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Abstract
Background The European bison (Bison bonasus) is a near threatened species and requires health monitoring. The 
aim of the present study was to determine the prevalence of antibodies to pathogens known to cause respiratory and 
digestive illness in ruminants.

Results In the studied 328 European bison, the highest seroprevalence was observed for Bovine herpesvirus-1 
(BoHV-1) (50.27%), Bovine Coronavirus (BCoV) (26.36%), and Bluetongue Virus (BTV) (12.83%). For Mycoplasma bovis 
strains and Bovine Viral Diarrhea Virus (BVDV), positive results were rare. Interestingly, a higher prevalence of BTV 
antibodies was noted in the northeastern populations and older animals.

Conclusions Our findings indicate that the Polish European bison population appears to have considerable contact 
with BoHV-1; however, this does not appear to be of great significance, as clinical symptoms and post-mortem lesions 
are rarely noted in Polish European bison population. The high seroprevalence of BTV in the north-east of Poland is 
an ongoing trend, also noted in previous studies. It is possible that European bison may perpetuate the virus in this 
region. This is the first report of antibodies for BCoV in European bison.
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Background
The European bison (Bison bonasus) is listed as a near 
threatened species in the International Union for Con-
servation of Nature’s (IUCN) Red List of Threatened 
Species [1], and therefore requires active conservation 
measures, including health monitoring [2]. One of the 
easiest, and most suitable, ways to monitor exposure to 
pathogens in wildlife is serological monitoring. Although 
a number of infectious agents that can potentially cause 
reproductive disorders in European bison have been 
identified [3], limited data currently exist about those 
that can affect the respiratory or digestive tract [4]. While 
studies on diseases of the respiratory system in European 
bison in Poland have focused on tuberculosis [5], other 
pathogens also present a threat. For example, diarrheas of 
viral origin might result in high mortality in cattle [6–8] 
and should be also monitored in European bison popula-
tions. Therefore, there is a need to determine the degree 
of current, or recent, exposure to a range of respiratory 
and gastrointestinal pathogens in European bison herds 
that are also prevalent in domestic cattle.

One particularly significant bacterial species caus-
ing respiratory diseases in cattle is Mycoplasma bovis. 
Not only is it a major cause of bovine respiratory disease 
(BRD) complex, but also has an important role in other 
diseases such as mastitis, keratoconjunctivitis and arthri-
tis [9]. However, while infections are often asymptomatic 
in cattle [10], several high-mortality epizootics have been 
noted in American bison (Bison bison) [11]. Consider-
ing the close genetic relationship between European and 
American bison, this is clearly a significant pathogen that 
should be monitored.

Another important pathogen is bluetongue virus 
(BTV), which causes a re-emergent insect-transmitted 
disease: bluetongue. Although the disease was previously 
confirmed in regions with warmer climates, BTV appears 
to have spread into Europe over the past 15 years, result-
ing in economical losses and the implementation of BTV 
vaccination programs in some regions [12]. The clinical 
signs and mortality rates are variable and depend on inter 
alia serotype, the amount of virus, host species and cer-
tain environmental influences [13, 14]. One of the clinical 
signs of BT is respiratory distress [15]; however, the clini-
cal form is mainly noted in sheep [14]; indeed, wild Euro-
pean moufflons (Ovis aries musimon) have been found to 
demonstrate inflammation of the mucous membranes, 
swelling and hemorrhages [16]. Free-living ruminants 
might serve as vectors and play a role in virus mainte-
nance in Europe, with red deer (Cervus elaphus) being 
considered a reservoir [13]. It is, however, important to 
monitor the spread of BTV in European bison; this is 
as borne out by the fact that BTV-8 caused the deaths 
of 10 of 33 bison in the Hardehausen (Germany) Breed-
ing Center in 2007 [17]. Moreover, with the continuing 

advance of global warming, and considering the sensitiv-
ity of wild ruminants to infection [18], there is a need to 
control this pathogen in the Polish European bison popu-
lation, particularly since the antibodies have previously 
been noted in this species [19].

Bovine herpesvirus-1 (BoHV-1) is associated not only 
with respiratory clinical symptoms (IBR – infectious 
bovine rhinotracheitis) but also with pustular vulvovagi-
nitis (IPV) and infectious pustular balanoposthitis (IPB) 
[20]. The disease is usually not life-threating and ani-
mals are often lifelong reservoirs of the latent virus. It 
is known to affect some endangered bovine species like 
mithun (Bos frontalis) and yak (Poephagus grunniens) 
[21]. The virus is endemic worldwide, including Poland: 
studies found the herd-level seroprevalence to be 53% in 
non-vaccinated dairy cattle herds with clinical respira-
tory symptoms [22].

Two viruses associated mainly with diarrhea symptoms 
in cattle are bovine coronavirus (BCoV) and bovine viral 
diarrhea virus (BVDV). BCoV is known to cause neo-
natal calf diarrhea, winter dysentery and shipping fever 
in adult cattle [6]. BCoVs and bovine-like coronaviruses 
have also been confirmed in various wild ruminants, 
including water buffalo (Bubalus arnee), llamas (Lama 
glama), alpacas (Vicugna pacos) and wild goats (Capra 
aegagrus) [6]. BVDV, of the genus Pestivirus, is respon-
sible for significant economic losses in cattle farming 
worldwide, being a cause of both diarrhea and infertility 
in cattle [23]. BVDV has been confirmed in numerous 
wildlife species [24], and some, such as white-tailed deer 
(Odocoileus virginianus), are considered to be reservoirs 
of BVDV [25]. The potential for pestiviruses to spread 
between livestock and wildlife is still being discussed [24, 
26].

The aim of this study was to evaluate the current threat 
posed by one bacterial (M. bovis) and four viral patho-
gens (BTV, BoHV-1, BVDV, BCoV) on the respiratory 
and digestive system in European bison based on a sero-
logical study, and to indicate future directions for moni-
toring the health of European bison.

Results
ELISA results
The ELISA results indicated the following percentages 
of positive animals: M. bovis 3.33% (6/180), BTV 12.83%, 
coronavirus 26.36% (34/129). For IBR antibodies, 50.27% 
(90/179) animals were positive = and 14.52% (26/179) 
were suspect. For BVDV, these values were 6.99% posi-
tive and 3.23% suspect (6/186).

