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ABSTRACT 

Porcine circovirus 2 (PCV2) is currently considered an important etiologic agent of swine and its infection has poten-
tially serious economic impact on the swine industry worldwide. This virus is frequently associated with postweaning 
multisystemic wasting syndrome (PMWS), and also with other clinical conditions such as porcine dermatitis and neph-
ropathy syndrome (PDNS), late-term abortions, reproductive failure in sows, proliferative and necrotizing pneumonia 
and congenital tremors. The term porcine circovirus-associated disease (PCVAD) is currently used to refer to any of 
these diseases when they are associated with PCV2 infection. The PCV2 was recognized as a pathogen in 1997, and 
many questions regarding its biology and pathogenesis remain unanswered. Currently, some studies have shown the 
production of new vaccine candidates and field efficacy testing of commercial vaccines. This review discusses some 
major points concerned with immunopathogenesis and vaccines for PCV2 infection. 
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1. Introduction 

Porcine circovirus (PCV) is a small, non-enveloped virus 
(17 nm in diameter), belonging to the genus Circovirus 
of the Circoviridae family. This virus has single-stranded 
circular DNA of approximately 1.76 kb [1]. The PCV 
genome has three main open reading frames (ORFs) that 
encode well characterized proteins: ORF1 encodes the 
viral replicase proteins REP and REP’; ORF2 encodes 
the viral capsid protein; and ORF3 encodes a protein 
which leads to cellular apoptosis, which is essential for 
the development of the viral pathogenesis [2-4]. Two 
species of PCV have been characterized, PCV1 and PCV2. 
Although PCV1 was initially described as an infectant of 
porcine kidney cell line (PK15), it shows no pathogenic 
traits [5]. On the other hand, PCV2 is the major causative 
agent of the multifactorial disease postweaning multisys-
temic wasting syndrome in pigs (PMWS). Additional fac-
tors besides the presence of PCV2, such as concomitant 
infections with other agents, genetic predisposition of the 
host, alterations of the immune system, are essential for 
the clinical disease development [6]. Other diseases, such 
as porcine dermatitis and nephropathy syndrome (PDNS), 

proliferative and necrotizing pneumonia (PNP), perina-
talmyocarditis and reproductive failures are also associ-
ated with PCV2 [7]. The term porcine circovirus-associ- 
ated disease (PCVAD) is currently used to refer to any of 
these diseases when they are associated to PCV2 [8]. 

Based on phylogenetic studies, a study proposed a 
classification model for PCV2 [9]. This classification 
divides the virus lines into two major groups (1 and 2), 
which are subcategorized into subgroups from 1A to 1C, 
and from 2A to 2E. Several studies have demonstrated 
that the isolates from animals with PMWS are more often 
included in Group 1, whereas the isolates from animals 
without this disease are frequently included in Group 2 
[10-12]. 

PCV2 associated porcine diseases are considered im-
portant and have potentially serious economic impact on 
the swine industry worldwide [13-15]. PCV2 viral parti-
cles are very stable and are able to persist in the envi-
ronment of infected herds, making virus eradication very 
difficult [16]. For disease control, alternative strategies 
should therefore be investigated, and immune prophy-
laxis could be a great strategy. The high amino acid con-
servation degree between structurally deduced proteins 
among different PCV2 isolates should allow for the de-*Corresponding author. 
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velopment of a monotypic vaccine approach.  
Some vaccines for PCV2 are currently being tested, 

while others are in use in Europe, North America and 
more recently in Brazil. The available vaccine formula-
tions consist of inactivated virus [17], Cap protein ex-
pressed in baculovirus system [18] and chimeric virus 
containing the portion of the immunogenic cap gene of 
PCV2 inserted into the PCV1 genome [19]. This review 
is a summary of recent results of immunopathogenesis 
and vaccines related to PCV2 in experimental stages and 
commercial vaccines. 

