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ABSTRACT 

 

Porcine circovirus (PCV) is a significant viral pathogen affecting swine herds 

worldwide, leading to considerable economic losses in the global pork industry. This 

review provides a comprehensive analysis of the current knowledge on porcine 

circoviruses, focusing on two main species, PCV2 and PCV3, which are associated 

with disease in pigs. The article discusses the virology, pathogenesis, and 

epidemiology of these viruses, highlighting their genetic diversity and evolution. Key 

clinical manifestations of PCV-associated diseases (PCVAD), including postweaning 

multisystemic wasting syndrome (PMWS) and porcine dermatitis and nephropathy 

syndrome (PDNS), are explored in detail. Moreover, the review delves into the host 

immune responses to PCV infection, including the role of both humoral and cell-

mediated immunity. The effectiveness of current vaccines against PCV2 and the 

challenges posed by PCV3, which has no available vaccine, are critically examined. 

In addition, the paper addresses diagnostic methods, emphasizing molecular 

techniques for early and accurate detection of PCV infections. Finally, the review 

highlights future research directions, including the need for novel vaccines, improved 

diagnostic tools, and a deeper understanding of PCV3 pathogenesis. This 

comprehensive review aims to serve as a resource for veterinarians, researchers, and 

industry stakeholders to better understand and mitigate the impact of PCV on swine 

health. 

Keywords: Porcine circovirus (PCV), PCV-associated diseases (PCVAD), pigs, 

vaccines 

 

1. INTRODUCTION 

1.1. Historical Background 



 

 

The story of Porcine Circoviruses (PCVs) began with an unexpected 

discovery in 1974 when researchers identified a viral contaminant in the continuous 

porcine kidney cell line, PK-15 (ATCC-CCL31). This virus, later named Porcine 

Circovirus type 1 (PCV1), was found to be non-pathogenic to pigs, leading to its 

classification as a relatively benign entity (Allan et al., 1995). However, the narrative 

took a darker turn in 1997 with the isolation of Porcine Circovirus type 2 (PCV2). 

Unlike its predecessor, PCV2 was linked to a range of clinical conditions in growing 

pigs, including Post weaning Multisystemic Wasting Syndrome (PMWS), respiratory 

and enteric diseases, as well as Porcine Dermatitis and Nephropathy Syndrome 

(PDNS). 

The emergence of PCV2 marked the beginning of a global challenge for 

swine health, with PMWS being recognized as the most severe of the Porcine 

Circovirus-Associated Diseases (PCVAD). Although antibodies to PCV2 were 

detected in pig sera as early as 1985 in Belgium, it wasn’t until 1991 in western 

Canada that the clinical disease was first described (Segalés & Domingo, 2002). 

PMWS primarily affects post-weaned pigs aged 7 to 15 weeks, with clinical signs 

such as wasting, unthriftiness, respiratory distress, diarrhea, and, occasionally, 

jaundice. The rapid onset of these symptoms, often within 3 to 7 days, and the 

subsequent weight loss frequently prove fatal (Madec et al., 2008). 

The narrative of PCVs continued to evolve with the identification of 

Porcine Circovirus type 3 (PCV3) in 2015, discovered in pigs suffering from PDNS, 

reproductive failure, myocarditis, or systemic inflammation (Palinski et al., 2016). 

Interestingly, PCV3 was also found in healthy pigs, suggesting a complex interplay 

between the virus and its host (Klaumann et al., 2018). The most recent chapter in this 

ongoing saga unfolded in April 2019, when a novel Porcine Circovirus type 4 (PCV4) 

was identified in pigs with severe clinical disease in Hunan province, China. This 

discovery added another layer to the intricate story of PCVs (Zhang et al., 2020). 

1.2. Microbiological and Genomic Characteristics 

Porcine Circoviruses belong to the family Circoviridae, known for their 

small, non-enveloped icosahedral structures and circular single-stranded DNA 

genomes. The Circoviridae family is divided into two genera: Circovirus and 



 

 

Cyclovirus. The viral particles are remarkably small, with diameters ranging from 12 

to 20.7 nm (Rosario et al., 2017). Within this family, PCV1 and PCV2 genomes 

consist of 1,759 and 1,768 nucleotides, respectively, encoding two major open 

reading frames (ORFs) (Gillespie et al., 2009). PCV3, however, boasts the largest 

genome among them, with approximately 2,000 nucleotides (Fux et al., 2018). PCV4, 

with 1,770 nucleotides, shares the highest genomic identity with mink Circovirus 

(66.9%) but has lower similarity (43.2%–51.5%) with other PCV genomes (Zhang et 

al., 2020). 

