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ABSTRACT:
In 2002, postweaning multisystemic wasting syndrome (PMWS) was diagnosed in a
European female wild boar (Sus scrofa), based on the detection of porcine circovirus 2 (PCV2)
DNA in various organs, including the uterus, and on histopathologic lesions. This is the first
detection of PCV2 DNA in the uterus of a wild boar. Three years later (2005), a wild boar ,6–
8 mo of age was found moribund. It presented wasting and dyspnea and finally died. PCV2 DNA
was detected in tissue samples, and histopathologic lesions consistent with PMWS were observed.
Both wild boars were from neighboring hunting areas in central Greece. Two PCV2 strains from
the wild boars were genetically characterized and compared to other reported PCV2 sequences
from wild boars and domestic pigs. The PCV-2 sequences from the wild boars in this study were
closely related to each other and were grouped with two isolates from wild boars from Hungary.
The phylogenetic analysis revealed that the virus might be transmitted between hunting areas. In
addition, PCV2 may spread from domestic pigs to wild boars and vice versa.
Key words: PCV2, phylogenetic analysis, PMWS, porcine circovirus 2, postweaning
multisystemic wasting syndrome, wild boar.

PCV2 in these tissues (Sorden, 2000).
Both PMWS-affected and non-affected
pigs can be infected with PCV2 (Calsamiglia et al., 2002).
Wild boars (Sus scrofa) infected with
PCV2 have been reported (Vicente et al.,
2004; Knell et al., 2005; Csagola et al.,
2006). A PCV2-antibody prevalence of
47% has been reported for wild boar
sampled in Spain; antibody prevalence
was highest in intensively managed populations rather than in those living in more
natural conditions (Vicente et al., 2004). In
addition, the incidence of PCV2 DNA in
tissue samples from wild boars sampled in
Hungary was 20.5% (Csagola et al., 2006).
Histopathologic lesions consistent with
PMWS have been reported in wild boars
(Ellis et al., 2003; Schulze et al., 2004;
Vicente et al., 2004), and these lesions
have been associated with the detection of

INTRODUCTION

Porcine circovirus 2 (PCV2; Circovirus,
Circoviridae; Hamel et al., 1998) is a
small, icosahedral, nonenveloped virus
that contains a single-stranded circular
DNA genome of 1.76 kb (Tischer et al.,
1982). This virus is the causative agent of
postweaning multisystemic wasting syndrome (PMWS) in domestic pigs (Allan et
al., 1998). The disease affects 5–12-wk-old
piglets, occurs in herds that are usually in
good health, and has a low morbidity but a
relatively high mortality rate (Harding and
Clark, 1997). The diagnosis of PMWS in
domestic pigs is based on clinical signs
(progressive weight loss, respiratory distress, diarrhea, and pallor of the skin),
histopathologic lesions in lymphoid tissues
(lymphocyte depletion, granulomatous inflammation, or both), and the presence of
864
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PCV2 DNA in tissues (Toplak et al., 2004;
Vicente et al., 2004). Histopathologic
lesions reported in the above-mentioned
cases were identical to those observed in
PMWS-affected domestic pigs; however,
to date PMWS has been reported only
from wild boars over 6 mo of age (Schulze
et al., 2004; Vicente et al., 2004).
The genome of PCV2 includes two
major open reading frames (ORFs) that
are oriented in opposite directions. The
ORF1 is on the viral strand and encodes
the Rep-associated proteins (Rep, Rep9)
with the Rep protein comprising 314
amino acids (aa) (Mankertz et al., 1997),
whereas ORF2 is located on the complementary strand and encodes the capsid
protein (CapP) of 233 aa (Nawagitgul et
al., 2000). Different strains of PCV2
display greater than 90% nucleotide identity (Fenaux et al., 2000), and while ORF1
is very conserved, ORF2 is a more variable
region (Fenaux et al., 2000). Genomic
sequences of PCV2 isolates from domestic
pigs, with or without PMWS, are closely
related (De Boisseson et al., 2004). A
number of PCV2 strains have been
genetically characterized from wild boars
with subclinical infection (Knell et al.,
2005; Csagola et al., 2006), but only one
has been characterized from a PMWS case
(Schulze et al., 2004).
The objectives of this study were: 1) to
determine whether PCV2 infects and
causes PMWS in wild boars in Greece
and, if infected; 2) to genetically characterize PCV2 strains from wild boars in
Greece and phylogenically determine
their relationship with other previously
sequenced PCV2 strains derived from
domestic swine and wild boars.
MATERIALS AND METHODS
Field cases

In 2002, a pregnant female wild boar was
found dead in a hunting reserve (5 km2) in
central Greece (39u489N, 21u179E). Using an
isothermal container with ice packs, the
Hunting Federation submitted to our laboratory frozen tissue samples of spleen, lung,
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liver, and uterus (including two embryos). In
2005, a male wild boar was found moribund in
an adjacent hunting reserve (479 km2) in
central Greece (39u489N, 21u179E). It was in
a poor body condition and had dyspnea. The
wild boar died during transfer to the Veterinary School of Thessaly, Greece. It was ,6–
8 mo old, based on tooth eruption and wear
pattern (Boitani and Mattei, 1992). Necropsy
was performed and tissue samples of lung,
heart, liver, kidney, intestine, and lymph nodes
(submandibular, bronchial, mesenteric, superficial inguinal) were collected. All samples
were stored at 270 C for PCR, except for
portions that were fixed in neutral 10%
formalin for histopathology. Bacteriologic examinations were not performed. The two
hunting reserves are adjacent and movement
of wild boar may occur between them.
DNA and RNA extraction

