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Abstract

Introduction: A novel to Europe Schmallenberg virus (SBV) causes clinical disease manifested by reproduction disorders
in farm ruminants. In free-living ruminants, SBV antibodies as well as the virus were detected. Recent studies also revealed SBV
antibodies in wild boars. The study investigates SBV antibodies occurring in wild boars in Poland at the peak of recent virus
epidemics in the country. Material and Methods: Samples collected from 203 wild boars culled during the 2012/2013 and
2013/2014 hunting season were serologically tested using multi-species cELISA. Attempted neutralisation tests failed due to
poor serum quality. RT-PCR was implemented in seropositive and doubtful animals. Results: Two samples collected from wild
boar in the winter of 2013 gave a positive result in ELISA, while another two from the 2012/2013 hunting season were doubtful.
No SBV RNA was detected in spleen and liver tissues. Conclusion: Low SBV seroprevalence in wild boars, despite high
incidence of SBV infections occurring simultaneously in wild ruminants, suggests that boars are unlikely to be a significant

reservoir of the virus in the sylvatic environment in Poland.
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Introduction

The Schmallenberg virus (SBV), first detected in
2011, is a representative of Orthobunyavirus genus in
Europe. The disease caused by SBV affects farm

ruminants inducing usually unapparent or mild
symptoms and sometimes transient productivity
disorders, resulting in underestimation of the

occurrence of clinical cases. However, in utero
infections may result in miscarriages, stillbirths, or
foetal malformations causing severe economic losses.
SBV, similarly to bluetongue virus (BTV), is
transmitted by female blood-sucking midges of
Culicoides genus. The faster spread of SBV in Europe
in relation to BTV-8 (27, 30) might, however, suggest
involvement of more numerous and/or -effective
reservoirs. Judging by the high frequency of SBV-
specific antibodies in a broad spectrum of species,
the virus may infect a wide variety of different
reservoirs (19, 24). Indirect and direct SBV presence
demonstrated by SBV-specific antibodies and virus
detection has been reported in exotic and wild

ruminants in zoos around Europe, even in urban areas
such as downtown Warsaw or Paris (17, 18). Not only
ruminants seem to be susceptible to SBV infection.
Virus-specific neutralising antibodies have been also
confirmed in dogs in Sweden (31). Moreover, SBV has
been involved in neurological disorders observed in
Belgian shepherd puppies from France (28).
Notwithstanding, in free-living carnivores and small
mammals, such as rodents and shrews, detection of
SBV antibodies failed (24). SBV antibodies were also
reported in camelids (camels, alpacas, and llamas) and
elephants (8, 23). SBV transmission into wild boar (Sus
scrofa) under the evidence of SBV seropositivity was
also observed previously (6, 24). However, the
antibodies were absent in domestic pigs in the field
nearby the area where an SBV epidemic first occurred
in Belgium (26). Antibodies specific to Akabane and
Aino viruses (members of Simbu serogroup together
with SBV) were found in 37% and 0.4% of Korean
swine, respectively (22) and even more frequent for
Akabane virus (75%) in Taiwan, causing clinical
disease in pigs (13). Free-living Suidae in Africa can
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also act as Akabane virus silent hosts without clinical
symptoms in the virus-host-vector circulating cycle (12).
Considering the wild range of hosts of Simbu sero-group
viruses and the fact that some Culicoides species can
also feed on birds (1), it would be also interesting to test
this potential reservoir of the SBV.

Since SBV viraemia and RNAemia lasts only few
days after experimental infection, and viral RNA could
be detected occasionally up to 44 days only in sheep
mesenteric lymph nodes and spleen (32), effective virus
detection in blood and tissues of field cases is usually
impossible. Antibody detection remains the method of
choice in epidemiological investigation since antibodies
can persist up to two years, although seroconversion
does not necessarily reflect a productive infection. Wild
boar is a second after roe deer (Capreolus capreolus)
most abundant wild ungulate in Europe. The population
of Polish wild boar doubled between 1999 and 2009. In
the last five years, it remained at a stable level (approx.
270 thousand animals; approx. one individual per km?)
with a small decline in 2015/2016 season (4), perhaps
due to the emergence of African swine fever (ASF)
which increased mortality and caused the need of
stamping out. Wild boar may also be involved in the
epidemiology of many important vector borne diseases,
such as West Nile fever and related flavivirus infections
(11). Since its contact with human habitats becomes
more and more frequent, the species susceptibility
to infectious diseases may put domestic animals at risk
as well.