The genome of PCV1 and PCV2 includes two key ORFs: ORF1, which 

encodes the replication proteins Rep and Rep’; and ORF2, responsible for the capsid 

protein. PCV2, in particular, contains 11 ORFs, with seven encoding proteins larger 

than 5 kDa (Lv et al., 2014). Notably, ORF3, identified in 2005, encodes a 

nonstructural protein implicated in inducing apoptosis by activating caspase-8 and 

caspase-3 pathways (Liu et al., 2020). Additionally, ORF4, which overlaps with 

ORF3, plays a role in suppressing caspase activity and modulating CD4+ and CD8+ T 

lymphocytes, thereby helping to prevent virus-induced apoptosis without being 

essential for viral replication (Gao et al., 2014). 

1.3. Taxonomy and Nomenclature 

The International Committee on Taxonomy of Viruses (ICTV) classifies the 

Circoviridae family into two genera: Circovirus and Cyclovirus (Rosario et al., 2017). 

While Circovirus species are predominantly found in vertebrates, Cycloviruses have 

been identified in both vertebrates and invertebrates (Rosario et al., 2012). Until 2010, 

pigs were the only mammals known to be affected by Circoviruses, apart from avian 

species. However, advances in viral metagenomics and PCR techniques have since 

revealed Circovirus genomes in a variety of unconventional hosts, including 

freshwater fishes, minks, dogs, chimpanzees, humans, and bats ( Wu et al., 2016). 

Circoviridae is closely related to the Nanoviridae family, which comprises 

12 species of plant viruses. Both families share a similar step-loop structure at the 

origin of replication and exhibit commonalities in their replication proteins (Todd et 

al., 1997). Gibbs and Weiller (1999) proposed that Circovirus may have originated 



 

 

from a plant Nanovirus that infected a vertebrate host, subsequently undergoing 

recombination with a vertebrate‐infecting RNA virus, possibly a Calicivirus. 

Focusing on PCV2, this virus has been classified into multiple genotypes 

based on differences in ORF2. Initially, PCV2 was divided into five strains: PCV2a, 

PCV2b, PCV2c, PCV2d, and PCV2e (Olvera et al., 2007; Xiao et al., 2015; Davies et 

al., 2016). Further studies revealed additional subtypes, including PCV2d-1 and 

PCV2d-2 (Xiao et al., 2015), with retrospective analyses identifying another genotype, 

PCV2f, in 2017 (Bao et al., 2018). In 2018, Franzo & Segalés proposed two new 

genotypes, PCV2g and PCV2h (Franzo & Segalés, 2018). Additionally, Olvera, 

Cortey, & Segalés suggested that PCV2 might be divided into two groups with eight 

clusters (1A–1C and 2A–2E) (Olvera et al., 2007) 

2. EPIDEMIOLOGY 

2.1 Transmission 

Globally, a shift in the primary genotypes of Porcine Circovirus Type 2 

(PCV2) from PCV2a to PCV2b has been observed across various nations, a transition 

often linked to more severe clinical manifestations of the disease. The virus spreads 

rapidly within swine populations through both horizontal and vertical transmission 

pathways. While airborne transmission remains a possibility, direct contact is the 

most efficient route of infection, particularly as the virus is present in contaminated 

respiratory, digestive, and urinary secretions. The likelihood of transmission 

diminishes significantly with increasing distance between infected and susceptible 

pigs, emphasizing the role of close proximity in the spread of the virus (Rose et al. 

2012). 

Piglets are particularly vulnerable to PCV2 infection while still in utero, and 

continuous exposure occurs post-birth due to contact with infected sows and 

contaminated farrowing environments. Interestingly, maternal immunity does not 

appear to influence the transmission of PCV2 to piglets or the viral load in sows 

(Dvorak et al. 2013). The virus is notably resilient to environmental conditions, 

allowing it to persist in farm environments and posing a continuous risk of infection. 

Elements such as farm personnel, management tools, and facilities, even without 



 

 

direct animal contact, can contribute significantly to the maintenance and spread of 

PCV2 on and off the farm (López-Lorenzo et al. 2019). 

PCV2 can also be shed through colostrum and semen, though the extent to 

which these serve as sources of infection is still not fully understood (Park et al. 2005). 

