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ABSTRACT: The risk of transmission of pathogens from free-ranging wild boars (Sus scrofa scrofa)
to outdoor domestic pigs (S. scrofa domesticus) is of increasing concern in many European
countries. We assess this risk, using Switzerland as an example. We estimated 1) the prevalence of
important pathogens in wild boars and 2) the risk of interactions between wild boars and outdoor
pigs. First, we tested 252 wild boars from selected areas between 2008 and 2010 for infection with
Brucella spp. Bacterial prevalence was estimated to 28.8% (confidence interval [CI] 23.0–34.0)
when using bacterial culture (B. suis Biovar 2) and real-time polymerase chain reaction. Antibody
prevalence was 35.8% (CI 30.0–42.0), which was significantly higher than in previous studies in
Switzerland. We also tested 233 wild boars for porcine reproductive and respiratory syndrome
virus (PRRSV). Antibody prevalence was 0.43% (CI 0.01–2.4) for EU-PRRSV and real-time
reverse transcription polymerase chain reaction results were negative. These findings suggest that
B. suis is increasingly widespread in wild boars and PRRSV is currently not of concern. Second, we
documented the spatial overlap between free-ranging wild boars and outdoor piggeries by
mapping data on their respective occurrence. Wild boars are most widespread in the mountain
range along the western and northern Swiss borders, while most piggeries are located in central
lowlands. A risk of interaction is mainly expected at the junction between these two bioregions.
This risk may increase if wild boars expand eastward and southward beyond anthropogenic
barriers believed to limit their range. Therefore, we evaluated the potential of expansion of the
wild boar population. Population trends suggest a continuous increase of wild boars for the past
15 yr. Surveillance of selected wildlife passages using cameras on highways and main roads
indicates that these barriers are permeable (average of up to 13 wild boar crossings per 100 days).
Thus an increase of wild boar range should be considered. There may be a risk of B. suis spillover
from wild boars in Switzerland, which could increase in the future. Data on the occurrence of
interactions between pigs and wild boars are needed to assess this risk.

Key words: Brucella suis, camera traps, porcine reproductive and respiratory syndrome
virus, prevalence, risk, Switzerland, wild boar, wildlife passages.

INTRODUCTION

Wild boar (Sus scrofa scrofa) numbers
have dramatically increased in European
countries over the past 60 yr and the
species also shows a more widespread
distribution (Sáez-Royuela and Tellerı́a,
1986; Artois et al., 2002). The parallel
increase of outdoor piggeries has led to a
higher risk of contacts, and thus of disease
transmission, between wild boars and
domestic pigs (S. scrofa domesticus; God-
froid and Käsbohrer, 2002). Because pigs
and wild boars belong to the same species,
they share the same pathogens (Albina
et al., 2000; Hars et al., 2000). We assess

this risk of pathogen spillover from wild
boars to domestic pigs, using Switzerland
as an example.

In Switzerland, classical swine fever,
trichinellosis, and tuberculosis are current-
ly not issues in free-ranging wild boars, and
infections with the Aujeszky’s disease virus
seem to be rare (Leuenberger, 2004;
Köppel et al., 2007; Frey et al., 2009). In
contrast, infections with Brucella suis
Biovar 2 are apparently widespread, with
antibody prevalences of up to 14.7%, but
the prevalence of Brucella infection has
been rarely documented (Köppel et al.,
2007; Leuenberger et al., 2007; Hinić et al.,
2009). Furthermore, the occurrence of
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infections with porcine reproductive and
respiratory syndrome virus (PRRSV) is
largely unknown.

Porcine brucellosis is a zoonotic disease,
caused by B. suis, which includes five
biovars (1 to 5) with variable zoonotic
potential; Biovar 2 is far less pathogenic
than Biovars 1 and 3 (OIE, 2009). Brucella
suis is generally sexually transmitted
(although aerosol transmission may occur)
and can lead to severe reproductive
disorders. Biovars 1–3 infect domestic
pigs, wild boars, and brown hares (Lepus
europaeus), and cattle (Bos taurus), horses
(Equus caballus) and dogs (Canis lupus
familiaris; MacMillan, 1999; Cvetnic et al.,
2005) are infected sporadically. Infection
with B. suis has been reported in wild boar
populations from many European coun-
tries (Ruiz-Fons et al., 2006; Bergagna
et al., 2009; Cvetnic et al., 2009), and
transmission of B. suis to domestic pigs
has been documented (Kautzsch et al.,
1995; Cvetnic et al., 2009).

