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Porcine Circovirus

Introduction
Porcine Circovirus (PCV) Type 2 (PCV2) is a non-enveloped 
virus with a single-stranded DNA genome (Allan and Ellis, 
2000) which has been present and recognised in the pig 
population for a long time (Jacobsen et al., 2009). From 
the late 1990s onwards, PCV2 has become one of the most 
economically important pathogens in swine production 
(Opriessnig et al., 2007), therefore focus has been placed 
on effective control of the disease. Systemic infection with 
PCV2 has many associated clinical manifestations which 
affect various organ systems (Opriessnig and Langhor, 
2013), hence the large impact on animal health, welfare 
and productivity if not controlled effectively.

Disease associated PCV2 was initially referred to as 
postweaning multisystemic wasting syndrome (PMWS), 
characterised by wasting (Figure 1), paleness of the skin, 
respiratory distress and in some cases diarrhoea and 
jaundice (Segalés et al., 2005). As the pathogen was further 
studied and understood, more multiple clinical manifestations 
became apparent, such as reproductive disorders and enteric 
disease, the disease is now termed porcine circovirus disease 
in Europe (PCVD). The terms PCVD covers multiple disease 
complexes including PCV2 subclinical infection (PCV2-SI), 
systemic disease (PCV2-SD), porcine dermatitis and nephritis 
syndrome (PDNS), or PCV2 reproductive disease (PCV2-
RD) (Segalés, 2012). PCV2 is also one of the major primary 
agents involved in porcine respiratory disease complex 
(PRDC). Effective control is required to reduce and eliminate 
the impact of the disease on farm, which can be achieved 
by a combination of methods including disinfection, good 
management and vaccination. The purpose of this review is to 
summarise current knowledge in the area of PCV2, including 
diagnostic methods and vaccination practices. 

The Pathogen
PCV2 is part of the Circoviridae family and falls under the 
Circovirus genus, meaning it has a circular structured 
DNA genome. Viruses in the Circovirdiae family are non-
enveloped and contain a single-stranded DNA genome 

Figure 1: Wasting syndrome due to PCV2 infection

(Saikumar and Das, 2019), which is approximately 1.7kB in 
size in the case of PCV (Meng, 2013). PCV2 particles are 
morphologically small at around 15–20um (Saikumar and 
Das, 2019). The genome contains 11 open reading frames 
(ORF); ORF1–ORF11, 6 of which code for different proteins. 
Each of these has a different function, with ORF1 coding for 
the replicase protein (Rep gene) and ORF2 coding for the 
capsid protein (Cap gene) (Meng, 2013). The presence of 
the ORF1, ORF2 and ORF3 proteins has been suggested to be 
linked with the pathogenesis and virulence of PCV2 (Hua et 
al., 2013, Liu et al., 2006). 

Based on sequence identity in ORF2, PCV2 can be further 
subdivided into 8 currently described different genotypes 
PCV2a–PCV2g (Link et al., 2021). New strains of PCV have 
continued to be identified (Trible and Rowland, 2012) which 
demonstrates that the pathogen may not be that genetically 
stable. In 2005 and 2006, PCV2b spread throughout 
North America resulting in high mortality and morbidity 
(Opriessnig et al., 2013). However, cross protection has been 
demonstrated when pigs are vaccinated with commercially 
available PCV2a vaccines (Fort et al., 2008). In 2012 there was 
a discovery of PCV2d in America (Opriessnig et al., 2020) and 
it has since become the predominant genotype of PCV2 over 
PCV2b (Xiao et al., 2015) worldwide.

Transmission
Transmission of PCV2 occurs primarily via direct contact of 
susceptible animals with secretions from infected animals 
(Rose et al., 2012). Viral shedding most commonly occurs 
through respiratory and oral secretions but can also occur 
via urine and faeces (Meng, 2013). Transmission has been 
shown to occur vertically from the sow to piglets, potentially 
resulting in abortions or persistently infected piglets at birth 
(West et al., 1999). Brunborg et al. (2007) supports this in a 
study of 36 gilts, reporting PCV2 to be a contributor to the 
increased levels of still births and mummified piglets in 
the herd studied. PCV2 has also been demonstrated to be 
present in semen (Larochelle et al., 2000), therefore poses 
a risk of transmission, most likely to occur when practising 
natural mating. 

