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Porcine circovirus type 2 (PCV2) associated reproductive disease was di-
agnosed in a herd containing only gilts. A single case of abortion occurred and no
other disorder was evident in the herd. PCV2 antigen and/or DNA were detected
in two aborted fetuses. One of the fetuses, revealing both PCV2 DNA and anti-
gen, presented multinucleated giant cells, severe vascular lesions (intramural oe-
dema, fibrinoid necrosis, mild lympho-histiocytic vasculitis, fibrin thrombi) and
mild non-suppurative inflammation in the lungs. Other abortifacient infections
were not found. This is the only report of PCV2-induced abortion in Hungary
since 1999, when PCV2-associated disease was first discovered in the country.
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Porcine circovirus type 2- (PCV2-) associated disease (PCVAD) can be
manifested as a systemic disease (postweaning multisystemic wasting syndrome;
PMWS), as part of the porcine respiratory disease complex (PRDC), as an en-
teric disease, as porcine dermatitis and nephropathy syndrome (PDNS), or in the
form of reproductive disorders (Opriessnig et al., 2007). The last mentioned dis-
orders include early termination of pregnancy, increased number of mummified
fetuses, stillbirth or the birth of weak pigs (Madson and Opriessnig, 2011). PCV2
was shown to cause subclinical intrauterine infection in sows (Gerber et al.,
2012). This can make it difficult to diagnose PCV2-associated reproductive dis-
ease by polymerase chain reaction (PCR), which is a sensitive and widely used
method. Recently the following characteristics or methods have been suggested
for the diagnosis of PCV2-associated reproductive disease: (1) the presence of
clinical signs on the farm, (2) characteristic histological lesions in affected fetal
tissues, (3) detection of PCV2 antigen or DNA in fetal tissues using immunohis-
tochemistry (IHC) or in situ hybridisation (ISH) (Madson and Opriessnig, 2011).
Subclinical intrauterine PCV2 infection is identified by the detection of viral
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DNA or antibodies in fetal tissues, pre-suckle serum or thoracic fluid without the
presence of microscopic lesions or indications of reproductive failure (Madson
and Opriessnig, 2011).

PCV2 infection associated with PMWS was first detected in Hungary in
1999 (Kiss et al., 2000). The infection was later found to be associated with
PDNS (Molnar et al., 2002) as well as PRDC (Szeredi et al., 2013). PCV2-
associated reproductive disease has not yet been reported in this country. In this
paper we describe the first natural case of PCV2-induced abortion in Hungary.

Materials and methods

Gross pathological, histological and immunohistochemical examinations

Seven aborted fetuses (approximately 80 days of age according to their crown
to rump length) and fetal membranes originating from a single gilt were submit-
ted for examination from a farm of 300 gilts. The farm was free from Aujeszky’s
disease, leptospirosis, porcine respiratory and reproductive syndrome (PRRS) and
Brucella infections, and did not use any PCV2 vaccine. After gross pathological
examination, fetal lungs, liver and kidney were collected and fixed in 10% neu-
tral buffered formalin from two fetuses. The remaining five fetuses were mum-
mified and showed severe autolysis preventing further laboratory examinations.
Formalin-fixed and paraffin-embedded tissue sections of 4 pm thickness were
stained with haematoxylin and eosin (HE). Serial tissue sections were used for
IHC in order to detect PCV2 as described by Szeredi et al. (2012).

Bacteriological and serological examination

Bacterial cultures were made from the stomach contents and the fetal
membranes. The samples were cultured on duplicates of nutrient, bromothymol
blue-lactose-sucrose (BLS, modified Drigalski) and 5% sheep blood agar plates
and incubated aerobically for 48 h. To culture Brucella spp., sheep blood agar
plates were incubated in an atmosphere containing 10% CO, for 6 days.

Thoracic fluid was collected and examined for the presence of porcine
parvovirus (PPV) antibodies by indirect ELISA. Serum samples of the aborted
gilt and serum samples of eight other gilts from the herd were submitted as well
and were tested for Brucella abortus, Aujeszky’s disease virus, PRRS virus
(PRRSV) and PPV antibodies by indirect ELISA and for Leptospira pomona an-
tibodies by microscopic agglutination test.

