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Porcine circovirus types 1 and 2 (PCV1, PCV2) and porcine parvovirus (PPV) are widespread
in pig populations around the world. Nevertheless, only PCV2 has been associated with different
clinical syndromes, thus representing a major problem to the pig industry. The association of
cases of swine abortions and stillborns with PCV1 and PCV2 and PPV was studied retrospectively
(2005-2007). Additional pathogens were also investigated in lesioned fetuses. The studied
litters included stillborn piglets and several mummified fetuses of varied sizes. Ventricular
dilatation, myocardial pale areas, and mesocolic edema were the gross lesions. Escherichia coli
was detected as co-infecting with PCV2 the cases in which mesocolic edema was seen.
Microscopic lesions included non-suppurative myocarditis, myocardial necrosis and fibrosis,
mineralization foci and intranuclear inclusion bodies in cardiomyocytes, and interstitial
mononuclear pneumonia. Samples from 7 (5.78 per cent) of 121 aborted fetuses and stillborn
piglets had lesions consistent with a viral cause and showed both positive anti-PCV2
immunostaining as well as PCV2-PCR. In samples from 3 (2.47 per cent) of these 7 fetuses, coinfection with PPV was confirmed by Nested-PCR. Both viruses were detected in fetuses at
different stages of gestation. Viral antigens of PCV2 were detected by immunohistochemistry
mainly in macrophages and myocytes. PCV1 individually was not detected in any of these
affected fetuses, but it was associated with PCV2 and/or PPV in some of them. These findings
indicate that PCV2 alone or in association with PPV should be kept in mind when investigating
causes of infectious abortion in pigs in Brazil.
INDEX TERMS: Abortion, PCV2, PCV1, PPV, stillborn, swine, Brazil.

RESUMO
.- [C
Co -infecção por circovírus suíno tipo 2 e par
vo
RESUMO.parvo
vo-vírus suíno em fetos abortados e natimortos suínos no Sul
do Brasil
Brasil.] Estudou-se retrospectivamente (2005-2007) a associação de casos de abortos e natimortos suínos com infec-

ções por circovírus suíno (PCV) tipos 1 e 2 e parvovírus suíno
(PPV). Outros agentes patogênicos foram pesquisados em
amostras de fetos com lesões. O estudo incluiu natimortos e
fetos mumificados de tamanhos variados. Dilatação ventricular, áreas pálidas miocárdicas e edema de mesocólon foram as lesões macroscópicas observadas. Escherichia coli coinfectou com PCV2 as amostras dos casos com edema de
mesocólon. Lesões microscópicas incluíram miocardite não
supurativa, necrose e fibrose miocárdicas, focos de mineralização e corpúsculos de inclusão em cardiomiócitos e pneumonia intersticial mononuclear. Entre os 121 fetos suínos
abortados ou natimortos analisados, sete (5,78%) tinham lesões compatíveis com origem viral e foram positivos pelas
técnicas de imunoistoquímica e PCR para PCV2. Além disso,
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três (2.47%) desses sete casos também foram confirmados
como co-infectados com PPV através da PCR. Antígenos de
PCV2 foram observados principalmente em macrógafos e no
interior de miócitos dos fetos suínos abortados e natimortos.
PCV2 e PPV foram detectados em diferentes estágios de gestação. PCV1 não foi associado isoladamente com feto ou
natimorto afetado, mas estava presente em associação com
PCV2 e/ou PPV em alguns desses produtos. Esses achados indicam que a infecção por PCV2, isoladamente ou em associação com PPV, deve ser considerada no diagnóstico de aborto
infeccioso suíno no Brasil.
TERMOS DE INDEXAÇÃO: Aborto, natimorto, PCV1, PCV2, PPV, suíno, Brasil.