Experimental studies have demonstrated that feeding native piglets PCV2-infected 

tissues, such as lymphoid tissue, skeletal muscle, and bone marrow, can lead to 

viremia and seroconversion, underscoring the ease of transmission via contaminated 

tissues (Opriessnig et al. 2009). 

2.2 Factors Influencing PCV2-Related Diseases 

PCV2 is the primary causative agent of Porcine Circovirus-associated 

diseases (PCVAD). However, the progression to clinical disease is influenced by 

several factors, including viral characteristics, host genetics, co-infections, and 

immunomodulation. 

a. Viral Factors 

While PCV2 is associated with various disease syndromes, the viral 

genomes isolated from different clinical presentations show high sequence homology, 

with no significant differences between diseased and healthy pigs. This suggests that 

clinical outcomes are likely influenced by factors other than viral genetics alone 

(Grierson et al. 2004). However, even minor mutations in the viral genome can 

significantly impact the severity of pathological lesions, as evidenced by studies 

showing that specific amino acid changes can alter the virus's pathogenic potential 

(Fenaux et al. 2004a). Moreover, pigs infected with heterologous strains (PCV-

2a/PCV-2b or PCV-2b/PCV-2a) tend to develop more severe disease than those 

infected with homologous strains, indicating that strain variation plays a role in 

disease expression (Harding et al. 2010). 

b. Host-Dependent Factors 

PCV2 can infect pigs across various breeds, with clinical PCVAD observed 

in multiple purebred and crossbred pigs. However, some studies suggest that certain 

genetic backgrounds may confer different levels of susceptibility to PCVAD. For 



 

 

example, a cohort study found that while Duroc, Landrace, and Large White pigs 

were all susceptible to PCV2 infection, only Landrace pigs developed clinical 

symptoms and microscopic lesions consistent with PMWS (Fenaux, et al. 2004b).  

c. Effects of Co-Infection 

PCV2 alone is not sufficient to cause the full spectrum of PCVAD 

symptoms; co-infections with other pathogens are often necessary to trigger severe 

clinical disease. Co-infection with Porcine Reproductive and Respiratory Syndrome 

Virus (PRRSV) is particularly common and has been identified as a major risk factor 

for the development of PCVAD. Other pathogens, such as Porcine Parvovirus (PPV) 

and Mycoplasma hyopneumoniae, also contribute to the exacerbation of PCVAD 

(Harms et al. 2001). A study on US pigs with PCV2-associated systemic illness found 

that 52% of cases were co-infected with PRRSV, 36% with Mycoplasma 

hyopneumoniae, and only 2% had a single PCV2 infection, underscoring the 

importance of co-infections in disease progression (Pallarés et al. 2002). 

d. Effects of Immunomodulation 

Immunostimulation and immunosuppression are critical factors in the 

progression of PCV2 infection to PCVAD. Studies have shown that 

immunostimulation, such as vaccination, can accelerate disease progression in PCV2-

infected pigs. For instance, pigs that were immunostimulated and subsequently 

infected with PCV2 developed symptomatic PCVAD, suggesting that the timing and 

type of immunization can influence disease outcomes (Krakowka et al. 2001). On the 

other hand, immunosuppression can also exacerbate PCV2 infection. For example, 

pigs treated with cyclosporine, an immunosuppressive agent, showed enhanced PCV2 

replication and viral dissemination, although inflammatory lesions typical of PCVAD 

were absent, indicating that the host immune response plays a key role in lesion 

development (Krakowka et al. 2002). 

3. PATHOGENESIS 

The pathogenesis of Porcine Circovirus 2 (PCV2) infection and the specific 

cell types that facilitate its replication remain incompletely understood. In pigs 



 

 

manifesting clinical signs of PCVAD (Porcine Circovirus Associated Disease), 

lymphoid depletion and peripheral blood lymphopenia are frequently observed. 

Immunohistochemistry (IHC) and in situ hybridization (ISH) techniques have 

revealed that high concentrations of PCV2 antigens or nucleic acids within the 

cytoplasm of macrophages and dendritic cells often replace lymphocytes in depleted 

lymphoid follicles (Allan and Ellis 2000). 

In vitro studies investigating the role of monocytes and macrophages in 

PCV2 replication have shown that while PCV2 persists in the cytoplasm of these cells, 

active viral replication does not occur (Gilpin et al. 2003). Similarly, Vincent et al. 

found no evidence of viral replication within dendritic cells in vitro; however, the 

virus remained viable, suggesting that dendritic cells could serve as carriers, 

disseminating the virus throughout the host due to their migratory nature (Vincent et 

al. 2003). 

