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Abstract Wild boar (Sus scrofa ssp scrofa) is a host of
porcine circovirus 2 (PCV-2), and infection in this species
has been reported in many countries. This study sampled
tissues from 348 wild boars in Italy in the provinces of
Bologna, Padua and Pisa. No clinical signs or macroscopic
lesions were recorded in the sampled animals. Immunoloc-
alisation for PCV-2 was performed on tissues, and viral
antigen was disclosed in 38 animals, 11 immunohistochem-
istry (IHC) positive out of 148 (7.43%) sampled in northern
Italy and 27 immunofluorescence (IF) positive out of 200
(13.5%) sampled in central Italy, respectively. Histological-
ly, 19 cases displayed post-weaning multisystemic wasting
syndrome (PMWS) histological lesions, but PCV2 was
only proved in nine of them (three from Bologna and Padua
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by IHC and six from Pisa by IF). Animals aged 7 to
8 months were the most affected by PCV2 infection,
suggesting an important role of this age class in the
epidemiology of the virosis in the tested populations.
Moreover, the study confirmed that wild boar can be a
host of PCV-2, and showed that the virus and PMWS is
widespread and endemic in wild boar in Italy as in other
countries.

Keywords PCV?2 - Wild boar (Sus scrofa ssp scrofa) -
Immunohistochemistry - Immunofluorescence - PMWS

Introduction

Porcine circovirus type 2 (PCV2) was first reported in
Canada (Harding 1996) associated with a wasting disease
called post-weaning multisystemic wasting syndrome
(PMWS) of swine. Since then, a number of swine
conditions have been linked to PCV2 infection now
known as porcine circovirus type 2-associated diseases
(PCVAD) (Oppriessnig et al. 2007): porcine dermatitis and
nephropathy syndrome, porcine respiratory diseases com-
plex, proliferative and necrotising pneumonia, reproductive
disorders, necrotising lymphadenitis and granulomatous
enteritis (Harding 2004; Oppriessnig et al. 2007; Segalés et
al. 2004). Other viruses (namely porcine reproductive and
respiratory syndrome virus, porcine parvovirus, swine
influenza virus and Aujeszky’s disease virus) and
bacteria (Mycoplasma hyopneumoniae, Lawsonia intra-
cellularis and Pasteurella multocida) have been attributed
an important role in the pathogenesis of PCVAD
(Oppriessnig et al. 2007).

PCV2 has a mainly horizontal transmission (both
direct and indirect) in the pig by oro-nasal secretions,
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faeces and urine (Ghebremariam and Gruys 2005), but a
vertical transmission has also been described (Park et al.
2005). The PCV2 host range is limited to the genus Sus
(Segalés et al. 2005) comprising both wild boar and
domestic pigs. Serological surveys (Rose et al. 2002),
immunohistochemistry (IHC) (Ghebremariam and Gruys
2005; Sarli et al. 2009) and in situ hybridization (ISH)
(Ghebremariam and Gruys 2005) show that PCV2 is
ubiquitous and may be encountered in herds both with and
without PMWS. Wild boar (Sus scrofa ssp scrofa) can also
be infected by PCV2 (Hungary, Csagola et al. 2006;
Belgium, Sanchez et al. 2001; Slovenia, Toplak et al.
2004; Spain, Vicente et al. 2004; Germany, Knell et al.
2005) and suffer from PMWS (Canada, Ellis et al. 2003;
Germany, Schulze et al. 2004; Brasil, Correa et al. 2006;
Croatia, Lipej et al. 2007; Greece, Sofia et al. 2008).
Serological surveys in wild boar also provide a high and
diffuse seroprevalence ranging from 23% to 58% in Spain
(Vicente et al. 2004), 35.6% in Belgium (Sanchez et al.
2001), 43% in Czech Republic (Sedlak et al. 2008) and
39.8% in Italy (Delogu et al. 2008). A PCR tested pool of
organs from wild boar were found positive in Hungary
(20.5%; Csagola et al. 2006) and spleens in subjects from
Slovenia (25%; Toplak et al. 2004).