The PRRS is caused by an Arterivirus,
which includes European (EU) and Amer-
ican (US) strains, and can be transmitted
directly and indirectly. This syndrome is
characterized by reproductive failure in
sows and respiratory distress in younger
pigs (Corbellini et al., 2006). Infected wild
boars have been detected in several
countries neighboring Switzerland (Reiner
et al., 2009; Montagnaro et al., 2010), and
although transmission from wild boars to
pigs has not been yet documented, it is of
concern.

Domestic pigs in Switzerland are free of
most notifiable infectious diseases, includ-
ing brucellosis (OIE/WAHID, 2010) and
PRRS (Corbellini et al., 2006; OIE/WAHID,
2010). Transmission of the causal patho-
gens from wild boars to domestic pigs
would compromise the freedom-of-infec-
tion status. In this study we 1) estimate
the prevalence of B. suis and PRRSV in
wild boars and 2) perform preliminary
investigations regarding the current and
future risk of interactions between wild
boars and pigs.

MATERIALS AND METHODS

Study areas

Information on wild boar occurrence and
qualitative data on the use of wildlife passages
were recorded from all of Switzerland
(45u499N to 47u499N and 5u589E to
10u299E). Quantitative data on the use of
selected greenbridges and prevalence of in-
fections were recorded in a study site (S1)
located at the foot of the Jura Mountains (JM,
Figs. 1, 2). Site selection was based on the
following criteria: 1) high wild boar density; 2)
positive results from previous serosurveys for
B. suis in wild boars north and east of the site
(Köppel et al., 2007; Leuenberger et al., 2007);
3) potential risk for infections with both B. suis
and PRRSV due to borders with France and
Germany, two countries with documented
infections in wild boars (Albina et al., 2000;
Garin-Bastuji et al., 2000; Melzer et al., 2007;
Reiner et al., 2009); 4) highway A5 across the
region, acting as a potential barrier to wild
boar movements to central Switzerland, where
the majority of piggeries are located (Bencheikh,
2009); 5) the presence of wildlife passages that
allow highway crossing by wild boars. After an
outbreak of brucellosis in an outdoor piggery in
Geneva in 2009 (Wyss, 2009), we additionally
sampled wild boars from this area (study site 2,
S2; Fig. 1).

Prevalence of infection with B. suis and PRRSV

Wild boar samples: Sampling kits were distrib-
uted to game wardens and hunters at both
study sites. Blood (EDTA and serum), spleens,
and urine were collected from wild boars in S1
during the seasons 2008–2009 and 2009–2010,
and in S2 in 2009–2010. We also collected
samples during routine necropsy from 18
animals found dead or culled in S1 from
March 2008 to January 2010. For logistic
reasons, sampling of genital organs was
possible only from carcasses submitted to
necropsy and from animals hunted in S2.

Samples and datasheets were shipped im-
mediately after collection. Age was estimated
based on coat color and weight: piglets
(striped, ,20 kg, 4–6 mo); juveniles (reddish,
20–40 kg, 6–12 mo); subadults (black, 41–
60 kg, 12–24 mo); and adults (black or silver,
large size, .60 kg; .24 mo; Hebeisen et al.,
2008). Blood samples for serum collection
were centrifuged immediately after receipt.
EDTA blood and half of the organ samples
were stored at 220 C until further analysis.

From mid-March 2008 to mid-January
2010, we collected samples from 252 wild
boars, including eight piglets, 125 juveniles, 55
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FIGURE 1. Map of Switzerland with major lakes (hatching) depicting spatial overlap between free-ranging
wild boars (Sus scrofa scrofa) and outdoor pigs (sus scrofa domesticus). Black area5communes with both wild
boars and outdoor pigs; dark gray5communes with wild boars only; light gray5communes with outdoor pigs
only. Study sites 1 and 2 are indicated with black ellipses.