PCV2 infection and replication within lymphoid tissues can severely disrupt 

the follicular architecture, leading to lymphoid depletion and replacement by 

histiocytic cells (Opriessnig et al. 2007). The severity of lymphoid depletion 

correlates positively with the amount of PCV2 antigen present in affected tissues. 

PCV2 replication has been documented in multiple tissues, including bronchial and 

inguinal lymph nodes, tonsils, lungs, liver, kidneys, spleen, and thymus. However, the 

precise mechanisms contributing to the significant lymphoid depletion observed in 

infected pigs are not fully understood and may involve additional, yet unidentified, 

processes beyond direct viral replication and cell lysis (Darwich and Mateu 2012). 

Notably, studies on pigs inoculated with an ORF3-null PCV2 mutant 

demonstrated delayed seroconversion and lower serum viral loads; however, there 

was no significant difference in histological or gross lesion severity, nor in the amount 

of PCV2-specific antigen in tissues compared to those infected with wild-type PCV2. 

This suggests that while ORF3 is not essential for PCV2 replication in pigs, its role in 

apoptosis or overall pathogenesis remains unclear (Juhan et al. 2010). 

Further research revealed that cultured monocytes, pulmonary macrophages, 

and monocyte-derived macrophages could internalize PCV2 in vitro, with the 

presence of PCV2-specific antigens in their cytoplasm, despite the absence of 



 

 

evidence for efficient viral replication in these cells (Gilpin et al. 2003). Consequently, 

these immune cells are likely not the primary sites of PCV2 replication. However, 

PCV2 replication has been detected in T and B cells and monocytes from peripheral 

blood mononuclear cells, as well as in bronchial lymph nodes of infected pigs (Yu et 

al. 2009). 

Additionally, PCV2 genomic DNA contains five oligodeoxynucleotide 

(ODN) sequences, four of which enhance IFN-α production, while one inhibits it. The 

interaction between these immunomodulatory regions of PCV2 DNA and host cells 

may play a critical role in the pathogenesis of PCV2 infection (Hasslung et al. 2003). 

4. PCV-2 ASSOCIATED SYNDROMES 

The term "postweaning multisystemic wasting syndrome" (PMWS) has 

been updated to "porcine circovirus associated disease" (PCVAD) to encompass all 

PCV-2-related conditions. According to the American Association of Swine 

Veterinarians (AASV), PCVAD can be subclinical or manifest in various clinical 

forms, including respiratory distress, porcine dermatologic and nephropathy syndrome, 

enteric signs like diarrhea, and reproductive disorders, either individually or across 

herds. 

4.1. Postweaning Multisystemic Wasting Syndrome (PMWS) 

PMWS is the most prominent clinical manifestation of PCVAD, primarily 

affecting post-weaning pigs. It is characterized by post-weaning mortality, reduced 

growth, poor feed efficiency, and increased antibiotic use (Baekbo et al. 2012). The 

morbidity of PMWS is closely linked to viremia and lymphopenia, alongside the 

presentation of clinical symptoms. Mortality rates in affected herds range from 10% 

to 50% (Segalés and Domingo 2002). PMWS is most commonly observed in pigs 

aged 2 to 3.5 months, though cases have been reported in pigs as young as 1 month 

and as old as 6 months (Allan et al. 1995). 

Clinical signs include wasting with progressive weight loss, lethargy, dark-

colored feces, lymphadenopathy, and pallor or jaundice. Histopathologically, 

lymphoid tissues show lymphocytic depletion and histiocytic replacement, along with 



 

 

intracytoplasmic inclusion bodies (Allan et al. 1995; Segalés and Domingo 2002; 

Segalés et al. 2005). Early clinical signs, such as weight loss, malnutrition, pallor, and 

a rough hair coat, may go unnoticed or be misdiagnosed. More advanced symptoms 

include dyspnea, tachypnea, anemia, diarrhea, and jaundice (Harding and Clark 1997). 

Coughing and gastric ulcers are also common, contributing to anemia. Necropsy 

findings often reveal mottled, brown lungs, and kidneys with white streaks or patches 

in chronic cases. Granulomatous lesions may be present in the lungs, liver, kidneys, 

heart, and intestines (Opriessnig et al. 2007). The superficial inguinal, submandibular, 

mesenteric, and mediastinal lymph nodes are typically enlarged in affected pigs 

(Rosell et al. 1999). 