Statistical analysis
BTV
Both age and study site significantly explained the pres-
ence of antibodies against BTV in European bison 
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(χ2 = 89.45 df = 6, p < 0.001, Supplementary Table 1). BTV 
frequency in European bison varied considerably across 
the study sites. The Białowieska and Knyszyńska forests 
presented a high seroprevalence, which differed from 

that of other wild populations and animals in enclosures 
(Fig. 1).

The European bison were more likely to be seroposi-
tive with BTV with age. Among the entire sample, the 
older individuals, i.e. those over 17 years of age (Fig. 2A) 
were found to have more than a 50% risk of contracting 
BTV. However, in populations with high seroprevalence 
(Białowieska and Knyszyńska forests), a similar increased 
risk of seropositivity, i.e. over 50%, was observed at an 
age of 10 years (Fig. 2B). In contrast, in the low-risk free-
ranging populations (Bieszczady and Borecka forest) or 
those in enclosures, no significant elevation in the risk 
of BTV antibodies occurrence was observed with age 
(Fig. 2C, D).

IBR and Coronavirus
The occurrence of antibodies to the BoHV-1 and BCoV 
in European bison was not dependent on age or sex, and 
did not differ between individual study sites (Supple-
mentary Tables  2 and 3). Both models were statistically 
insignificant (for BoHV-1 – χ2 = 1.96, df = 6, p = 0.923; for 
BCoV – χ2 = 6.21, df = 6, p = 0.400).

Fig. 2 The risk of Bluetongue virus (BTV) antibodies occurrence, evaluated using commercial ELISA, in European bison in: A) all analyzed animals, B) 
animals in Białowieska and Knyszyńska forests, C) animals in Bieszczady and Borki forest and D) animals in enclosures. Within populations with high 
prevalence (Białowieska and Knyszyńska forests), a similar increased risk of seropositivity i.e. over 50%, was observed at an age of 10 years. In the low-risk 
free-ranging populations (Bieszczady and Borecka forest) and in enclosures, no significant elevation in the risk of BTV antibodies occurrence was observed 
with age

 

Fig. 1 Mean (± SD) Bluetongue virus (BTV) antibodies occurrence, evalu-
ated using commercial ELISA, in European bison in generalized linear 
model and pairwise comparison in LSD test (BIE: Bieszczady Mountains, 
BIA: Białowieska Forest, KNY: Knyszyńska Forest, BOR: Borecka Forest, ENC: 
animals in enclosures); similar letters (a, b) indicate pairs not different in 
statistical pairwise comparison. The Białowieska and Knyszyńska forests 
presented a high seroprevalence, which differed from that of other wild 
populations and animals in enclosures
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Discussion
The present study describes a large-scale cross-sectional 
survey of the seroprevalence of selected pathogens in 
European bison in Poland. Its findings highlight general 
trends in selected pathogens and indicate those which 
can pose a current threat for European bison. It should 
be emphasized that performing a study on such a large 
number of individuals of a protected species required a 
lot of effort.

Our finding indicates that the occurrence of antibod-
ies to Mycoplasma bovis and BVDV is rather low, while 
the seroprevalence of BoHV, BoCoV and BTV is higher. 
It is possible that in some regions, European bison may 
be responsible for the maintenance of BTV in the sylvatic 
cycle [19, 27]; however, it must be emphasized that fur-
ther research is required to confirm this. Additionally, 
some of tested pathogens (BTV, BoHV-1, BVDV) may 
have immunosuppressive effects and thus increase the 
exposure to other infections, such as tuberculosis. An 
important consideration is that the possibility of direct or 
indirect contact with livestock, e.g. by sharing common 
pastures, which is particularly likely in the Białowieska 
Forest and Bieszczady Mountains [28], may contribute to 
the circulation of pathogens in the environment. Hence, 
the fact that co-infections were not taken into consider-
ation can be regarded as a limitation of this study.

It should be stressed that no increase in the number 
of pathological lesions, such as those indicating previ-
ous pneumonia or previous enteritis, was observed in the 
respiratory and digestive systems, in European bison dur-
ing monitoring necropsies (based on annual reports from 
the project: Comprehensive monitoring of European 
bison population and habitat, unpublished). In addition, 
the occurrence of clinical symptoms from the respiratory 
or digestive system remains low; as such, high BoHV-1 
seroprevalence should continue to be monitored, but it is 
unlikely to be an emerging problem in European bison at 
present.

Our data indicate a low seroprevalence of M. bovis. 
It is important to emphasize that while the seropreva-
lence is quite high in Polish cattle (76.7%) [29], M. bovis 
infections are typically asymptomatic [10]. This differ-
ence might be based on the virulence of the strain, which 
would be influenced by the host species [30]. Interest-
ingly, a study from western Canada found that up to 79% 
of American bison herds have more than one seroposi-
tive member [31]. However, it is important to note that 
several outbreaks have been reported in Bison bison in 
North America, with mortality rates as high as 45% [11], 
and as such, there is a strong need to monitor the disease 
in European bison.

Even though M. bovis infection is rare in free-living 
animals, it should nevertheless be included as a differ-
ential diagnosis for pneumonia in wildlife [32]. Based on 

our findings and those of previous studies, we recom-
mend that European bison with pneumonia should also 
be tested for M. bovis, together with tuberculosis and 
other respiratory pathogens, especially when outbreaks 
of pneumonia occur. So far, antibodies against Myco-
plasma bovigenitalium have been confirmed in European 
bison with balanoposthitis [33]. Previous serological 
studies have revealed a similar low seroprevalence of M. 
bovis in European bison [4, 34].

As the BTV occurring in Poland has been determined 
as serotype BTV-14 [35, 36], we suspect that the anti-
bodies detected in this study were also against BTV-14. 
This type has also been confirmed in Lithuania, Latvia, 
Estonia, and Russia [37–39], which could explain its pres-
ence in northeastern Poland. It has also been confirmed 
in this area of Poland in both livestock and wildlife [19, 
35, 36]. However, as positive animals are asymptomatic, 
the strain present in the environment can be thought of 
as attenuated and vaccine-like, as it has occurred almost 
in the same time in Russia which is not typical. BTV-14 is 
similar to a South African vaccine strain which demon-
strated only mild clinical signs in experimentally-infected 
sheep [40]. Hence, it has been suggested that BTV vac-
cine may have been used illegally in the past. [41].