FIGURE 2. Map of Switzerland with major lakes (hatching) and highways and railways (solid lines),
showing the three main bioregions of Switzerland. The Jura Mountains (light gray) are a small mountain range
reaching 1,720 m elevation in Switzerland, France, and Germany. The Swiss Plateau (white) lies at 400–700 m.
It covers about 30% of Switzerland but contains more than two thirds of its inhabitants. The Alps are one of
the great mountain ranges of Europe, with the highest summit reaching 4,810 m, stretching from Austria and
Slovenia in the east, through Italy, Switzerland (dark gray), Liechtenstein, and Germany to France in the west.
The map also shows 19 surveyed wildlife passages. Black triangles5greenbridges monitored by cameras in
2008–2010 (Pieterlen and Gampelen); circles5passages surveyed in former studies (black circles are passages
used by wild boars [Sus scrofa scrofa]; white circles have no documented wild boar movement).
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subadults, 62 adults, and two animals without
information on age. There were 107 females
and 141 males, plus four animals without
information on sex. Sampling took place
mainly in autumn and winter.

Bacterial culture and real-time polymerase chain
reaction (rPCR) for scrofa Brucella spp.: Tissue and
urine samples were directly cultured as
previously described (Hinić et al., 2009).
Brucella species and Biovar were identified
by PCR according to Hinić et al. (2008), and
by Brucella MLVA-16 according to Garcia-
Yoldi et al. (2007), respectively. Additionally,
DNA from spleen and pools of testicles/
epididymidis or ovaries/uterus and EDTA
blood (buffy coat) was extracted and analyzed
by rPCR targeting the Brucella-specific IS711
insertion element (Hinić et al., 2009).

Serology for Brucella spp.: Antibodies in sera
were analyzed by Rose Bengal test (RBT)
according to standard procedures (OIE, 2009).
A competitive enzyme-linked immunosorbent
assay (cELISA; SVANOVIRH Brucella-Ab
c-ELISA, Svanova Bitec AG, Uppsala, Swe-
den) was also applied (Hinić et al., 2009).

Serology and real-time reverse transcription PCR
(rRT-PCR) for PRRSV: To detect antibodies
against both PRRSV-strains, the PRRS Herd-
Chek X3 Antibody ELISA (IDEXX, West-
brook, Maine, USA) was used according to
the manufacturer’s instructions but we intro-
duced a doubtful range (P/PK 0.2–0.4) below
the manufacturer’s cut-off to antibody-positive
reaction (.P/PK 0.4). Positive and doubtful
results were further investigated by indirect
immunofluorescence (IIF) on MARC-145 cells
in microtiter plates. Indirect immunofluores-
cence was performed on 80% acetone fixed
MARC-145 cells infected with NA-PRRSV VR-
2332 and EU-PRRSV Lelystad adapted to grow
in MARC-145 cells. To facilitate interpreting
the IIF, PRRSV-infected cells were mixed with
mock-infected cells. For IIF, sera were diluted
from 1:5 to 1:20. Diluted sera were incubated
on the fixed cells for 30 min at 37 C using three
wells (mock/US-PRRSV, mock/EU-PRRSV,
and mock) for each serum dilution. After
washing with phosphate-buffered saline
(PBS), ProteinA-FITC conjugate was added
and incubated for 30 min at 37 C. Finally, cells
were washed with PBS and overlaid with 80%
(v/v) glycerin in 10 mM Tris-HCl, pH 8.0, prior
to examination by UV microscopy. Sensitivity of
the IIF is equal to or better than the
commercial ELISA (IDEXX 2XR), and speci-
ficity is 100% when tested with sera from
PRRSV-free domestic pigs (B. Thür, unpubl.

data). After RNA extraction using NucleoSpin
Multi-96 virus RNA extraction kits (Macherey-
Nagel, Oensingen, Switzerland), PRRS anti-
body-positive samples were tested for virus
with two rRT-PCRs, one detecting EU PRRSV
and the other US PRRSV. The rRT-PCR was
performed according to Kleiboeker et al.
(2005), except that Stratagene rRT-PCR che-
mie (La Jolla, California, USA) was used instead
of Qiagen (Basel, Switzerland).