Wild boar (individual/ km?)
. 000-0867
[ 088-1.15
P 116-172
B 1.73-257
Bl 258-568

The aim of the study was to assess the susceptibility
of Polish wild boar to SBV during the first wave of
Schmallenberg epizooty in the country, as well as to
answer whether the species may serve as a reservoir of
the virus in wildlife. To our knowledge, this is the first
study concerning SBV infection in wild boar conducted
in Poland.

Material and Methods

Sample collection. In total, 203 serum samples
were collected from wild boars culled in compliance
with the Polish hunting law. None of the sampled
animals showed any clinical signs or any post-mortem
gross pathomorphological lesions. Spleen and liver
samples were collected. Blood was taken from the
jugular vein or directly from the heart. No
ethical/welfare authority approval was required as the
samples were collected post-mortem  during
evisceration by the certified hunters. The samples were
collected in the 2012/2013 (n = 44) and 2013/2014
(n = 159) hunting season and originated from 11 Polish
provinces (Fig. 1). The forest districts where the
wild boars were sampled corresponded with the
areas with a high percentage of SBV-antibody

positive cervids in the studied years. Sampled animals
were between half to ten years of age and of both
genders.

Fig. 1. Map presenting the Density of wild boar population in 2013 (in shades of green).
Forest districts highlighted marked in black presents denote sampling sights; the ones with

SBYV antibodies in wild boars are pointed indicated by arrows
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Testing procedure. Commercially available
multi-species cELISA (ID Screen Schmallenberg virus
Competition Multi-species from ID.vet Innovative
Diagnostics, France) was performed according to
manufacturer’s instruction to detect IgG antibodies to
SBV nucleoprotein. The results of competition
percentage (S/N%) calculated from the optical densities

ODsample
(8/N%= ODnegativepcontrol * 100

where OD values were optical densities measured at
450 nm on Multiscan EX photometer (Thermo Fischer
Scientific, USA), were interpreted positive when below
and equal to 40%. The sensitivity and specificity given
by the manufacturer amounted to 100%; nevertheless,
wild boar has not been specified in the test validation.
The chosen test proved its usefulness in the studies on
various free-living species, including wild boars (21,
24). When adequate volume of serum was assessable,
samples were tested in duplicate and virus
neutralisation test (VNT) was performed. Inactivated
serum obtained from 37 wild boars was serially diluted
in duplicate starting from 1/5 dilution, incubated for 1 h
at 37°C with 50 pL of 100-300 TCIDs, of Polish SBV
strain isolated from the cerebrum of a stillborn lamb,
and passaged three times in baby hamster kidney 21
(BHK-21) cells. Next, 100 pL of BHK-21 containing
approx. 10* cells/mL was added to each well. Back
titration of the virus, BHK-21 uninfected cells control,
positive and negative serum control, and tested serum
toxicity control were performed. The plates were
incubated in 5% CO, at 37°C and the plates were
checked for cytopathic effect after five days. The titre
equal or greater than 5 was considered positive. A total
of 20 good-quality, ELISA-negative sera and all
seropositive and doubtful samples were tested by VNT.

Spleen and liver samples from seropositive or
doubtful wild boar were homogenised in RLT buffer
(Qiagen, Germany) using Lysing Matrix D Tubes (MP
Biomedicals, France). Total RNA was extracted using
RNeasy Mini Kit (Qiagen) in the automatic extraction
station QIAcube (Qiagen). Primers and TagMan probes
for SBV S segment and B-actin, were used as internal
control. RT-PCR was conducted with AgPath-ID One-
Step RT-PCR (Ambion, Applied Biosystems, USA) in
StepOne Real-Time PCR (Life Technologies, USA)
after optimising the reaction temperature conditions
to the following: RT — 45°C/10 min; denaturation
— 95°C/10 min; 42 PCR cycles — denaturation 95°C/15
sec, annealing 56°C/20 sec, elongation 72°C/30 sec.