4.2. PCV-2 Associated Enteritis 

PCV2-associated enteritis is an emerging condition, predominantly 

affecting pigs aged 8 to 16 weeks. Clinically, this enteritis resembles subacute or 

chronic ileitis linked with Lawsonia intracellularis. Affected piglets often exhibit 

diarrhea, stunted growth, and increased mortality. The intestinal mucosa becomes 

significantly thickened, and the mesenteric lymph nodes are enlarged. 

Histopathologically, lesions in Peyer’s patches include granulomatous enteritis and 

classic PCV-2 lesions, which are absent in other lymphoid tissues. Differentiation 

between Lawsonia and PCV-2 infections is achievable through histopathology 

(Jensen et al. 2006). 

4.3. PCV-2 Associated Reproductive Failure 

Since its initial observation by West et al. in western Canada in 1999, 

numerous cases of PCV2-associated reproductive failure have been reported 

(O’Connor et al. 2001). Affected farms report increased rates of abortions, stillbirths, 

fetal mummification, and pre-weaning mortality, particularly in gilt startups or new 

herds. The hallmark lesion in stillborn and neonatal pigs from field cases is 

nonsuppurative to necrotizing or fibrosing myocarditis, coupled with high levels of 

PCV2 antigen (Mikami et al. 2005). Experimental intrauterine infection with PCV2 

has demonstrated viral replication within fetal tissues, with the heart identified as the 

primary site of replication. Viral replication was significantly higher in fetuses 

infected at 57 days of gestation compared to those infected at 75 or 92 days. Twenty-



 

 

one days post-infection, all fetuses were deceased, with those infected at 57 days 

exhibiting lesions such as edema, liver enlargement, and congestion (Sanchez et al. 

2001). Another study involving 37 fetuses from three sows injected intramuscularly at 

86, 92, and 93 days of gestation resulted in 24 normal pigs and 13 mummified, 

stillborn, or weak-born pigs, further demonstrating PCV2’s capacity to infect late-

term fetuses and induce reproductive anomalies (Johnson et al. 2002). 

4.4. Porcine Dermatitis and Nephropathy Syndrome (PDNS) 

First identified in the United Kingdom in 1993, PDNS is a severe condition 

later linked to PCV-2 in 2000 (Rosell et al. 2000). Clinically, PDNS is characterized 

by raised purple skin lesions that evolve into multifocal red-purple scabs with black 

centers, typically on the hind legs, accompanied by fever and lethargy. 

Macroscopically, the kidneys appear enlarged, tan, and waxy, with petechial 

hemorrhages. Microscopically, PDNS is marked by systemic vasculitis with dermal 

and epidermal necrosis, alongside necrotizing and fibrinous glomerulonephritis. The 

signature lesions of PDNS, generalized vasculitis, and glomerulonephritis, suggest a 

type III hypersensitivity reaction, characterized by the deposition of antigen-antibody 

complexes or immune aggregates within specific tissues (Thibault et al. 1998). 

5. DIAGNOSIS 

Clinical signs alone can provide a provisional diagnosis of Porcine 

Circovirus Associated Disease (PCVAD). Common symptoms include weight loss, 

reduced growth rate, pallor or jaundice, and general ill thrift. Infected pigs may also 

exhibit respiratory distress, coughing, and dark-colored diarrhea. Diagnosis can be 

confirmed by detecting the presence of PCV2 antigen in multiple lymphoid tissues or 

in a combination of one lymphoid tissue and another organ system, such as the lungs, 

liver, kidney, or gut (Opriessnig et al. 2007). The amount of antigen present and the 

scoring of lesions allow for staging the infection. 

For a definitive diagnosis of PCVAD, the presence of characteristic lesions 

in affected organs must be associated with PCV2 antigens or nucleic acids. 

Immunohistochemistry (IHC) and in situ hybridization (ISH) are considered the gold 

standards for identifying PCV2 as part of a PCVAD diagnosis (Sorden 2000). IHC is 



 

 

more sensitive and produces more vivid staining than ISH, although it is less precise. 

Moreover, IHC is less expensive and has a quicker turnaround time. Microscopic 

abnormalities associated with PCVAD include syncytial cells in lymph nodes, Peyer's 

patches, and the lamina propria of the intestinal villi. Macrophages may also contain 

clearly defined, spherical, and basophilic cytoplasmic inclusion bodies (Rosell et al. 

1999). 