Current spatial overlap between wild boars and
outdoor pigs

Information on wild boars originated from
qualitative reports to the Swiss centre for the
cartography of free-ranging wildlife from 1980
to 2008 (CSCF, 2008) and from a question-
naire survey among pig farmers (N. Wu and
M.-P. Ryser, unpubl. data). Information on
piggeries was based on 4,426 addresses
obtained from the Swiss Statistics, which does
not differentiate between concrete and pas-
ture runouts, from the Curly-hair Hog Asso-
ciation, and from the Swine Clinic of Bern.
Because wild boar population numbers were
not available, we mapped wild boar and pig
occurrence at the scale of political communes
and estimated the overlap considering the
three main bioregions of Switzerland (Fig. 2).

Expansion potential of the wild boar population

Wild boar population trend: We used data from
the hunting statistics of the Federal Office for
the Environment (FOEN, 2008) and from the
road-kill statistics of the cantonal hunting
authorities from 1992 to 2008. Not all details
on traffic collisions (date, time, location, and
age and sex of killed wild boars) were available
for each canton.

Use of wildlife passages: Neither the FOEN
nor any other institution keeps statistics on use
of Swiss wildlife passages. Using telephone
interviews with cantonal hunting officers and
private biologists, we obtained unpublished
qualitative data from targeted monitoring of 19
of 303 main passages from 1992 to 2002.

We collected quantitative data by monitor-
ing two of these passages in S1 with camera
traps Reconyx R55. A camera trap is an
automated camera with infrared motion sensor
used to photograph wild animals. The first
passage (a greenbridge at Pieterlen) was 90 m
wide and linked two forests on either side of
highway A5. The second (a greenbridge at
Gampelen) was 77 m wide and located
between two forests and an open agricultural
area above a freeway just south of the JM
(Fig. 2). The cameras detected movements up
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to 15.2 m away, shot five pictures per trigger
with 1-sec delay between triggers, and re-
mained active 24 hr/day. We placed four traps
in Pieterlen from October 2008 to November
2009, and three in Gampelen from December
2008 to November 2009.

Each trigger of a wild boar individual or
group was considered as a single detection.
We recorded date, time, and number of
animals. Seasons were defined according to
wild boar biology (Fattebert, 2005): March–
May (spring, main farrowing season); June–
August (summer, nursing period); September–
November (autumn, potential second rutting
season); December–February (winter, main
rutting season, potential second farrowing
season). Sex identification and age estimation
were possible only when animals were very
close to the cameras, allowing the observation
of sexual characters, or when a sow was
followed by piglets. A group was either a sow
with offspring or several subadult males
(Herre, 1986).

Camera trapping rate was defined according
to Rovero and Marshall (2009). Consecutive
triggers of wild boars were considered depen-
dent (same individual or group) and as a single
detection when the trigger interval was
,2 min, except when the animals were going
in the opposite direction.

Statistical analysis

Differences in prevalence between age
classes, sex, and seasons were tested using a
chi-square or Fisher’s exact test. Spearman’s
rank correlation coefficient was calculated to
assess a possible correlation between hunting
statistics und road kills. Statistics were per-
formed with the NCSS 2007 software (J.
Hintze, 2006; NCSS, Kaysville, Utah, USA,
www.ncss.com). Level of significance was set
at P,0.05. For prevalence of infection with
Brucella spp., seasonal differences were not
considered due to small sample size in spring
and summer.

RESULTS

Prevalences of infections

Detection of Brucella spp.: Macroscopic le-
sions were not observed, and 8.2% of wild
boars were positive by culture and 26.3%

by rPCR (Table 1). Overall, 28.8% of wild
boars were positive by at least one of the
two methods for bacterial detection.
Isolated bacteria were identified as B. suis
Biovar 2 in all cases by MLVA-16 assay

(data not shown). Bacterial shedding was
demonstrated in urine of 6.7% of wild
boars. Infection in genital organs was
detected by rPCR or culture in nine
animals, including 5 of 20 adults (25%,
CI 8.7–49.1). We did not find significant
difference between sexes, age classes, or
study sites, when considering prevalence
by culture only, rPCR only, or overall
prevalence.