PMWS clinical signs and macroscopic and microscopic
lesions in wild boar (Schulze et al. 2004) are the same as
those described in domestic pigs (Segalés et al. 2005):
clinical signs are variable weight loss, respiratory distress,
pallor of the skin and evidence of macroscopical wasting,
lymph node enlargement and non-collapsed rubbery lungs.
Microscopic lesions include lymphocyte depletion in lym-
phoid tissues with diffuse histiocytic infiltration and occa-
sionally epithelioid cells, multinucleate giant cells (MGCs)
organised into micro-granulomas in follicle centres and/or
peritrabecular spaces and interstitial pneumonia often com-
plicated by necrosis and fibrinous exudate. The diagnosis of
PMWS and PCVAD is hampered by numerous sub-clinical
infections. Nowadays, IHC and ISH are considered the gold
standard for detecting PCV2 as part of the diagnosis of
PCVAD (Ghebremariam and Gruys 2005). The concomitant
presence of three disease characteristics, i.e. clinical signs
and especially histological lesions, and PCV2 within the
lesions (in lymphoid tissue and/or lung) are the hallmarks for
PCVAD diagnosis (Ghebremariam and Gruys 2005; Sarli et
al. 2009; Segalés 2002; Sorden 2000). However, since
clinical data in wild boar are usually not available, the
diagnosis can only depend on pathological findings and
demonstration of PCV2 within lesions (Schulze et al. 2004).

The present study aimed to collect information on
PCV2 infection and PCVAD in three wild boar popula-
tions in Northern and Central Italy, and evaluate the use
of THC and IF as tools for epidemiological PCV2 studies
in this species.
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Materials and methods
Sample collection

Between November 2006 and March 2008, 348 shot wild
boar (174 females and 174 males) were sampled in the
provinces of Bologna (44°00’ N, 11°00" E) (86 subjects)
and Padua (45°14' N, 11°45" E) (62 subjects in Regional
Park of Colli Euganei) in Northern Italy and Pisa (43°45' N,
10°26" E) in Central Italy (200 subjects). Complete clinical
and macroscopic data were not always recorded during
sampling, but the weights were reported together with data
on mortality (no case) within the areas under study. The
collected tissues, mostly sampled by hunters or technicians,
were 485 lymph nodes (superficial inguinal, systematically
sampled for each animal, retromandibular and tracheo-
bronchial) and 65 pulmonary and 61 iliac specimens. The
animals, ranging from 1 to more than 38 months of age,
estimated by tooth-eruption according to Monaco et al.
(2003), were divided into four age classes: “a” (1-6 months,
66 subjects), “b” (7-12 months, 87), “c” (13—24 months,
141) and “d” (over 24 months, 54).

Histopathology

Tissue samples were fixed in 4% buffered formalin,
paraffin-embedded and routinely stained with haematoxylin
and eosin (H&E). Gram, Periodic acid-Schiff (PAS) and
Ziehl-Neelsen (Z-N) stains were also performed in some
selected cases (i.e. granulomatous lymphadenitis) to dis-
close bacteria, mycetes or acid-fast bacteria, respectively.

Immunohistochemistry

Four-micrometre-thick sections were immunohistochemi-
cally stained using a monoclonal as a primary antibody to
PCV2 (Mab F217) kindly provided by the Dr. Gordon
Allan (Veterinary Sciences Division, Department of Agri-
culture and Rural Development, Belfast, UK). Briefly, the
sections were de-waxed and rehydrated through a series of
graded alcohols. The endogenous peroxidases were
inhibited with hydrogen peroxide 0.3% in methanol for
30 min; antigen retrieval was achieved by protease XIV
(0.05%) at 37°C, and sections were rinsed in PBS. The
primary antibody (Mab F217) was added to the sections at
1:200 dilution and incubated overnight at 4°C. Then the
sections were incubated with the secondary antibody and
subsequently with the streptavidin—biotin—peroxidase com-
plex (DAKO LSAB kit peroxidase). The reaction was
revealed using diaminobenzidin (0.04% for 10 min) as
chromogen. The sections were counterstained with Papani-
colau haematoxylin, dehydrated and mounted with
dibutylphthalate-xylene (DPX, Fluka, Buchs, Switzerland).
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Lymphoid tissue of a piglet with spontaneous PMWS
confirmed by PCR and in situ hybridization served as a
positive control. As negative control, an antibody of the
same isotype (IgGl) as the primary antibody but of
irrelevant specificity was employed for each sampled tissue.

