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Summary

Bison bonasus is an indigenous species of Central and Eastern Europe with the

largest wild population inhabiting Białowie_za Primeval Forest; however, free-

living and captive European bison are reared in many countries around the

world. Despite that the European bison was rescued from the extinction after

the First World War, it remains as endangered species. Changing environment

as well as human activity may have contributed to the observed increase of the

risk of the emergence and re-emergence of pathogens. The aim of the survey

was to establish the distribution of four pathogens transmitted by arthropods

including three arboviruses [Bluetongue disease virus (BTV), Epizootic haemor-

rhagic disease virus (EHDV) and Schmallenberg virus (SBV)] and a bacteria

(Francisella tularensis) in the main populations of European bison in Poland. A

total of 251 European bison originating from eight main populations were

included in the study and sampled between February 2011 and December 2014.

Serum samples originated from chemically immobilized, eliminated or dead by

natural causes animals. Additionally, 65 cervids from Białowie_za Forest were

tested to compare the seroprevalences of other ruminants inhabiting the same

environment. The antibodies to SBV and BTV were found in 76.1% and 24.7%

of European bison, respectively. In autumn 2012, simultaneous emergence of

SBV and BTV in European bison was observed; however, while SBV has spread

in all populations scattered around the country, BTV infections were observed

only in the north-eastern part of Poland, where BTV cases have been previously

reported in domestic ruminants. European bison age was found to be the only

significant risk factor for SBV and BTV seroprevalences; however, this associa-

tion was connected to the animal size, rather than to the length of exposure.

None of the animals tested positive for antibodies against EHDV or F. tularensis.

SBV exposure rate of cervids was much lower (35.4%) than in European bison,

while BTV seroprevalence was comparable in both groups.

Introduction

The European bison (Bison bonasus), also known as wisent,

is the largest terrestrial animal of Europe. In Poland, the

species originated from 12 founding animals after its

extinction from the wild after the First World War. Since

then, significant efforts have been made to conserve the

species. Currently, the world population of European

bison is over 5000 individuals (Raczy�nski and Bołbot,

2011-2014). In contrast to the more numerous American

species (Bison bison) living in the plains and prairies, the

majority of wild European bison inhabit thick forests

like the Białowie_za Primeval Forest, which is located on

the border between Poland and Belarus. Nowadays,
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Białowie_za’s European bison population is the largest in the

world; however, free-living and captive animals are reared

in many European counties around the world. Due to their

close relationship to domestic cattle (Bos taurus), bison

may be susceptible to infectious diseases of domesticated

livestock. Similarly, European bison may also be exposed to

infectious diseases of wildlife in their natural habitat. The

first reports of infectious diseases in European bison refer

to infections with Pasteurella multocida and Mycoplasma

mycoides (Wr�oblewski, 1927). Foot-and-mouth disease

(FMD) affected the Polish population in 1940s and 1950s

causing high mortality rates in the restored European bison

herd (Kita and Anusz, 2006). New epidemiological threats

have appeared in the late 20th century. Tuberculosis was

diagnosed in the species for the first time twenty years ago,

and it is still considered as the most threatening disease to

the B. bonasus. Despite culling of infected herds and taking

all the necessary measures to prevent the spread of the dis-

ease according to 40-year national TB eradication and con-

trol programme, tuberculosis remains endemic in some

European bison populations like Bieszczady (Krajewska

et al., 2015).

Climate change, intensification of animal production

and globalization may contribute to the increased risk of

the emergence of new pathogens or the unexpected appear-

ance of pathogens in other geographic areas (MacLachlan

and Guthrie, 2010). Due to the spillover effect, infections of

Bluetongue disease virus (BTV), Epizootic haemorrhagic

disease virus (EHDV) or the newly discovered Schmallen-

berg virus (SBV) affecting domestic ruminants may also

threat wildlife including endangered species such as Euro-

pean bison. BTV and EHDV are both Orbiviruses transmit-

ted by Culicoides midges, and both are represented by a

number of distinct serotypes with varying virulence

(MacLachlan and Guthrie, 2010; Savini et al., 2011). These

orbiviruses can cause virus-mediated vascular injury, which

can result in mild-to-fatal haemorrhagic clinical disease in

infected animals. Bluetongue is an OIE-listed disease of glo-

bal importance with significant financial implications in

ruminants. Prior to 2006, BTV was detected only in the

southern regions of the Europe. However, novel BTV sero-

type 8 has emerged and spread rapidly across the continent.

It became evident that BTV was able to be transmitted by

apparently new Palaearctic vector species such as Culicoides

obsoletus, C. scoticus, C. chiopterus, C. dewulfi and C. puli-

caris resulting in the spread of further BTV serotypes in

Europe (MacLachlan and Guthrie, 2010). EHDV infections

are known to cause high mortality in white-tailed deer in

North America. EHDV also affects domestic and wild

ruminants in Africa, Australia and Japan. The disease has

only been reported in neighbouring European regions such

as Turkey, Israel and Morocco, where EHDV-6 and

EHDV-7 strains have been detected (Temizel et al., 2009;

Albayrak et al., 2010; Savini et al., 2011). The susceptibility

of cattle to Turkish EHDV-6 has been demonstrated

(Batten et al., 2011). Despite the subclinical course of the

infection, bovids may play an important role in a hypothet-

ical EHDV emergence in Europe (Maclachlan et al., 2015).

In addition, the most abundant in Poland midge species of

C. punctatus and C. obsoletus have been reported to trans-

mit EHDV in North America and Japan (Savini et al.,

2011).

In 2011, a new arbovirus – Schmallenberg virus (SBV)

emerged in Europe which caused milk drop and diarrhoea

in adult cows and congenital malformations in newborn

calves and lambs. SBV belonging to Orthobunyavirus genus

is transmitted by the same midge species as BTV. The virus

has spread across Europe faster than BTV affecting a larger

panel of species including most European free-living rumi-

nants (Larska et al., 2014b; Rossi et al., 2015).

Tularaemia is a serious zoonosis caused by Francisiella

tularensis. This gram-negative bacterium contains several

highly pathogenic subspecies, whose distribution is perva-

sive in the Northern Hemisphere (Ellis et al., 2002; Hestvik

et al., 2015). Francisella tularensis subsp. holarctica remains

the main endemic threat in Europe. The disease is a notifi-

able bacterial zoonosis in Poland due to its high pathogenic

potential. The pathogen has a complicated epidemiological

cycle, including involvement of wild animal species and

arthropod vectors such as ticks. F. tularensis has been

isolated from more than 250 species, including mammals,

invertebrates, birds, amphibians and fishes (Friend, 2006;

M€orner and Addison, 2008; OIE, 2008). In species

susceptible to F. tularensis, serology is of limited value as

infected animals usually die before they are able to develop

detectable antibodies. European bison as representation of

the bovine species appear to be a relatively resistant to

F. tularensis infection (M€orner and Sandstedt, 1983;

Feldman, 2003; OIE, 2008).

