified and analyzed. The length of the partial
VP gene of three PPV2 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 QNO03-
VN strain, completely different compared with
the reference strains; two of them (734: C—T, 820:
A—C) 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 PPVl genotype,
nucleotide changes leading to amino acid changes
at several potential sites on the VP2 gene and
responsible for antigenicity were observed in
previous studies [4, 38, 39, 40, 41]. The studies on
molecular genetic variability of PPV2 are still
limited; therefore, the analysis of molecular
changes related to antigenicity, virulence,
immune response, neutralization activity and

pathogenesis is necessary.
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Comparison results of the VP nucleotide
and amino acid sequence (2,493 nucleotides and
832 amino acids) between the PPV2 strains
isolated in Vietnam in this study and strains
isolated in Myamar, China and Europe are

presented in Table 5.

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 sequences obtained in this study and the
reference strains from other geographical
locations, a phylogenetic tree was constructed
based on the sequences of the partial 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
2018-2021
gathered to form Cluster A. Cluster B includes
PPV2 strains isolated in China in 2014 and PPV2

strains originating from the USA. The bootstrap

together with isolates in Europe

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,

DOI: 10.26459 /hueunijns.v132i1D.6986

31] and show the genetic relationship between
PPV2 strains circulating in Vietnam and reference

strains.

Table 5. Nucleotide and amino acid sequence identity
(%) within Vietnamese U. tetraparvovirus 3 (PPV2)
strains and compared with reference strains

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

Int, nucleotide; aa, amino acid

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 valuable information on 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.
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