Antibody prevalence for Brucella spp.: Rose
Bengal test had the highest sensitivity,
detecting 63 positive serum samples out of
233 (27.0%); the cELISA detected 45 of
238 (18.9%; Table 1). Antibody preva-
lence by RBT was significantly higher
than in a previous study (Köppel et al.,
2007; Fig. 3). Antibody prevalence in S1
and S2 did not differ except in the cELISA
(23.6% in S1 and 13.5% in S2; P50.047).

Of 229 sera, only 21 were positive by
both serologic tests. This was observed in
previous studies (Hinić et al., 2009) and is
probably because the RBT detects mostly
IgG1 (later response; Nielsen, 2002) and
the cELISA additionally detects specific
IgM (early response). Therefore, we
assume that the combination of the
antibody-positive results of the two tests
reveals the total number of wild boars with
detectable antibodies to Brucella spp. This
combination gives an overall antibody
prevalence of 35.8% (Table 1), although
it may include some false positives result-
ing in an overestimation. The overall
antibody prevalence increased significant-
ly with age when excluding piglets, reach-
ing 52.7% (CI 38.8–66.3) in adults
(Fig. 4). Considering sexes separately, a
significant increase was only observed in
females. This was also true considering the
cELISA results only. For the RBT, the
difference between age classes was pres-
ent but not significant.

Antibody prevalence for PRRSV: The ELISA
revealed one positive and four doubtful
results for 233 tested sera. Only the
positive serum from a juvenile female in
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S2 was confirmed. It was clearly positive
with the EU-PRRS IIF at all dilutions.
This gives an estimated antibody preva-
lence of 0.4% (95% CI 0.01–2.4). The
antibody-positive wild boar was negative
by rRT-PCR.

Current spatial overlap between wild boars and
outdoor pigs

Considering qualitative data on species
presence, wild boars appeared most wide-
spread in the JM (present in 75% of the
communes), followed by the Plateau
(41%) and the Alps (19%; Figs. 1, 2). In
contrast, outdoor piggeries were most
widespread on the Plateau (49% of the
communes), followed by the JM (39%)
and the Alps (34%). When considering the
number of piggeries (quantitative data),
differences between bioregions were more
marked, with 65% on the Plateau, 28% in
the Alps, and 7% in the JM. The overlap
of wild boar and outdoor pig presence at
commune scale was highest in the JM
(31% of the communes), followed by the
Plateau (18%) and the Alps (5%).

Expansion potential of the wild boar population

Wild boar population trend: Numbers of
hunted wild boars have dramatically
increased during the past 15 yr, at
national level (Fig. 5) and in most can-
tons. Road kills have only slightly in-
creased but show a trend correlating with
the hunting statistics (rs50.89; P,0.05).
Subadult males tended to be more often
killed on the road in winter and spring
than in other seasons, while subadult
females mostly died in autumn. Adult
males were killed more frequently in
winter than females but these differences
were not significant.

Use of wildlife passages: Eleven of 19
passages (58%) were used by wild boars
(Fig. 2), including the two we monitored.
During the surveillance period, wild boars
were detected 135 times in Pieterlen and
41 times in Gampelen (Table 2). Solitary
animals (127 of 176) and groups (51 of
176) were detected on both passages, with
up to seven animals per picture, and were
only detected between 5 PM and 8 AM. We

TABLE 1. Prevalences of infection with Brucella suis Biovar 2 in wild boars (Sus scrofa scrofa) at selected
study sites in Switzerland in 2008–2010 as detected by serologic, culture, and molecular methods.

