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Abstract Increasing evidences indicate that porcine cir-

covirus type 2 (PCV2) is the causative agent of the post-

weaning multisystemic wasting syndrome (PMWS). In this

study, the prevalence of PCV2 infection in swine herds in

southeastern China was investigated by ELISA and PCR, as

well as the genetic characteristics by nucleic acid sequenc-

ing. Seroprevalence of PCV2 in samples collected from 89

swine herds was significantly higher by ELISA in post-

weaning (54.1%) and growing piglets (49.9%) than that of

suckling pigs (33.3%) with an average rate of 46.0% (819/

1779). Seventy-eight cases out of 159 diseased pigs from

these herds were PCV2 positive by PCR. Furthermore, the

PCV2-positve rate at herds level in 2005 and 2006 were

much higher than that in 2004 (65.63% or 69.23% vs.

32.26%, respectively), indicating that PCV-2 infection

expanded rapidly over the past two years. To provide new

insights into the extent of genetic heterogeneity of PCV2

isolates in southeastern China, the ORF2 genes of 27 isolates

from the area during January 2004–March 2007 were

sequenced and aligned. While closely related to each other

with identity of 98.0–100%, these isolates displayed lower

homologies to those from other regions of China (90.6–

100%) or to some foreign isolates (91.3–98.9%). Alignment

of deduced amino acid sequences of capsid protein identified

two major hyper-variable regions (positions 53–91 and 185–

215) in isolates obtained in this study, which were within or

close to the putative epitope domains. The substitutions

consequently resulted in higher hydrophilicity of the epitope

region (positions 47–85). Phylogenetic analysis revealed

two clusters of 48 isolates including those from Genbank: the

large cluster I consisting of two subgroups and cluster II

containing most of foreign isolates owing to the residue

substitutions in epitope domains (amino acid positions 80,

86, 88 and 91). While the subgroup Ib contained all the

isolates with ORF2 of 705 bp in length, the 27 isolates we

sequenced were clustered exclusively in subgroup Ia toge-

ther with some other Chinese strains. We conclude that

PCV2 isolates prevailing in southeastern China were

genetically different from those of other countries.
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Introduction

Porcine circovirus (PCV), which belongs to the family Cir-

coviridae, genus Circovirus [1], is one of the smallest-animal

viruses with unenveloped, single-stranded circular genome

and a size of 17 nm in diameter [2, 3]. Two species of PCV,

PCV1 and PCV2, have been characterized [4]. PCV1 is

considered to be nonpathogenic to pigs by experimental

inoculation [1], and was originally been identified as a per-

sistent tissue culture contaminant in pig kidney cell lines [5].

PCV2 has been shown to be the causative agent of post-

weaning multisystemic wasting syndrome (PMWS) of pigs

[6, 7]. The presence of PCV2 antigen was first demonstrated

in 1997 in lesions of animals with PMWS [8], which usually

occurs in pigs aged 2–3.5 months. The affected pigs show

progressive weight loss, respiratory, and enlarged lymph

nodes [9] and characteristic microscopic lesions including

granulomatous interstitial pneumonia, lymphadenopathy,
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hepatitis, nephritis, and pancreatitis [10]. The role of PCV2

in PMWS is clear in terms of its association with the

pathology [11] nowadays, but still less clear about its

mechanisms of disease induction and pathogenesis. To date,

PMWS is most commonly diagnosed on the basis of histo-

pathology coupled with the identification of PCV infection

by multiplex or type-specific PCR, immunohistochemistry

(IHC), and enzyme-linked immunosorbent assay (ELISA)

[11–13].

A previous study have compared the 148 worldwide

PCV2 complete genomes present at the NCBI nucleotide

database and divided them into two groups and eight clusters

(1A to 1C and 2A to 2E), but there was no correlation

regarding groups and health status being performed [14].