The occurrence of BTV-14 in northeastern Europe 
is probably not connected with the BTV-8 epidemic in 
western Europe [42]. BTV-8 infections in European bison 
have been described, with mortality rates as high as 20% 
[43]. The higher seroprevalence of BTV in older animals 
is in agreement with previous reports [19, 44–46] and can 
be explained by longer exposure time. Nevertheless, our 
finding that only animals of over 17 years old are at seri-
ous risk of BTV seropositivity can be misleading, as the 
age-associated increase in antibody titer depends on the 
occupied area. In populations with a high seroprevalence 
animals aged 10 years and older demonstrate a greater 
than 50% chance of being BTV-seropositive. Higher 
seroprevalence has been detected in the Knyszyńska 
and Białowieska Forests which can be associated with 
environmental conditions: forests with wet grounds are 
favorable habitats for Culicoides to breed and produce 
multiple generations [46].

Even though BoHV-1 is mostly spread in cattle, it has 
been also detected in wildlife [47–50]. While some Euro-
pean countries have managed to eradicate IBR, Poland 
is not one of them [51]; indeed, antibodies have been 
found in livestock and wildlife in Poland [52–56]. In the 
present study, about half of the tested European bison 
were seropositive for alphaherpesvirus, indicating that 
BoHV-1 infections are present among both free-ranging 
and captive European bison in Poland. The serological 
survey, involving the largest number of individuals, for 
IBR in European bison, indicated 13.3% (8/60) BoHV-1 
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seroprevalence; however, the survey was limited to the 
Białowieska Forest population [53].

In Poland, the seroprevalence of BoHV in dairy cattle 
was found to range from 37.7 to 73.7% [22, 57], and a 
recent study on cervids found higher seroprevalence in 
captive animals than free-ranging ones [52]. No such ten-
dency was demonstrated in the tested European bison in 
the present study. Considering that the European bison 
is highly sensitive to tuberculosis [5] it is worth mention-
ing that novel alphaherpesvirus has recently been iso-
lated from a South American sea lion (Otaria byronia) 
with pulmonary tuberculosis [58]. In general, the health 
condition of the European bison population in Poland is 
good, so it does not seem that IBR is a problem for them 
at present. Subclinical BoHV infections are probably also 
common in this species as in cattle [59]. However, the 
situation should be monitored by continuing serological 
surveys and observing the general health of the popula-
tion, with special attention to typical clinical syndromes 
for BoHV-1 infections including respiratory disease, gen-
ital disease, and late-term abortions [60].

Our findings serve as the first indication of the pres-
ence of BoCoV antibodies in European bison. It should 
be highlighted that contact with this virus is not inciden-
tal, with the seroprevalence in the tested animals being 
26.36%. Bovine-like CoVs, i.e. host-range variants of 
BCoV, are crossing the interspecies barriers, and trans-
mission between cattle and wild ruminants allows the 
virus to persist in the wild [61]. In this sense, European 
bison and other wild ruminants could potentially play a 
role in future epidemics and the evolution of the virus 
due to their continuous movement to seek new pastures.

The tested European bison demonstrated higher BVDV 
seroprevalence (6.99%) compared to a previous report, 
in which 0.8% had antibodies [4]. This shows an upward 
trend of possible exposure to this virus. However, the 
seroprevalence in this study was lower than reported 20 
years ago [55]. Antibodies to BVDV were also detected in 
European bison from Whipsnade Wild Animal Park (UK) 
[62]. Due to the immunosuppressive nature of the virus, 
acute infections are often accompanied by comorbidities, 
typically manifesting as respiratory disease. Persistent 
BVDV infections in cattle lead to death after develop-
ing mucosal disease [63]. Hence, it is crucial to monitor 
the presence of immunosuppressive pathogens in Euro-
pean bison, due to their greater sensitivity to tuberculosis 
[64–66].

Conclusions
In the studied European bison, the highest serop-
revalence values were detected in the case of BoHV-1 
(50.27%) and BCoV (26.36%) and BTV (12.83%). For M. 
bovis and BVDV, positive results were rarer. Interestingly, 
a higher prevalence of BTV antibodies was noted in the 

northeastern populations and older animals, which is 
consistent with reports in previous studies. Even though 
it has been shown that the Polish European bison popula-
tion is in broad contact with BoHV-1, it does not appear 
to have a great influence on their health, and no clinical 
symptoms are generally noted. This is the first report 
to confirm the presence of antibodies for BoCoV in the 
European bison population.

Although we did not test for presence of viruses and 
bacteria, our findings indicate probable exposure to 
important bovine pathogens which can inform future 
surveillance efforts in European bison.

Methods
Materials
The blood samples used in this study were acquired 
opportunistically from a banked sample collection; this 
was obtained from animals that had been immobilized 
for standard veterinary care, for placing radio collars, or 
were culled or found dead. All live animals handling was 
performed under standard veterinary medical care activi-
ties, and therefore did not require approval according to 
the II Local Ethical Committee For Animal Experiments 
in Warsaw. The monitoring was carried out by local insti-
tutions responsible for European bison management, and 
each cull was performed with the necessary permit. The 
collection and storage of serum samples from dead ani-
mals were based on the decision of the Regional Direc-
tor of Environmental Protection in Warsaw. According 
to the decision, the collection of dead animals for sci-
entific purposes does not need any permit as described 
before [67]. From immobilized European bison, the blood 
was collected into sterile 6 ml tubes with a clot activa-
tor from the jugular or tail vein. From dead individu-
als, it was collected from the jugular vein, heart or body 
cavities. The samples were transported to the laboratory 
at 4oC. The tubes were then centrifuged, the serum was 
separated and stored at -20oC until serological tests were 
performed.

