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Virus taxonomy :

Circoviridae,   Circovirus,  Porcine circovirus type 2 ̂ PCV2̃

Discovery: 

PCV1  discovered in PK-15 cells (ATCC-CCL 33) in 1974 by Tischer.

PCV2  isolated in diseased pigs from Canada in 1998 by Allen and Ellis.

non-enveloped, icosahedral, circular single-stranded ambisense DNA

Genome:   1759bp (PCV1)ȁ1767bp or 1768bp (PCV2)

Genotype:   PCV2a/2b/2c/2d /2e  (93.9%- 99.9% identity)

Background

Diameter 17nm 
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Reports of PMWS over the first decade

Countries and regions years Reported by

Canada 1991 Clark  et al.

New  Zealand 1991 Horner GW 

England 1994 Edw ards S 

USA 1996 Daft B 

France 1997 Lecann P 

Spain 1997 Segales J

Northern Ireland 1998 Kennedy S

Japan 1999 Onuki A

Germany 2000 Mankertz A

China 2000 Hongw u Lang

More countries and regionséé

Tischer et al confirmed that PMWS had existed since 1986. 

Table 1. Reports on PMWS
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FIG 1. Genomic maps of PCV2 and PCV1

2a and 2e,           2b, 2c and 2d. 
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FIG 2. Occurrence of PCV2 in world.  Red regions were re-emerging of PCV2. 
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Fig 3. Distribution of PCV2 in China.  32/34 are PCV2 positive.
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PCV2 in Chinese herds

Table 2. Some published data on PCV2 survey in China:     

years Regions/samples PCV2 Reported by

2010 Chongqin/286 79% Long Li

2007 Mongollia/182 39.6% Huide Ma

2007 Henan/1886 44.2% Haijing Tao

2004-2005 Shanxi/237 32.9% Zengqi Yang

2000 7 provinces/559 42.9% Hongwu Lang
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Provinces Positive rate Samples Provinces Positive rate Samples

Anhui 14.81% 324 Guangdong 22.40% 3380

Jilin 25.00% 100 Hainan 28.65% 1274

Fujian 30.45% 3796 Shandong 31.27% 1682

Shanxi 34.92% 713 Liaoning 35.33% 300

Jiangsu 37.15% 471 Hubei 37.25% 3442

Guizhou 37.27% 2026 Guangxi 38.33% 647

Yunnan 38.39% 1964 Inner mongolia 39.56% 182

Sichuan 41.04% 402 Henan 42.34% 3604

Heilongjiang 47.18% 284 Gansu 48.29% 3158

Qinghai 49.61% 762 Beijing 53.58% 1874

Zejiang 53.79% 1729 Hebei 63.76% 712

Shanghai 46.25% 2082 Hunan 46.41% 153

Other regions 31.55% 2596

Table 3. Epidemiology of PCV2 in China (data were collected from published 

papers in Chinese journals) by PCR

During 2002-2007, PCV2 positive rate in Chinese herds was 38.47%. 
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ñGenetic variation analysis of Chinese strains of porcine circovirus type 2ò

published in Virus Research (2009), by Fang Wang, Xin Gou, Xinna Ge, et al

Forty-nine Chinese PCV2 strains collected between 2004 and 2008 were 

sequenced and their genetic variations were analyzed together with nine 

previous PCV2 isolates. 

40 Chinese strains could be divided into four genotypes, 

8 strains were PCV2a, 

31 strains were PCV2b,  (63.3%)

4 strains were PCV2d 

6 strains were and PCV2e.  

No PCV2c was found in China.
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Our study on PCV2

Study 1: done in 2008.

257 samples collected from 6 provinces in 2007 were detected. 

PCV2 positive rate was 24.51%. 

31 strains were sequenced for genotyping.

70.97% were PCV2b, and 29.03% were PCV2a. 

Study 2: done in 2010
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Fig 3. Conventional PCR for PCV2 detection

Aim 1, conventional PCR
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Table 4  PCV2 prevalent between 2008 and 2009

Sources Year of 2008 Year of 2009

Shanghai 9.6%̂15/115̃ 72.2%̂ 13/18̃

Zhejiang 8.3%̂5/60̃ 47.5%̂ 28/59̃

Jiangsu 33.3%̂ 1/3̃ 27.3%̂ 6/22̃

Jiangxi 7.9%̂5/63̃ 78.6%̂ 22/28̃

Henan 0%̂0/5̃ 50%̂12/24̃

Anhui 0%̂0/9̃ 95.2%̂ 20/21̃

Shandong 40%̂2/5̃ _a

Hunan 0%̂0/9̃ _a

Guangxi 71.7%̂ 33/46̃ _a

Beijing _a 100%̂ 9/9̃

Xinjiang _a 40%̂2/5̃

Hebei _a 100%̂ 5/5̃

Total 19.4%̂ 61/315̃ 61.3%̂ 117/191̃

Results of  aim 1

-a means no sample.
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Samples PRRSV  infection CSFV  infection