INTRODUCTION
Porcine circovirus 2 (PCV2) is widespread in pig populations
in many parts of the world (Allan & Ellis 2000). Since its
association with porcine postweaning multisystemic wasting
syndrome (PMWS) (Ellis et al. 1998), PCV2 has been linked
with many other clinical syndromes in pigs (West et al. 1999,
Ellis et al. 2000, Rosell et al. 2000).
Pigs with PMWS are often infected with a variety of other
pathogens, including bacteria, viruses, and protozoa, in
addition to PCV2. The co-infection by PCV2 and porcine
parvovirus (PPV) has been associated with naturally (Ellis et
al. 2000) and experimentally PMWS affected pigs (Kennedy et
al. 2000, Krakowka et al. 2000), but only sporadically with
swine abortion (Altherr et al. 2003). Although PPV is thought
to be endemic in pig populations throughout the world
(Mengeling 1992), it has only rarely been associated with any
disease in pigs other than fetal death (Kresse et al. 1985, Bolt
et al. 1997). Most available data indicate that the apparently
universal exposure to PPV in pigs was almost exclusively
associated with sub-clinical infection and development of
immunity (Mengeling 1992). In Brazil, the experimental coinfection PCV2 and PPV was described in SPF (Specific Pathogen
Free) pigs (Fernandes et al. 2006). However, in this country,
there is limited information concerning infectious causes of
swine abortion (Oliveira et al. 1997, Castro et al. 2004).
In addition, although PCV1 was initially considered as a
nonpathogenic virus (Allan et al. 1995), it has been detected
in pigs affected by wasting disease (LeCann et al. 1997, Ellis
et al. 2000). The objectives of this study were to determine
the prevalence of PCV1, PCV2, and PPV infections in aborted
fetuses and stillborn piglets in Southern Brazil, and to determine the distribution of the PCV2 in their tissues by
immunohistochemistry.

MA
TERIALS AND METHODS
MATERIALS
This study comprised 121 aborted fetuses or stillborn piglets, which
were submitted from nine pig farms between July 2005 and March
2007 for diagnostic purposes. At necropsy, samples of brain, heart,
lung, liver, kidney, skeletal muscle, lymph nodes, thymus, spiral colon
and spleen were collected from all cases. Subsequently, these samples
were fixed in 10% buffered formalin, processed by routine methods,
sectioned at 4µm, mounted and stained with hematoxylin and eosin
Pesq. Vet. Bras. 27(10):425-429, outubro 2007

(HE), and microscopically evaluated. Samples of the lungs, liver and
stomach contents of each case with microscopic lesions were cultured
for aerobic bacteria.
Samples from all cases were also screened for the presence of
PCV2 and porcine parvovirus (PPV) by immunohistochemistry and
nested polymerase chain reaction (PCR), respectively. Detection of
spirochetes in kidney smears through the use of multivalent antibody
conjugated with fluorescein (NVLS) at 1:20 dilution was employed
for the diagnosis of Leptospira spp. infection (Miller et al. 1989) in
samples from cases with microscopic lesions. Finally, PCR for
detection of PCV1 and PCV2 and immunostaining (IS) procedure
against PRRSV were conducted in samples from cases in which
microscopic lesions were present.
In the anti-PCV2 IS, the sections were dewaxed in xylene and
rehydrated through graded alcohols. Endogenous peroxidase activity
was quenched by treating sections with H2O2 for 20 minutes. After
rinsing in distilled water, the sections were digested with Protease
XIV (Sigma Chemical Company, Poole, UK) at a concentration of
0.5mg/ml in TBS for 15 minutes at 37C. After rinsing in distilled
water, they were incubated in 5% milk solution (Molico®) for 20
minutes at room temperature to prevent background labeling. The
sections were then incubated in a solution of rabbit anti-PCV2
antiserum, diluted in 1:1000 in TBS, for 1 hour at 37C. After washing
in TBS, an avidin-biotin-peroxidase complex (ABC) kit (Dako,
Carpinteria, CA) was employed for 15 min as the IHC detection
system. The sections were then washed in TBS for 5 minutes and the
reaction “visualized” by applying 3,3"diaminobenzidine (DAB; Dako,
Carpinteria, CA) for 10 to 15 minutes. Finally, the sections were lightly
counterstained with Mayer’s haematoxylin for light microscopic
examination. Positive controls were included in each
immunohistochemical procedure.
Total DNA extracted using the Ultraclean Tissue DNA Isolation Kit
(Mobio Laboratories, Inc) from 30mg of aborted fetus lung was used
as template in nested-PCR analysis. The PCR primers for PCV1 and
PCV2 were described by Kim et al. (2003), and the PPV primers were
the same of those used by Soares et al. (1999). The amplifications
were performed in a 50ml reaction mixture containing 3mM MgCl2
for PPV and 1mM for PCV, 1x PCR buffer, 0.2mM of each dNTP, 20pmol
of each primer, and 2.5U of Taq DNA polymerase (Cenbiot enzimas), at
55oC (PCV1 and PPV) and 60oC PCV2 (Soares et al. 1999, Kim et al.
2003). The PCR reactions were performed in triplicate in an automated
DNA thermal cycler (Eppendorf Mastercycler® personal, Westbury,
NY). Control DNA from the reference strain for PPV, PCV1 and PCV2
were included in each reaction. PCR products were resolved on a 1.5%
agarose gel in TBE buffer and visualized by ethidium bromide staining.

