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Abstract
Porcine circovirus 3 (PCV3) is a novel circovirus detected in pigs suffering from porcine dermatitis and nephropathy syn-
drome (PDNS), reproductive failure, and multisystemic infection. In this study, we identified PCV3 infection in aborted 
fetuses and reported the full-length genome sequence of a PCV3 strain identified from southern Vietnam. The complete 
genome of this PCV3 strain is 2000 nucleotides in length. We found that it shares 98.5–99.25% sequence identity with other 
reference sequences and that it clusters with the PCV3b subtype. Several specific mutated sites were found to be unique to 
this Vietnamese PCV3b strain, including I14M in the Rep protein and K139R, I150F, and P169T in the Cap protein. The 
sequence data that have been made publically available as part of this study will help investigators to better understand the 
molecular characteristics, genetic diversity, and evolutionary history of PCV3. Careful and in-depth investigations into the 
epidemiology, pathogenicity, and the evolution of this novel virus is a matter of urgent economic and agricultural interest 
in Vietnam.

Keywords PCV3 genotype · Porcine circovirus type 3 · Circovirus · Whole genome sequence · Abortion

Porcine circovirus 3 (PCV3) is an emerging circovirus 
detected in pig herds from many countries, including the 
USA [1], China [2], Poland [3], South Korea [4], the UK [5], 
Brazil [6], Thailand [7], Germany [8], Denmark [9], Spain 
[9], and Italy [9]. It is one of three members of the Circovi-
rus genus, and its genome is a circular ssDNA containing 
approximately 2000 nucleotides with three identified ORFs 

[1]. ORF1 is located on the positive strand and encodes a 
protein (with 296–297 amino acids) that is involved in viral 
replication (Rep). ORF2 is located on the negative strand 
and codes for the capsid protein (Cap) [1, 10]. Genotyping 
of PCV3 reveals that it clusters into three subtypes: PCV3a, 
3b, and 3c [8, 11, 12]. Here, we studied the PCV3 strain 
that circulates in a swine population in Vietnam, and com-
prehensively characterize and report its complete genome 
for the first time.

In late 2018, one sample from each of 13 farms was col-
lected throughout three provinces (Dong Nai, Binh Duong, 
and Lam Dong) in the South of Vietnam. A PCV3 strain 
(NNH/DN8/2018) was identified from the lung of an aborted 
fetus collected from a swine-breeding farm in the Dong 
Nai province in southern Vietnam. Viral genetic material 
from lung samples was extracted using the GeneJET Viral 
DNA/RNA Purification Kit (Thermo, USA) according to 
the manufacturer’s instructions. We tested for potentially 
related pathogens, such as porcine reproductive and res-
piratory syndrome virus (PRRSV), Parvovirus, PCV2, and 
PCV3. RT-PCR was used to detect PRRSV using primers 
PRRS-P71 (GCT GTT AAA CAG GGA GTG G) and PRRS-
P72 (CGC CCT AAT TGA ATA GGT GAC) [13]. We searched 
for Parvovirus using PCR with primers PPV P1 (ATA CAA 
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TTC TAT TTC ATG GG) and PPV P6 (TAT GTT CTG GTC 
TTT CCT CG) [14, 15]. We searched for PCV2 using PCR 
with primers CF8 (TAG GTT AGG GCT GTG GCC TT) and 
CR8 (CCG CAC CTT CGG ATA TAC TG). The genome of 
this PCV3 strain was then amplified by PCR using two 
primer pairs, including PCV3-74 F (CAC CGT GTG AGT 
GGA TAT AC), PCV3-1144 R (CAC CCC AAC GCA ATA 
ATT GTA) and PCV3-genome-2-F (TTG CAC TTG TGT 
ACA ATT ATT GCG ), and PCV3-genome-2-R (ATC TTC 
AGG ACA CTC GTA GCA CCA C) [8, 11]. The PCR products 
were sequenced after being directly cloned into a pGEM-T 
Easy vector (Promega, USA). Sequence alignments were 
performed by Muscle. Phylogenetic analysis was conducted 
using Neighbor-Joining trees with the Maximum Composite 
Likelihood (ML) model in the software tool MEGA (version 
10.1) [16, 17]. Bootstrap values were calculated using 1000 
simulations [18]. The amino acid sequences of all PCV3 
capsid proteins and replication proteins were aligned using 
the MegAlign software package, and visualization was per-
fomed using Jalview 2.11.0.

We harvested lung tissue of aborted fetuses from a swine-
breeding farms in southern Vietnam and found that all 13 
samples were positive for PCV3 and negative for Parvovi-
rus. Four samples were positive for PCV2, and four samples 
were positive with PRRSV. Our results are consistent with 
what has been found in previous studies, wherein investiga-
tors document that PCV3 may infect alone or co-infect with 
other viruses, such as PCV2, PRRSV, among others [19, 20]. 
These findings suggest that PCV3 may play an etiologic role 
in the abortion of swine in Vietnam.