2. Immunopathogenesis 

PCV2 infection leads to host immunosuppression. The 
related lesions are characterized as lymphoid depression 
and granulomatous inflammation [20]. Hematological 
examination shows an expressive reduction of T CD4+ 
lymphocytes, dendritic cell, NK cells,  T cells, and B 
cells [21-23]. The mRNA levels of IL-1α and IL-10 in-
crease in affected animals, while IL-2 and IL-2Rα (CD25) 
mRNA appear to decline [24]. The analysis of the cellu-
lar kinetic showed a lymphopenia due to decline of B 
CD21+ lymphocytes and T CD3+ cells. All subpopulation 
of the lymphocytes Th of the memory CD3+CD4+CD8+, 
Th naive CD3+CD4+CD8– cells, Tc CD3+CD4–CD8+ cells 
and  TCR+ CD3+CD4–CD8– cells were susceptible to 
PCV2 infection. The NK, CD3–CD4–CD8+ cells also de-
clined in PMWS affected animals [25]. 

Researchers showed that one of the five oligonucleo-
tides selected from the PCV2 genome contained the CpG 
motives and showed inhibitory activity against the pro-
duction of INF-α by the peripheral blood mononuclear 
cells [15]. Other study found a decline in the production 
of IFN- in the peripheral blood cells [24]. However, 
stimulation of PK-15 and 3D4/31 cells with IFN-α and γ 
before and during infection with PCV2 has led to in-
creased PCV2 titers [26,27]. More research is required to 
clarify the role of IFNs in the pathogenesis of PCV2. A 
wide inhibition spectrum was detected, affecting the re- 
sponse induced by the receptor antagonists toll-like TLR7 
and TLR9, indicating that the DNA of PCV2 can induce 
a negative dominant signal capable of influencing the re- 
cognition pattern of the cascade of activations of the in-
ducible receptors [28]. 

The profile of the PDNS induced systemic expression 
of the cytokines in swine also has been investigated. In ill 
animals, a significant increase of the expression of mRNA 
codifiers of the proinflammatory cytokines IL-1α and IL- 
6 was observed [29]. The expression of MCP-1 and MIP- 
1 was detected preceding the granulomatosa inflamma- 
tion, thus suggesting that these cytokines could have a 
central role in the mediation of the granulomatosa in- 
flammation in PCV2 infected lymphoids [30]. 

The lymphoid depletion can result from the viral rep-
lication in the lymph tissues or from the virus induced 
cellular apoptosis. The extent of lymphoid depletion had 
a direct correlation with the amount of PCV2 antigen in 
tissues [21,23,31]. However, the mutant viruses that do 
not express the protein codified by ORF3 do not induce 
visible lesions, but efficiently replicate in vitro and in 
mice. The super regulation of caspases and apoptotic 
promoters was detected in the infected mice suggesting 
that the PCV2 could induce apoptosis mediated by acti-
vation of caspases 8 and 3 [3,4,32].  

The functional failure of alveolar macrophages, in-
cluding a transient decline of phagocytes and a persistent 
decline in the microbiocidal capacity can be observed in 
PCV2 infections. Additionally, the macrophages inocu-
lated together with PCV2 also were ineffective in the 
production of 2O  and H2O2 [33]. The alveolar macro-
phages can carry PCV2 in infected swines, although do 
not show direct cytotoxicity, PCV2 can impede the ex-
pression capacity of several cytokines associated with the 
oxygen dependent microbiocidal activity, thus allowing 
the infection by the secondary or opportunist pathogens 
[34]. 

Several authors have shown the necessity of co-infec- 
tion or the presence of a non-infectious factor for the 
disease development [13,35]. PMWS has been found in 
combination with PCV2 infection and other virulent 
pathogens, such as porcine respiratory and reproductive 
syndrome virus (PRRSV), swine influenza virus, porcine 
parvovirus (PPV), Haemophilus parasuis, Actinobacillus 
pleuropneumoneiae, Streptococcus suis and Mycoplasma 
hyopneumoniae [36,37]. Such infections can confuse and 
complicate the clinical representation of the disease. 
PRRSV was detected in 83% of the PMWS cases in the 
Netherlands and in about 52% of the cases in the USA 
[20]. Furthermore, it has been shown that PCV2 is 
mostly associated with PMWS [38] and that PCV2 infec-
tion has been implicated in the reduced efficacy of 
PRRSV vaccine [39]. 