Pathogenesis
The pathogenesis of porcine circovirus disease (PCVD) is not 
fully understood, including the interaction of the pathogen 
with the immune system (Darwich and Mateu, 2012), but 
there are thought to be numerous routes via which PCV2 
causes damage (Meng, 2013). Lymphoid depletion and 
lymphopenia are common in pigs which are infected with 
PCV2 (Opriessnig and Halbur, 2012). Macrophages have 
been shown to have presence of PCV2 antigen or nucleic 
acids in their cytoplasm (Sorden, 2000), as well as dendritic 
cells replacing macrophages in lymphoid tissue (Opriessnig 
and Halbur, 2012). Dendritic cells are thought to play a role 
in the pathogenesis of PCV2 due to their ability to migrate 
throughout the host and the maintenance of infectivity of 
the virus within these cells (Vincent et al., 2003). Mechanisms 
leading to lymphoid depletion include apoptosis, direct virus-
induced lysis and necrosis within lymphnodes.

The interactions between PCV2 and other pathogens 
and host responses in concurrent infections cases play 
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Figure 2: Interstitial pneumonia lung lesions in a PCV2 infected pig

Figure 3: Erythematous plaques in hindlimbs  
and perineal area in a clinical PDNS case

a significant role in the pathogenesis. PCV2 has been 
reported to suppress the production of IFN-α (which plays 
a prominent role in controlling virus infections) and TNF-α 
by natural interferon producing cells (NIPCs). PCV2 infection 
also impairs the phagocytic and microbicidal ability of 
macrophages. These findings indicate that interactions 
of PCV2 with NIPCs and macrophages render host more 
susceptible to concurrent or secondary infection (Shi, 2021).

The outcome of PCV2 infection is dependent on multiple 
factors including the virus, the host, coinfections and immune 
modulation (Opriessnig et al., 2007). Studies have noted that 
even small differences in the genome structure of the PCV2 
virus can result in significant differences in the virulence of 
the pathogen (Fenaux et al., 2004, Opriessnig et al., 2006a). 
Host factors include breed, which has been shown to have an 
impact on susceptibility to PCV2 infection (Opriessnig et al., 
2006b). In addition, an in vitro study using immune cells taken 
from different crossbred animals reported differences in 
susceptibility of macrophages to infection by PCV2 (Meerts et 
al., 2005) therefore suggesting differences in the generation 
adaptive immune response against the pathogen. Clinical 
manifestation of PCVD can be exacerbated by interaction 
with other swine pathogens such as Mycoplasma 
Hyopneumoniae (M.hyo) and Swine Influenza virus (SIV). 
This has been demonstrated by increased viral load with 
PCV2, increased lesions associated with PCV2 and increased 
incidence of PCVD (Opriessnig et al., 2007). 

The pre-immunocompetence infections (pre-natal 
or early post-natal) and the ability of PCV2 to alter T cell 
maturation in the thymus, including host’s central tolerance 
(PCV2 will be then recognised as belonging to the host), can 
influence the outcome of PCVD and explains the varying 
pathogenicity of different PCV2 genotypes (Sidler, 2020).

Clinical and Gross Macroscopical Lesions
Many clinical syndromes are covered under the term PCVD. 
However, the most common presentation of PCV2 is in the 
subclinical form. In this case, a decreased daily weight 
gain may be noted without evident signs of clinical disease 
(Segalés et al., 2012). Case definitions of different PCVDs can 
be found extensively in the literature and for the review these 
terms will be used (Opriessnig et al., 2007). 

• PCV2 systemic disease (PCV2-SD): Poor body condition, 
poor performance, wasting, paleness, dyspnoea and 
occasionally jaundice (Rosell et al., 1999). Diarrhoea has 
also been reported (Harding et al., 1998). Most common 
lesions include non-collapsed lungs and enlargement 
of lymph nodes (Segales and Domingo, 2002).

• PCV2 lung disease (PCV2-LD): Characterised mainly 
by respiratory distress and dyspnoea (Kim et al., 2003). 
Macroscopically the main findings are lack of pulmonary 
collapse, interstitial pneumonia (Figure 2) and lung 
oedema (Gjurovski et al., 2014).

• PCV2 enteric disease (PCV2-ED): Evidence of diarrhoeic 
animals, catarrhal enteritis and colitis (Kim et al., 2004, 
Baro et al., 2015).

• PCV2 reproductive disease (PCV2-RD): Presence of 
myocardial lesions in piglets (Brunborg et al., 2007). 
When PCV2 has been administered intrauterinely, it 
has caused reproductive failure in naïve sows with the 
presence of mummified piglets (Madson et al., 2009).