Polymerase chain reaction (PCR) and sequencing

Pooled tissue samples (spleen, thymus, ileum, lungs, heart, liver and kid-
ney) were collected from two fetuses for the detection of PRRSV, PCV2 as well
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as PPV1, PPV2, PPV3 and PPV4. The viral nucleic acid was extracted with the
innuPREP Virus DNA/RNA Kit (Analytik Jena, Biometra, Germany) according
to the user’s manual. The PCRs and sequencing were carried out using previ-
ously described methods (PCV2: Csagola et al., 2006; PPV1: Soares et al., 1999;
PPV2, PPV3, PPV4: Csagola et al., 2012; PRRSV: Oleksiewicz et al., 1998).

Results

Gross pathological, histological and immunohistochemical examinations

On macroscopic examination, one of the two fetuses showed moderate
autolysis, and a few fibrin deposits were evident in the abdominal cavity. The
other fetus was not affected by autolysis and showed no alterations.

Microscopically, moderate to severe autolysis was present in the fetus pre-
senting gross pathological alterations. Tissue lesions were observed only in the
lungs presenting mild lympho-histiocytic infiltration in the alveolar wall, moder-
ate interlobular oedema, and scant multinucleated giant cells situated in the capil-
lary and alveolar lumen (Fig. 1A). Additionally, intramural oedema, fibrinoid
necrosis and mild lympho-histiocytic intramural and perivascular inflammatory
cell infiltrations were found in several blood vessels, which frequently contained
fibrin thrombi as well (Fig. 1A). Moderate to severe autolysis without apparent
tissue lesions was evident in the liver and kidney. In this fetus, a large amount of
PCV2 antigen was detected in all organs examined, especially in the blood vessel
walls and, in the areas surrounding them, in different cell types including endo-
thelial cells, myoepithelial cells of the tunica media, and macrophages (Figs 1B,
2A, 2B). Single immunostained cells including sinus and capillary endothelial
cells and macrophages were evenly distributed in the whole tissue section in all
fetal organs (Fig. 2A). No histological lesions or PCV2 antigen was found in the
other fetus.

Bacteriological and serological examination

No bacterial pathogens were cultured from any of the fetuses. PPV anti-
bodies were detected in a titre of 1:3472 to 1:9424 in all sows’ serum, while the
fetal fluids remained negative. The serological examinations were negative for
all other infections in all the gilts examined.

Polymerase chain reaction (PCR) and sequencing

PCV2b was found in both of the fetuses. The determined full length PCV2b
sequence was deposited in GenBank (accession number: KJ946351). No PRRSV
or PPVs were detected in any of the fetuses by PCR.
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Fig. 1. Tissue samples of aborted pig fetus. 4. Lungs. Mild lympho-histiocytic infiltration in the
alveolar wall, presence of multinucleated giant cell in a capillary lumen (arrow), and multifocal fi-
brinoid necrosis in blood vessels (arrowheads). Haematoxylin and eosin (HE), % 400.

B. Lungs. Large amount of PCV2 antigen in the blood vessels and around them.
Immunohistochemistry (IH), x 200
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Fig. 2. Tissue samples of aborted pig fetus. 4. Liver. Large amount of PCV2 antigen in the blood
vessels and around them, and strong immunostaining in endothelial cells and macrophages in the
sinusoids. Advanced autolytic changes are evident. IH, x 200. B. Kidney. Large amount of PCV2
antigen in the blood vessels and around them. Moderate autolytic changes are present. [H, x 200