Immunofluorescence

For immunofluorescence, a commercial polyclonal anti-
body fluorescein isothiocyanate conjugated (FITC) di-
rected against PCV-2 was used directly on lymph node
sections. Samples were de-waxed, rinsed in PBS and
incubated for one hour in a moist chamber, with 100 pl
of antibody diluted 1:50 with the buffer. Sections were
then rinsed three times in PBS and once in distilled
water, mounted and observed with a fluorescent micro-
scope. As positive controls, lymph node sections of a
naturally PCV-2 infected pig were used. Negative
controls were obtained with the omission of the FITC
antibody for each sampled tissue.

In situ hybridization

ISH was performed on two cases, both IHC and IF
positive, to prove the specificity of results of the two
methods in this species. Four-micrometre-thick sections
were de-waxed in xylene, rehydrated in graded alcohols
and finally immersed in a TBS-based buffer. Digestion
was performed with 0.3% pepsin in the TBS-based
buffer (pH 2) for 10 min at 37°C. Slides were then

washed twice in the buffer and incubated with 100%
formamide (J.T. Baker, Phillipsburg, NJ, USA) for 5 min
at 105°C in a thermal-cycler (Primus 96, MWG Bio-
Tech, Ebersberg, Germany). Sections were subsequently
hybridised with a PCV2-specific, single-stranded oligo-
nucleotide DNA probe, hybridising a tract of the viral
genome encoding the replication-associated protein Rep
(Kennedy et al. 2003). The probe was labelled at the 3’ end
with digoxigenin (MWG Bio-Tech, Ebersberg, Germany)
(sequence: 5'-CCT TCC TCA TTA CCC TCC TCG CCA
ACA ATA AAA TAA TCA AA-3'). The slides were first
incubated at 105°C for 5 min and then at 37°C for 60 min.
To guarantee complete coupling between the target
nucleic acid and the probe, high stringency washes were
performed with saline sodium citrate buffers. The
digoxigenin-labelled sections were subsequently stained
using an anti-digoxigenin antibody conjugated to alkaline
phosphatase (Roche Diagnostics, Mannheim, Germany).
Nitroblue tetrazolium dye (NBT) was used for colour
developing. Dye reduction to insoluble blue—black for-
mazan indicated areas of probe hybridization. Fast Green
1.5% (Sigma, St. Louis, MO, USA) was used to
counterstain the sections that were further dehydrated in
graded alcohols, then in acetone—xylene and mounted
with DPX.

Diagnostic histological criteria

Diagnostic interpretation was based on the following steps,
as reported by Sarli et al. (2009) for the pig.

Fig. 1 Wild boar: superficial RN T S 35k
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MGCs and histiocytes, x20. ¢
Cytoplasm of PCV2 infected
histiocytes within a germinal
centre shows an intense green
Sfluorescent stain, x20. d PCV2
DNA (blue stain) is detected in
the cytoplasm of MGCs and
histiocytes in germinal centre
(ISH, chromogen NBT), x20
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1. Evaluation of haematoxylin-eosin stained sections to
identify the typical PMWS lesions in the lymphoid
tissue (superficial inguinal lymph node, systematically
and other lymph nodes and ileum) and lung to reach
one of the following partial diagnostic conclusions:

(a) No lesions indicative of PMWS.

(b) Lesions indicative of PMWS (depletion and/or
multifocal to diffuse granulomatous inflammation of
lymphoid tissues, interstitial pneumonia) (Segalés et
al. 2005).

(c) Lesions surely attributable to PMWS (referable to
those cases in which characteristic PCV2 cytoplasmic
inclusion bodies were apparent, but never found in
this study).

2. Evaluation of IHC or IF to PCV2 focusing on the
localization of the positive cells.
3. Diagnostic conclusion:

(a) Definitive confirmation of PMWS when a positive
immunohistochemical or immunofluorescence
stain coincided with lesions indicative of PMWS
in at least one of the lymphoid and/or lung tissues.

(b) Lesions not attributable to PMWS but

i.  PCV2 infection in the cases in which PCV2 positive
cells were present without lesions indicative of PMWS.

ii. Confirmation of non-PMWS cases and absence of
PCV2 infection in cases lacking PMWS lesions
and negative to immunohistochemistry.

Statistical analysis

Statistical analysis was performed by Yates’ chi-square test for
comparison of results for sex and age classes and the three tested
wild boar populations. Student’s ¢ test was used to compare the
weights of positive and negative animals of the same age.