The manifestation of the clinical signs and lesions as-
sociated with PMWS occur in a very light form in SPF 
piglets infected with PCV2. However, PCV2 was de-
tected in other organs, with higher number of histopa-
thological lesions in a greater proportion of swines co- 
infected with PPV, than in swines infected only with 
PCV2 [7,40]. 

The serological response of infected animals show a 
decline in the passive antibodies about after 3 but before 
11 weeks of life and reappears about at the age of 15 
weeks, maintaining high titers till the age of slaughter 
[14,41]. Previous studies have shown that high titer of 
passive antibodies can impart a certain degree of protec-
tion against infections by PCV2 and the clinical disease 
[42], while the total antibodies remain at levels similar to 
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the healthy or PMWS affected animals. But the neutral-
izing antibodies have lower titers in animals with PMWS 
[43]. On the other hand, some studies did not show sero-
logical differences between healthy and PMWS affected 
pigs [44,45]. 

3. Commercial Vaccines 

Before the development of commercial vaccines, in an 
attempt to control the disease, veterinaries use to recom-
mend autogenous vaccines. These vaccines formulation 
basically consisted of macerated tissues of PMWS af-
fected animals that was inactivated by chemical reagents, 
and then sterilized and applied to 3 to 4 weeks old piglets. 
The farmers who used to use this vaccine usually re-
ported reduction in mortality. This practice of immuniza-
tion was well spread in the USA and some European 
countries. Nevertheless, with the development of com-
mercial vaccines, this sanitary management strategy was 
abandoned in many countries. Not in the distant past, this 
system of vaccination to control PCV2 related diseases 
had been used in Brazil. The disease control done with 
this vaccine was wide spread in highly technified pig 
farms, but at the end of the year 2007, the Agricultural 
and Food Ministry (Ministério da Agricultura, Pecuária e 
Abastecimento, MAPA), forbided its production and mar- 
keting, under the argument that there is no quality control 
regarding quantification of the viral antigen in different 
lots, which would lead to unequal field response. 

Earlier studies indicate that high levels of antibodies in 

the vaccinated swine-farms can confer immunity against 
PCV2 infection and the associated clinical diseases 
[42,46,47]. There are four commercially available vac-
cines against PCV2 infections in sows and piglets (Table 
1). The Circovac® was one of the first vaccines on the 
market and has been used most extensively in Europe. 
Circovac® is a vaccine of viral particles of inactive PCV2 
developed by Merial for use in sows and piglets. Circo-
vac® used in gilts and sows will increase, homogenize 
and improve specific maternal immunity to PCV2. Trans- 
fer of passive immunity from sow to piglet is effective, 
provided colostrum intake is sufficient [17]. A large scale 
study was conducted for a 6-month period in France using 
vaccinated sows in which results were entirely attribute- 
able to pigs born from vaccinated sows. Significant im- 
provements were found in post-weaning mortality rate: 
from 3.6% to 2.2%; fattening mortality rate: from 7.2% 
to 5.1%; weaning-to-slaughter mortality rate: from 10.6% 
to 7.1%, standardized feed efficiency: 2.75 to 2.64 [48]. 

The vaccine Fort Dodge Suvaxyn® PCV2 One Dose™ 
contains inactivated particles of a chimeric virus PCV1-2 
[49]. This vaccine was first approved for commercializa-
tion in the United States. Both live chimeric virus and the 
DNA of this construction had their immunogenic poten-
cial evaluated in SPF swines [49]. However, Fort Dodge 
Animal Health markets this vaccine in form of the dead 
virus. The commercial inactivated vaccine showed the 
efficacy in the assays in the naturally infected swine 
farms [50]. New studies were done in an attempt to show 

 
Table 1. Commercial vaccines used to control the diseases associated with PCV2. 