An immunofluorescence assay (IFA) based on the open reading frame (ORF) 

2 protein was described by Racine et al. in 2006. When compared to the ORF2 

protein-based IFA test, the traditional full PCV2-based IFA assay showed only 57.1 

percent relative sensitivity (Racine et al. 2004). Inter laboratory testing comparing 

IFA and immunoperoxidase monolayer assay (IPMA) results on the same 20 serum 

samples from different laboratories across Europe and Canada revealed significant 

differences in titers. IPMA yielded larger titers than IFA, and using para 

formaldehyde as a fixative produced higher titers than acetone or ethyl alcohol 

(McNair et al. 2004). 

Polymerase Chain Reaction (PCR) amplification of PCV2 DNA from serum 

or plasma, although not a replacement for existing diagnostic methods, has been 

suggested as a useful tool for early detection of PMWS in live animals (Caprioli et al. 

2006). Multiplex real-time PCR and PCR-REBA (Reverse Blot Hybridization Assay) 

are molecular tests that offer efficient, quick, and convenient detection of PCV2, as 

well as differentiation between PCV2 genotypes, directly from clinical samples within 

approximately 2–3 hours (Wang et al. 2020). A qPCR based on a TaqMan probe, 

developed by Henriques et al., achieved 100% sensitivity and specificity for PCV2 

detection (Henriques et al. 2018). A Real-Time PCR technique established by Chang 

et al. in 2010 enabled the diagnosis of PCV-1 and PCV-2 infections and viral load 

measurement in field samples within 45 minutes, following viral DNA extraction 

using a commercial kit.  

The enzyme-linked immunosorbent assay (ELISA) is another effective 

method for identifying and quantifying antibodies in the blood. The timing of PCV2 

infection can be inferred from comparing IgG and IgM levels. A higher IgM value 

than IgG indicates early active infection (within the first 21 days post-inoculation), a 

lower IgM value than IgG suggests active infection (between 20 and 50 days post-



 

 

inoculation), and a high IgG value with a negative IgM indicates a late or resolving 

infection (approximately 2 months post-inoculation) (Opriessnig et al. 2007). A 

recombinant capsid protein-based ELISA for indirect detection of PCV-2 antibodies, 

using a nuclear localization signal-truncated capsid protein produced in E. coli (CAP 

ELISA), was developed and validated in 2008. This assay demonstrated diagnostic 

sensitivity (DSN) and specificity (DSP) of 95.3% and 93.9%, respectively, compared 

to IFA, and 93.3% and 84.2%, respectively, compared to a PCV-2-based ELISA 

(Shang et al. 2008). 

Yin et al. (2010) developed an ELISA based on a truncated soluble ORF-2 

protein expressed in E. coli for detecting PCV-2 antibodies in domestic pigs. This test, 

known as TcELISA, showed diagnostic sensitivity, specificity, and accuracy of 88.6%, 

90.7%, and 89.4%, respectively, when compared to IFA. In 2011, Huang et al. 

developed a monoclonal antibody (Mab)-based blocking ELISA to detect serum 

neutralizing antibodies against PCV-2. The detector antibody was a Mab with 

neutralizing activity, created by immunizing with a recombinant capsid protein of 

PCV-2 synthesized in insect cells (Huang et al. 2011). 

In 2012, Jittimanee et al. developed an in-house indirect ELISA using a 

recombinant nuclear localization signal-truncated capsid (rntCap) protein of PCV-2 

produced in E. coli. This ELISA, compared to IPMA, achieved diagnostic sensitivity, 

specificity, and accuracy of 98.33%, 93.33%, and 96.67%, respectively, with an 

optimal cutoff optical density (OD) of 0.330 based on ROC curve analysis (Jittimanee 

et al. 2012). In 2021, Mu et al. developed a competitive ELISA (cELISA) based on a 

nanobody-horseradish peroxidase fusion protein for detecting anti-PCV2 antibodies in 

clinical porcine serum. This method proved to be a quick, low-cost, reliable, and 

effective approach for evaluating current PCV2 vaccine efficacy and diagnosing 

PCV2 infection indirectly (Mu et al. 2021). 

In terms of distinguishing between PCV2 genotypes, an ORF2-based PCR-

RFLP assay using HinfI, HinP1I, KpnI, MseI, and RsaI enzymes was developed in 

2000 to differentiate between PCV2 isolates (PCV2A, B, C, D, and E) (Hamel et al. 

2000). Additionally, a PCR-RFLP test using the NcoI enzyme to distinguish between 

PCV1 and PCV2 was described by Fenaux et al. (2000). In 2005, Wen et al. described 

another ORF2-based PCR-RFLP assay utilizing Sau2AI, BanII, NspI, XbaI, and CfrI 



 

 

enzymes, capable of distinguishing between nine different PCV2 patterns (Wen et al. 

