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Abstract
Porcine circovirus type 3 (PCV3) is an emerging circovirus that is highly distributed among swine worldwide and associated with 
porcine dermatitis and nephropathy syndrome, reproductive failure, and multisystemic inflammation. Here, we investigated and 
characterized PCV3 from aborted fetuses in Vietnam. We found that the whole genomes of PCV3 collected in these Vietnamese 
pig farms share 98.4–99.45% sequence identity with reference PCV3 sequences. Several distinct mutation were identified in 
both the Rep protein and Cap protein of these strains. These strains were clustered into two distinct subtypes (3a1 and 3b). This 
study contributes to a better understanding of the molecular characteristics and genetic diversity of PCV3 in Vietnam.

Introduction

Porcine circovirus 3 (PCV3) is an emerging circovirus 
detected in swine that suffers from porcine dermatitis and 
nephropathy syndrome (PDNS), reproductive failure, and 
multisystemic inflammation [1–4]. It is one of three mem-
bers of the Circovirus genus to infect swine and its genome 
is a circular ssDNA containing approximately 2000 bases 
with three identified ORFs [2]. ORF1 is on the positive 
strand and encodes Rep (protein involved in viral replica-
tion which may be 296–297 amino acids long), while ORF2 
is located on the complementary negative strand and codes 
for the capsid protein (Cap) [2, 3]. Genotyping of PCV3 has 
previously identified three subtypes: PCV3a, 3b, and 3c [5]. 
In addition, subtype PCV3a has been further classified into 

three subclades (PCV3a1, PCV3a2, and PCV3a3) based on 
the genetic diversity of the cap protein [6].

PCV3 was detected in both healthy animals and ani-
mals with different diseases. Animals may be infected with 
PCV3 alone or co-infected with PCV3 and other viruses [7]. 
Recent studies have identified cases of co-infection of PCV3 
and other viruses, such as PCV2 and Porcine reproductive 
and respiratory syndrome virus (PRRSV) [8]. PCV3 is a 
prominent pathogen in swines and has been found to exhibit 
greater pathogenicity in piglets, relative to PCV2 [9, 10].

Although PCV3 was discovered only recently, it has been 
shown to be circulating in swine populations worldwide. In 
2015, PCV3 was first identified in the USA [2] and then in 
China [4, 6], Poland [11], South Korea [1], the United King-
dom [12], Brazil [13], Thailand [14], Germany [15], Den-
mark [16], Spain [16], Italy [16], and Vietnam [17]. Recently, 
it was reported that swine populations in northern Vietnam 
were infected with PCV3 (these belong to the PCV3a sub-
type). However, there is currently no available information on 
the prevalence of PCV3 in swine populations in the southern 
provinces of Vietnam. Thus, this study identified and charac-
terized two PCV3 subtypes from cases of reproductive failure 
associated with PCV3 infection in South Vietnam.

Materials and Methods

Samples of fetal tissue (heart, lung, and liver) were sub-
mitted to Viet Han Veterinary Diagnosis Laboratory, 
Nong Lam University from sow farms in the Vietnamese 
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provinces of Dong Nai, Binh Duong, and Lam Dong. Sam-
ples were delivered to the laboratory by cooled transport 
(4 °C). A part of the samples was processed for RNA iso-
lation within 24 h and the remains were stored at − 20 °C. 
Three grams of sample (heart, lung, and liver) from the 
fetus were collected and homogenized in a 15 ml Falcon 
with 2 ml PBS using a SCILOGEX D160 Homogenizer. 
Then, the tissue homogenate was centrifuged at 4000 rpm 
for 10 min at 4 °C. One ml of the supernatant was used for 
nucleic acid isolation. Viral nucleic acid from tissues was 
extracted using the GeneJET Viral DNA/RNA Purification 
Kit (Thermo Fisher Scientific, USA) according to the man-
ufacturer’s instructions. PCR was used to identify poten-
tial cases of infection with PRRSV, Parvovirus, PCV2, 
and PCV3 in specimens. We searched for PRRSV using 
PCR with primers PRRS-P71 and PRRS-P72 [18]. Parvo-
virus was detected with RT-PCR using primers PPV P1 
and PPV P6 [19]. PCR was performed to search for PCV2 
with primers CF8 and CR8 [20]. The PCV3 genome from 
PCV3-positive samples was amplified by PCR using two 
primer pairs, including PCV3-74 F, PCV3-1144 R, PCV3-
genome-2-F, and PCV3-genome-2-R [15, 21]. The primer 
sequences and the product size are listed in table S1. PCR 
reaction contained 12.5 µl of 2X GoTaq G2 Green Master 
Mix, 5 μl cDNA, 1 µl of 10 µM Forward primer, 1 µl of 
10 µM Reverse primer, and 5.5 ul of Nuclease-free water 
in a total reaction volume of 25 μL. The PCR products 
were then separated using 1.2% agarose gel electropho-
resis. After purifying from the gel using GeneJET Gel 
Extraction and DNA Cleanup Micro Kit (Thermo Fisher 
Scientific, USA) as per the manufacturer’s instructions, 
the products were directly cloned into a pGEM-T Easy 