Blood samples represented 328 European bison (181 
females and 147 males) between October 2017 and Feb-
ruary 2022. The samples came from four free-ranging 
populations located in the Białowieska Forest (n = 37), 
Borecka Forest (n = 41), Knyszyńska Forest (n = 41), and 
Bieszczady Moutains (n = 57). Among the captive herds, 
most of the samples were collected from Białowieża 
(n = 35), Muczne (n = 17), Niepołomice (n = 19), Pszc-
zyna Park and Jankowice (n = 45), and various other 
captive herds (Bałtów, Wolisko, Gołuchów, Kiermusy, 
Międzyzdroje, Ustroń, Gdańsk Zoo, Warsaw Zoo, 
Poznań Zoo) (n = 36) (Fig. 3.). The age of the tested ani-
mals ranged from three months to 25 years.
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ELISA
Serum samples were allowed to thaw at room tempera-
ture and then tested with indirect enzyme-linked immu-
nosorbent assay (ELISA) kits against specific antibodies 
to M. bovis, BTV, BoHV-1, BVDV and BCoV. All com-
mercial ELISA kits were used in accordance with the 
manufacturer’s instructions. The results of each ELISA 
were read using an EPOCH spectrophotometer (BioTek 
Instruments Inc., US) at a wavelength of 450 nm and cal-
culated following the instructions as for cattle. The posi-
tive and negative samples were taken from commercial 
kits. The positive/negative cut-off was used as for cattle, 
as per the manufacturer’s recommendations for each 
ELISA.

M. bovis antibodies, were detected using Monoscreen 
Ab ELISA Mycoplasma bovis kits (Bio-X Diagnostics 
S.A., Belgium) (n = 180). Briefly, after dilution, the sam-
ples were added to the wells sensitised by a recombinant 
protein from M. bovis expressed by Escherichia coli. Sub-
sequently the plate was incubated and washed, and con-
jugate (protein G peroxidase-labelled) was distributed 
to the wells. Following a second incubation and wash-
ing, the chromogen (tetramethylbenzidine) was added. 
If specific antibodies were present in the sera, the conju-
gate remained bound, and the enzyme catalysed a colour 
change from colourless into a pigmented compound. 
Finally, a stop solution was added to each well. The inten-
sity of the resulting yellow colour was proportionate to 
the titre of the specific antibodies in the sample.

INgezim BTV DR (Inmunologia y genetica aplicada, 
S.A., Spain) (n = 304) kits were used to detect antibodies 
specific for BTV. The kit is intended for sheep, goats, and 

cattle and can detect a low level of antibodies in the sera 
of infected and vaccinated animals. The plates are coated 
with VP7 protein of BTV, which binds any BTV antibod-
ies in the serum. After sample distribution and incuba-
tion, the plates were washed, and colourless conjugate 
added to detect conjugated antibodies. Following another 
incubation period and washing, the chromogenic sub-
strate (TMB − 3,3’,5,5’-Tetramethylbenzidine) was added. 
After stopping the reaction, the intensity of the colour 
was assessed with a spectrophotometer.

Specific antibodies to BoHV-1 were detected by 
INgezim IBR COMPAC 2.0 (n = 179) kits (Inmunologia y 
genetica aplicada). The test, based on the Blocking ELISA 
technique, is intended for cattle sera and milk samples. 
Plates are coated by a BoHV-1 antigen which binds the 
antibody in the serum. Briefly, after the first incubation 
and washing, the (peroxidase conjugated) monoclonal 
antibodies specific to the gB protein of BoHV-1 were 
added to each well and then incubated. The plates were 
then washed to remove non-fixed material. The substrate 
solution was then distributed to the wells, and plates 
were kept at room temperature in the dark. In the pres-
ence of peroxidase, a colorimetric reaction occurred. 
The stop solution was then added, and absorbance read 
with an EPOCH spectrophotometer. The intensity of the 
resulting yellow colour was inversely proportional to the 
degree of blocking by the conjugate, and hence the titre 
of specific antibodies in the samples.

INgezim Pestivirus COMPAC kits (Inmunologia y 
genetica aplicada) (n = 186) were used to detect specific 
antibodies to Ruminant Pestivirus. The test is based on 
blocking ELISA, and its mechanism is similar to INgezim 
IBR COMPAC 2.0. Pestivirus p80/p125 specific mono-
clonal antibodies coupled to peroxidase were used to 
bind free antigens fixed to the bottom of the wells: these 
bind any free antigens which remained unbound after the 
samples were added. Following the addition of peroxi-
dase, the substrate undergoes a colorimetric reaction; as 
above, the presence of colour indicates a negative result.

Monoscreen Ab Elisa Bovine coronavirus (Bio-X Diag-
nostics S.A., Belgium) kits (n = 129) can be used to test 
sera, plasma, and colostrum for the presence of spe-
cific antibodies. The results can indicate whether a cow 
has had contact with pathogen, or whether a vaccine 
is effective. The microplates are coated with purified 
bovine coronavirus. In this procedure, serum samples 
and specific monoclonal antibody against coronavirus 
(peroxidase conjugated) were added to each well. After 
incubation and washing, a sensitive chromogen solu-
tion (TMB) was added. Stop solution was added and the 
blue colour changed to yellow. The intensity of the yellow 
colour was inversely proportionate to serum antibody 
titre.

Fig. 3 Location of study sites. The source map was obtained from the 
Geoportal.gov
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Statistical analysis
Statistical analysis was only performed for BTV, BoHV-1 
and BCoV, as insufficient numbers of positive cases were 
found for the other pathogens. The frequency of occur-
rence of antibodies in European bison was analysed using 
generalized binary models, with the dependent variables 
being the presence of antibodies of given disease (marked 
as 1) and the absence of antibodies (marked as 0); these 
were tested in three separate models. The explanatory 
variables in all models were sex, age and study site. Study 
site was a grouping variable consisting of five groups 
(BIE: Bieszczady Mountains, BIA: Białowieska Forest, 
KNY: Knyszyńska Forest, BOR: Borecka Forest, ENC: 
animals in enclosures). We also compared pairwise 
means of BTV antibody occurrence with regard to study 
site using the Least Difference Test. Statistical signifi-
cance was assumed at p < 0.05. The models were verified 
with ROC curve.