2005). 

6. PREVENTION AND CONTROL 

Pre-Vaccine Era Management: Before the development of the PCV2 vaccine, the 

management of Porcine Circovirus Associated Disease (PCVAD) focused on 

reducing stress, minimizing coinfections, and stimulating the immune system to slow 

down the progression of PCV2. The primary approach emphasized good 

manufacturing practices to eliminate contributing factors. Treatment was largely 

supportive, tailored to the clinical signs exhibited by individual animals. Given the 

high rate of coinfections, the choice of treatment was also dependent on identifying 

and addressing other pathogens present. 

20-Point Control Plan: On severely affected farms, a comprehensive 20-point plan 

was proposed for controlling PCVAD. The key elements of this plan were 

summarized in four "golden guidelines": 

1. Limit Pig-to-Pig Contact: Reduce the opportunities for disease transmission 

between animals. 

2. Reduce Stress: Implement practices to minimize stress, which can exacerbate 

the disease. 

3. Maintain Good Hygiene: Ensure cleanliness in housing and handling to 

lower the risk of infection. 

4. Adhere to a Good Feeding Regime: Provide adequate nutrition to support 

immune function and overall health (Madec et al. 1999). 

Disinfection and Isolation: The use of effective disinfectants in cleaning buildings 

and transportation vehicles is crucial in controlling the spread of PCV2 (Royer et al. 

2001). Despite rigorous isolation practices, outbreaks can still occur on farms. 

Vaccination against Mycoplasma hyopneumoniae or Actinobacillus 

pleuropneumoniae two to four weeks before PCV2 infection has shown efficacy in 

preventing lesions associated with PCV2 (Opriessnig et al. 2003). 



 

 

Addressing Co-infections: Preventing PCV2-related disorders also involves treating 

bacterial infections and managing cofactors. Chlortetracyclines, for instance, have 

been effective in treating M. hyopneumoniae infections in pigs co-infected with PCV2 

(Chlortetracycline is Effective in Reducing Lesions in Pigs Co-infected with 

Mycoplasma Hyopneumoniae and Porcine Circovirus Type 2. 

Housing and Management: Proper housing management is crucial for disease 

prevention. This includes stress relief practices, maintaining hygiene, avoiding mixing 

pigs of different ages, and implementing all-in/all-out management systems. These 

practices have proven effective in controlling the disease. Other options, such as 

immunized serum therapy, have practical limitations, while depopulation has 

generally been ineffective due to the virus's high environmental resistance (Royer et 

al. 2001). 

Potential Transmission Vectors: There is uncertainty about whether PCV2 can be 

transmitted by insects or wild animals. While circoviruses are generally highly 

species-specific, it is unlikely that animals other than feral boars would pose a 

significant risk of transmitting PCV2 to domestic pig herds (Ramamoorthy and Meng 

2009). 

Risk Factors: Risk factors for developing PCV2 infection include: 

 Co-infection with Porcine Parvovirus (PPV) or Porcine Reproductive and 

Respiratory Syndrome Virus (PRRSV). 

 Housing in large pens compared to small pens for weaners. 

 Increased levels of crossbreeding. 

 Vaccination against PRRSV (López-Soria et al. 2005). 

Risk Reduction Strategies: Strategies that have been shown to reduce the risk of 

PCV2 infection include: 

 Long idle periods between groups of pigs. 

 Regular treatment of ectoparasites. 

 Thorough barn and crate cleaning. 

 Internal and external biosecurity measures. 



 

 

 Vaccination against atrophic rhinitis 

7. VACCINATION 

Early Attempts: One of the initial strategies in developing a vaccine against PCVAD 

involved the use of a killed Porcine Parvovirus (PPV) vaccine. Given the frequent co-

infection of pigs with both PPV and PCV2, it was hypothesized that early 

immunization might prevent PCVAD. However, while a killed Parvovirus-

Leptospira-Erysipelothrix (PLE) vaccine was effective in preventing PPV viremia, it 

did not prevent clinical Post-Weaning Multisystemic Wasting Syndrome (PMWS) or 

reduce the severity of lymphoid depletion in pigs co-infected with PCV2 and PPV 

(Opriessnig et al. 2004). 