/
/
/
/
/
/
/

s, =, Results
&) O
@) @)
L Histologically, lymph nodes ranged from non-reactive to
follicular and/or interfollicular hyperplasia. In particular, 35
- e e e e “ lymph nodes showed granulomatous lymphadenitis: 16 cases
geddgrd were characterised by necrotic and calcified centre surrounded

by a few epithelioid cells, occasionally neutrophils and a
moderately thick fibrous capsule (non-PMWS-typical
lesions); 19 cases showed epithelioid cells and some MGCs
mostly at the centre of the lymphatic follicles and within
interfollicular tissue as well, but there was no evidence of
proliferation of a fibrous capsule (typical PMWS lymphoid
lesion). Moreover, depletion of lymphoid tissue was detected
(typical PMWS lymphoid lesion) in the tracheo-bronchial
lymph node of one subject.

PCV2 antigens were revealed in six out of 86 (7.0%) subjects in Bologna (BO), five out of 62 (8.0%) in Padua (PD) and 27 out of 200 (13.5%) in Pisa (PI). Differences (p<0.006, by Yates’ chi-

square test) were observed in age distribution of infection, namely age class “b” animals had higher infectivity
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Gram, PAS and Z-N stains did not disclose any aetiological
agents. Eleven lungs of 65 available for the study showed
adults and/or larvae of nematoda within bronchial and
bronchiolar lumina, whereas 22 pulmonary specimens were
characterised by BALT activation that in 12 cases formed
ectopic lymphoid nodules (Kisselev’s nodules). Focal to
multifocal bronchopneumonia associated with desquamative
alveolitis was noted in six animals. In addition, 27 lungs had a
light to moderate and focal to multifocal interstitial pneumo-
nia. No lesions were recorded in ileum samples (61 available).

Both PCV2 IHC/IF-positive cases tested by ISH (Fig. 1)
confirmed the presence of PCV2 DNA: the samples showed
specific intracytoplasmic spots in histiocytes of follicular
cores and, to a lesser extent, of interfollicular tissue.

IHC for PCV2 of Northern Italy was positive in 11 animals
(five females and six males) out of 148 (7.4%): six of 86
(7.0%) in Bologna and five of 62 (8.0%) in Padua. The
infection prevalence (tested by IF) was higher in Pisa with 27
positive subjects out of 200 (13.5%, 10 males and 17 females).
However, no significant differences were assessed by Yates’
chi-square test among the three sampled populations. The IHC
and IF pattern of PCV2-positive samples showed a moderate
to high amount of antigen in the cytoplasm of follicular and/or
interfollicular histiocytes in lymph nodes and/or MALT
(mucous-associated lymphoid tissue) of the ileum and lung.
The lung showed positivity of interstitial macrophages in
two cases. In all (Table 1), only nine animals were
diagnosed as PMWS subjects, because lesions and viral
antigen coexisted in at least one tissue sample (29 of 38
positive animals did not present PMWS-typical lesions,
and 10 out of 19 animals showing PMWS-typical lesions
were [HC and IF PCV2 negative). In particular, seven wild
boar showed MGCs and micro-granulomas in positive
lymph nodes. One animal had moderate lymphoid deple-
tion in positive lymph nodes, and desquamative alveolites
associated with acute bronchopneumonia in moderately
positive lungs. Another suffered from desquamative
alveolitis with positive endoalveolar MGCs. No tissue
showed PMWS-typical lesions in the remaining 29
positive cases, suggesting only PCV2 infection.

Summarising, PCV2 infection was proved with the
following age-class distribution: “a” four out of 66 (6.06%),
“b” 17 out of 87 (19.54%), “c” 13 out of 141 (9.21%) and “d”
four out of 54 (7.4%) (Table 1). Differences in positivity with
age-class distribution were statistically significant (p<0.006)
namely higher in the animals belonging to the “b” age class,
i.e. 7-12 months. In addition, in the class “b” of Bologna
and Padua wild boars (for which month step of age was
recorded), a significant higher positivity (p<0.006) was
assessed by comparing only animals aged 7 to 8 months to
the others of the same class (7/21 vs 1/35). No differences
were disclosed comparing sex or weights between positive
and negative animals.
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Discussion

This is the first report of PCV2 infection and PMWS in
wild boar in Northern Italy and in Italy, respectively.
Together with the papers by Verin et al. (2007) and Petrini
et al. (2009) on PCV2 diffusion in central Italy, the present
study suggests that PCV2 and PMWS is widespread and
endemic among the wild boar populations in Italy.