RESUL
TS
RESULTS
Of the 121 swine fetuses or stillborn, 7 (5.78%) had lesions
characterized by mononuclear inflammation consistent with
a viral infection. Of these, 2 cases were positive for PCV2 alone,
2 cases were positive for PCV1 and PCV2 together, and the
other 3 cases were positive for both PCV2 and PPV. The litters
that were received for postmortem examination included
stillborn piglets and several mummified fetuses with sizes
varying from 6-26 cm crown-rump length (Fig.1) There was
excessive fluid in the thoracic cavities from all the 7 cases, of
which, 4 also had lesions characteristic of heart failure, i.e.
marked ventricular dilatation and pale areas in the myocardium (Fig.2) Mesocolic edema (Fig.3) was seen in two cases,
from which pure cultures of Escherichia coli grew (aerobic
culture) in samples of lung, liver and stomach contents. Gross
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Fig.1. Litter with dead and mummified fetuses with sizes varying
from 6 to 26cm crown-rump length.
Fig.2. Transverse section of the ventricular myocardium from a
stillborn piglet infected with PCV2. Note marked ventricular
dilatation and pale areas.
Fig.3. Serosal surface of spiral colon tissue from a stillborn piglet
naturally infected with PCV2. Note moderate generalized edema
in the spiral colon.

findings and results of bacteriologic tests are shown in Table
1. The direct immunofluorescence test for Leptospira sp. was
negative in all 7 cases.
Histologically, there was severe, non-suppurative myocarditis (Fig.4) and, often, myocardial necrosis with moderate
fibrosis. There also were foci of mineralization and intranuclear inclusion bodies in cardiomyocytes and pulmonary multifocal mononuclear cell infiltrate. No significant histopathological changes were observed in the other organs. Immunohistochemical staining (Table 2) revealed large amounts of
PCV2 antigens in the cytoplasm and nuclei of a wide range of
lymphoid and non-lymphoid tissues, but mostly in myocardial
lesions (Fig.5) from the 7 cases. The antigen was mainly
observed throughout the inflammatory cells and into the
myocytes.
PCV2 antigen was located in mononuclear cells and
syncytia in lymphoid follicles in spleen. In thymus, PCV2 was
widely distributed in histiocytic cells. Intense cytoplasmic and

3

nuclear labelling was seen in thymic syncytia and in cells
suggestive of lymphocytes. In lymph nodes, prominent
accumulations of viral antigen were detected chiefly in
macrophages and follicular cells. Large solid deposits of
antigen were frequently aparent in nuclei. Antigen was mainly
confined to follicular region of the cortex and paracortex,
but in macrophages and syncytia in the medullary and
subcapsular sinusoids. In the lungs, PCV2 was demonstrated

Table 1. Summar
Summaryy of gross lesions in swine fetuses infected
naturally with porcine circovirus 1 and 2 (PCV1 and 2) in
conjunction or not with porcine par
vovirus (PPV)
parvovirus
Cases Age (days)
1

117

2
3
4
5
6
7

119
NDa
118
118
ND
115

a ND

Infection

Gross lesions

Bacterial growth

PCV2

Pale areas in the
None
myocardium
PCV1 + PCV2
Mesocolic edema
Escherichia coli
PCV1 + PCV2
Mesocolic edema
Escherichia coli
PCV2
Ventricular dilatation
None
PCV1 + PCV2 + PPV Ventricular dilatation
None
PCV1 + PCV2 + PPV Ventricular dilatation
None
PCV1 + PCV2 + PPV
Absent
None

= not determined.

Fig.4. Heart from a fetus with marked diffuse non-suppurative
myocarditis. HE, obj.20x.
Pesq. Vet. Bras. 27(10):425-429, outubro 2007

428

Caroline A. Pescador et al.