vector (Promega, USA). The recombined vectors were 
transformed and amplified in Escherichia coli DH5α 
(Takara, Japan) for sequencing. ClustalW was used to 
align all sequences. Phylogenetic analysis was conducted 
using Maximum Likelihood in the software MEGA (ver-
sion 10.1) [22].

Results and Discussion

In this study, we investigated the potential pathogens that 
infect lung, liver, and heart tissues in aborted fetuses col-
lected from sow farms in southern Vietnam. These were 
characterized by a greater incidence and degree of fetal 
abnormalities, such as increases in cases of fetal mummifi-
cation and death per sow, and the incidence of abortion from 
sows in the farms also increased. The veterinarian initially 
evaluated the cause of fertility disorders to be infection with 
Porcine Parvovirus (PPV), but molecular tests came back 
negative. Instead, the extensive diagnosis in these mummi-
fied, dead, and aborted fetuses all tested positive for infec-
tion with PCV3. We found that two samples collected from 
Lam Dong and Binh Duong provinces were positive with 
PCV3 only, while the specimen from Dong Nai province 
was positive for both PCV3 and PCV2 (Table 1). Our find-
ings are consistent with studies indicating that PCV3 may 
infect alone or co-infect with other viruses, such as PCV2 
and PRRSV [7, 8]. These data indicate that PCV3 may have 
correlation with the abortion of swine in Vietnam.

The genome sequences of PCV3 strains from the prov-
inces of Binh Duong (NNH/BD/2018), Lam Dong (NNH/
LD/2018), and Dong Nai (NNH/DN4/2018) are available 

Table 1   Epidemiological data on PCV3-positive farms and samples

No Sample name GenBank Date of collection Geographic origin Origin and type of sample PCV3 PCV2 Parvovirus PRRSV

1 NNH/DN4/2018 MT847022 Nov, 2018 Dong Nai Aborted fetuses: Heart + + − Not test
2 NNH/BD/2018 MT847024 Oct, 2018 Binh Duong Aborted fetuses: Lung + − − Not test
3 NNH/LD/2019 MT847031 Oct, 2019 Lam Dong Aborted fetuses: Liver, Lung, 

Heart
+ − − −
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in the GenBank database under the accession numbers 
MT847024, MT847031, and MT847022, respectively. 
As with other PCV3 strains, the full genome sequence of 
PCV3 in this study was 2000 nucleotides in length [2]. 
It contains two ORFs (encoding Rep and Cap proteins) 
orientated in opposite directions [2]. Among these sam-
ples taken in Vietnam, no insertions or deletions were 
found in PVC3 when aligning to reference genomes. The 
multiple sequence alignment of these sequences showed 
that the nucleotide identity of the complete genome of 
PCV3 in Vietnam and other reference sequences of 
PCV3 was 98.4–99.45%. The complete genomes of 
PCV3 within these Vietnamese strains were found to 
share 98.70–99.30% sequence identity with the reference 
genome (Table 2). ORF1 contained 891 bp coding for 
296 amino acids of the Rep protein. ORF1 within PCV3 
genomes in Vietnam were found to share 99.10–99.66% 
and 98.65–98.98% nucleotide and amino acid identity with 
each other, respectively. They shared 96.07–99.88% and 
93.93–99.66% nucleotide and amino acid identity with ref-
erence strains, respectively. The ORF2 contained 645 bp 

coding for 214 amino acids of the Cap protein and shared 
97.36–98.75% and 96.74–98.13% nucleotide and amino 
acid identity with each other, respectively. It was found 
to share 96.80–99.20% and 96.27–99.06% nucleotide and 
amino acid identity with reference genomes, respectively 
(Table 2).