DNA was isolated from 10 mg of each tissue
sample using a commercial extraction DNA
isolation cell and tissue kit (Puregene, Gentra
Systems, Minneapolis, Minnesota, USA) according to the manufacturer’s instruction. The
RNA was isolated from 10 mg of tissue
samples using a commercial extraction RNA
isolation cell and tissue kit (Puregene, Gentra
Systems).
Polymerase chain reaction (PCR)

The primers and the PCR conditions for
amplification of the PCV2 genome, and for
detection of PCV1 (Mankertz et al., 2000),
PCV2 (Mankertz et al., 2000), porcine parvovirus (PPV; Kim et al., 2003), and porcine
reproductive and respiratory syndrome virus
(PRRSV; Gilbert et al., 1997) were performed
as previously described. Ten microliters of
each PCR product were analyzed by electrophoresis on a 2% agarose gel and stained with
ethidium bromide (0.5 mg/ml). A 100-base pair
(bp) DNA ladder (Invitrogen, Paisley, UK)
was analyzed on the same gel to serve as a size
marker.
Histopathologic examination

Tissues samples were fixed in neutral
buffered formalin 10%, embedded in paraffin,
sectioned at 4–6 mm, and stained with hematoxylin and eosin (H&E).
Sequence analysis

A virus strain was genetically characterized
from each wild boar. The PCR products were
gel-purified (QIAquick Gel Extraction Kit,
Qiagen Ltd., West Sussex, UK) and sequence
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analysis was performed twice on the complete
viral genome (MWG Biotech, Ebersberg,
Germany) using forward and reverse PCR
primers. All samples were analyzed twice, and
only high-quality sequences were used. The
viruses were designated by the codes GREWB1 (wild boar; GenBank accession no.
DQ915583) and GRE-WB2 (female wild boar;
GenBank accession no. DQ915584). The
GRE-WB1 was detected from inguinal lymph
nodes while GRE-WB2 was detected from the
uterus. Nucleotide sequences from eighteen
PCV2 isolates were retrieved from the GenBank. A phylogenetic and molecular evolutionary analysis was performed on the complete viral genome and the ORF2 gene, using
the MEGA 3.1 program (Kumar et al., 2004).
Neighbor-joining trees were constructed from
a difference matrix employing the Kimura 2parameter correction. One thousand bootstrap
pseudo-replicates were used to test the
branching (shown as percentages). The trees
were outgroup-rooted using four PCV1 sequences.
RESULTS

For the male wild boar, PCV2 DNA was
detected in lung, heart, intestine, and
lymph nodes. For the female wild boar,
PCV2 DNA was detected in spleen, lung,
liver, and uterus, but not in the two
embryos. Both wild boars were negative
for PCV1 and PPV DNA; however, the
female wild boar was positive for PRRSV
RNA in the lung.
The male wild boar was in a poor body
condition. Gross lesions consisted of moderate enlargement of the submandibular,
superficial inguinal, bronchial, and mesenteric lymph nodes and mildly rubbery
lungs. On histologic examination, various
degrees of lymphocyte depletion, macrophage infiltration, and occasional syncytial
cell formation were detected in lymphoid
organs (Fig. 1); these lesions are typical of
PMWS. In the lungs, interstitial pneumonia with congestion and edema was seen
(Fig. 2). Focal or multifocal areas of
interstitial nephritis were observed
(Fig. 3). Periportal mononuclear cell infiltration as well as collagen fibers were
detected in the liver. In the heart, mild to
moderate focal interstitial myocarditis,

consisting mainly of perivascular accumulations of macrophages and lymphocytes,
was also observed (Fig. 4). In the female
wild boar, lesions were seen in spleen,
lungs, and liver and were more severe. In
particular, the lungs were enlarged and
rubbery, and histopathologically severe
interstitial pneumonia was detected. Additionally, various degrees of lymphocyte
depletion were seen in the spleen, while
in the liver, periportal mononuclear cell
infiltration was observed throughout the
tissue.
The PCV2 sequences recovered from
the two wild boars (GRE-WB1, GREWB2) were 1,767 bp and lacked the same
nucleotide at position 1040–1042 on the
1768 nucleotide strand (Fenaux et al.,
2000). Phylogenetic analysis was performed on the complete viral genome of
18 PCV2 isolates from domestic and wild
pigs, including those described in this
study (Fig. 5). The PCV2 strains formed
two groups. The Greek strains from wild
boars were closely related (98.5% nucleotide identity) and were clustered with
two isolates (WB-H-1, WB-H-6) from wild
boars from Hungary (98.6–99.3% nucleotide similarity). The remaining strains
from wild boars formed a separate cluster
and displayed 94.8–98.9% nucleotide
identity. Isolates did not cluster according
to their geographic origin. Phylogenetic
analysis on the ORF2 gene resulted in a
phylogenetic tree similar to the one
mentioned above.
DISCUSSION