Diseased

̂191ᴍ̃

PCV2 (+)̂ 117̃ 55.6%̂ 65/117̃ 30.8%̂ 36/117̃

PCV2 (-) ̂ 74̃ 36.5%̂ 27/74̃ 17.6%̂ 13/74̃

Healthy

̂41ᴍ̃

PCV2 (+) ̂ 10̃ 30%̂3/10̃ 0%̂0/10̃

PCV2 (-) ̂ 31̃ 29%̂9/31̃ 0%̂0/31̃

Table 5 Prevalent of PRRSV/CSFV in PCV2 (+/-) samples
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Fig. 4 Differential PCR for PCV2 detection

a: PCV2a/2e,  b: PCV2b/2c/2d

Aim 2 differential PCR
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Table 6 Differential PCR for PCV2 detection

PCV2 positive samples PCV2a/2e PCV2b/2c/2d Co-infection

Anhui(n=13) 0.00% (0/13) 76.9% (10/13) 23.1% (3/13)

Beijing(n=9) 0.00% (0/9) 33.3% (3/9) 66.7% (6/9)

Guangxi(n=29) 0.00% (0/29) 58.6% (17/29) 41.4% (12/29)

Henan(n=2) 0.00% (0/2) 100% (2/2) 0.00% (0/2)

Hunan(n=2) 0.00% (0/2) 50.0% (1/2) 50.0% (1/2)

Jiangsu(n=4) 50.0% (2/4) 25.0% (1/4) 25.0% (1/4)

Jiangxi(n=27) 77.8% (21/27) 0.00% (0/27) 22.2% (6/27)

Shandong(n=2) 50.0% (1/2) 50.0% (1/2) 0.00% (0/2)

Shanghai(n=9) 33.3% (3/9) 22.2% (2/9) 44.4% (4/9)

Xinjiang(n=2) 100% (2/2) 0.00% (0/2) 0.00% (0/2)

Zhejiang(n=19) 36.8% (7/19) 36.8% (7/19) 26.4% (5/19)

Total (n=118) 30.5% (36/118) 37.3% (44/118) 32.2% (38/118)

Results of  aim 2.
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Fig 6. The phylogenetic analysis based on fragments of differential PCR
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Fig. 7 Amplification of PCV2 complete genomêA. PCR; B. RCÃ

Total of 30 full- length sequences of PCV2 were obtained.

Aim 3: Full-length sequencing of  PCV2
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Fig 8. Principle of RCA using phi29 DNA polymerase.

The products of RCA were digested by Sac I (unique enzyme for PCV2). 

18

Primed by 6bp random oligos.
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Fig 9. Three kinds of genomic structures found in 30 strains.

Results of aim 3.
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Fig 10. Phylogenetic analysis of  

PCV2 complete genome

Fig 11. Co-infection of PCV2 from 

different genotypes or strains

New genotype?

Results of  aim 3.
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2b

PCV2b-2

Fig11. Alignment of deduced ORF2 amino acid sequence
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PVC2b-2

Fig 11. Alignment of deduced ORF2 amino acid sequence
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PVC2b-2

1. PCV2 is high prevalent in China, either detected by 

conventional PCR or differential PCR. 

The established Differential PCR can be used for co-

infection detection.

2000: 42.9%,  2002-2007: 38.4%,  

2007: 24.5%,  2008: 19.4%,  2009: 61.3%,

2010: 79%. 

2.  Co-infection of 2a /2b could be the main cause of serious  

diseases for pigs. 
2a = 2a and 2e,    

2b = 2b, 2c and 2d.

Conclusion 
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3.   Relationship of between PCV2 and PRRSV/CSFV

There were higher prevalence of PRRSV and CSFV in PCV2 positive 

samples than in PCV2 negative samples, which showed that infection of 

PCV2 could improve the infections of PRRSV and CSFV.

4. PCV2 genetic analysis: 

There are at lest 4 genotypes in China.  2a, 2b, 2e, 2d.  But  No PCV2C 

was found in China.

PCV2b is still the main genotype. (70.97,  37.3%+32.2%, 53.3%),

But 2b evolves faster than other genotypes, and it could form a new 

clade in the future. 

No genotype specific amino acid mutations was found among different  

PCV2 genotypes. 

All of those data above revealed that the epidemiology of PCV2 is more 

complex than we thought.
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