Fig.5. Myocardial tissue from an aborted fetus. Myocytes containing
PCV2 antigen. Streptavidin-biotin-immunoperoxidase technique
counterstained with haematoxylin. Obj.100x.
Table 2. Immunohistochemical (IHC) results for porcine
circovirus type 2 in tissues of aborted fetuses and stillborn
piglets naturally infected with PCV2
Cases
1
2
3
4
5
6
7

Tissuesa
Lung Liver Kidney Lymph nodes Spleen Thymus Colon
+
+
++ ++
++ +
+
-

+
++
+
-

+++
+++
++
++
+
++

+ +++ ++
++ ++
+
++
+++
+
+
++
+
++
++
-

Heart
+++
+++
+++
+++
+++
+++
+++

a Distribution

pattern of PCV2 antigen throughout tissues: negative (-), mild
(+), moderate (+ +), and intense (+ + +) labelling.

in alveolar septal and alveolar epithelial cells. In three fetuses
there was a mild staining in the liver, predominantly in sinusoidal endothelium and hepatocytes. Positively stained cells were
scattered multifocally in the kidney. Additionally, viral antigen
was seen in follicular centers in the spiral colon.
Porcine parvovirus (PPV) was demonstrated in the lungs
of stillborn fetuses from two cases in combination with PCV2
(Table 2). Immunohistochemical test for PRRSV was negative
in all 7 cases.

DISCUS
SION
DISCUSSION
Many reports have reported a world-wide distribution of PCV2
in swine population, causing important economic losses to the
swine industry (Macdonald et al. 2003, Kim et al. 2004, Chae
2004). Moreover, PCV2 has been linked to swine abortion,
stillborn, fetal mummification and birth of weak piglets (West et
al. 1999, Bogdan et al. 2001, O’Conner et al. 2001, Pensaert et al.
2004). However, as has already been suggested (Alterr et al. 2003)
the low number of PCV2 infected fetuses probably reflects a minor
role for the vertical transmission in the PCV2 pathogenesis.
Myocarditis, pale myocardial areas, ventricular dilatation,
hydrothorax, ascites, liver enlargement, and abortion have
all been associated with PCV2 intrauterine infection of sows
Pesq. Vet. Bras. 27(10):425-429, outubro 2007

(West et al. 1999, Brunborg et al. in publication). In the present
study, these cardiac lesions were also associated with PCV2
infection, but they were most prominent in aborted piglets
in which PCV2 and PPV co-infection was detected, indicating
again that the disease caused by the PCV2/PPV co-infection may
be more severe than that caused by PCV2 alone. This
synergistic action of PCV2 and PPV in aborted swine fetuses
had also been demonstrated in Germany (Alterr et al. 2003).
Co-infection by PCV2 and PPV have been associated with
naturally (Ellis et al. 2000) and experimentally (Kennedy et
al. 2000, Krakowka et al. 2000) PMWS affected pigs and
aborted swine fetuses (Altherr et al. 2003). Porcine parvovirus
replicates in cells of the monocyte-macrophage series and
may produce immune cell dysfunction, activation or
immunosuppression causing an enhanced replication of PCV2
in affeted pigs. Alternatively, PCV2 may initiate lymphoid
depletion, resulting in an increased susceptibility to other
viral or bacterial infections (Harding & Molitor 1988, Kennedy
et al. 2000). This co-infection could be expected, since both
viruses are worldwide distributed (Mengeling 1992, Allan &
Ellis 2000).
Mesocolic edema is a characteristic lesion caused by
Escherichia coli infection in pigs. This lesion was found in two
aborted fetuses co-infected naturally with PCV2 and Escherichia
coli, which was isolated in pure culture from samples of liver,
lung and stomach fluid. However, a direct PCV2-induced vascular
damage (Kennedy et al. 2000) may also has contributed to or
caused those lesions. Mesocolic edema in swine aborted fetuses
may also result from PRRSV infection (Rossow 1998), but it was
not detected here by immunohistochemistry. Furthermore, a
recent report indicated that PRRSV infection was not found in
Brazil yet (Zanella et al. 2004).
Histological lesions associated with PCV2 were mainly
observed in the heart and were characterized by nonsuppurative inflammation and varying degrees of fibrosis and
necrosis, indicating possible variation in the duration of lesion
development. PCV2 antigens have been detected in several
swine tissues by monoclonal and polyclonal antibody-based
immunohistochemical procedures (Ellis et al. 1998, Choi &
Chae 2000). As previously seen (Kim et al. 2004, Sanchez et al.
2004), the hearts and lymph nodes were consistently positive
in all stillborns piglets and thus they may serve as target organs
for diagnosing fetal infection.
Since PCV1 alone was not detected in any affected swine
fetus, this report also strenghtened the hypothesis of its lack
of pathogenicity (Allan et al. 1995). The results of this study
warrant the inclusion of PCV2 and PPV in the list of differential
diagnoses for cases of swine reproductive losses in Brazil.
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