However, PCV2 isolates from PMWS cases around the

world share a high-nucleotide sequence identity (more than

96%) and antigenic similarities, indicating the possibility of

a single patho-type prevailing in the swine population [4,

15]. Nevertheless, variations in nucleotide and amino acid

sequences have been described particularly in ORF2 which

is considered to be type-specific with less than 65% identity

between PCV1 and PCV2 [16], and closely related to the

pathogenesis. Although the significance of these variations

in terms of host and tissue tropism and pathogenicity remains

to be determined, understanding of the extent of genetic

variations among PCV2 isolates from different geographic

regions is valuable for vaccines development and disease

control [17, 18]. The present study was aimed to investigate

the status of PCV2 infection in swine population in south-

eastern China by ELISA and PCR specific for PCV2. Then,

we focused on the genetic diversity of PCV2 strains from

southeastern China originating from PMWS cases based on

the sequence of the ORF2.

Materials and methods

Seroprevalence of PCV2 infection by ELISA

From January 2004 to December 2006, 1779 serum sam-

ples from suckling piglets (1–30-days old), post-weaning

pigs (31–100-days old) and growing pigs (older than

100 days) were collected from 89 herds located in different

regions of southeastern China. Serum antibodies to PCV2

were detected by ELISA as previously described by Shi-

bata [19] with some modifications. Briefly, 100 ll purified

PCV2 recombinant Cap protein (produced in our labora-

tory) diluted with 50 mM sodium carbonate buffer (pH9.6)

to a final concentration of 50 lg/ml was added into each

well of a 96-well microtiter plates (MaxiSorp, Nunc,

Denmark). The plates were then incubated at 4�C for 18 h.

After washing with phosphate-buffered saline (PBS) con-

taining 0.05% Tween-20 (PBS-T), the plates were blocked

with PBS-T containing 5% (w/v) skim milk for 2 h at

37�C. Serum samples diluted by 100-fold with PBS-T

containing 0.5% (w/v) skim milk were added to corre-

sponding wells and the mixtures were incubated for 1 h at

37�C. Then, 100 ll/well of goat anti-pig IgG conjugated

with horseradish peroxidase (KPL, UK) was added at a

dilution of 1:2000 and incubated for 1 h at 37�C. There-

after, plates were washed and added with 100 ll/well of the

substrate solution (o-phenylenediamine dihydrochloride,

Sigma, USA). After incubation for 30 min at 37�C in the

dark, the reaction was stopped by adding 50 ll of 2 N

H2SO4. The OD492nm values were measured using spec-

traMax@ M2 microplate reader (Molecular devices Corp.,

USA).

A panel of PCV2 negative sera (n = 20) was also

examined by ELISA to determine the cut-off OD492nm

value (mean ± 3SD) in the study. Serum samples with an

optical density at 490 nm greater than the cut-off value

were considered as seropositive for PCV2.

Statistical test

Difference among periods of ages regarding seroprevalence

or PCR-positive rates in different years was evaluated with

the mean of Student’s t-test.

Detection of PCV2 nucleic acids in tissue samples

by PCR

Tissue samples (n = 159) including lymph nodes, lungs,

and livers from sick pigs originating from 89 geographi-

cally different herds in southeastern China were collected

from December 2003 to March 2007. Total DNA was

extracted from tissues using QIAamp DNA Mini Kit

(Qiagen, Germany) according to the manufacturer’s

instructions. For each sample, lysis buffer with Proteinase

K (20 mg/ml) was added to mechanically homogenized

tissue the mixtures were incubated at 55�C for 1 h. The

final ethanol-washed DNA was eluted in 50 ll buffer and

stored at –20�C until PCR analysis.