Chimeric PCV1-2 Vaccine: A significant development was the creation of a chimeric 

PCV1-2 virus, which involved cloning the immunogenic ORF2 capsid gene of the 

pathogenic PCV2 into the non-pathogenic PCV1 genomic backbone. This chimeric 

virus induced a specific antibody response to the PCV2 capsid antigen, though it 

weakened the pigs (Fenaux et al. 2004b). Further research showed that the attenuated 

chimeric PCV1-2 live virus and its infectious DNA clone could generate protective 

immunity against PCV2 infection when administered intramuscularly, suggesting its 

potential as an effective vaccine (Fenaux et al. 2003). 

Subunit and DNA Vaccines: Protection against PCV2 was also explored through 

other approaches. Two trials demonstrated that pigs were protected against a PCV2 

challenge after vaccination with either plasmids encoding the Orf2 protein (DNA 

vaccine) or a baculovirus-expressed Orf2 protein sub-unit vaccine. The sub-unit 

vaccine provided better protection than the DNA vaccine, as PCV2 replication was 

completely suppressed (Blanchard et al. 2003). Additionally, the gene encoding the 

PCV2 capsid protein was cloned into a DNA vaccination plasmid, and when BALB/c 

mice were vaccinated three times, all produced antibodies against PCV2 (Kamstrup et 

al. 2004). 

Commercial Vaccines: One of the first commercially available PCV2 vaccines was 

CIRCOVAC, an inactivated PCV2 vaccine with an oil-based adjuvant for breeding 



 

 

animals. It is administered intramuscularly in two injections, 3–4 weeks apart, with 

subsequent doses given during each gestation period (Opriessnig et al. 2007). 

Baculovirus-Based Vaccines: A capsid-based sub-unit vaccine manufactured by 

Intervet Inc/Schering-Plough Animal Health, known as Circumvent PCV in the 

United States and Canada, and Porcilis PCV in Europe and Asia, is administered 

intramuscularly to piglets at least three weeks old, with a booster dose given at six 

weeks of age (Opriessnig et al. 2007). Similarly, Ingelvac® CircoFLEX, produced 

using a baculovirus vector system to express the PCV2 ORF2 gene in insect cells, 

showed significant reductions in clinical symptoms, mortality, and lesions in 

vaccinated pigs compared to non-vaccinated pigs. Field trials further demonstrated 

that vaccination against PCV2 alone could significantly improve the growth 

performance of pigs suffering from Porcine Respiratory Disease Complex (PRDC), as 

evidenced by lower mortality rates, improved average daily weight gain, and shorter 

time to market (Fachinger et al. 2008). 

Other Vaccines: Suvaxyn® PCV2 has also shown high efficacy and safety in field 

investigations, reducing mortality in vaccinated pigs to 1.0–2.0%, compared to 8–10% 

in non-vaccinated pigs. The vaccine was well-tolerated, with no adverse effects 

observed in immunized pigs. It has also been shown to provide protection against 

PCV2 infection in piglets, even in the presence of maternal antibodies (Opriessnig et 

al. 2008). The live version of the chimeric PCV1-2 vaccine has demonstrated genetic 

stability in inoculated pigs and presents a promising option for live PCV2 vaccination 

(Gillespie et al. 2008). 

Efficacy and Economic Impact: Accumulating field data has consistently confirmed 

the efficacy of these commercial vaccines, as indicated by improved average daily 

weight gain (ADG) and economic benefits in vaccinated pigs. Given the role of PCV2 

as a co-infecting agent, vaccination against PCV2 is also believed to provide 

additional benefits in protecting against other pathogens (Chae 2016). 

 

8. CONCLUSION 



 

 

Porcine circoviruses (PCVs), specifically PCV1 and PCV2, have significant 

implications for swine health and the pork industry. While PCV1 is generally 

considered non-pathogenic, PCV2 is associated with a range of diseases collectively 

referred to as porcine circovirus-associated diseases (PCVAD). These diseases can 

lead to substantial economic losses due to decreased productivity, increased mortality, 

and the costs of management and control measures.  

Advancements in understanding the molecular biology, transmission, and 

pathogenesis of PCVs have facilitated the development of effective vaccines, which 

have significantly reduced the prevalence and severity of PCVAD in many regions. 

However, the emergence of new strains and the potential for recombination events 

underscore the need for continued surveillance, research, and adaptation of 

vaccination strategies. Ongoing research is essential to fully elucidate the complex 

interactions between the virus, host, and environment that contribute to PCVAD. This 

knowledge will be crucial for improving control measures, developing next-

generation vaccines, and ultimately mitigating the impact of these viruses on the 

global swine industry.  
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