The aim of the present survey was to establish the distri-

bution of four pathogens transmitted by arthropods

including three arboviruses (EHDV, BTV, SBV) and a bac-

teria (Francisella tularensis) in the main populations of

European bison in Poland.

Materials and methods

Sample collection

A total of 251 European bison from eight locations

[Białowie_za Primeval Forest – 52°42056.396″N
23°55024.298″E (n = 112); Bieszczady Mountains – 49°110

16.404″N 22°40059.242″E (n = 14); Gołuch�ow – 51°510

5.303″N 17°55058.04″E (n = 5); Niepołomice – 49°590

36.671″N 20°17056.332″E (n = 27); Pszczyna – 49°590

49.312″N 18°58022.835″E (n = 47); Borecka Forest – 54°50

9.395″N 21°55025.856″E (n = 10); Smardzewice –
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51°28033.388″N 20°1047.099″E (n = 32); Warsaw ZOO –
52°15024.177″N 21°1014.394″E (n = 4)], which represent

the main populations of European bison in Poland were

included in the study and sampled between February 2011

and December 2014 (Fig. 1). All animals, excluding those

from Białowie_za Forest, were sampled from February 2013.

Eighty-six free-ranging European bison were sampled

from three locations; Białowie_za Forest (n = 71), Bieszc-

zady Mountains (n = 7) and Borecka Forest (n = 8). The

remaining European bison (n = 165) were captive animals

reared in the fenced reserves. Serum samples were collected

from these animals as follows: after chemical immobiliza-

tion (Krzysiak and Larska, 2014) (n = 172), following natu-

ral (n = 35) or accidental (n = 2) deaths and elimination

(n = 42). The age of the animals ranged between few

months to 27 years, with the mean value of 6.6 years (95%

CI: 5.8; 7.4). For further statistical analysis, the animals

were divided into three age categories using the key of Kra-

si�nska and Krasi�nski (2007) as follows: I – calves ≤1 year of

age (n = 47); II – young animals between 2 and 3 years of

age (n = 61); and III – adult animals ≥4 years of age which

reached sexual maturity (n = 133). The blood was collected

into sterile tubes with clot activator for serum separation

from the jugular vein, heart or body cavities in dead ani-

mals and from the jugular vein in the immobilized bison.

The poor quality samples were excluded prior the study for

ensuring the high reliability of results. Additionally, 65 cer-

vids including red deer (Cervus elaphus) (n = 58), roe deer

(Capreolus capreolus) (n = 4) and elk (Alces alces) (n = 3)

from Białowie_za Forest were blood sampled. The cervid

samples were collected from animals found dead or killed

in accordance with the appropriate Polish legislation (Min-

istry of Environment, 2005) during the winter hunting sea-

son of 2013 and 2014.

Serological tests

The ID Screen ELISA Schmallenberg virus Competition

Multi-species (ID.vet, Grabels, France) was used to detect

antibodies against SBV nucleoprotein. Selected SBV-sero-

positive serum samples were confirmed by virus neutraliza-

tion test described previously (Larska et al., 2014b).

Bluetongue IgG or IgM antibodies against VP7 protein

were tested using ID Screen Bluetongue Early detection test

(ID.vet, Montpellier, France). This ELISA test has high

specificity and sensibility for all BTV serotypes and is dedi-

cated to test multiple species, also wild ruminants as

declared by the manufacturer and described by some

authors (Niedbalski, 2011; Tavernier et al., 2015). The

cross-neutralization analysis using a panel of BTV serotypes

performed by the reference laboratory (Pirbright Institute)

confirmed the specificity of BTV ELISA results as discussed

Fig. 1. Map of Poland with the distribution of

European bison populations included in the

study.
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further. A blocking LSIVetTM Ruminant EHDV Serum

ELISA Kit (Live Technologies, Carlsbad, California) was

used to test for antibodies against EHD VP7 protein anti-

gen. The test detects antibodies to all 9 existing EHDV sero-

types, it does not cross-react with BTV-specific antibodies

and is specifically designed to test bovine, cervids and wild

ruminant serum samples (Cêtre-Sossah et al., 2014; Daly

et al., 2015). All ELISA tests were performed and calculated

according to manufacturer’s instructions. For detecting

antibodies against F. tularensis, the serum agglutination

test (SAT) using the commercial antigen (Becton Dickin-

son) was used. The test was carried out as a microaggluti-

nation, in accordance with manufacturer’s instructions. In

brief, 2-fold dilutions of each tested serum sample from

1 : 10 to 1 : 160 were tested. In each plate, the following

controls: negative cattle serum, commercial positive F.

tularensis antiserum (Becton Dickinson) and antigen con-

trol were included. The reaction was considered positive at

dilutions of 1 : 40 or higher.

Statistical analysis

Statistical analysis was performed using STATA v. 13.0 soft-

ware (StataCorp LP, Texas, USA). The associations between

the geographic location, gender, age group, population type

(free-ranging/captive), sanitary status [healthy (anes-

thetized), eliminated due to their poor health condition),

fallen or other (dead in traffic accident)] and Bluetongue

and Schmallenberg virus seroprevalences were estimated

using chi-squared test and odds ratio (OR) calculated by

univariate logistic regression. The cross-correlations for all

variables were assessed by Spearman rank test. The general-

ized linear mixed models (GLMMs) using binomial error

structure and logit link function were developed by back-

ward elimination of insignificant (with P > 0.05) variables

(year of sampling, origin, population type, age, gender, san-

itary status) one-by-one. The multicollinearity assessed by

variance inflation factor (VIF ≥ 10) and Spearman rank

test (q > |0.8|; P < 0.05) between the variables was consid-

ered when building up the multivariate model. Possible

confounding and clustering was analysed as described by

Dohoo et al. (2010). To account for clustering, models

including random intercept were assessed by checking the

variance of the component and other covariates. The model

with akaike information criterion (AIC) and bayesian

information criterion (BIC) lowest and highest values,

respectively, was considered better fitting.