A pair of primers (P1: 50-CACGGATATTGTAGTCCTG

GTC-30, P2: 50-GCCGAAGTGCGCTGGTAATA-30) were

designed based on the ORF2 of a published strain that iso-

lated from southeastern China (Accession No.: DQ195679)

to provide differential detection of PCV2 genome from

PCV1. The target DNA region was amplified by PCR on

HybaidR PCR thermocycler (Hybaid Equipment Ltd., UK)

with cycles consisted of an initial step of 94�C for 3 min,

followed by 30 cycles of denaturation at 94�C for 45 s,

annealing at 57�C for 45 s, and extension at 72�C for 1 min,

and a final extension at 72�C for 10 min.
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Genetic analysis of PCV2 ORF2 gene

To get a better insight of the extent of genetic relationships

among PCV2 isolates within different geographic regions,

a fragment encompassing the full-length ORF2 gene was

amplified from PCV2-positive samples originating from

different regions of southeastern China from January 2004

to March 2007 using PCV2 type-specific primers: Ps7, 50-
TTTCCCCCCCATGCCCTGA-30 and Ps8, 50-TTTCGTTT

TCAGATATGACGT-3’. The products were then cloned

into pMD18-T vector (TaKaRa) for sequencing. The

sequences were then multiple-aligned with representative

sequences from other regions of China or from other

countries published to date using CLUSTAL X (version

1.83). Phylogenetic analysis was performed with Molecular

Evolutionary Genetics Analysis (MEGA, version 3.1), in

which a PCV1 sequence served as outgroup. Pairwise

comparison of nucleotide and amino acid sequence simi-

larities was conducted using MEGALIGN 5.03 in the

DNASTAR Lasergene software package, and hydrophi-

licity profile was generated by the method of Kyte and

Doolittle [20] using DNASIS 2.5 software package.

Results

Seroprevalence of PCV2 infection

The optimal dilutions of purified protein (50 lg/ml) and

serum samples (1:100) in ELISA were determined in the

preliminary assays. Based on the cut-off OD492 nm value of

0.3022 (mean ± 3 SD) in this assay, the average serum-

positive rate was 46.0% (819/1779). Seroprevalence was

significant higher in post-weaning pigs (54.1%, 223/412)

and growing pigs (49.9%, 423/848) than in suckling piglets

(33.3%, 173/519) (P \ 0.01) (Table 1).

Detection of PCV2 nucleic acids

Among 159 PMWS suspected cases, most were with

wasting or tachypnea, and enlarged inguinal lymph nodes,

no other apparent symptoms were observed. But some were

occasionally with paleness and diarrhea. Moreover, sev-

enty-eight samples were PCV2-positive by PCR with an

average positive rate of 49.06%. Since these cases were

from 89 herds, the positive rate at the herd level was

55.05% on average during the 17 months’ period. Fur-

thermore, there was a significant increase of PCV2-positive

cases in 2005, as compared with that of the preceding

period from December 2003 to December 2004 (55.10%

vs. 35.19% at the case level and 65.63% vs. 32.26% at the

herd level) (Table 2).

Genetic characterization of PCV2 ORF2

A total of 27 samples out of 78 PCR-positive ones, rep-

resenting 27 different herds from regions of southeastern

China, were again PCR-amplified targeting the full-length

ORF2. In addition, nine out of them were found to be

coinfected with porcine reproductive and respiratory syn-

drome virus (PRRSV) (Table 3). Sequence analysis

showed that ORF2 gene of all the 27 PCV2 isolates were

702 nt in length. In pairwise comparisons, they were clo-

sely related to each other with high nucleotide sequence

identity from 98.0% to 100%. However, they were more

divergent from those of other countries or other regions of

China with lower level of similarities ranging from 91.3 to

98.9% or 90.6 to 100% respectively. Further alignment of

the deduced amino acid sequences indicated that the

divergence at amino acid level was greater than that of the

nucleotide sequence, showing high identity of 97.4–99.6%

to each other. However, they had the lower similarities as

compared with isolates from other regions of China (89.3–

99.6%) or from other countries (90.2–98.3%) (Table 4).