In the case of BTV, where age significantly increased 
the risk of seropositivity in animals, an additional analy-
sis of the probability of seropositivity with age was per-
formed using logistic regression. Four logistic regressions 
were performed: (A) for all examined European bison, (B) 
for European bison from the population with high BTV 
seroprevalence (Białowieska and Knyszyńska Forests), 
(C) for the European bison from the population with low 
BTV seroprevalence, (D) for the European bison from 
the enclosures. Similarly, the dependent variable was the 
presence or absence of BTV antibodies, but the explana-
tory variable was only age. Records which were suspect or 
with missing data (age or sex of animals) were excluded 
from the analysis. All statistical analyses were performed 
using IBM SPSS statistics software (version 28.0.1.0).

Abbreviations
BCoV  bovine coronavirus
BIA  Białowieska Forest
BIE  Bieszczady Mountains
BoHV-1  Bovine herpesvirus-1
BRD  bovine respiratory disease
BOR  Borecka Forest
BT  bluetongue
BTV  bluetongue virus
BVDV  bovine viral diarrhea virus
ENC  animals in enclosures;
IBR  infectious bovine rhinotracheitis
IPV  pustular vulvovaginitis
IPB  infectious pustular balanoposthitis
IUCN  International Union for Conservation of Nature
KNY  Knyszyńska Forest
NT  near threatened

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12917-023-03627-y.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Acknowledgements
Not applicable.

Authors’ contributions
AD participated in designing and coordination of the study, laboratory work, 
material and data collection and drafting the manuscript. DK assisted in 
conceiving and designing the study, material and data collection, drafting 
the manuscript and statistical analysis. MN, KP, EK participated in laboratory 
analysis and drafting the manuscript. MW participated in data analysis and 
drafting the manuscript. MR participated in designing study and drafting the 
manuscript. WO, KA participated in designing, coordination of the study and 
drafting the manuscript. All authors read and approved the final version of the 
manuscript.

Funding
The work was supported by the project “Complex project of European 
bison conservation by State Forests”, which is financed by the Forest Found 
(Poland), contract no OR.271.3.10.2017. The role of the funder was to purchase 
serological tests and to cover the publication fee. The funder was not involved 
in the study design; collection, analysis or interpretation of the data; or in 
writing the manuscript.

Data Availability
All data and materials are available at the Department of Food Hygiene and 
Public Health Protection, Institute of Veterinary Medicine, Warsaw University of 
Life Sciences – SGGW, ul. Nowoursynowska 159, 02-776 Warsaw, Poland.

Declarations

Ethics approval and consent to participate
Any lethal testing was carried out by local institutions responsible for 
European bison management, and each culling was performed with the 
necessary permit. Collection and storage of serum samples from dead 
animals was based on the decision of the Regional Director of Environmental 
Protection in Warsaw: according to this decision, no permission is needed 
for the collection of dead animals for scientific purposes. In addition, in 
accordance with II Local Ethical Committee For Animal Experiments in Warsaw, 
no approval was needed for ante-mortem sampling, as it was conducted as 
part of standard veterinary care.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 20 September 2022 / Accepted: 25 May 2023

References
1. Plumb G, Kowalczyk R, Hernandez-Blanco JA. Bison bonasus. The IUCN 

Red List of Threatened Species 2020. 2020;e:T2814A45156279. https://doi.
org/10.2305/IUCN.UK.2020-3.RLTS.T2814A45156279.en. Accessed on 11 June 
2022.

2. Olech W, Klich D, Perzanowski K. Development of a new Action Plan for the 
european bison. Oryx. 2019;53(2):214–4.

3. Didkowska A, Klich D, Hapanowicz A, Orłowska B, Gałązka M, Rzewuska 
M, Olech W, Anusz K. Pathogens with potential impact on reproduction 
in captive and free-ranging european bison (Bison bonasus) in Poland - a 
serological survey. BMC Vet Res. 2021;17(1):345. https://doi.org/10.1186/
s12917-021-03057-8.

4. Krzysiak MK, Jabłoński A, Iwaniak W, Krajewska M, Kęsik-Maliszewska J, Larska 
M. Seroprevalence and risk factors for selected respiratory and reproductive 

http://dx.doi.org/10.1186/s12917-023-03627-y
http://dx.doi.org/10.1186/s12917-023-03627-y
http://dx.doi.org/10.2305/IUCN.UK.2020-3.RLTS.T2814A45156279.en
http://dx.doi.org/10.2305/IUCN.UK.2020-3.RLTS.T2814A45156279.en
http://dx.doi.org/10.1186/s12917-021-03057-8
http://dx.doi.org/10.1186/s12917-021-03057-8


Page 8 of  9Didkowska et al. BMC Veterinary Research           (2023) 19:74 

tract pathogen exposure in european bison (Bison bonasus) in Poland. Vet 
Microbiol. 2018;215:57–65. https://doi.org/10.1016/j.vetmic.2018.01.005.

5. Didkowska A, Orłowska B, Krajewska-Wędzina M, Augustynowicz-Kopeć E, 
Brzezińska S, Żygowska M, Wiśniewski J, Kaczor S, Welz M, Olech W, Anusz 
K. Microbiological and molecular monitoring for bovine tuberculosis in the 
polish population of european bison (Bison bonasus). Ann Agric Environ Med. 
2021;28(4):575–8. https://doi.org/10.26444/aaem/130822.

6. Vlasova AN, Saif LJ. Bovine coronavirus and the Associated Diseases. Front Vet 
Sci. 2021;8:643220. https://doi.org/10.3389/fvets.2021.643220.

7. da Silva Silveira C, Maya L, Casaux ML, Schild C, Caffarena D, Aráoz V, da Costa 
RA, Macías-Rioseco M, Perdomo Y, Castells M, Colina R, Fraga M, Riet-Correa 
F, Giannitti F. Diseases associated with bovine viral diarrhea virus subtypes 1a 
and 2b in beef and dairy cattle in Uruguay. Braz J Microbiol. 2020;51(1):357–
68. https://doi.org/10.1007/s42770-019-00170-7.