Previous studies have shown that PCV2
can infect wild boars (Sus scrofa) and that
infection can lead to PMWS (Schulze et
al., 2004; Vicente et al., 2004). Results
from serologic studies indicate that PCV2
antibody prevalence is lower in free-living
wild boars than in domestic pigs (Vicente
et al., 2004). Factors such as living
conditions, age of infection, extent of
PCV2 shedding, early weaning, and vaccinations (Vicente et al., 2004), factors that
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FIGURE 1. Intestine: Peyer’s patches. Depletion of lymphocytes, infiltration of large macrophages, and
syncytial cell (arrow) formation. H&E, Bar 5 50 mm. FIGURE 2. Lung: Moderate interstitial pneumonia
accompanied by hyperemia. H&E, Bar 5 250 mm. FIGURE 3. Kidney: Multifocal to diffuse interstitial
mononuclear cell infiltration. H&E, Bar 5 100 mm. FIGURE 4. Heart: Multifocal interstitial myocarditis.
H&E, Bar 5 100 mm.

may enhance the spread of the virus in
commercial swine, may not be applicable
to wild boar populations.
This is the first report of PMWS in wild
boars in Greece, further establishing the
already reported view that histopathologic
lesions consistent with PMWS occur in
European wild boar (Toplak et al., 2004;
Vicente et al., 2004). Although no clinical
signs have been recorded in wild boars in
any of the previous studies, we observed
wasting and dyspnea in one wild boar that
was ,6–8 mo old. Histopathologic lesions
observed in this animal were identical to
those described for PMWS in domestic
pigs and wild boars (Schulze et al., 2004;
Toplak et al., 2004; Vicente et al., 2004),
and PCV2 was present in tissue from this
animal. Thus, the diagnosis of PMWS in

this wild boar fulfilled the three common
criteria (Sorden, 2000). Prior to this case,
lesions had been detected only in wild
boars that were older than the average age
(2–4 mo) of domestic pigs at which
PMWS is most often observed (Segales
and Domingo, 2002). This report of
PMWS in a wild boar reveals that the
virus infects young wild boars and that
infection can result in the development of
PMWS.
The occurrence of PMWS in a female
wild boar is also in accordance with
previous reports (Schulze et al., 2004).
The diagnosis was based on histopathologic lesions and the detection of PCV2 in
tissues. We cannot conclude that death
was caused by PMWS because only tissue
samples were submitted to our laboratory
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FIGURE 5. Phylogenetic analysis in the complete viral genome of 18 PCV2 isolates and four PCV1 as an
outgroup. GenBank accession numbers and geographic origins are shown (AUT 5 Austria; FRA 5 France;
GER 5 Germany; GRE 5 Greece; H 5 Hungary; IRE 5 Ireland; NL 5 The Netherlands; ROM 5
Romania; SPA 5 Spain; UK 5 United Kingdom). Isolates from wild boars are indicated as WB.

and clinical signs were not recorded. In
the female wild boar, PRRSV RNA was
also detected. It is possible that the
severity of histopathologic lesions was the
result of co-infection with PCV2 and
PRRSV. In domestic pigs, PCV2 is the
primary cause of PMWS, but concurrent
PRRSV infection leads to more severe
disease forms (Harms et al., 2001).
To our knowledge, this is the first report

of PCV2 DNA detection in the uterus of a
female wild boar with PMWS. This finding
was not expected, and as a result, tissue
samples for histopathology were not collected. Viral DNA was not present in the
fetuses but, in a previous experimental
study, it was shown that PCV2 can infect
late-term fetuses in domestic pigs via the
placenta (Park et al., 2005). Our findings
suggest that it is possible that PCV2 may
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cause reproductive disorders in wild boars
similar to those already described in
domestic pigs (O’Connor et al., 2001).
The possibility that PCV2 is a causative
agent of reproductive problems in wild
boars, and that it may be vertically
transmitted, should be further investigated.
Our first case of PMWS in wild boars
occurred in 2002, and the second case was
reported in 2005. The two PMWS cases
were from neighbouring hunting reserves
in the same prefecture. The high nucleotide identity of the viruses associated with
these cases probably reflects movement of
the wild boars between these populations,
and the nucleotide variation of these
isolates is probably the result of point
mutations.
The phylogenetic analysis in the ORF2
gene and in the complete viral genome
showed that isolates from wild boars and
domestic pigs are closely related. This may
indicate the transmission of PCV2 from
domestic to wild boars, or vice versa. Wild
boars may be carriers of PCV2 infection
for domestic pigs in regions where domestic pig farms are neighbor to hunting
areas. At present, a reservoir of the virus
has not been detected that would serve as
a common source of both wild boar and
domestic pig PCV2 infections. It is possible that wild boars may serve as a natural
reservoir of the virus, but further studies
are needed in order to clarify the extent of
PCV2 infection in wild boar populations
and to better understand the epidemiology
of this virus.
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