Results

SBV seroprevalence in European bison

In total, 191 of 251 (76.1%, 95%CI: 72.3, 83.1) European

bison tested positive for SBV antibodies. Two sera gave

doubtful results. The first seropositive animal was detected

in October 2012 in Białowie_za Forest. The overall sero-

prevalence of SBV increased rapidly. None of 6 tested Euro-

pean bison had SBV antibodies in June 2012, while SBV

antibodies were detected already in 7 of 8 (87.5%) animals

sampled between October and December 2012. The

dynamics in the overall SBV seroprevalence are presented

quarterly in Fig. 2. SBV seroprevalence in European bison

maintained at high-level starting from the fourth quarter

(October–December) of 2012 throughout the studied per-

iod. In all tested B. bonasus, SBV seroprevalence increased

significantly (v2 = 114.8; P < 0.001) by year, from 0% (0/

22) in 2011, through 33.3% (7/21) and 89.6% (43/48) in

2012 and 2013, respectively, and up to 90.6% (141/160) in

2014. In the largest European bison population in

Białowie_za, the yearly seroprevalences [0% (0/22), 35.0%

(7/20), 85.7% (30/35) and 80.0% (28/35) in 2011, 2012,

2013 and 2014, respectively] were also significantly differ-

ent (v2 = 52.7; P < 0.001). At the same time, SBV sero-

prevalence in the youngest animals up to 1 year of age

decreased from 83.3% (5/6) in 2013 to 51.5% (17/33) in

2014 in all studied populations. None of the tested calves

had SBV antibodies in 2012. In Białowie_za Forest popula-

tion, 4 of 5 calves were seropositive in 2013, while only 2 of

9 in 2014.

The virus has spread in the majority of European

bison (Table 1) in all studied populations (Fig. 1).

Among 216 tested European bison, which could have

been at risk of SBV exposure since October 2012

onwards, 191 (88.4%; 95%CI: 83.4, 92.3) had detectable

antibodies. The age of European bison was associated

with SBV seroprevalence with the highest proportion in

the animals older than 1 year (Table 1). The relation is

also illustrated in Fig. S1. The borderline significant asso-

ciation between SBV seroprevalence and gender (Table 1)

has not been proven for the adult European bison

(≥4 years), with the percentages of approx. 94% for both

females and males. The type of population (captive/free-

ranging) and so-called sanitary status (describing whether

the animal was potentially healthy immobilized for diag-

nostic purposes, selectively eliminated due to their poor

body condition or found dead) did not influence SBV

seroprevalence.

The multivariable model was developed. No collinear-

ity (Table S1), confounding or clustering of data were

observed. In the final GLMM model (n = developed

using all the data of potentially exposed from October

2012 onwards European bison), age was confirmed as

the only predictor of SBV seropositivity. The risk of

SBV-seropositive result increased with age: odds ratios

(ORs) between age groups I and II and age groups I

and III were 40.2 (P < 0.001) and 11.9 (P < 0.001),

respectively.
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BTV seroprevalence in European bison

BTV antibodies were found in 62 of 251 (24.7%; 95%CI:

19.3, 30.1) animals. Seropositive B. bonasus originated only

from Białowie_za Forest, Bieszczady Mountains and Borecka

Forest from which 57/112 (50.9%), 3/14 (21.4%) and 2/10

(13.3%), respectively, had specific antibodies. The detection

of BTV antibodies in European bison from Białowie_za For-

est coincided with detection of SBV antibodies in October

2012 (Fig. 2). However, the overall quarterly prevalence

increased only at the end of 2012 and begun to decrease in

the next years (Fig. 2). The decline was larger when only

those three populations where BTV antibodies were

detected were considered. The yearly seroprevalences in the

three populations where BTV infection was confirmed were

35% (7/20), 72.7% (32/44) and 48.9% (23/47) in 2012,

2013 and 2014, respectively. In the European bison from

Białowie_za, SBV seroprevalences increased significantly

(v2 = 40.3; P < 0.001) from 0% (0/22) in 2011, through

35% (7/20) in 2012 to 82.9% (29/35) in 2013, and

decreased to 60% (21/35) in 2014.

Similar to SBV, BTV seropositivity was associated with

age of European bison with the lowest seroprevalences

found in the youngest animals less than 1 year of age

(Table 2, Fig. S1). The BTV seroprevalence was also higher

in females; however, the difference was not significant.

Inversely, a difference between European bison females (17/

62; 27.4%) and males (25/53; 47.2%) was observed

(v2 = 4.8; P = 0.03) when animals 4 years and older were

considered. Moreover, the seroprevalence decreased from

60% (3/5) in 2013 to 0% (0/9) in 2014 for the European

bison calves.

In the univariable analysis, BTV seropositivity was con-

nected to the sanitary status with the highest proportion in

the dead or eliminated due to their poor body condition of

European bison (Table 2). However, this relation was not

observed in the multivariable model. The risk of BTV

seropositivity was associated only with European bison age

in the final GLM model (n = 90). Similarly to SBV, the risk

of BTV-seropositive result increased significantly in group

II (OR = 24.9; P = 0.001) and III (OR = 18.2; P < 0.001)

in comparison to group I. As some clustering of data at the

origin was observed, the random effect for origin trough

maximum likelihood with adaptive Gauss–Hermite

approximation was fitted (variance for origin was 1.8; 95%

CI: 0.3, 11.8).

In the three populations exposed to both viruses from

October 2012, BTV and SBV seropositivities were interre-

lated (v2 = 4.3; P = 0.04) with 57 of 102 (55.9%) European

bison having antibodies against both pathogens. The pres-

ence of antibodies against one pathogen increased 3.3 times

(P = 0.04) the risk of finding antibodies to the second

pathogen when tested by logistic regression.

EHDV and F. tularensis seroprevalence in European bison

None of the animals tested positive for antibodies against

EHDV or F. tularensis.

Cervids from Białowie_za Forest

Of 65 cervids originating from Białowie_za Forest, 23

(35.4%; 95% CI: 23.4, 47.3) and 14 (21.5%; 95% CI: 11.3,

31.8) animals were seropositive for SBV and BTV,

Fig. 2. Schmallenberg virus (SBV) and blue-

tongue virus (BTV) seroprevalences in Polish

European bison by year quarters. The curves

indicate local polynomial smoothed lines of

total percentages of SBV-seropositive (solid

black line) and BTV-seropositive animals

(dashed black line) and the percentage of BTV

seropositive in three European bison popula-

tions (Białowie _za National Park, Bieszczady

Mountains and Borecka Forest) where BTV

infection was confirmed (dot-dashed grey line).

Corresponding axis is on the right side. The

grey bars present the numbers of animals

tested and the values correspond to the axis

on the left side.
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respectively. Thirty-nine per cent (95% CI: 24.0, 56.6) and

29.6% (95% CI:13.7, 50.1) of cervids sampled in the winter

of 2013 (n = 38) and 2014 (n = 27), respectively, had

SBV antibodies. The same proportions were as follows:

36.8% (95%CI: 21.8, 54.0) and 0% for the BTV-seroposi-

tive cervids.

Similar to the European bison, no cervid tested positive

for EHDV or F. tularensis antibodies.