8. Bianchi MV, Konradt G, de Souza SO, Bassuino DM, Silveira S, Mósena AC, 
Canal CW, Pavarini SP, Driemeier D. Natural outbreak of BVDV-1d-Induced 
Mucosal Disease lacking intestinal lesions. Vet Pathol. 2017;54(2):242–8. 
https://doi.org/10.1177/0300985816666610.

9. Nicholas R, Ayling R, McAuliffe L. Mycoplasma Diseases of Ruminants. 1st ed. 
Oxford, UK: CABI Publishing; 2008.

10. Jeff L, Caswell JL, Archambault M. Mycoplasma bovis pneumonia in cattle. 
Anim Health Res Rev. 2008;8:161–86.

11. Kyathanahalli S, Janardhan MH, Dyer N, Oberst RD, DeBey BM. Mycoplasma 
bovis outbreak in a herd of north american bison (Bison bison). J Vet Diagn 
Invest. 2010;22:797–801. https://doi.org/10.1177/104063871002200528.

12. Noad R, Roy P. (2009) Bluetongue vaccines. Vaccine. 27 suppl 4:D86-9. doi: 
https://doi.org/10.1016/j.vaccine.2009.08.037.

13. Ruiz-Fons F, Reyes-García AR, Alcaide V, Gortázar C. Spatial and temporal 
evolution of bluetongue virus in wild ruminants, Spain. Emerg Infect Dis. 
2008;14(6):951–3. https://doi.org/10.3201/eid1406.071586.

14. Liu F, Gong QL, Zhang R, Chen ZY, Wang Q, Sun YH, Sheng CY, Ma BY, Li 
JM, Shi K, Zong Y, Leng X, Du R. Prevalence and risk factors of bluetongue 
virus infection in sheep and goats in China: a systematic review and meta-
analysis. Microb Pathog. 2021;161(Pt A):105170. https://doi.org/10.1016/j.
micpath.2021.105170.

15. Drew CP, Heller MC, Mayo C, Watson JL, Maclachlan NJ. Bluetongue virus 
infection activates bovine monocyte-derived macrophages and pulmonary 
artery endothelial cells. Vet Immunol Immunopathol. 2010;136(3–4):292–6.

16. Fernández-Pacheco P, Fernández-Pinero J, Agüero M, Jiménez-Clavero 
MA. Bluetongue virus serotype 1 in wild mouflons in Spain. Vet Rec. 
2008;162(20):659–60. https://doi.org/10.1136/vr.162.20.659.

17. Glunz R. Bluetongue disease at European bison—Symptoms, section 
results, treatment, vaccination. In: Proceedings of VI Conference ‘Bison in the 
Network Natura 2000,’ European Bison Friends Society, Cisna, Poland, 15–16 
September. 2008. pp. 18–19.

18. Yon L, Duff JP, Ågren EO, Erdélyi K, Ferroglio E, Godfroid J, Hars J, Hestvik G, 
Horton D, Kuiken T, Lavazza A, Markowska-Daniel I, Martel A, Neimanis A, 
Pasmans F, Price SJ, Ruiz-Fons F, Ryser-Degiorgis MP, Widén F, Gavier-Widén 
D. Recent changes in infectious diseases in european wildlife. J Wildl Dis. 
2019;55(1):3–43. https://doi.org/10.7589/2017-07-172.

19. Krzysiak MK, Iwaniak W, Kęsik-Maliszewska J, Olech W, Larska M. Serological 
study of exposure to selected arthropod-borne pathogens in european 
Bison (Bison bonasus) in Poland. Transbound Emerg Dis. 2017;64(5):1411–23. 
https://doi.org/10.1111/tbed.12524.

20. Nandi S, Kumar M, Manohar M, Chauhan RS. Bovine herpes virus infections 
in cattle. Anim Health Res Rev. 2009;10(1):85–98. https://doi.org/10.1017/
S1466252309990028.

21. Biswas S, Bandyopadhyay S, Dimri U, Patra PH. Bovine herpesvirus-1 (BHV-1) 
- a re-emerging concern in livestock: a revisit to its biology, epidemiology, 
diagnosis, and prophylaxis. Vet Q. 2013;33(2):68–81. https://doi.org/10.1080/0
1652176.2013.799301.

22. Rypuła K, Płoneczka-Janeczko K, Kita J, Kumala A, Zmudziński JF. Seropreva-
lence of BHV-1 (bovine herpesvirus type 1) among non-vaccinated dairy 
cattle herds with respiratory disorders (2012) Pol J Vet Sci 15(3):561–3. doi: 
https://doi.org/10.2478/v10181-012-0085-4.

23. Oguejiofor CF, Thomas C, Cheng Z, Wathes DC. Mechanisms linking bovine 
viral diarrhea virus (BVDV) infection with infertility in cattle. Anim Health Res 
Rev. 2019;20(1):72–85. https://doi.org/10.1017/S1466252319000057.

24. Vilcek S, Nettleton PF. Pestiviruses in wild animals. Vet Microbiol. 2006;116(1–
3):1–12. https://doi.org/10.1016/j.vetmic.2006.06.003.

25. Passler T, Ditchkoff SS, Walz PH. Bovine viral Diarrhea Virus (BVDV) in White-
Tailed deer (Odocoileus virginianus). Front Microbiol. 2016;20:7:945. https://
doi.org/10.3389/fmicb.2016.00945.

26. Ridpath JF. Emerging pestiviruses infecting domestic and wildlife 
hosts. Anim Health Res Rev. 2015;16(1):55–9. https://doi.org/10.1017/
S1466252315000067.

27. Lorca-Oro C, Lopez-Olvera JR, Ruiz-Fonsa F, Acevedo P, Garcıa-Bocanegra I, 
Oleaga A, Gortazar C, Pujols J. (2014) Long-term dynamics of bluetongue 
virus in wild ruminants: relationship with outbreaks in livestock in Spain, 
2006–2011. PLoS ONE 9, e100027.

28. Klich D, Didkowska A, Pyziel-Serafin AM, Perlińska-Teresiak M, WoŁoszyn-
GaŁęza A, Żoch K, Balcerak M, Olech W. Contact between European bison 
and cattle from the cattle breeders’ perspective, in the light of the risk 
of pathogen transmission. PLOS ONE 2023;18(5):e0285245. https://doi.
org/10.1371/journal.pone.0285245.