The map (Fig. 1) was prepared using ArcGIS
10.4.1 for Desktop software (ESRI, Inc.).

Results

From a total of 203 samples, only two (0.99%)
gave positive results in ELISA. They were collected
from an adult wild boar sow from Subcarpathian
Province (S/N% = 31.7%) and a gilt from Pomeranian

province (S/N% = 36.1%) in the 2013/2014 hunting
season (seropositive made for 1.3% in this season).
Additionally, another two doubtful results were
detected in wild boar from warmian-Masurian province
sampled in the 2012/2013 hunting season (4.5% in this
season).

In the VNT, due to poor quality of most tested
sera, toxic effect on BHK-21 cells in cell toxicity
control wells occurred, making the test impossible to
read. Only few ELISA-negative sera were confirmed
negative in VNT. Back titration of the virus, cell
control, and positive and negative serum control
yielded the expected results. No SBV-S RNA was
detected in RT-PCR in the spleen and liver samples
from seropositive or doubtful wild boars, while the
housekeeping gene was shown to amplify in all
samples and gave C; values at a range of 24.0-28.8.

Discussion

Schmallenberg virus was shown to produce only
weak and short-time seroconversion after experimental
subcutaneous infection in pigs (26). No viraemia was
observed during challenge, which suggests that pigs are
probably not capable of efficient horizontal
transmission by the vector. However, low infectious
dose (2 x 103 TCIDso), sufficient to induce infection in
sheep and cattle, may have not been sufficient to
provoke virus replication and detectable viraemia in
pigs. Also, no SBV antibodies were found in piglets in
the field, suggesting rather limited role of pigs in SBV
epidemiology (26). However, serological results for
Akabane showed the highest seropositive proportion
and antibody titres in sows, newborns, and finishers,
and the lower in piglets after 6 weeks of age, showing
that this group is not representative and can bias the
results (13).

Recent studies by Mouchantat et al. (24) and
Desmecht et al. (6) showed that the susceptibility or
possible exposure of wild boars may be greater than of
the domestic pigs. SBV seroprevalence in German and
Belgian wild boars has reached 33% and 27%
respectively, at the Western European peak of SBV
epizooty in the 2011/2012 hunting season.
Interestingly, the neutralising titres in some wild boar
sera exceeded those measured in cervid sera.
Additionally, the agreement between ELISA and VNT
results proved the wusefulness of ID Screen
Schmallenberg  virus  Competition = Multi-species
(ID.vet) test in wild boar studies. In both studies, the
frequency of SBV antibodies in wild boars decreased
with the year of sampling and corresponded with
seroprevalence observed in young stock and wild
ruminants. In the 2013/2014 hunting season no SBV
antibodies were detected in wild boars in Germany,
which could result from low virus circulation in the
environment and antibody clearance from the
population.
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Despite the usage of commercial ELISA with
confirmed applicability in wild boar (24), the observed
percentage of seropositive wild boars tested in Poland
was very low. One cannot exclude inappropriate storing
conditions and repeated freezing and thawing of the
samples as well as blood haemolysis prior to
centrifugation, which could have led to antibody level
decline and false negative results in ELISA (2). The
poor quality of the samples was also confirmed in the
VNT. On the other hand, cervid serum samples
collected during the same hunting and stored under
similar conditions gave positive results (21). Inability
to detect SBV RNA by real-time PCR was not
surprising, since the virus disappears from the
bloodstream quickly after the exposure or may not be
detected at all in the case of pigs. As mentioned before,
SBV does not cause persistent infection or prolonged
RNAaemia as in the case of bluetongue virus, which
may be detected months after the infection in the
presence of circulating antibodies. The viraemia
usually ends in a week after the infection and before the
seroconversion. The antibodies are first detectable by
ELISA or VNT 14 or 21 days post infection. The
presence of SBV has been observed in lymphoid tissues
up to 44 days after the infection of sheep; however,
since Suidae are expected to have a lower susceptibility
to the virus, finding even traces of its genetic material
in the tested spleens of wild boar would be highly
improbable. One of the SBV seropositive wild boars
was an about one-year-old female. This could suggest
infection and seroconversion of the animal in 2013
midge activity season (from May to October). The
piglet born in spring 2013 and culled in January 2014
must have acquired active immunity, due to the fact
that maternal antiviral antibodies decay in wild boar
piglets lasts up to six months (9, 10, 25).