• Porcine dermatitis and nephropathy syndrome (PDNS): 
Common to find erythematous plaques located in the 

hindlimbs, the perineal area and the ventrocaudal 
abdomen, leaving subsequential scarring (Figure 3). 
The kidneys are enlarged, pale and the lymph nodes 
are enlarged and oedematous (Segalés et al., 1998).

Microscopic lesions

• PCV2-SD: The most frequent microscopic lesions 
observed in this syndrome are lymphocyte depletion 
with granulomatous inflammation of lymphoid tissue, 
interstitial pneumonia and nephritis, lymphohistiocytic 
hepatitis and granulomatous enteritis among others 
(Segales et al., 2012)

• PCV2-LD: Interstitial pneumonia with bronchiolitis was 
initially reported (Ellis et al., 1998) and bronchointerstitial 
pneumonia has been observed in pigs experimentally 
infected with PCV2 (Magar et al., 2000)

• PCV2-ED: Presence of granulomatous enteritis and 
lymphoid depletion in the Peyer’s patches in the small 
and large intestines (Kim et al., 2004). Also moderate to 
severe lymphoplasmacytic infiltration can be observed 
within the intestinal mucosa (Baro et al., 2015).

• PCV2-RD: Microscopic changes associated with this 
syndrome include myocardial degeneration, fibrosis, 
and nonsuppurative to necrotising myocarditis (West 
et al., 1999, O’Connor et al., 2001).

• PDNS: Fibrinous glomerulitis and necrotising vasculitis in 
the glomeruli and arterioles of the renal pelvis (Segalés 
et al., 1998, Drolet et al., 1999) are the most common 
microscopic lesions. 
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Diagnostic Methods
Observation for the clinical signs described in this paper is 
the first step in diagnosis of PCVD. However, it is important to 
note, these signs and lesions are not pathognomic for PCV2 
and they are also apparent with other commonly found 
pathogens on farm. Therefore, other diagnostic tools are 
necessary for confirmation of the disease. The use of in situ 
hybridisation (ISH) (Figure 4) and immunohistochemistry 
(IHC) are very practical to demonstrate the presence of 
PCV2 nucleic acid and PCV2 antigen, respectively (Rosell et 
al., 1999). Also, the use of quantitative PCR has been explored 
as a very useful tool and there are several publications that 
show different thresholds of the quantification of PCV2 loads 
for the majority of the PCV2 associated syndromes in naïve 
herds (Segalés et al., 2012). These thresholds vary depending 
on the study, laboratory and technique performed. As the 
virus is ubiquitous, the use of serology or qualitative PCR is not 
of great help as it would not differentiate between clinically 
and non-clinically affected herds. Moreover, there is limited 
information about PCV2 detection rates and loads in different 
materials from farms using PCV2 vaccines, which would be 
needed to establish diagnostic benchmarks (Wozniak, 2019).

Economic Impact
There are few studies that describe the economic impact 
PCV2 can have on an infected farm. In Europe between 1996 
and 2004, the mortality and morbidity rates on farm ranged 
from 4–20% and 50–60% respectively (Madec et al., 2000, 
Segales and Domingo, 2002). Armstrong and Bishop (2004) 
reported that the estimated cost of PMWS in the UK was £30 
million per year, although this only considered the reduction 
of the number of pigs to slaughter. At a similar time point, 

Figure 4: PCV2 nucleic acid in In-situ hybridisation

Table 1 – Economic impact estimates of various PCV2 infections 
(Adapted from: Alarcon et al. 2013)

data extrapolated from the Netherlands was extrapolated 
to generate an estimated cost of the disease of €562–900 
million per year in Europe (Tucker, 2006). Further to these 
estimates, Alarcon et al. (2013) carried out a unique study 
utilising data generated from both pigs affected with PMWS 
and those affected sub-clinically to estimate the economic 
impact of PCV2. The results of the study are presented in 
Table 1.

Clinical picture Economic impact (£)

PMWS resulting in mortality 84.10

Animal recovered from PMWS 24.50

Subclinical PMWS resulting in 
mortality 82.30

Subclinical PMWS reaching 
slaughter 8.10

The estimation of the cost due to subclinical disease is 
essential to understand the true impact of this pathogen. 
As it was already mentioned before, the current most 
common form of PCV2 is the subclinical infection and 
the pigs infected may have higher susceptibility to other 
pathogens (Opriessnig et al., 2007) which it could even 
increase further the cost associated to the deterioration of 
health and performance.