Complete clinical and macroscopic data on wildlife are
usually not available as was the case in our study. However,
the diagnosis of PMWS in wild boar can depend on the
demonstration of PCV2 within lesions (Schulze et al. 2004).
One study (McNeilly et al. 1999) found that IHC for the
detection of PCV2 antigen in formalin-fixed, paraffin-wax-
embedded tissue was more sensitive than PCV2 DNA
detection by ISH, and the positive ISH in two IHC and IF
positive cases as in the positive control confirmed the
specificity of IHC and IF. Moreover, ISH is a more complex
and expensive technique than THC (Chae 2004).

The nine cases diagnosed as PMWS in our investigation
belonged to age class “a” (two animals), “b” (six animals) and
“c” (one animal); thus, only two animals were under 6 months of
age (1620 weeks old). The two positive subjects show a similar
average age as the PMWS pigs described by Segalés et al.
(2005); the remainder had late PMWS manifestations. A delay
in developing PMWS signs and lesions was also reported by
Schulze et al. (2004) and Vicente et al. (2004), recording the
disease in wild boar aged more than 40 weeks. This may be
due to the later weaning age of wild boar in nature (Correa et
al. 2006) or to the absence of intensive management
procedures such as vaccinations and other stressors.

The present study found 7- to 12-month-old animals in
group “b” (17 out of 87) statistically more affected by PCV2
infection than other age classes. In particular, the results
among the Northern Italy population (Bologna and Padua)
showed a peak of positive cases among animals aged 7 to
8 months (seven out of 21) that were more severely infected
than other animals (9-12 month old) (p<0.006), suggesting
that wild boar aged 7 to 8 months are the most important for
the epidemiology of PCV2 infection. This result reflects
the findings of Delogu et al. (2008) who reported a lower
seroprevalence among group “b” animals, attributing it to
the decay of maternal antibodies in boar of this age. This
may explain the higher rate of infection encountered in
“b” group animals in the present study. The overall
prevalence of our samples (10.9%; 38/348) was lower
than values reported in other countries: 23—58% in Spain
(Vicente et al. 2004), 35.6% in Belgium (Sanchez et al.
2001), 43% in Czech Republic (Sedlak et al. 2008), 20.5%
in Hungary (Csagola et al. 2006) and 25% in Slovenia
(Toplak et al. 2004). These numeric differences may be
due to the tests used, IHC or IF vs serology or PCR,
respectively.
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PCV2 infection and blood levels of PCV2 antibodies in wild
boar are known to be associated with the density of animals in
the area or in intensively managed populations (Vicente et al.
2004). The three different populations in our study were
reported to have a similar density: 10 animals/100 ha in
Bologna (Canetti, personal communication), 10.7+£2.8 ani-
mals/100 ha in Padua (Scacco et al. 2008), 10—12 animals/
100 ha in Pisa (unpublished data; “Annual statistical data of
hunting” (2006), ATC (Ambito Territoriale di Caccia) Pisa 14
and 15). The slight differences in prevalence of infection,
albeit non-significant, merit some consideration, such as the
different methods of sample evaluation (the evaluation of IF is
more subjective than IHC), and orography, class distribution
of animal populations and presence of free-range pigs for
which no information was available in this study.

Wild boar is a potential reservoir of several viruses for
the domestic swine, such as classical swine fever virus
(Rossi et al. 2005), Aujeszky disease virus (Lari et al. 2006;
Vicente et al. 2005) and bovine viral diarrhoea virus
(Zupancic et al. 2002), but the contrary seems to occur for
PCV2 (Ruiz-Fons et al. 2008). In fact, a serological survey
proved high infection pressure with prevalence close to
100% in pigs worldwide (Segales and Domingo 2002), and
PMWS also on Italian farms (73.8%, Sarli et al. 2009), and
these prevalence values are higher than those described in
wild species (Sanchez et al. 2001; Vicente et al. 2004).
Moreover, this was confirmed by an American study (Corn
et al. 2009) that proved higher seroprevalences of feral
swine populations in high-density commercial swine
production regions than in transitional swine regions with
very low swine density (519.3 vs 1.5 swine per square
kilometre).

The present results suggest that although PCV2 is
endemic, it should not play a role in the dynamics of tested
populations (no reported abnormal mortalities and no
recordable clinical signs in affected animals). In addition,
both IHC and IF can be used successfully to survey PCV2
in wild boar as they both prove not only the infection but
also the disease in the tested population.
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