Methoda n tested n positive Prevalence (%) 95% CIb

Antibody assays

Rose Bengal test 233 63 27 21–33
Competitive ELISA 238 45 18.9 14–24
Total RBT and/or ELISA 240 86 35.8 30–42

Brucella suis culture

Spleen 242 14 5.8 3–10
Sex organs 15 1 6.7 0–32
Urine 135 9 6.7 3–12
Total culture 244 20 8.2 5–12

Brucella spp. rPCR

Spleen 228 43 18.9 14–25
Sex organs 99 8 8.08 4–15
Blood 187 19 10.2 6–15
Total rPCR 243 64 26.3 21–32

rPCR and/or culture sex organs 109 9 8.3 4–15
Total rPCR and/or culture 243 70 28.8 23–34
Total infection (antibody assays, culture

and/or rPCR) 252 121 48 42–54

a ELISA5enzyme-linked immunosorbent assay; rPCR5IS711 real-time PCR.
b Confidence interval.
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observed peak movements in summer at
both sites (Table 2).

DISCUSSION

Prevalences of B. suis and PRRSV

We confirmed that infections with Bru-
cella spp. are widespread in Swiss wild
boars. According to results obtained by
culture and MLVA-16 (Leuenberger et al.,
2007; Hinić et al., 2009; this study), only B.
suis Biovar 2 has been detected in Swiss
wild boars. However, Biovar 1 and 3, which
have a greater zoonotic potential, have
been detected in wild boars and domestic
animals in close countries (Kormendy and
Nagy, 1982; Gennero et al., 2004; Cvetnic
et al., 2005, 2009) and could spread.

We report a significant increase in
antibody prevalence over the past years.
The RBT is more sensitive but less specific
than the cELISA. This lower specificity is

mainly due to cross-reactions with Yersin-
ia enterolitica serotype O:9 (YeO:9), which
are limited to the acute stage of the
infection (,9 wk; Jungersen et al., 2006).
However, YeO:9 infections are rare in
Swiss wild boars (Fredriksson-Ahomaa et
al., 2009). The antibody prevalence esti-
mated in our study is higher than in
Belgium, Croatia, and Italy (8 to 14%;

FIGURE 3. Temporal pattern of antibody preva-
lence for Brucella spp. in wild boars (Sus scrofa
scrofa). Gray line5Rose Bengal test (RBT); black
line5indirect enzyme-linked immunosorbent assay
(iELISA); black dot5competitive ELISA (cELISA).
Data for 2001–2002 and 2002–2003 are from Leuen-
berger et al. (2007). Data for 2004–2005 and 2005–
2006 are from Köppel et al. (2007). The 2008–2010
data are from the present study. The iELISA results
show a statistically significant increase in antibody
prevalence in wild boars between the 2001–2002 and
2004–2005 sampling periods (P50.004) and a de-
crease between the 2002–2003 to 2005–2006 sam-
plings (P50.017); the slightly higher prevalence in
2005–2006 compared with 2001–2002 was not statis-
tically significant (P50.200). The RBT results show a
significant increase in antibody prevalence between
the 2004–2005 sampling and the 2008–2010
sampling (P,0.001).

FIGURE 4. Prevalence of antibody to Brucella
spp. in wild boars (Sus scrofa scrofa) in Switzerland,
2008–2010, by age class. Black5Rose Bengal test
(RBT) positive only; white5competitive enzyme-
linked immunosorbent assay (cELISA) positive only;
light gray5positive by both RBT and cELISA. There
was no significant difference in antibody prevalence
between piglets and other age classes, and between
juveniles and subadults (RBT, cELISA, combined
results); the difference comparing juveniles and
subadults (combined) vs. adults was significant for
the cELISA results (P50.033) and combined RBT
and cELISA results (P50.003) but not for the RBT
results alone (P50.252).

FIGURE 5. Number of wild boars (Sus scrofa
scrofa) hunted (gray line) or traffic-killed (black line)
per year in Switzerland, 1992–2007.
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Godfroid et al., 1994; Cvetnic et al., 2004;
Gennero et al., 2006) but similar to data
from France, Germany, and Spain (20 to
29%), where important regional differenc-
es have been observed (Garin-Bastuji et al.,
2000; Al Dahouk et al., 2005; Ruiz-Fons
et al., 2006; Closa-Sebastià et al., 2010).
Adult wild boar were more often antibody
positive than young animals, as has been
reported (Rossi, 2005; Leuenberger et al.,
2007; Closa-Sebastià et al., 2010), probably
due to longer (Wyckoff et al., 2009) and
higher exposure since B. suis is mainly
sexually transmitted (Cvetnic et al., 2004).