Discussion

The threat of emerging and re-emerging arthropod-borne

diseases in Europe has been increasing over the recent years

(MacLachlan and Guthrie, 2010). Northern European Culi-

coides species are becoming competent vectors of BTV and

EHDV as well as SBV allowing these viruses to spread from

tropical or subtropical ecosystems. The emergence of these

diseases is of great importance especially in endangered

species such as European bison. In addition, monitoring of

infectious diseases in wild animals is needed to effectively

manage and protect farm animals. Serological monitoring

in domestic and wild ruminants, monitoring of vector

activity and the presence of infectious agents in the insects

are important as an early warning system of discussed dis-

eases. Despite that the number of European bison included

in this study may seem limited, almost 18% of Polish popu-

lation (251 of estimated 1400 animals) was tested for the

presence of SBV, BTV, EHDV and F. tularensis antibodies.

The infection with a newly emerged Culicoides-borne

SBV in wild ruminants in Poland was first confirmed in a

fallen elk from Białowie_za Forest in December 2012 (Larska

et al., 2013). More recent study showed 27.7% overall

Table 1. SBV seroprevalences according to different characteristics of European bison and their associations according to the univariable statistical

analysis by chi-squared (v2) test and odds ratio (OR) in the logistic regression. The data includes populations in which SBV antibodies were detected

starting from October 2012 (estimated date of first exposure to the virus)

Parameter

SBV seroprevalence

v2 P e OR f P en/Na %b 95%CIc,d

Origin (ng = 216)

Białowie _za Primeval Forest 65/78 h 83.3 73.2–90.8 15.0 0.035 – 0.13

Bieszczady Mountains 14/14 100 76.8–100

Gołuch�ow 3/5 60 14.7–94.7

Niepołomice 27/27 100 87.2–100

Pszczyna 40/46 87 73.7–95

Borecka Forest 9/10 90 55.4–99.7

Smardzewice 31/32 96.9 83.8–100

Warsaw Zoo 4/4 100 39.8–100

Population type (n = 216)

Captive 132/148 89.2 83.0–93.7 0.01 0.9 – 0.9

Free-living 61/68 89.7 80.0–95.8

Gender (n = 212)

Female 105/110 95.4 89.7–98.5 9.4 0.002 1 0.04

Male 84/102 82.3 73.5–89.2 0.2

Age group (n = 207)

I (≤1 year) 25/41 61.0 44.5–75.8 40.7 >0.001 1

II (2–3 years) 51/52 98.1 89.7–99.9 32.6 0.001

III (≥4 years) 108/114 94.7 88.9–98.0 11.5 >0.001

Sanitary status (n = 216)

Healthy (anesthetized) 142/159 89.3 83.4–93.6 4.1 0.25 – 0.4

Eliminated 39/42 92.9 80.5–98.5

Fallen 11/13 84.6 54.5–98.1

Otheri 1/2 50.0 1.2–98.7

aNumber seropositive/all tested.
bPercentage.
c95% confidence interval of the percentage.
dFor the values of 0% and 100% one-sided test 97.5%CI.
eP value < 0.05 was considered significant.
fOdds ratio of logistic regression.
gNumber of observations in analysis without missing data.
hTwo inconclusive results.
iDead in traffic accident.
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seroprevalence in free-living ruminants in Poland at the

end of 2013 (Larska et al., 2014b). The proportion of SBV-

seropositive animals in the few European bison included in

the study was significantly higher (81.8%) in comparison

with wild cervids (30.6% in red deer and 22.6% in roe

deer). SBV infections have also been reported in European

bison in Western Europe at the beginning of virus epidemic

(EFSA, 2014). The virus was isolated from a B. bonasus

aborted foetus in Germany (ProMED-mail, 2012), suggest-

ing a possible clinical outcome of the SBV infection in the

species. First detection of SBV antibodies in European

bison at the end of 2012 corresponds with the transmission

of the virus to livestock and wildlife in Poland (Larska

et al., 2014a,b). A sharp increase of SBV seroprevalence in

European bison in winter 2012/2013 depicts the wave of

infection that affected na€ıve populations, which is charac-

teristic for the emerging diseases (Afonso et al., 2014). A

similar situation was observed in the cervids in Belgium in

2011 (Linden et al., 2012). SBV has spread evenly in the

European bison populations included in the study and

infected most of the tested animals, which were presumably

exposed to it since October 2012. The overall SBV sero-

prevalence in all B. bonasus populations was higher than

the seroprevalences observed in wild cervids in Białowie_za

Primeval Forest in this study and in the whole country

(Larska et al., 2014b), which may be connected to the dif-

ferences in species susceptibility or the size of animal. Euro-

pean bison is the largest native mammal in the continent.

As the infection rates in all studied European bison popula-

tions were higher than in the domestic or wild ruminants

from corresponding regions, the species may be suspected

as an important reservoir of SBV in Poland. Additionally,

European bison often live in the environments preferred by

Culicoides that provide the midges with favourable condi-

tions for reproduction. The wallows created by American

bison and filled with water and waste are preferentially col-

onized by C. sonorensis and C. variipennis, North American

vectors of such arboviruses as BTV and EHDV in (Pfannen-

stiel and Ruder, 2015). In case of domestic ruminants, SBV

seroprevalence was also higher in cattle than in small rumi-

nants (Larska et al., 2014a), which may be explained by the

lower dose of SBV necessary to produce an infection in

Table 2. BTV seroprevalences according to different characteristics of European bison and their associations according to the univariable statistical

analysis by chi-squared (v2) test and odds ratio (OR) in the logistic regression. The data includes three populations (BNP, Bieszczady Mountains and

Borecka Forest) in which SBV antibodies were detected starting from October 2012 (estimated date of first exposure to the virus)

Parameter

BTV seroprevalence

v 2 P e OR f P en/Na %b 95%CIc,d

Origin (ng = 99)

Białowie _za Primeval Forest 57/77 74.0 62.8–83.4 19.3 <0.001 1

Bieszczady Mountains 3/12 25.0 5.5–57.2 0.1 0.003

Borecka Forest 2/8 20.0 2.5–55.6 0.1 0.003

Population type (n = 99)

Captive 18/32 56.3 37.7–73.6 0.8 0.4 – 0.4

Free-living 44/67 65.7 53.1–76.8

Gender (n = 95)

Female 27/38 71.0 54.1–84.6 0.9 0.3 – 0.3

Male 35/57 61.4 47.6–74.0

Age group (n = 90)

I (≤1 year) 3/17 17.6 3.8–43.4 18.8 <0.001 1

II (2–3 years) 12/16 75.0 47.6–92.7 14 0.002

III (≥4 years) 42/57 73.7 60.3–84.5 13 <0.001

Sanitary status (n = 99)

Healthy (anesthetized) 18/43 41.8 27.0–57.9 15.0 0.002 1

Eliminated 33/41 80.5 65.1–91.1 5.7 <0.001

Fallen 9/13 69.2 38.6–91.0 3.1 0.09

Otherh 2/2 100 15.8–100 1 –

aNumber seropositive/all tested.
bPercentage.
c95% confidence interval of the percentage.
dFor the values of 0% and 100% one-sided test 97.5%CI.
eP value < 0.05 was considered significant.
fOdds ratio of logistic regression.
gNumber of observations in analysis without missing data.
hDead in traffic accident.
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bovids comparing to sheep, which would need a 10-fold

virus dose to seroconvert (Wernike et al., 2012; Poskin

et al., 2014). Furthermore, larger hosts excrete more carbon

dioxide and 1-octen-3-ol, the volatile attractants for hae-

matophagous midges, which may increase the risk of the

exposure to vector-borne pathogens (Koch and Axtell,

1979; Zimmer et al., 2015). As shown by Viennet et al.