The complete genome of the PCV3 NNH/DN7/2018 
strain was sequenced, and it is available in the GenBank 
database under the accession number MT847026. The full 
genome sequence of the PCV3 NNH/DN7/2018 strain was 
2000 bases in length, with two ORFs encoding rep and cap 
proteins that are positioned in opposite directions [1]. Rela-
tive to current reference genomes, no insertions or deletions 
were found in the PVC3 NNH/DN7/2018 strain. The com-
plete genome of the PCV3 NNH/DN7/2018 strain was found 
to share 98.5–99.25% sequence identity with other reference 

Table 1  Nucleotide and amino acid sequence identities (%) between the genotypes in this study and those of reference sequences

Rep Replication, Cap Capsid, aa amino acid, nt nucleotide

Genbank accession no Country Isolated year Identity (%)

Full genome ORF1 (Rep gene) ORF2 (Cap gene)

nt aa nt aa

KT869077 USA 2015 98.70 99.10 99.32 97.67 97.20
KX458235 USA 2015 98.65 98.76 98.98 97.98 98.60
KX778720 USA 2015 98.50 98.99 99.32 97.51 97.67
KX966193 USA 2016 98.95 98.99 99.66 98.75 98.60
KY075986 China 2016 98.80 98.99 99.32 98.13 97.20
KY354038 China 2016 98.70 99.10 99.66 97.51 97.67
KY418606 China 2016 98.90 98.87 99.66 98.60 98.13
KY421347 China 2016 98.50 98.54 98.31 97.67 96.74
KY421348 China 2016 99.05 99.21 99.32 98.60 98.60
KY778776 China 2016 98.65 99.10 99.32 97.82 97.20
KY865242 China 2016 98.50 98.99 99.32 97.36 97.67
KY865243 China 2016 98.85 99.43 99.66 98.13 98.13
KY996337 Korea 2016 98.70 99.21 99.66 97.67 98.13
KY996342 Korea 2016 98.95 99.10 98.98 98.44 98.13
KY996345 Korea 2016 98.60 98.65 99.32 98.29 98.60
MF079253 Brazil 2016 98.65 98.76 98.98 97.98 97.20
MF079254 Brazil 2016 99.10 99.32 99.66 98.75 98.60
MF162298 Italy 2017 99.20 99.21 99.32 98.91 98.60
MF589106 China 2016 99.10 99.10 99.32 98.75 98.60
MF589107 China 2017 98.85 98.99 98.65 98.13 98.13
MF589652 Thailand 2016 99.25 99.43 99.66 98.75 98.60
MH367847 China 2017 98.65 98.76 98.98 97.82 98.13
MH603562 USA 2017 98.85 99.21 99.32 97.82 97.20
NC031753 USA 2015 98.70 99.10 99.32 97.67 97.20
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sequences of PCV3 that have been circulating in the USA 
(strain NC_031753), Italy (strain MF162298), Brazil (strain 
MF079254), South Korea (strain KY996345), and China 
(strain KY865242) in recent years (Table 1). The ORF1 
contained 891 nucleotides coding for 296 amino acids of 
the Rep protein and shared 98.54–99.43% and 98.31–99.66% 
nucleotide and amino acid identity with reference strains, 
respectively [1]. The ORF2 had 645 nucleotides encoding 
214 amino acids of the capsid protein, and it was found 
to share 97.36–98.91% and 97.20–98.60% nucleotide and 
amino acid identity with reference genomes, respectively.

Phylogenetic analyses of the complete genome of PCV3 
indicated that the PVC3 NNH/DN8/2018 strain clusters into 
the PCV3b subtype (Fig. 1). Furthermore, we identified one 

mutation (I14M) in the Rep protein of Vietnamese strains 
only (Fig. 2a). Three specific mutations (K139R, I150F, and 
P169T) were observed in the Cap protein of Vietnamese 
strains (Fig. 2b). Taken together, we found that the PCV3b 
subtype (along with its whole sequenced genome) currently 
circulating in Vietnam exhibits unique characteristics. 

In this study, we first identified a PCV3b subtype cir-
culating in Vietnam and reported its complete sequenced 
genome. Our findings, along with the sequence data that 
we have made available to the broader research community, 
may help to provide a better understanding of the molecular 
characteristics, epidemiology, and evolutionary history of 
PCV3 in Vietnam.

Fig. 1  Phylogenetic tree construction using the neighbor-joining 
method (based on the complete genome of PCV3). The neighbor-
joining tree was constructed using the molecular evolutionary genet-
ics analysis (MEGA) software version 10.1. Bootstrap values were 

obtained using 1000 resampled datasets of the data and are indicated 
on each node. The scale bar represents a genetic distance of 0.002 of 
nucleotide substitutions per nucleotide site. PCV3 strains obtained in 
the present study are displayed in red
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