29. Bednarek D, Ayling RD, Nicholas RA, Dudek K, Szymańska-Czerwinska M. 
Serological survey to determine the occurrence of respiratory Mycoplasma 
infections in the polish cattle population. Vet Rec. 2012;171(2):45. https://doi.
org/10.1136/vr.100545.

30. Register KB, Thole L, Rosenbush RF, Minion FC. Multilocus sequence typing 
of Mycoplasma bovis reveals host-specific genotypes in cattle versus bison. 
Vet Microbiol. 2015;175(1):92–8. https://doi.org/10.1016/j.vetmic.2014.11.002. 
Erratum in: Vet Microbiol. 2019 228:264–265.

31. Bras AL, Suleman M, Woodbury M, Register K, Barkema HW, Perez-Casal J, 
Windeyer MC. A serologic survey of Mycoplasma spp. in farmed bison (Bison 
bison) herds in western Canada. J Vet Diagn Invest. 2017;29(4):513–21. https://
doi.org/10.1177/1040638717710057.

32. Malmberg JL, O’Toole D, Creekmore T, Peckham E, Killion H, Vance M, Ashley 
R, Johnson M, Anderson C, Vasquez M, Sandidge D, Mildenberger J, Hull 
N, Bradway D, Cornish T, Register KB, Sondgeroth KS. Mycoplasma bovis 
infections in free-ranging Pronghorn, Wyoming, USA. Emerg Infect Dis. 
2020;26(12):2807–14. https://doi.org/10.3201/eid2612.191375.

33. Thiede S, Spergser J, Rosengarten R, Jakob W, Streich WJ, Krasińska M, Frölich 
K. Antibodies against Mycoplasma bovigenitalium in free-living european 
bison (Bison bonasus) with balanoposthitis. J Wildl Dis. 2002;38(4):760–3. 
https://doi.org/10.7589/0090-3558-38.4.760.

34. Dudek K, Bednarek D, Szacawa E, Ayling RD, Krzysiak MK, Marczuk J. A 
serological and molecular study on the occurrence of mycoplasmas in 
european bison (Bison bonasus) from two areas of Eastern Poland. Pol J Vet 
Sci. 2015;18(4):881–3. https://doi.org/10.1515/pjvs-2015-0115.

35. Orłowska A, Trębas P, Smreczak M, Marzec A, Żmudziński JF. First detection 
of bluetongue virus serotype 14 in Poland. Arch Virol. 2016;161(7):1969–72. 
https://doi.org/10.1007/s00705-016-2857-0.

36. Orłowska A, Żmudziński JF, Smreczak M, Trębas P, Marzec A. Diagnostic 
reliability of different RT-PCR protocols for the detection of Bluetongue Virus 
Serotype 14 (BTV-14). J Vet Res. 2017;61(4):391–5. https://doi.org/10.1515/
jvetres-2017-0065.

37. Panferova A, Koltsov A, Novikova M, Tsybanov S, Kolbasov D. (2012) Detection 
of Bluetongue outbreak in Smolensk region of Russia in 2011. Proceedings of 
6th EPIZONE Meeting, Brighton, UK, 12–14 June, pp. 23.

38. Pavlova EV, Christopolova MD, Hernandez-Blanco JA, Alschinetski MV, Sipko 
ND, Naidenko SV. Estimation of hematological parameters and antibodies 
against diseases in free-living european bison (Bison bonasus) in Russia. Walcz, 
Poland: Wisent in the Miroslawiec bioregion; 2013. pp. 4–5.

39. Koltsov A, Tsybanov S, Gogin A, Kolbasov D, Koltsova G. Identification and 
characterization of Bluetongue Virus Serotype 14 in Russia. Front Vet Sci. 
2020;7:26. https://doi.org/10.3389/fvets.2020.00026.

40. Flannery J, Frost L, Fay P, Hicks H, Henstock M, Smreczak M, Orłowska A, 
Rajko-Nenow P, Darpel K, Batten C. BTV-14 infection in Sheep elicits viraemia 
with mild clinical symptoms. Microorganisms. 2020;8(6):892. https://doi.
org/10.3390/microorganisms8060892.

41. Larska M, Krzysiak MK. (2019). Infectious Disease Monitoring of European 
Bison (Bison bonasus). In, editor, Wildlife Population Monitoring. IntechOpen. 
https://doi.org/10.5772/intechopen.84290.

42. Zientara S, Sánchez-Vizcaíno JM. Control of bluetongue in Europe. Vet Micro-
biol. 2013;165(1–2):33–7. https://doi.org/10.1016/j.vetmic.2013.01.010.

43. Sanderson S. Bluetongue in non-domestic ruminants: experiences gained in 
EAZA zoos during the 2007 & 2008 BTV8 and BTV1 epizootics. In: Kaandorp 
J, Chai N, Bayens A, editors. Transmissible Diseases Handbook. Amsterdam, 
the Netherlands: Infectious Diseases Working Group, European Association of 
Zoo and Wildlife Veterinarians; 2010.