Many previous studies on B. suis infection
in wild boars relied on serology. However,
because serologic results do not always
correlate with the presence of Brucella, are
inconstant (MacMillan, 1999) and subject to
cross-reactions (Jungersen et al., 2006),
bacterial isolation is necessary to prove
infection and, in combination with serologic
results, to precisely determine the stage of
infection. One to seven weeks after expo-
sure, Brucella invades the lymphatic system,
accumulating (among others sites) in the
genital tract, spleen, and bladder, with
bacteremia lasting about 5 wk (MacMillan,
1999). Comparison of results obtained by
different diagnostic methods in wild boars
was performed by Hinić et al. (2009); while
culture unequivocally demonstrates living
bacteria, rPCR is one of the most sensitive
and specific methods for detection of

Brucella spp. because it also detects dead
bacteria and low bacterial loads that are not
detectable by culture. Overall, we obtained
an estimated antigen prevalence of almost
30% in wild boars, indicating that the high
antibody prevalence is not mostly due to
false-positive results and that wild boars
could be a source of infection. In particular,
6.7% of the sampled wild boars were
shedding bacteria in urine, and 25.0% of
the adults presented an infection of the
genital organs, which is the most relevant
result considering that the pathogen is
mainly sexually transmitted. The absence
of gross pathologic changes is in accordance
with previous studies (Godfroid et al., 1994;
Rossi, 2005).

Our data suggest that PRRSV is not
widespread in Swiss wild boars, particu-
larly when considering that we sampled
animals from a risk area. In neighboring
countries, prevalences reach 15.9% in wild
boars. Although domestic pigs have been
suspected to be the primary source of
infection for wild boars rather than the
reverse (Albina et al., 2000; Reiner et al.,
2009), it does not exclude that wild boar
could act as a pathogen reservoir.

Qualitative risk of interactions between wild boars
and outdoor pigs

We documented a substantial overlap
between wild boars and outdoor piggeries,
demonstrating a risk of contact. The

TABLE 2. Photographic ‘‘captures’’ of wild boar (Sus scrofa scrofa) by photo-trapping using seven camera-
traps on two greenbridges at Pieterlen (P1–P4) and Gampelen (G5–G7) in Switzerland, 2008–2010.

Camera
trap

Trap-daysa/
days in the field
(% of activity)

Captures/trap-days (camera trapping rateb) Total captures/
total trap-days

(camera trapping rateb)Spring Summer Fall Winter

P1 384/400 (95) 5/90 (5.6) 6/92 (6.5) 5/109 (4.6) 3/90 (3.3) 19/384 (4.9)
P2 386/400 (97) 7/90 (7.8) 21/88 (23.9) 17/121 (14) 8/87 (9.2) 53/386 (13.7)
P3 392/400 (98) 5/92 (5.4) 19/92 (20.7) 15/125 (12) 7/83 (8.4) 46/392 (11.7)
P4 373/400 (93) 3/91 (3.3) 6/91 (6.6) 0/101 (0) 8/90 (8.9) 17/373 (4.6)
G5 347/375 (93) 0/72 (0) 0/78 (0) 1/96 (1) 0/81 (0) 1/327 (0.3)
G6 348/375 (93) 0/84 (0) 0/74 (0) 0/93 (0) 0/76 (0) 0/327 (0)
G7 343/348 (99) 11/90 (12.2) 18/81 (22.2) 10/76 (13.2) 1/87 (1.1) 40/334 (12)

a Trap-days5number of days in operation.
b Camera trapping rate5numbers of single detections (see methods) of wild boars per 100 days. Trapping rate is

proportional to the number of crossings by wild boars.
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calculated overlap at commune scale was
partly biased by the variable size of the
communes in each bioregion. However, it
is the only estimate that can be obtained,
given that wild boar numbers are not
known. In agreement with Baettig (1995),
we showed that wild boar occur mainly in
the JM, along the border to France and
Germany, while most outdoor piggeries
are on the Plateau. Therefore, the risk of
interactions is expected to be highest at
the JM-Plateau junction, and it may
increase if the wild boar population
expands to the east and south.