(2013), midges prefer to feed on the largest hosts available

in the environment. The vector preferences may explain the

significant differences in the SBV seroprevalence between

European bison calves and older animals. An alternative

explanation could be the increased risk of the exposure to

the circulating virus over the time. As SBV antibodies may

persist for at least 2 years after the exposure in cattle

(Elbers et al., 2014), the high SBV seroprevalence observed

in an adult European bison may be the sum of infections

that occurred at different times. Nevertheless, demonstrat-

ing the presence of antibodies in the European bison under

the age of 1 year may be used to predict the dynamics of an

epizootic disease. In European bison, most calvings occur

between May and July (Krasi�nska and Krasi�nski, 2007), and

therefore, the calves may be immediately exposed to active

midge vectors. The non-invasive placenta in ruminants do

not allow most antibodies to pass, and thus, the presence of

specific antibodies in the calves may be due to the uptake

of colostrum from the immune mother or an infection.

Although no data are available on the duration of SBV

colostral immunity in European bison or cervids, we can

assume by analogy to cattle that the maternal antibodies

are present during first 5–6 months of life (Elbers et al.,

2014). Decline in the percentage of SBV-seropositive year-

lings from 2013 to 2014 suggests lower exposure of those

animals to the virus indicating a decrease in SBV circula-

tion. Similar dynamics of SBV infections was also observed

in wild ruminants in Germany with the decrease of SBV-

seropositive animals in 2013/2014 hunting season (EFSA,

2014; Mouchantat et al., 2015). Only three of 12 (25%)

European bison born in 2014 had SBV antibodies; these

results are likely to be due to passive immunity rather than

an acute infection, especially considering the high sero-

prevalence rates in their mothers.

The highest estimated impact of SBV infection is associ-

ated with the reproductive losses. In SBV-infected herds,

congenital deformities resulting from SBV uterine infec-

tions are estimated to be 8%, 3% and 2% in lambs, calves

and goat kids, respectively (Dominguez et al., 2014). Little

is known about the intrauterine infections in wild rumi-

nants. SBV RNA has not been detected in the cervid foe-

tuses in Belgium (Linden et al., 2012) or in Spain

(Fern�andez-Aguilar et al., 2014). As aborted foetuses and

dead newborns in wild animals are extremely difficult to

sample due to the scavenging and difficulties in locating

them, the ability of SBV to cause foetus abnormalities or

abortions in those animals remains unknown. Two cases of

SBV infection in American bison neonates in Germany and

France have been described (EFSA, 2013). In our studies,

five European bison foetuses collected at Białowie_za Prime-

val Forest and Smardzewice had negative antibody ELISA

and real-time RT-PCR results (Larska, unpublished data).

The analysis of the numbers of newborn European bison

registered between 2011 and 2014 in the pedigree book

(Raczy�nski and Bołbot, 2011-2014) has not shown any

unusual alterations in reproductive performance in the

populations.

As described by other authors (Rossi et al., 2015), the

spread of BTV in the Polish European bison population

with respect to SBV has been slower, in spite of the fact that

both viruses appeared simultaneously using the same midge

vector in the autumn 2012. BTV-seropositive animals were

found only among three European bison populations in the

eastern part of Poland suggesting eastbound transmission

of the pathogen. This is the first report describing BTV

infection in wildlife in this region of Europe. The Polish

serotype was determined as BTV-14 in 2012 (European

Commission, 2012). The same virus has been declared cir-

culating by the Pirbright Institute in UK, in Lithuania, Lat-

via, Estonia in 2012 and in Russia 2 years prior (Panferova

et al., 2012). BTV-14 infection was confirmed in four Euro-

pean bison from Białowie_za Primeval Forest and in cattle in

the neighbouring region of Sok�ołka by real-time RT-PCR

at the Pirbright Institute (Krzysiak, unpublished data; Pir-

bright Institute, 2012). The same homologous to South

African vaccine BTV-14 strain virus has been observed cir-

culating in this area between 2011 and 2014 (Orłowska

et al., 2016). The virus was also isolated in KC4 (C. sonoren-

sis-derived cell line) and BHK1 (baby hamster kidney) cells

(http://www.reoviridae.org/dsrna_virus_proteins/reoid/btv-

14.htm). The presence of BTV-14 antibodies has been also

reported in free-living European bison in Russia (Pavlova

et al., 2013). No clinical signs of BTV-14 have been

observed, and the close similarity of the strains isolated in

the north-eastern Europe suggests the spread of an attenu-

ated vaccine-like strain in the field. The emergence of BTV-

14 in the north-eastern Europe should be distinguished

from BTV-8 epidemic in Western Europe which began in

2006 as they are probably two separate, unconnected

events. BTV-8 infections have not been detected in Poland.

Until now, infection with BTV serotype 1, 4 and 8 have

been confirmed in domestic and wild ruminants in Europe

(Garc�ıa-Bocanegra et al., 2011; Ruiz-Fonsa et al., 2014).

European bison have been shown to be susceptible to

natural and experimental infection with BTV previously

(Ludwig and Silinski, 2008; Sanderson, 2010; Tessaro and

Clavijo, 2001). The severity of the infection is usually BTV

serotype-dependent; however, as in case of FMD, European

bison may be more susceptible to BTV infection in
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comparison with other species (Kaandorp-Huber, 2008).

During the 2006 European BTV-8 outbreak, the morbidity

and mortality rates in zoo-kept European bison reached

40% and 20%, respectively, and were the highest rates

reported when compared to other species (Sanderson,

2010). Fatal cases of BTV-8 infection in European bison

have been described in the Netherlands and Germany

(Glunz, 2008; Kaandorp-Huber, 2008; Ludwig and Silinski,

2008). In 2008, BTV-8 outbreaks in European bison from

Hardehausen and Hanau were reported and despite inten-

sive clinical treatment most animals died (Glunz, 2008).

The clinical signs included depression, lesions of oral

mucosa, corneal enema, respiratory symptoms, difficulties

in swallowing, drooling and lameness due to coronitis. On

the other hand, the American bison remained unaffected

after experimental BTV-11 infection, despite seroconver-

sion and viremia which lasted for 4 weeks (Tessaro and

Clavijo, 2001). Polish BTV-14 which appears to be similar

to the South African vaccine strain has been shown to pro-

duce only mild clinical signs in the experimentally exposed

sheep (Flannery et al., 2014).