Discussion

All criteria for the diagnosis of PCV2-associated reproductive disease
were evident in this study (Madson and Opriessnig, 2011). Only gilts were kept
on the affected farm. This is a common history of PCV2-induced abortion cases.
Such herds are likely to be seronegative and can easily be infected with PCV2
(West et al., 1999). Dam-associated homologous anti-PCV2 antibodies were
supposed to be at least partially protective against intrauterine PCV2 infection
and the development of reproductive failure (Madson and Opriessnig, 2011). In-
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terestingly, only a single case of abortion and no further reproductive disorders
were detected in this herd. The time of fetal PCV2 infection seemed to be impor-
tant in inducing abortion. Inoculation of fetuses at 57 days of gestation was asso-
ciated with gross pathological alterations and systemic infection, with high
amounts of PCV2 DNA being detected in all organs examined. In contrast, fe-
tuses inoculated at 75 or 92 days of gestation showed no macroscopically visible
lesions and no systemic infection could be found in them (Sanchez et al., 2003).
Based upon the approximate age of the fetuses (80 days) and the presence of five
already mummified fetuses, we suppose that intrauterine infection must have oc-
curred in the second third of pregnancy in the present case. The infection can
spread from one fetus to another, and not all the pigs are infected with PCV2 at
the time of abortion. Therefore, sampling 4-6 fetuses per litter, including mum-
mified fetuses, was recommended (Madson and Opriessnig, 2011). The impor-
tance of examining multiple fetuses per litter was supported also in this study, in
which PCV2-induced disease was detected only in one fetus, while in the other
fetus subclinical PCV2 infection was diagnosed.

Gross pathological lesions rarely occur in PCV2-infected fetuses. They in-
clude cardiac dilatation with regions of pallor, pulmonary, subcutaneous or
mesocolonic oedema, hydrothorax, ascites, hepatomegaly, lymphadenopathy and
cerebral as well as petechiation in the spleen (Madson and Opriessnig, 2011). In
the present study, the presence of a few fibrin deposits in the abdominal cavity
was the only macroscopic alteration in one of the fetuses. The heart was not af-
fected and was not further examined by either histology or IHC. In previous
studies, the myocardium and the liver were shown to contain the highest amounts
of PCV2, and the most consistent tissue lesions were found in the myocardium
(West et al., 1999; Brunborg et al., 2007). The amount of PCV2 was reported to
diminish with increased fetal age, and the virus is known to accumulate in the
lymphoid organs around parturition (Sanchez et al., 2003). Other authors have
found that mild non-suppurative pneumonia is the only microscopic lesion in
both natural and experimental cases of PCV2-induced abortion, and that the
lymphoid organs are the most appropriate tissues for the detection of PCV2 by
ISH or IHC (Kim et al., 2004; Park et al., 2005). In this study, microscopic le-
sions were found only in the lungs, where multinucleated giant cells and promi-
nent vascular lesions were detected first, with the parallel presence of non-
suppurative pneumonia. The presence of multinucleated giant cells in pig fetuses
has so far been described only in the lymphoid organs (Opriessnig and Langohr,
2012) and vascular lesions have been reported only in growing and adult pigs
with PMWS or PRDC (Opriessnig et al., 2006; Correa et al., 2007; Seeliger et
al., 2007; Langohr et al., 2010; Szeredi et al., 2012; Resendes and Segalés,
2014). The presence of large amounts of PCV2 antigen in and around the blood
vessels of different fetal organs suggests that the vascular system may be impor-
tant in the pathogenesis of fetal PCV2 infection as well.
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Some reports suggest that PCV2-associated reproductive disease is rare
under natural conditions, whereas other authors have found that 12% to 27.1% of
aborted fetuses and stillborn piglets are infected with PCV2 (Kim et al., 2004;
Ritzmann et al., 2005; Maldonado et al., 2005; Madson and Opriessnig, 2011;
Nathues et al., 2011; Handke et al., 2012). The archived records from the au-
thors’ institution support the former finding. Between 2004 and 2013, a total of
264 aborted fetuses from 199 sows or gilts were tested for PCV2 by PCR at the
Veterinary Diagnostic Directorate, Central Agricultural Office, Budapest, and 10
cases (5%) originating from 10 different farms were found positive. Only one of
these ten cases, presented in this study, was diagnosed as a PCV2-induced abor-
tion. The fetal organs of the other 9 cases were negative for PCV2 by IHC, and
no tissue lesions characteristic of PCV2 infection were evident. Two of the 9
cases were induced by bacterial infections (Leptospira spp., Staphylococcus
spp.), while in the remaining 7 cases of abortion no infections were identified.
The results indicate subclinical PCV2 infection of the fetuses in these nine cases.

In conclusion, PCV2-induced pig abortion is reported here for the first
time in Hungary. The vascular system seems to be important in the pathogenesis
of fetal PCV2 infection. The records from the past 10 years and the occurrence of
a single abortion case in this affected herd indicate that the importance of PCV2
infection in swine abortion is rather low in Hungary.
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