Although variations distributed across the whole capsid

protein sequence, there were two major regions (located at

positions 53–91 and 185–215) of more substitutions in our

isolates, especially at positions 57, 59, 63, 80, 86, 89, 90,

91, 121, 151, 190 and 191. Interestingly, these regions were

almost situated in putative epitope domains of PCV2 cap-

sid protein [21, 22]. In contrast, the N-terminus of the

protein encompassing the nuclear localization signals

(NLS) was found to be rather conserved (Fig. 1).

The schematic distribution of amino acid diversities

across the ORF2 protein was analyzed for all 48 sequences

included in Table 1 (Fig. 2). The hydrophilicity profile of

ORF2 protein was calculated from the arbitrarily deduced

consensus sequence of the isolate 05 HZh in which all of

the amino acid residues coincided with those prevailing in

the isolates sequenced in this study. Notably, the

Table 1 Seroprevalence of pigs

at different age against PCV2

Cap protein by ELISA

* Marked statistical difference

at P \ 0.01 compared with that

of suckling piglets

Samples origin No. samples tested No. positive samples %

Suckling piglets 519 173 33.3

Post-weaning piglets 412 223 54.1*

Growing pigs 848 423 49.9*

Total 1779 819 46.0
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hydrophilicity of the putative epitopes differed consider-

ably among the isolates described herein and those from

Genbank, especially in the region of putative epitope A

(positions 47–85) where the variability and the hydrophi-

licity of southeastern China isolates were much higher than

those from other regions.

Table 2 Cases and herds PCR-positive for PCV2 DNA from 159 samples in 89 herds.

Period Cases Herds

No. samples No.PCV2-positive Positive rate No. herds No. PCV2-positive Positive rate

03.12–04.12 54 19 35.19% 31 10 32.26%

05.01–05.12 49 27 55.10% 32 21 65.63%*

06.01–07.03 56 32 57.14% 26 18 69.23%*

Total 159 78 49.06% 89 49 55.05%

* Marked statistical difference at P \ 0.01 compared with that during December 2003 to December 2004 (Student’s t-test)

Table 3 PCV2 strains isolated from positive samples by PCR in this study or those from Genbank