The higher BTV seroprevalence in older European

bison, especially in the adult males may be explained by

the size of the animal which increases the exposure rate to

the insect vector (Koch and Axtell, 1979; Viennet et al.,

2013; Zimmer et al., 2015). European bison males by

6 years of age reach the average weight of approx. 750 kg

(up to 920 kg) whereas females can be almost 40% lighter

(Krasi�nska and Krasi�nski, 2007). The differences in BTV

seroprevalence in adult males and females might be also

related to species biology (Krasi�nska and Krasi�nski, 2007)

as reported for BTV-8 infections in red deer in France

(Rossi et al., 2015). For most of the year, males are man-

aged separately or within so-called bachelor groups con-

sisting of 2–3 adult males. They join the mixed groups of

females and calves in oestrus and during winter concentra-

tion. The gathering of larger herds in winter does not

appear to be of importance for the transmission of Culi-

coides-borne diseases (CBD) as the activity of the midges

reduces to zero below 9°C (EFSA, 2014). However, male

bison may be exposed to different midge subpopulations

as they dwell on larger acreages and are often seen grazing

the pastures of neighbouring farmland. No statistical dif-

ferences in the distances made by adult European bison

males and females were observed after monitoring by tele-

metric collars, which may be due to the fact that most of

data were collected during the cold months (November–
April) (Kowalczyk et al., 2013). However, it was proven

that the males move significantly further away from the

forest comparing to the females. Besides the sex dimor-

phism manifested particularly in body mass and the space

usage behaviour, the BTV seroprevalence was influenced

by the age of the European bison. Similar to SBV, it may

be explained again by the increasing size of the animal

and the extended time of exposure to the virus. The asso-

ciation between BTV seropositivity and age of the animal

has been described also for red deer (Garc�ıa-Bocanegra

et al., 2011; Rossi et al., 2015). It was proven that BTV

can circulate independently from domestic transmission

cycle and can be found in free-living cervid population

even where a rigorous BTV vaccination programme in

livestock is implemented. Similar to red deer, which seem

to be a natural BTV reservoir, European bison may be

responsible for the maintenance of the virus in the sylvatic

cycle and possible spill-back events may be expected when

the infection or vaccination-induced antibodies decrease

in the susceptible livestock (Lorca-Or�o et al., 2014).

The absence of EHDV infection in European bison was

not surprising, as the pathogen has been never reported in

this part of Europe. However, the experiences drawn from

the re-emergence of BTV, SBV and recent African swine

fever (Pejsak et al., 2014) in this region demonstrates that

the risk of diseases previously regarded as exotic increases.

EHDV outbreaks in cattle have been reported in European

Union neighbouring countries. In 2006, EHDV-7 emerged

in Israel with significant losses in cattle similar to Ibaraki

disease (Yadin et al., 2008). EHD outbreaks in North

America usually cause significant mortality in white-tailed

deer, while other species such as American bison become

infected accidentally and show no signs of the disease (Nol

et al., 2010). However, the recent EHDV epidemic in U.S.

in 2012 has shown that the morbidity can reach 7% in

bison, which may be considered a significant issue for the

endangered species (Stevens et al., 2015).

Wild animals are good environmental markers for many

infectious diseases (Al Dahouk et al., 2005; Szulowski et al.,

2015). Serological surveys can be conducted with success

on the relatively resistant wild species such as wild ungu-

lates and wild carnivores (OIE, 2008; Hestvik et al., 2015;

Szulowski et al., 2015). The investigation of the European

bison for tularaemia has never been performed in Poland.

Furthermore, there is no data available regarding this issue

in Europe and even in the world. The potential source of

F. tularensis is contaminated meat and water (Anda et al.,

2001; Hestvik et al., 2015); however, the evolvement of

arthropods in the transmission of the bacteria has been also

confirmed (Svensson et al., 2009; Reis et al., 2011; Gehrin-

ger et al., 2013). Ticks are probably the main vector of

F. tularensis in Poland (Formi�nska et al., 2015). The

absence of the antibodies to F. tularensis may suggest that

the species is not susceptible to the infection. Another

pathogen, which is transmitted similarly, tick-borne

encephalitis virus (TBEV) was also absent in the European

bison from Białowie_za Primeval Forest, despite the fact that

TBEV infections are endemic in the area (Biernat and

Karbowiak, 2014). However, the epizootic situation of the
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disease is unknown as only cases of human exposure were

reported. In the last 15 years, only 56 human cases of tular-

aemia have been diagnosed in the country; however, this

number is likely to be underestimated. According to the

annual reports published by the National Institute of Public

Health – National Institute of Hygiene (2001-2015), cases

of the tularaemia infections seem to be scattered through-

out the country and there is no special region in Poland for

the occurrence of the disease. Thus, this is the first report

of serosurvey conducted in the animals in the country.

In conclusion, the spread of SBV has been confirmed in

all European bison populations included in the study, while

BTV infections were observed mostly in the north-eastern

part of Poland where BTV cases have been previously

reported in domestic ruminants. The absence of EHDV in

Polish European bison was expected, as no transmission in

this part of Europe has ever been reported. However,

EHDV emergence is potentially possible as the competent

vector is in place. Although our results were negative for

F. tularensis antibodies, the potential role of European

bison as TBE reservoir is not unlikely and should be inves-

tigated further. The epidemiological threats to European

bison should be constantly monitored in order to protect

this endangered species from further extinction.

Acknowledgements

Special thanks to Mr. Jerzy Dackiewicz from BNP for col-

laboration, Dr. Mieczysław Hławiczka for collaboration

and sampling of European bison from the Pszczyna and

Niepołomice. Thanks to the employees of the State Forests

of Białowie_za, Hajn�owka and Browsk for the assistance in

obtaining the material from the cervids. Thanks to Małgor-

zata Głowacka who performed most of BTV and EHDV

testing. The authors express their gratitude to �Aine Collins

(Teagasc) for English editing of the manuscript. The work

was funded by the National Centre for Research and Devel-

opment (NCBiR) project No PBS2/A8/24/2013.

References

Afonso, A., J. C. Abrahantes, F. Conraths, A. Veldhuis, A. Elbers,

H. Roberts, Y. Van der Stede, E. M�eroc, K. Gache, and J.

Richardson, 2014: The Schmallenberg virus epidemic in Eur-

ope 2011-2013. Prev. Vet. Med. 116, 391–403.
Al Dahouk, S., K. N€ockler, H. Tomaso, W. D. Splettstoesser, G.

Jungersen, U. Riber, T. Petry, D. Hoffmann, H. C. Scholz, A.

Hensel, and H. Neubauer, 2005: Seroprevalence of brucellosis,

tularemia, and yersiniosis in wild boars (Sus scrofa) from

North-Eastern Germany. J. Vet. Med. Ser. B Infect. Dis. Vet.