We report data suggesting a dramatic
increase of the wild boar population in the
past 15 yr, without any indication that this
trend will change. Increasing food avail-
ability and climate change provide optimal
conditions for a rapid wild boar multipli-
cation and expansion (Geisser and Reyer,
2005). Available data on wild boar pres-
ence and density indicators such as
hunting bags and road kills were hetero-
geneous and imprecise but allowed us
to detect differences in occurrence and
document population trends. Accurate
data on wild boar densities are not
available at a large scale, and hunting
and culling bags are commonly used as
population trend indices (Sáez-Royuela
and Tellerı́a, 1986; Hebeisen et al.,
2008), although they are known to be
influenced not only by local wild boar
densities but also by management objec-
tives and hunting methods (Badia et al.,
1991). Statistics on traffic accidents should
be less biased, and the combination of
both data sources is expected to give
better estimates of existing trends. Road
kills were recorded mostly in autumn
(subadult females), winter (subadult and
adult males), and spring (subadult males),
as reported by Bruinderink and Haze-
broek (1996). The data on subadults could
be explained by the peak of dispersal
(Truvé and Lemel, 2003); females are
known to disperse a few months earlier
than males. Increased movement of adult
males occurs during the rut. Additionally,

because wild boar are mostly active from
dawn to dusk (Russo et al., 1997; Fattebert,
2005), they are expected to be more
exposed to traffic collisions during winter,
when their activity period overlaps with
higher traffic volumes.

We demonstrated that wild boar regu-
larly use wildlife passages, as observed in
other countries (Wieren and Worm, 2001;
Carsignol, 2006; Mata et al., 2008). Our
data do not allow distinction between
dispersal and movements of wild boar
across wildlife passages within their home
ranges. Nevertheless, they show that
anthropogenic barriers such as highways
are permeable to wild boar. In contrast to
our data on road kills and to Wieren and
Worm (2001), who recorded a peak of
movements during the rut, we mostly
documented crossings in summer. This
was possibly due to food resources in
agricultural and forest landscape east of
the highway, which attracted the animals
during the vegetation period.

Overall, wild boar attempted to cross
barriers all year. This suggests that the risk
of increased wild boar movements, and
thus of exposure of piggeries at the border
of the wild boar range, does not signifi-
cantly vary between seasons. This infor-
mation is important considering that in
some piggeries, animals are kept outdoors
only during the warmer months.

Wild boar are known to be sedentary
(Laddomada, 2000; Fischer et al., 2004).
However, previous studies reported dis-
persal distances from 4.8 km to 250 km
(Andrzejewski and Jezierski, 1978; Baettig
and Braunschweiger, 1980; Dardaillon
and Beugnon, 1987; Keuling et al.,
2008). Although such extreme distances
are rarely recorded and can be influenced
by hunting management, they illustrate
the potential of wild boar to colonize new
regions. The proportion of dispersing
individuals is generally negatively corre-
lated with population density; however,
the number of dispersers is highest in a
high-density population (Truvé et al.,
2004). Overall, a further increase of wild
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boar numbers and areas of occurrence
should be expected.

In conclusion, we have shown that wild
boars may represent a risk to pig health in
Switzerland. Brucella suis Biovar 2 is
increasingly widespread in wild boars
and because of their spatial overlap, there
is a risk of interactions between wild boars
and outdoor pigs. Because the wild boar
population is increasing and anthropogen-
ic barriers are permeable, this risk is likely
to increase. Modeling approaches are
necessary to quantify the risk of wild boar
expansion and data on contacts between
pigs and wild boars are needed to determine
the risk of pathogen spillover.
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Band 2/11, Paarhufer, J. Niethammer and F.
Krapp (eds.). AULA-Verlag, Wiesbaden, Ger-
many, pp. 33–66.
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VILLANÚA, C. GAUSS, J. SEGALÉS, S. ALMERÍA, V.
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TRUVÉ, J., AND J. LEMEL. 2003. Timing and distance of
natal dispersal for wild boar Sus scrofa in
Sweden. Wildlife Biology 9: 51–57.
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