Phylogenetic analysis based on the complete genome of 
PCV3 was performed to investigate the evolutionary rela-
tionships with other PCV3 subtypes. Two PCV3 strains 
collected from Dong Nai and Binh Duong provinces were 
classified as being of the PCV3b subtype, and a PCV3 col-
lected from Lam Dong was grouped into the PCV3 subtype 
a1 (Fig. 1). Nucleotide/amino acid sequence comparisons 
involving the completed genomes (ORF1 and ORF2) of 
the PCV3a and PCV3b strains from this study are given in 
Table 2.

We found three mutated sites located in the Rep protein 
of these Vietnamese strains. G172R was found in NNH/
BD/2019. F211S and L221P were identified in NNH/
DN/2019 and NNH/LD/2019, respectively. These variants 
do not appear in any of the reference strains (Fig. 2). Also, 

Table 2   Nucleotide and amino 
acid sequence identities (%) 
within and between genotypes/
proteomes in this study and 
reference sequences

Reference strains include KT869077, KX458235, KX778720, KX898030, KX966193, KY075986, 
KY075987, KY075988, KY075989, KY075990, KY075991, KY354038, KY354039, KY418606, 
KY421347, KY421348, KY778776, KY778777, KY865242, KY865243, KY996337, KY996338, 
KY996339, KY996340, KY996341, KY996342, KY996343, KY996344, KY996345, MF079253, 
MF079254, MF162298, MF162299, MF589103, MF589104, MF589105, MF589106, MF611878, 
NC_31753, and MF611876
Rep Replication, Cap Capsid, aa amino acid, nt nucleotide

Genotypes Identity (%) Among collected strains Reference strains

PCV3a Full-length nt 98.70–99.30 98.85–99.45
ORF1 (Rep gene) nt 99.10–99.66 96.40–99.88

aa 98.65–98.98 94.61–99.66
ORF2 (Cap gene) nt 97.36–98.75 98.10–99.20

aa 96.74–98.13 97.67–98.60
PCV3b Full-length nt 98.70–99.30 98.4–99.20

ORF1 (Rep gene) nt 99.10–99.66 96.07–99.55
aa 98.65–98.98 93.93–99.66

ORF2 (Cap gene) nt 97.36–98.75 96.80–99.06
aa 96.74–98.13 96.27–99.06
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two specific mutations of the Cap protein (Y24C and P169T) 
were found in NNH/DN/2019 and NNH/BD/2019. They are 
unique to these Vietnamese strains. One mutation (F104Y) 
in the Cap protein was common between NNH/LD/2019 
and MH603562 (Fig. 3). These two PCV3 strains were of 
subtype a1. PCV3 infections were reported in the northern 
part of Vietnam and those cases were found to be of the 
PCV3a subtype [17]. In the previous study, we reported the 
circulation of the PCV3b subtype in the southern provinces 
of Vietnam in particular (and in Vietnam in general) [23].

Conclusion

We found that the whole genomes of PCV3 collected in 
these Vietnamese pig farms shared 98.4–99.45% sequence 
identity with reference PCV3 sequences and clustered into 
two distinct subtypes (3a1 and 3b). Three variants (G172R, 
F211S, and L221P) were identified in the Rep protein and 
Y24C, P169T, and F104Y were identified in the Cap pro-
tein of these strains. In conclusion, our results indicate that 
PCV3 has emerged in swine herds in Vietnam and that this 

Fig. 1   Phylogenetic analyses of the complete genome sequences of 
PCV3 in southern provinces of Vietnam. Evolutionary tree analysis 
was conducted using MEGA v10.1. The tree was built using Maxi-
mum Likelihood and the Kimura 2-parameter model with 1000 boot-
straps replicates. The tree is drawn with branch lengths measured 

in the number of substitutions per site. The scale bar represents a 
genetic distance of 0.002 of nucleotide substitutions per nucleotide. 
Red bold names indicate the strains detected in this study (Color fig-
ure online)
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Fig. 2   Alignment of Rep protein sequences of the PCV3 strains of this study with reference sequences. The number line on the top row displays 
amino acid positions. Red arrows indicate the mutated sites of PCV3 strains in this study, relative to reference strains (Color figure online)

Fig. 3   Alignment of Cap protein sequences of the PCV3 strains in this study with reference sequences. The number line on the top row displays 
amino acid positions. Red arrows indicate the mutated sites of PCV3 strains in this study, relative to reference strains (Color figure online)
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virus presents as the PCV3a1 and PCV3b subtypes. We 
hypothesize that infection with PCV3 may have associated 
with abortion in swine populations in Vietnam.