Pub. Health 52, 444–455.
Albayrak, H., E. Ozan, and S. Gur, 2010: A serologic investiga-

tion of epizootic hemorrhagic disease virus (EHDV) in cattle

and gazella subgutturosa subgutturosa in Turkey. Trop. Anim.

Health Prod. 42, 1589–1591.
Anda, P., J. Segura del Pozo, J. M. D�ıaz Garc�ıa, R. Escudero, F. J.

Garc�ıa Pe~na, M. C. L�opez Velasco, R. E. Sellek, M. R. Jim�enez

Chillar�on, L. P. S�anchez Serrano, and J. F. Mart�ınez Navarro,

2001: Waterborne outbreak of tularemia associated with cray-

fish fishing. Emerg. Infect. Dis. 7, 575–582.
Batten, C. A., L. Edwards, A. Bin-Tarif, M. R. Henstock, and C.

A. Oura, 2011: Infection kinetics of Epizootic Haemorrhagic

Disease virus serotype 6 in Holstein-Friesian cattle. Vet.

Microbiol. 154, 23–28.
Biernat, B., and G. Karbowiak, 2014: Study on the occurrence of

tick-borne encephalitis virus RNA in European bison (Bison

bonasus) eliminated at Białowieza Primeval Forest

(north-eastern Poland) in 2005-2009. Ann. Parasitol. 60,

99–102.
Cêtre-Sossah, C., M. Roger, C. Sailleau, L. Rieau, S. Zientara, E.

Br�eard, C. Viarouge, M. Beral, O. Esnault, and E. Cardinale,

2014: Epizootic haemorrhagic disease virus in Reunion Island:

evidence for the circulation of a new serotype and associated

risk factors. Vet. Microbiol. 170, 383–390.
Daly, S., S. Moine, F. Tisserant, and A. Raeber, 2015: Serology

and molecular diagnostics of epizootic hemorrhagic disease

virus (EHDV). Proceedings of Xth International Congress for

Veterinary Virology and 9th Annual Meeting of Epizone, Mon-

pellier, pp. 124–125.
Dohoo, I. R., W. Martin, and H. Stryhn, 2010: Veterinary Epi-

demiologic Research. 2nd edn. Atlantic Veterinary College

Inc., University of Prince Edward Island, Prince Edward

Island, Canada.

Dominguez, M., K. Gache, A. Touratier, J. B. Perrin, A. Fedi-

aevsky, E. Collin, E. Br�eard, C. Sailleau, C. Viarouge, G.

Zanella, S. Zientara, P. Hendrikx, and D. Calavas, 2014:

Spread and impact of the Schmallenberg virus epidemic in

France in 2012-2013. BMC Vet. Res. 10, 248–257.
EFSA, 2013: ‘Schmallenberg’ virus: Analysis of the epidemiologi-

cal data and assessment of impact. May 2013. Supporting

Publications EN-429.

EFSA, 2014: Schmallenberg virus: State of art. EFSA J. 12,

3681–3735.
Elbers, A. R. W., N. Stockhofe-Zurwieden, and W. H. M. van

der Poel, 2014: Schmallenberg virus antibody persistence in

adult cattle after natural infection and decay of maternal anti-

bodies in calves. BMC Vet. Res. 10, 103–106.
Ellis, J., P. C. F. Oyston, M. Green, and R. W. Titball, 2002:

Tularemia. Clin. Microbiol. Rev. 15, 631–646.
European Commission, 2012. Available at http://ec.eu-

ropa.eu/food/animal/diseases/controlmeasures/blue-

tongue_en.htm (accessed May 13, 2016).

Feldman, K. A., 2003: Tularemia. J. Am. Vet. Med. A 222,

725–730.
Fern�andez-Aguilar, X., J. Pujols, R. Velarde, R. Rosell, J. R.

L�opez-Olvera, I. Marco, M. Pumarola, J. Segal�es, S. Lav�ın, and

O. Cabez�on, 2014: Schmallenberg Virus circulation in high

mountain ecosystem, Spain. Emerg. Infect. Dis. 20, 1062–1064.

© 2016 Blackwell Verlag GmbH • Transboundary and Emerging Diseases.10

Arthropod-Borne Pathogens in European Bison M. K. Krzysiak et al.

http://ec.europa.eu/food/animal/diseases/controlmeasures/bluetongue_en.htm
http://ec.europa.eu/food/animal/diseases/controlmeasures/bluetongue_en.htm
http://ec.europa.eu/food/animal/diseases/controlmeasures/bluetongue_en.htm


Flannery, J., K. Drapel, L. Frost, M. Henstock, H. Hicks, and C.

Batten, 2014: BTV-14: kinetics of infection in sheep. In: OIE

(Office International des Epizooties) (eds), Book of Abstracts

Bluetongue and related orbiviruses IV International Confer-

ence, pp. 120. Rome, Italy, 5-7 November.

Formi�nska, K., A. A. Zasada, W. Rastawicki, K. �Smieta�nska, D.

Bander, M. Wawrzynowicz-Syczewska, M. Yanushevych, J.

Ni�scig�orska-Olsen, and M. Wawszczak, 2015: Increasing role

of arthropod bites in tularaemia transmission in Poland – case
reports and diagnostic methods. Ann. Agric. Environ. Med. 22,

443–446.
Friend, M., 2006: Tularemia. U.S. Geological survey, Circular

1297, Reston (VA), pp. 68. Available at http://

www.nwhc.usgs.gov/publications/tularemia/.

Garc�ıa-Bocanegra, I., A. Arenas-Montes, C. Lorca-Or�o, J. Pujols,

M. A. Gonzalez, S. Napp, F. Gomez-Guillamon, I. Zorilla, E.

San Miguel, and A. Arenas, 2011: Role of wild ruminants in

the epidemiology of bluetongue virus serotypes 1, 4 and 8 in

Spain. Vet. Res. 42, 88.

Gehringer, H., E. Schacht, N. Maylaender, E. Zeman, P. Kaysser,

R. Oehme, S. Pluta, and W. D. Splettstoesser, 2013: Presence

of an emerging subclone of Francisella tularensis holarctica in

Ixodes ricinus ticks from south-western Germany. Ticks Tick-

Borne Dis. 4, 93–100.
Glunz, R., 2008: Bluetongue disease at European bison –

symptoms, section results, treatment, vaccination. In: Eur-

opean Bison Friends Society(ed), Proceedings of VI Confer-

ence ‘Bison in the Network Natura 2000’, pp. 18–19.
European Bison Friends Society, Cisna, Poland, 15-16

September

Hestvik, G., E. Warns-Petit, L. A. Smith, N. J. Fox, H. Uhlhorn,

M. Artois, D. Hannant, M. R. Hutchings, R. Mattsson, L.

Yon, and D. Gavier-Widen, 2015: The status of tularemia in

Europe in a one-health context: a review. Epidemiol. Infect.