Strain1 Year Geographic origin PCR for

PRRSV3
Accession

number

Strain2 Year Geographic

origin

Accession

number

04-Yh 2004 Yuhang + EF190922 Taiwan-China 2002 China AF465211

04-Nb 2004 Ningbo – EF190923 Tianjin-China 2003 China AY181946

04-SH 2004 Shanghai – EF190924 Shandong-Chin 2003 China AY181947

04-Sx 2004 Shaoxing + EF190925 Guangdong-China 2004 China AY682994

04-Tx 2004 Tongxiang – EF190926 Jiangsu-China 2004 China AY691679

04-Hzh 2004 Hangzhou + EF190928 Zhejiang1-China 2004 China AY691169

04-Jx 2004 Jiaxing – EF190929 Beijing-China 2005 China AF381175

04-Js 2004 Jiangsu + EF190930 Hunan-China 2005 China AY943819

05-Qz 2005 Quzhou – EF190933 Shanghai-China 2005 China DQ104421

05-Sx 2005 Shaoxing + EF190932 Fujian-China 2005 China DQ180392

05-Hz 2005 Huzhou – EF190935 Hebei-China 2006 China DQ910866

05-Hzh 2005 Hangzhou + EF190931 Henan-China 2006 China EF064150

05-Tz 2005 Taizhou – EF190934 Zhejiang-China 2007 China EF210106

05-Ls 2005 Lishui – EF190940 Hubei-China 2007 China AY035820

05-Jh 2005 Jinhua + EF197986 Canada 2001 Canada AB072301

05-SH 2005 Shanghai + EF197987 USA 2000 USA AF264042

06-Sx 2006 Shaoxing – EF190936 Germany 2000 Germany AF201305

06-Nb 2006 Ningbo – EF190942 Spain 2000 Spain Japan AF201308

06-SH 2006 Shanghai – EF190941 Japan 2001 France AB072303

06-Hzh 2006 Hangzhou + EF190927 France 2004 Netherlands AY321996

06-Jh 2006 Jinhua – EF190938 Netherlands 2004 USA AY484410

06-Qz 2006 Quzhou – EF190943

06-Jx 2006 Jiaxing – EF190937 PCV14 2006 NC_006266

06-Js 2006 Jiangsu + EF190939

07-Xs 2007 Xiaoshan + EF560610

07-SH 2007 Shanghai + EF560609

07-JS 2007 Jiangsu – EF560608

1 PCV2 strains isolated from southeastern China in this study
2 PCV2 strains used for phylogenetic analysis from Genbank
3 Porcine reproductive and respiratory syndrome virus in these tissue samples were detected by others in our institute (data not shown)
4 The PCV1 sequence was served as outgroup in phylogenetic analysis
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Phylogenetic analysis of PCV2 isolates from different

geographic regions

Phylogenetic analysis revealed that there were two major

clusters within the main genotype of PCV2 distinct from

PCV1 (Fig. 3, I and II). All the foreign isolates except for

the French (AF201311) and Netherlandish (AF484410)

ones and some isolates from other geographic regions of

China were included in cluster II, as shown by great

bootstrap values compared with cluster I. Within cluster I,

all of PCV2 sequences obtained in this study were clus-

tered in subgroup Ia irrespective of the years or geographic

regions of isolation, together with some isolates also from

China. In contrast, most of isolates from other regions of

China and foreign isolates were distributed in either cluster

II or cluster Ib that represented those isolates with 705 bp

in length of ORF2.

Discussions

The etiology and pathogenesis of PMWS appear to be

complicated, since other viral or non-viral agents are

considered as co-factors [10, 23–25]. However, increasing

evidences suggest that PCV2 is the principal causative

agent [4, 6, 10, 16, 26]. Nevertheless, infection of a herd

with PCV2 often results in subclinical infection only [26],

in which the pigs, however, could also act as potential viral

shedders [9, 13]. Thus, it is necessary to monitor PCV2

infection in herds based on serological study or PCR

method. The prevalence of PCV2 infection could signifi-

cantly increase at weaning, reaching a peak in excess of

65% in 3–4-month old pigs [19] and more than half of the

tested diseased pigs were detected as PCV2 positive in field

surveys by qualitative PCR [27]. Consistently, seropreva-

lence of PCV2 infection status investigated in this study

increased markedly from 33.3% in suckling piglets to

54.1% in post-weaning pigs, and almost maintained at this

level in growing pigs, indicating that PCV2 infection in pig

populations was prevalent in the area (Table 1). Further

testing found 78 cases out of 159 PMWS-suspected cases

with sign of wasting as PCV2-positive by PCR and IFA

(data not shown). Most of these 159 cases were seroposi-

tive of PCV2, but unfortunately, there were also some

cases without serological test since they were dead at the

time of necropsy and some with only tissues submitted.

Furthermore, the PCV2-positive herds were increased sig-

nificantly in the past years, which indicated that PCV2

infections spread rapidly within the herds in southeastern

China.

Boisseson et al. [9] reported that the variations among

the PCV2 genomic sequences were mainly due to vari-

ability within ORF2. As capsid protein is the major

structural protein responsible for viral pathogenecity, the

ORF2 gene is a reliable phylogenetic and epidemiological

marker since it was not affected by recombination and

could be used to reconstruct the same tree as the whole-

viral genome [14]. We were interested to determine whe-

ther variations of the capsid gene of PCV2 in southeastern

China and other areas have actually occurred. Pairwise

comparisons revealed a notable diversity of nucleotide and

deduced amino acid sequences between 27 isolates repre-

senting different herds in southeastern China and those

from other regions worldwide with the lowest nucleotide

sequence identity at 90.6%. However, phylogenetic anal-

ysis revealed that all the examined isolates could be

divided into two major groups with three subgroups due to

several marker positions. The most striking observation

was that all of the isolates we sequenced were exclusively

clustered in the subgroup Ia together with only some other

southeastern Chinese strains regardless the different herds

or years of isolation (Fig. 3). The finding was consistent

with the result by Olvera et al. [14], in which most of

southeastern China isolates were clustered in group 1A.