Industry Merial Intervet Boehring Ingelheim Fort Dodge 

Name Circovac® CircumventTM PCV vaccine Ingelvac® CircoFLEXTM Suvaxyn® PCV 

Antigen Inactivated 
PCV2 protein expressed in 

baculovirus 
PCV2 protein expressed in 

baculovirus 
Inactivated PCV1 - 2 

chimera 

Vaccination 
protocol 

Sow and gilt: 2 mL intramuscularly 
Piglet: 0.5 mL intramuscularly 
 
Gilts: A first injection, followed by a 
second injection 3 - 4 weeks later, at 
least two weeks before mating. Must 
be administered over an injection at 
least two weeks before farrowing. 
 
Sows: A first injection, followed by 
a second injection 3 - 4 weeks later, 
at least two weeks before farrowing. 
One injection at each gestation, at 
least 2 - 4 weeks before parturition. 
Piglet: single dose (3 - 4 weeks). 

Piglet: 2 mL intramuscularly
2 doses (3 and 6 weeks) 

Piglet: 1 mL intramuscularly 
single dose (3 weeks) 

Piglet: 2 mL intramuscularly
single dose (4 weeks) 

Adjuvant Paraffin oil 
Microsol Diluvac Forte®  
adjuvant (mineral oil and 
dl-α-tocopherol-acetate) 

Carbomer 
Sulfolipo-cyclodextrin 
(SLCD) and Squalane 
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the genetic stability of this live virus, in which no genetic 
differences were found after 15 passes of the chimeric 
virus through PK15 cells and three passes through swines. 
The authors suggested that the live chimeric virus is ge-
netically stable and can be a good candidate for vaccine 
[51]. The vaccination also showed the efficacy for re-
ducing the viraemia and lesions associated with PCV2 
and PRRSV co-infection [52]. 

Two other commercial vaccines, porcilis® PCV (In-
tervet Schering-Plough Animal Health) and Ingelvac® 
CircoflexTM (Bhoeringer Ingelheim Vertmedica), use the 
strategy of recombinant production of proteins of the 
viral capsid in baculovirus. Both the vaccines result in 
reduction of the viraemia and associated clinical signs of 
PMWS [46,47]. Other studies have shown that this type 
of recombinant antigen production favors in vitro pro-
duction of virus-like particles [53]. Virus-like particles 
(VLPs) are highly repetitive and orderly structured that 
can trigger potent humoral and extremely powerful cel-
lular responses [54]. 

The serological profile has been shown to be hetero-
geneous among swine farms, with coexistence, in the 
same farm of animals serologically negative and animals 
with high titers of antibodies. Characterization of sero-
logical profiles may provide key information for the 
adoption of vaccination programs that account for the 
level and decline of passive immunity as well as the 
animal age at which clinical signs appear in each farm 
[55]. The studies have been done in naturally infected 
swine farms to determine the differences related to the 
number of vaccine doses. Viraemia was reduced by 78.5% 
in pigs vaccinated with one dose of commercial Ingel- 
vac®, CircoflexTM or Suvaxyn® PCV2. Viraemia was low- 
est to two doses of Suvaxyn® PCV2 and Intervet, in 
97.1% of pigs. Overall microscopic lymphoid lesions 
were reduced by 78.7% and 81.8%, respectively [56]. 
However, future studies need to evaluate the effect of 
maternal antibodies on the long term efficacy of one and 
two doses of PCV2 vaccines. 

The available commercial vaccines considerably re-
duce the PCV2 associated clinical disease and mortality, 
but the vaccinated animals continue to be susceptible to 
the viral infection and subclinical disease development. 
Even the vaccinated animals develop discrete lesions of 
lymphoid depletion that lead to immunodepression, thus 
opening the opportunity to infections by other pathogens 
such as PRRSV, Mycoplasma hyopneumoneae and Swine 
influenza. Therefore, it is necessary to better evaluate the 
number of doses of each vaccine, taking cost-benefit into 
account. The question that also need to be resolved is the 
fact of different farms showing with different serological 
profiles, since high titer of the antibodies in animal that 
need to be vaccinated can interfere in the immunization 
process. The commercial vaccines against PCV2 infec-

tion are contributing significantly to control the related 
diseases, however new field testes should be done to im-
prove their efficacy.  