143, 2137–2160.
Kaandorp-Huber, C., 2008: Bluetongue serotype 8 infection in a

herd of European bison (Bison bonasus). Proceedings of the

European Association of Zoo and Wildlife Veterinarians

(EAZWV) Seventh Scientific Meeting, Leipzig, May 2008 Ger-

many, pp. 217–223.
Kita, J., and K. Anusz, 2006: Infectious diseases in Bison bonasus

in the year 1910–1988. In: Kita, J. and K. Anusz. (eds), The

treats of Bison bonasus with infectious agents and parasites,

pp. 17–26. The SGGW Publishers, Warszawa, Poland.

Koch, H. G., and R. C. Axtell, 1979: Attraction of Culicoides

furens and C. hollensis (Diptera: Ceratopogonidae) to animal

hosts in a salt marsh habitat. J. Med. Entomol. 15, 494–499.
Kowalczyk, R., M. Krasi�nska, T. Kami�nski, M. G�orny, P. Stru�s,

E. Hofman-Kami�nska, and Z. A. Krasi�nski, 2013: Movements

of European bison (Bison bonasus) beyond the Białowie_za

Forest (NE Poland): range expansion or partial migrations?

Acta Theriol. 58, 391–401.
Krajewska, M., A. Zabost, M. Welz, M. Lipiec, B. Orłowska, K.

Anusz, P. Brewczy�nski, E. Augustynowicz-Kope�c, K. Szu-

lowski, W. Bielecki, and M. Weiner, 2015: Transmission of

Mycobacterium caprae in a herd of European bison in the

Bieszczady Mountains, Southern Poland. Eur. J. Wildl. Res.

61, 429–433.
Krasi�nska, M., and Z. A. Krasi�nski, 2007: European Bison. The

Nature Monograph. Mammal Research Institute, Białowie_za.

Krzysiak, M. K., and M. Larska, 2014: Pharmacological immobi-

lization of European bison (Bison bonasus). Medycyna Wet.

70, 172–175.
Larska, M., M. Krzysiak, M. Smreczak, M. P. Polak, and J. F.

_Zmudzi�nski, 2013: First detection of Schmallenberg virus in

elk (Alces alces) indicating infection of wildlife in Białowie_za

National Park in Poland. Vet. J. 198, 279–281.
Larska, M., J. Kezsik-Maliszewska, and A. Kuta, 2014a: Spread of

Schmallenberg virus infections in the ruminants in

Poland between 2012 and 2013. Bull. Vet. Inst. Pulawy. 58,

169–176.
Larska, M., M. K. Krzysiak, J. Kezsik-Maliszewska, and J. Rola,

2014b: Cross-sectional study of Schmallenberg virus sero-

prevalence in wild ruminants in Poland at the end of the vec-

tor season of 2013. BMC Vet. Res. 10, 967–973.
Linden, A., D. Desmecht, R. Volpe, M. Wirtgen, F. Gregoire, J.

Pirson, J. Paternostre, D. Kleijnen, H. Schirrmeier, M. Beer,

and M. M. Garigliany, 2012: Epizootic spread of Schmallen-

berg virus among wild cervids, Belgium, Fall 2011. Emerg.

Infect. Dis. 8, 2006–2008.
Lorca-Or�o, C., J. R. L�opez-Olvera, F. Ruiz-Fonsa, P. Acevedo, I.

Garc�ıa-Bocanegra, �A. Oleaga, C. Gort�azar, and J. Pujols, 2014:

Long-term dynamics of bluetongue virus in wild ruminants:

relationship with outbreaks in livestock in Spain, 2006–2011.
PLoS One 9, e100027.

Ludwig, C., and S. Silinski, 2008. Fatal BTV-8 infection in a

European bison (Bison bonasus) – a case report. Proceedings of

the 7th Congress of the European Association of Zoo and Wild-

life Veterinarians (EAZWV). 7th scientific meeting, Leipzig,

Germany. 30 April-3 May 2008.

MacLachlan, J. N., and A. J. Guthrie, 2010: Re-emergence of

bluetongue, African horse sickness, and other orbivirus

diseases. Vet. Res. 41, 35.

Maclachlan, N. J., S. Zientara, G. Savini, and P. W. Daniels,

2015: Epizootic haemorrhagic disease. Rev. Sci. Tech. 34,

341–351.
Ministry of Environment, 2005: Regulation on the detailed

conditions for the performing hunting and marking carcasses

(Dz.U. z 2005 Nr 61 poz. 548). Ministry of Environment,

Warsaw.

M€orner, T., and E. Addison, 2008: Tularemia. In: Williams, E. S.

and I. K. Barker (eds), Infectious diseases of wild mammals.

3rd edn. State University Press, Ames, Iowa, US.

M€orner, T., and K. Sandstedt, 1983: A serological survey of anti-

bodies against Francisella tularensis in some Swedish mam-

mals. Nord. Vet. Med. 35, 82–85.
Mouchantat, S., K. Wernike, W. Lutz, B. Hoffmann, R. G.

Ulrich, K. B€orner, U. Wittstatt, and M. Beer, 2015: A broad

spectrum screening of Schmallenberg virus antibodies in wild-

life animals in Germany. Vet. Res. 46, 99.

© 2016 Blackwell Verlag GmbH • Transboundary and Emerging Diseases. 11

M. K. Krzysiak et al. Arthropod-Borne Pathogens in European Bison

http://www.nwhc.usgs.gov/publications/tularemia/
http://www.nwhc.usgs.gov/publications/tularemia/


National Institute of Public Health – National Institute of

Hygiene, 2001-2015: Available at http://wwwold.pzh.gov.pl/

oldpage/epimeld/index_p.html (accessed May 13, 2016).

Niedbalski, W., 2011: Evaluation of commercial ELISA kits for

the detection of antibodies against bluetongue virus. Pol. J.

Vet. Sci. 14, 615–619.
Nol, P., C. Kato, W. K. Reeves, J. Rhyan, T. Spraker, T. Gidle-

wski, K. VerCauteren, and M. Salman, 2010: Epizootic hemor-

rhagic disease outbreak in a captive facility housing white-

tailed deer (Odocoileus virginianus), bison (Bison bison), elk

(Cervus elaphus), cattle (Bos taurus), and goats (Capra hircus)

in Colorado, U.S.A. J. Zoo. Wildl. Med. 41, 510–515.
OIE, 2008: Tularemia. In: M€orner, T. (ed), Manual of diagnostic

tests and vaccines for terrestrial animals, Sixth edn, pp. 361–
366. World Organization for Animal Health, Geneva,

Switzerland. Chapter 2.1.18.

Orłowska, A., P. Trezbas, M. Smreczak, A. Marzec, and J.F.
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Fig. S1. Locally weighted scatter plot smoothing (LOW-

ESS) curve representing the association between the pro-
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