Vaccination
Vaccines are one of the most important tools available 
for the prevention and control of PCV2, both clinical and 
subclinical disease. The first commercial PCV2 vaccine 
became available in 2006 (Opriessnig et al., 2007) and 
vaccination has since been used as a reliable control and 
prevention method for the related disease. Vaccination 
has been shown to reduce clinical signs associated with 
PCVD and cross-protection of PCV2a vaccines against the 
most widespread genotypes (PCV2a, PCV2b, and PCV2d) 
has been demonstrated (Franzo and Segales, 2020). This is 
particularly important with the increase in prevalence of the 
PCV2d genotype, where several publications have shown 
good protection with the commercial PCV2 vaccines (Jeong 
et al., 2015, Opriessnig et al., 2014, Park et al., 2019, Opriessnig 
et al., 2017). 

The vaccination of piglets before or at weaning has 
proved to reduce the viral shedding and provide protection 
as demonstrated by a significant improvement in clinical 
parameters (Heißenberger et al., 2013). On sub-clinically 
infected farms, piglet vaccination can improve the ADWG 
and the number of days to slaughter, as well as reducing 
the number of pigs treated and consequently the health 
remark recorded at the slaughterhouse (Mortensen et al., 
2015). Vaccination of the breeding herd against PCV2 benefits 
both the sow or gilt which is actively protected, but also the 
foetuses and newborn piglets. This is due to a reduction of 
PCV2 viremia during pregnancy and a significant amount of 
antibodies passed to the piglets through colostrum (Madson 
and Opriessnig, 2011). Furthermore, vaccination of the sows 
has been shown to improve reproductive parameters such 
as increasing the number of live-born piglets and reducing 
the number of stillborn foetuses in studies from Denmark 
(Bech and Kunstmann, 2008, Kunstmann and Lau, 2008), 
France (Delisle et al., 2008), and Germany (Joisel et al., 
2008). Vaccination may also have an effect in reducing the 
prevalence of Ear Necrosis Syndrome (Pejsak et al., 2011). It is 
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Figure 5: Vaccination with commercial ready-to-mix Mycoplasma 
hyopneumoniae and PCV2 vaccines

assumed that vaccination limits the viremia and shedding 
of PCV2, but it is unclear what virus levels, e.g., in serum, are 
acceptable or alarming (suggestive of vaccination failure) 
(Wozniak, 2019).

Vaccination protocols can be implemented to involve 
treatment of both the breeding animal and piglets. It is 
important to evaluate the potential risk of too high maternally 
derived antibody (MDA) levels and their interference with 
the protection generated from the vaccine. However, a 
recent study has shown that standard MDA levels from non-
vaccinated sows do not have a significant effect on vaccine-
induced protection. In addition to this, the study interestingly 
demonstrated that in piglets with a low MDA level developed 
a humoral response developed faster when given a whole 
virus vaccine compared to a subunit vaccine (Kiss et al., 2021)

There are a range of types of commercial vaccines available 
in the marketplace, including monovalent intradermal and 
intramuscular products as well as ready-to-use (RTU) 
combination products. Recently there is the possibility of 
using two separate Mycoplasma hyopneumoniae and PCV2 
commercial vaccines as a ready-to-mix (RTM) product 
(Figure 5). It has shown to offer the equivalent virological, 
immunological and pathological results as used separate 
(Sibila et al., 2020) and reduce the lung lesion score and 
percentage of extensive Enzootic Pneumonia-compatible 
lesions compared with a commercial ready-to-use bivalent 
vaccine (Boulbria et al., 2021).

Conclusion
PCV2 remains a worldwide ubiquitous pathogen causing 
substantial losses to swine industry. Its genetic instability has 
led to the differentiation into 8 different genotypes with the 
PCV2d genotype most commonly found on infected farms. 
Genetic heterogeneity together with a wide range of clinical 
expressions of the disease make diagnosis, monitoring and 
preventive strategies complex. Fortunately, new diagnostic 
approaches are being implemented and a high level of 
cross protection exists, helping to ensure good efficacy 
of commercially available PCV2 vaccines. The interaction 
between PCV2 and the host immune system, as well as with 
other pathogens, increases the importance of good control 
of concurrent secondary infections, as well as ensuring a 
good quality pig in general, to combat PCVD and related 
diseases efficiently.
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