As reported previously, the epitope domains concen-

trated the majority of the variations of ORF2 gene and the

first two epitopes had more positively selected positions

[14, 15]. Consistently, two major domains (positions 53–91

and 185–215) of PCV2 capsid protein sequenced in the

present study, within or near the two main immunogenic

regions [22], were identified to exhibited high polymor-

phism. The substitutions at positions 80, 86, 88 and 91 even

resulted in a separated cluster II distinct from cluster I

(Fig 3b). As compared with sequences from subgroup Ib

that were 705 bp in length of ORF2 and had a single amino

acid extension just before the stop codon with a prolonging

eptope domain at C-terminus [22], all the isolates prevailing

in southeastern China had a length of 702bp in ORF2.

Table 4 Pairwise comparisons of PCV2 isolates sequenced in this study with those from other regions of China or from other countries

published to date

Isolates

origin

ORF2 identity Sequenced

in this study

From other

regions of China

From other

countries

Sequenced in this study nt 98.0–100% 90.6–100% 91.3–98.9%

aa 97.4–99.6% 89.3–99.6% 90.2–98.3%

Nucleotide (nt) and amino acid (aa) sequence identities of ORF2 were shown
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Moreover, due to these substitutions, the epitope region

(positions 47–85) of southeastern China isolates was much

more hydrophilic than that of most isolates from other

regions (Fig. 2), which might result in alteration of the

surface structure of the capsid protein. Because the epitope

domains in some viruses are more variable of amino acid

sequence to evade the immune response [14, 28], it is

speculated that correlation between capsid protein muta-

tions and pathogenicity of PCV2 may exist in terms of its

variation in tissue tropism, immunogenicity or virus-host

interactions [29]. However, despite the overall heteroge-

neity of ORF2 in this study, the N-terminal region

containing nuclear localization signals was found to be

strictly conserved with a high percentage of basic amino

acids [30, 31]. In addition, de Boisseson et al. [15] reported

that region between the two hyper-variable domains as also

found in present study was a key region for virus-host

interactions or virus assembly.

Although there is only one single patho-type PCV2

prevailing in the endemic and the mutation rate is low [4,

15], the variations in ORF2 did exist at different geo-

graphical scale. Since variations in ORF2 epitope domains

were apparent in our isolates as compared to those from

other regions, we speculate that the PCV2 prevailing in

southeastern China might be different in immunogenecity

and pathogenicity, by altering the tropism of PCV2 in the

host or by interaction with cellular factors [32]. And the

finding in genetic characteristic was valuable for vaccine

Fig. 2 Schematic depiction of

genetic variability of PCV2

capsid proteins. (a) The

hydrophilicity profile of the

representative reference

sequence 05-Hzh which showed

high homology to those isolates

sequenced in this study. The x-

axis represents the amino acid

residue numbers and the

average hydrophilicity scores

are shown on y-axis.

Hydrophilic regions appear

below the middle line. (b) The

amino acid positions of isolates

from other geographic regions

showing lower level of

hydrophilicity in epitope

domain A. (c) All the PCV2

sequences in Table 3 were

calculated for the number of

PCV2 isolates with amino acid

variation in each residue

compared with 05-HZh. The y-

axis and the x-axis represent the

number of sequences differing

from deduced consensus

sequence or amino acid

positions, respectively. The

reported two main epitope

domains (A and B) are marked

by arrows
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development and disease control in the area. However, the

exact correlations between variations and pathogenicity or

immunogenecity remain to be further studied.
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