Supplementary Information  The online version contains supplemen-
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Acknowledgements  We thank Declan Clarke (Yale University) for 
comments that greatly improved the manuscript. We are grateful for 
technical support that we received from the HanViet Veterinary Diag-
nosis Laboratory at Nong Lam University.

Author Contributions  NHN, DDT, and MNN designed the study. TQN 
and TTN performed experiments. NHN and MNN analyzed the data. 
NHN, DDT, and MNN wrote the manuscript.

Funding  Not applicable.

Data Availability  The complete genome sequences of the PCV3 strains 
identified in this study have been deposited in GenBank under the 
accession numbers MT847022, MT847024, and MT847031.

Declarations 

Conflict of interest  All authors have read the journal's policy on dis-
closures of potential conflicts of interest, and we declare no potential 
conflicts of interest with respect to the research, authorship, and/or 
publication of this article.

Ethical Approval  The study was conducted in compliance with the 
institutional rules for the care and use of laboratory animals and using 
a protocol approved by the Ministry of Agriculture and Rural Develop-
ment (MARD) Vietnam (TCVN 8402:2010).

References

	 1.	 Kwon T, Yoo SJ, Park CK, Lyoo YS (2017) Prevalence of novel 
porcine circovirus 3 in Korean pig populations. Vet Microbiol 
207:178–180

	 2.	 Palinski R, Pineyro P, Shang P, Yuan F, Guo R, Fang Y, Byers 
E, Hause BM (2017) A novel porcine circovirus distantly related 
to known circoviruses is associated with porcine dermatitis and 
nephropathy syndrome and reproductive failure. J Virol. https://​
doi.​org/​10.​1128/​JVI.​01879-​16

	 3.	 Phan TG, Giannitti F, Rossow S, Marthaler D, Knutson TP, Li L, 
Deng X, Resende T, Vannucci F, Delwart E (2016) Detection of 
a novel circovirus PCV3 in pigs with cardiac and multi-systemic 
inflammation. Virol J 13:184

	 4.	 Shen H, Liu X, Zhang P, Wang L, Liu Y, Zhang L, Liang P, Song 
C (2018) Genome characterization of a porcine circovirus type 3 
in South China. Transbound Emerg Dis 65:264–266

	 5.	 Ouyang T, Niu G, Liu X, Zhang X, Zhang Y, Ren L (2019) 
Recent progress on porcine circovirus type 3. Infect Genet Evol 
73:227–233

	 6.	 Fu X, Fang B, Ma J, Liu Y, Bu D, Zhou P, Wang H, Jia K, Zhang G 
(2018) Insights into the epidemic characteristics and evolutionary 
history of the novel porcine circovirus type 3 in southern China. 
Transbound Emerg Dis 65:e296–e303

	 7.	 Klaumann F, Correa-Fiz F, Franzo G, Sibila M, Nunez JI, Segales J 
(2018) Current knowledge on porcine circovirus 3 (PCV-3): a novel 
virus with a yet unknown impact on the swine industry. Front Vet 
Sci 5:315

	 8.	 Chen N, Huang Y, Ye M, Li S, Xiao Y, Cui B, Zhu J (2019) Co-
infection status of classical swine fever virus (CSFV), porcine 
reproductive and respiratory syndrome virus (PRRSV) and porcine 
circoviruses (PCV2 and PCV3) in eight regions of China from 2016 
to 2018. Infect Genet Evol 68:127–135

	 9.	 Jiang H, Wang D, Wang J, Zhu S, She R, Ren X, Tian J, Quan 
R, Hou L, Li Z, Chu J, Guo Y, Xi Y, Song H, Yuan F, Wei L, 
Liu J (2019) Induction of porcine dermatitis and nephropathy syn-
drome in piglets by infection with porcine circovirus type 3. J Virol 
93(4):e02045