In the autumn of 2012, when SBV emerged in
Poland, the overall seroprevalence in farm and free-
living ruminants reached 3.4% (19). By 2013, SBV
seroprevalence increased ten-fold in  domestic
ruminants (20), and the virus continued to spread in
subsequent years (21). In free-living ruminants, the
percentage (27.7%) of SBV seropositive animals was
comparable to livestock at the end of 2013 (21). Since
wild boars share the same environment with wild
ruminants and the exposure rate should correspond, the
expected SBV seroprevalence in wild boar should be
higher. Therefore, two components of the problem
should be considered. First of all, wild boars may not
be resistant but less susceptible to SBV. This confirms
the lower seroprevalence found in German wild boars
(24) in relation to SBV seroprevalence found in
domestic ruminants in Western Europe reaching 100%
in 2011 and 2012. Secondly, wild boars may not be
frequently exposed to SBV due to the selectivity of the
vector. Entomological studies conducted in Biatowieza
Primeval Forest in proximity of wild boar revealed the
abundance of Culicoides species, also confirmed as
SBV, BTV, and AHSV vectors (15). However, no

contact between Culicoides and European wild boar
has ever been reported. The analysis of midge
bloodmeals in the southeastern USA revealed the
presence of wild boar blood in C. biguttatus and
C. spinosus, commonly feeding on American white-
tailed deer and considered as vectors of BTV and
epizootic haemorrhagic disease virus (EHDV) (29).
Culicoides distribution study has shown the presence of
Pulicaris group midges at the pig farm (16).
C. obsoletus group and C. pulicaris, both most
prevalent in Poland, seem to preferably feed on cattle,
therefore the SBV seroprevalence may not be as high in
suids (3, 19). In the German study, almost 80% of
midges were found to contain bovine blood, while 14%
of insects fed on pigs if the host was present at the farm
(3). Notwithstanding, since Akabane and Aino virus
infections transmitted by culicoids occur in pigs and
wild swine, this may serve as an indirect proof of the
occurrence of the contact (12, 13, 22). Moreover, there
are reports on other insects biting wild boar, such as
mosquitos (1). There are also some observations
suggesting the occurrence of a human-infecting
bunyavirus Tahyna transmitted by Aedes spp. mosquito
in pigs (5, 14).

In Poland, as well as in other European countries
(24), there were no reports on cases of abortions or
stillbirths in wild boars. One must consider, however,
difficulties in conducting such observations in the
wildlife. It is possible that the lower SBV antibody
percentage in wild boars in Poland, compared to
German and Belgian studies, is the result of an overall
lower impact of SBV on Polish ruminant herds leading
to a lower number of infected vectors and lower host
exposure (21). High percentage of seropositive wild
boars in German study may have also resulted from
significantly higher number of animals sampled in
North  Rhine-Westphalia, where SBV originally
emerged and where the highest percentage of clinical
cases and seropositivity, reaching up to 100% in
livestock, were recorded. In relation to country
territory, wild boar density in Germany is probably 1.6
times higher, assessing by the hunting bags from the
2013/2014 season (4, 7). Higher population density in
combination with the abundance of SBV in livestock
and Culicoides vector could have resulted in higher
SBV antibody occurrence in German wild boars.

To summarise, SBV antibodies were present in
approx. 1% of Polish wild boars tested, which suggests
that the importance of the species in SBV transmission
in the country is rather low. Detection of an SBV
seropositive one-year-old wild boar in 2013 suggests
continuous virus circulation in wildlife in Poland.
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