4. Experimental Vaccines 

The experimental vaccines under development are show- 
ing relative success under experimental conditions. In 
general, this generation of vaccines is being produced by 
the recombinant DNA technology. The advantage of 
these vaccines lies in the elimination of biosafety risks 
associated with the isolation and manipulations of infec-
tious viruses and the use of the inactivated viruses that 
can lead to vaccine related surge linked to the inactiva-
tion failure.  

The recombinant vaccines for PCV2 infection, in ma- 
jority, use genetical manipulation in the sequence of ORF2 
nucleotide that contains a region where the immunogenic 
epitopes of the virus are scripted [57-60]. Certain studies 
have used the strategy of DNA vaccine using ORF2 as 
the immunogen [61-64]. The DNA vaccines can be in-
jected with the use of the traditional syringes or inocu-
lated by the use of gene guns. Additionally, these DNA 
vaccines are more stable in the environmental conditions 
than the conventional vaccines [65]. It allows for the use 
of a more pure immunogen, and easy purification of 
plasmidial preparations, and ability of inducing immunity 
even in the presence of maternal antibodies [66,67]. 

Different from inactivated or subunit vaccines, DNA 
vaccines may result in an antigenic presentation via class 
I and class II MHC molecules, which mimics the result-
ing immune response related to natural infection, stimu-
lating CD4+ and CD8+ T lymphocytes and antibody pro-
duction. This vaccine strategy can thus stimulate potent 
cellular and humoral response [68,69]. We recently de-
scribed the construction of a recombinant plasmid that 
expresses PCV2 structural protein (encoded by ORF2) 
and evaluated the cellular and humoral immune response 
against this recombinant vaccine in BALB/c mice, where 
it showed the capacity to induce cellular and humoral 
response in inoculated mice [64]. 

Other experimental vaccines are being developed, in-
cluding a recombinant adenovirus expressing the ORF2 
protein [70]. Other systems used adenovirus as a vector 
for short-hairpin interference RNAs target to decrease the 
ORF1 and ORF2 transcription in vitro analyses [71]. The 
use of adenovirus as vector is sustained, especially by its 
capacity to infect a large variety of cells, regardless of 
the cell cycle stage. This fact, in addition to the ease of 
production and purification make it an interesting model 
[71]. The genome of adenovirus can incorporate about 2 
Kb of DNA sequence without losing its stability and vi-
ability. To add larger DNA fragments it is essential to 
delete a part of the viral genome [72]. The majority of 
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the recombinant adenovirus so far produced have genes 
responsible for replication deleted, thus not disallowing  
the recombinant virus to replicate in the immunized ani-
mal [73,74]. Recently our research group constructed a 
recombinant adenovirus that expresses the PCV2 viral 
capsid protein, and the initial testes in Balb/c mice have 
shown good results regarding cellular and humoral re-
sponse [75].The recombinant virus of pseudorabies (PR) 
expressing the fused ORF1 and ORF2 [76] or ORF2 
alone has been used in vaccine tests [77]. The PR is an 
important disease of swines and other species with high 
negative impact on the swine husbandry worldwide [78]. 
The attenuated PR virus is a promising live vector for 
multivalent vaccines against PR and other viral swine 
diseases [79]. The PRV genome consists of a linear DNA 
tape, while in the recombinant viruses the regions linked 
to the virulence such as thymidine kinase (TK), glico-
proteíns (gE, gI) have been removed [78]. Thus, it is 
possible that a vaccine of recombinant PRV expressing 
the ORF2 would be bivalent against the field PR virus 
and PCV2 [77]. 

Other systems have used PCV2 capsid protein expres-
sion in Lactococcus lactis as a method to obtain the anti-
gen for oral immunization [80]. The use of L. lactis as a 
candidate for oral vaccine is favored for being generally 
regards as safe -GRAS- [81].  

This new generation of vaccines shows the develop-
ment of potent vaccine candidates, because they take into 
account the manipulation of the genomic fragments re-
sponsible for the pathogenicity and immunity, assuring 
greater immunogenicity and vaccine security. However, 
it still depends on the elucidation of the biosafety aspects, 
for large scale production and experimental evaluation in 
swine and field tests.  
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