	10.	 Sun W, Wang W, Xin J, Cao L, Zhuang X, Zhang C, Zhu Y, Zhang 
H, Qin Y, Du Q, Han Z, Lu H, Zheng M, Jin N (2019) An epidemio-
logical investigation of porcine circovirus 3 infection in dogs in the 
Guangxi Province from 2015 to 2017. China. Virus Res 270:197663

	11.	 Stadejek T, Wozniak A, Milek D, Biernacka K (2017) First detec-
tion of porcine circovirus type 3 on commercial pig farms in Poland. 
Transbound Emerg Dis 64:1350–1353

	12.	 Collins PJ, McKillen J, Allan G (2017) Porcine circovirus type 3 in 
the UK. Vet Rec 181:599

	13.	 Tochetto C, Lima DA, Varela APM, Loiko MR, Paim WP, Schef-
fer CM, Herpich JI, Cerva C, Schmitd C, Cibulski SP, Santos AC, 
Mayer FQ, Roehe PM (2018) Full-genome sequence of porcine 
circovirus type 3 recovered from serum of sows with stillbirths in 
Brazil. Transbound Emerg Dis 65:5–9

	14.	 Kedkovid R, Woonwong Y, Arunorat J, Sirisereewan C, Sangpra-
tum N, Lumyai M, Kesdangsakonwut S, Teankum K, Jittimanee 
S, Thanawongnuwech R (2018) Porcine circovirus type 3 (PCV3) 
infection in grower pigs from a Thai farm suffering from porcine 
respiratory disease complex (PRDC). Vet Microbiol 215:71–76

	15.	 Fux R, Sockler C, Link EK, Renken C, Krejci R, Sutter G, Ritz-
mann M, Eddicks M (2018) Full genome characterization of por-
cine circovirus type 3 isolates reveals the existence of two distinct 
groups of virus strains. Virol J 15:25

	16.	 Franzo G, Legnardi M, Hjulsager CK, Klaumann F, Larsen LE, 
Segales J, Drigo M (2018) Full-genome sequencing of porcine cir-
covirus 3 field strains from Denmark, Italy and Spain demonstrates 
a high within-Europe genetic heterogeneity. Transbound Emerg Dis 
65:602–606

	17.	 Nguyen VG, Chung HC, Huynh TML, Cao TBP, Vu NT, Le VT, 
Pham HQ (2018) Molecular characterization of novel porcine cir-
covirus 3 (PCV3) in pig populations in the north of Vietnam. Arch 
Gene Genome Res 1(1):24–32

	18.	 Guarino H, Goyal SM, Murtaugh MP, Morrison RB, Kapur V 
(1999) Detection of porcine reproductive and respiratory syndrome 
virus by reverse transcription-polymerase chain reaction using dif-
ferent regions of the viral genome. J Vet Diagn Investig 11:27–33

	19.	 Oh WT, Kim RY, Nguyen VG, Chung HC, Park BK (2017) Per-
spectives on the Evolution of Porcine Parvovirus. Viruses 9:196

	20.	 Larochelle R, Antaya M, Morin M, Magar R (1999) Typing of por-
cine circovirus in clinical specimens by multiplex PCR. J Virol 
Methods 80:69–75

	21.	 Ku X, Chen F, Li P, Wang Y, Yu X, Fan S, Qian P, Wu M, He Q 
(2017) Identification and genetic characterization of porcine circo-
virus type 3 in China. Transbound Emerg Dis 64:703–708

	22.	 Kumar S, Stecher G, Li M, Knyaz C, Tamura K (2018) MEGA X: 
molecular evolutionary genetics analysis across computing plat-
forms. Mol Biol Evol 35:1547–1549

	23.	 Nguyen NH, Do Tien D, Nguyen TQ, Nguyen TT, Nguyen MN 
(2021) Identification and whole-genome characterization of a novel 
porcine circovirus 3 subtype b strain from swine populations in 
Vietnam. Virus Genes. https://​doi.​org/​10.​1007/​s11262-​021-​01844-x

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00284-021-02641-3
https://doi.org/10.1128/JVI.01879-16
https://doi.org/10.1128/JVI.01879-16
https://doi.org/10.1007/s11262-021-01844-x

	Genetic Diversity of Porcine Circovirus Subtypes from Aborted Sow Fetuses in Vietnam
	Abstract
	Introduction
	Materials and Methods
	Results and Discussion
	Conclusion
	Acknowledgements 
	References