http://dx.doi.org/10.1016/j.vetmic.2018.01.005
http://dx.doi.org/10.26444/aaem/130822
http://dx.doi.org/10.3389/fvets.2021.643220
http://dx.doi.org/10.1007/s42770-019-00170-7
http://dx.doi.org/10.1177/0300985816666610
http://dx.doi.org/10.1177/104063871002200528
http://dx.doi.org/10.1016/j.vaccine.2009.08.037
http://dx.doi.org/10.3201/eid1406.071586
http://dx.doi.org/10.1016/j.micpath.2021.105170
http://dx.doi.org/10.1016/j.micpath.2021.105170
http://dx.doi.org/10.1136/vr.162.20.659
http://dx.doi.org/10.7589/2017-07-172
http://dx.doi.org/10.1111/tbed.12524
http://dx.doi.org/10.1017/S1466252309990028
http://dx.doi.org/10.1017/S1466252309990028
http://dx.doi.org/10.1080/01652176.2013.799301
http://dx.doi.org/10.1080/01652176.2013.799301
http://dx.doi.org/10.2478/v10181-012-0085-4
http://dx.doi.org/10.1017/S1466252319000057
http://dx.doi.org/10.1016/j.vetmic.2006.06.003
http://dx.doi.org/10.3389/fmicb.2016.00945
http://dx.doi.org/10.3389/fmicb.2016.00945
http://dx.doi.org/10.1017/S1466252315000067
http://dx.doi.org/10.1017/S1466252315000067
http://dx.doi.org/10.1371/journal.pone.0285245
http://dx.doi.org/10.1371/journal.pone.0285245
http://dx.doi.org/10.1136/vr.100545
http://dx.doi.org/10.1136/vr.100545
http://dx.doi.org/10.1016/j.vetmic.2014.11.002
http://dx.doi.org/10.1177/1040638717710057
http://dx.doi.org/10.1177/1040638717710057
http://dx.doi.org/10.3201/eid2612.191375
http://dx.doi.org/10.7589/0090-3558-38.4.760
http://dx.doi.org/10.1515/pjvs-2015-0115
http://dx.doi.org/10.1007/s00705-016-2857-0
http://dx.doi.org/10.1515/jvetres-2017-0065
http://dx.doi.org/10.1515/jvetres-2017-0065
http://dx.doi.org/10.3389/fvets.2020.00026
http://dx.doi.org/10.3390/microorganisms8060892
http://dx.doi.org/10.3390/microorganisms8060892
http://dx.doi.org/10.5772/intechopen.84290
http://dx.doi.org/10.1016/j.vetmic.2013.01.010


Page 9 of  9Didkowska et al. BMC Veterinary Research           (2023) 19:74 

44. Rossi S, Viarouge C, Faure E, Gilot-Fromont E, Gache K, Gibert P, Verheyden H, 
Hars J, Klein F, Maillard D, Gauthier D, Game Y, Pozet F, Sailleau C, Garnier A, 
Zientara S, Bréard E. Exposure of Wildlife to the Schmallenberg Virus in France 
(2011–2014): higher, faster, stronger (than Bluetongue). Transbound Emerg 
Dis. 2017;64(2):354–63. https://doi.org/10.1111/tbed.12371.

45. Qin S, Lin J, Li L, Zhang Y, Xiao L, Cao Y, Ren P, Li H, Wu J. Seroprevalence 
and potential risk factors of Bluetongue Virus infection in domestic cattle 
and goats in Guangxi Province, Southern China. Vector Borne Zoonotic Dis. 
2020;20(7):551–6. https://doi.org/10.1089/vbz.2019.2543.

46. Zimmer JY, Verheggen FJ, Haubruge E, Francis F. Orientation behaviour of 
Culicoides obsoletus (Diptera: Ceratopogonidae), a relevant virus vector 
in northern Europe, toward host-associated odorant cues. Vet Parasitol. 
2015;211:274–82.

47. Kálmán D, Egyed L. PCR detection of bovine herpesviruses from non-
bovine ruminants in Hungary. J Wildl Dis. 2005;41(3):482–8. https://doi.
org/10.7589/0090-3558-41.3.482.

48. Fusco G, Amoroso MG, Aprea G, Veneziano V, Guarino A, Galiero G, Viscardi 
M. First report of natural BoHV-1 infection in water buffalo. Vet Rec. 
2015;177(6):152. https://doi.org/10.1136/vr.103139.

49. Fabisiak M, Sałamaszyńska A, Stadejek T. Detection of seroconversion to 
bovine herpesvirus 1 related alphaherpesvirus and bovine viral diarrhea 
virus in polish free-living deer. Pol J Vet Sci. 2018;21(3):437–40. https://doi.
org/10.24425/122615.

50. Čonková-Skybová G, Ondrejková A, Mojžišová J, Bárdová K, Reichel P, Korytár 
Ľ, Drážovská M, Prokeš M. Herpesvirus diseases of domestic animals and 
game species in the Slovak Republic. Acta Virol. 2020;64(4):409–16. https://
doi.org/10.4149/av_2020_404.

51. Iscaro C, Cambiotti V, Petrini S, Feliziani F. Control programs for infectious 
bovine rhinotracheitis (IBR) in european countries: an overview. Anim Health 
Res Rev. 2021;22(2):136–46. https://doi.org/10.1017/S1466252321000116.

52. Rola J, Larska M, Socha W, Rola JG, Materniak M, Urban-Chmiel R, Thiry E, 
Żmudziński JF. Seroprevalence of bovine herpesvirus 1 related alphaherpes-
virus infections in free-living and captive cervids in Poland. Vet Microbiol. 
2017;204:77–83. https://doi.org/10.1016/j.vetmic.2017.04.006.

53. Kita J, Anusz K. (1991) Serologic survey for bovine pathogens in free-ranging 
European bison from Poland. J Wildl Dis. 1991 Jan;27(1):16–20. doi: https://
doi.org/10.7589/0090-3558-27.1.16.

54. Borchers K, Brackmann J, Wolf O, Rudolph M, Glatzel P, Krasinska M, Kra-
sinski ZA, Frölich K. Virologic investigations of free-living european bison 
(Bison bonasus) from the Bialowieza Primeval Forest, Poland. J Wildl Dis. 
2002;38(3):533–8. https://doi.org/10.7589/0090-3558-38.3.533.

55. Salwa A, Anusz K, Arent Z, Paprocka G, Kita J. Seroprevalence of selected viral 
and bacterial pathogens in free-ranging european bison from the Białowieza 
Primeval Forest (Poland). Pol J Vet Sci. 2007;10(1):19–23.

56. Rypuła K, Płoneczka-Janeczko K, Kita J, Kumala A, Zmudziński JF. Seropreva-
lence of BHV-1 (bovine herpesvirus type 1) among non-vaccinated dairy 

cattle herds with respiratory disorders. Pol J Vet Sci. 2012;5(3):561–3. https://
doi.org/10.2478/v10181-012-0085-4.

57. Rola J, Polak MP, Zmudziński JF. Specific immunoprophylaxis of some viral 
diseases in cattle. Pol J Vet Sci. 2005;8(4):315–21.

58. Sacristán C, Costa-Silva S, Reisfeld L, Navas-Suárez PE, Ewbank AC, Duarte-
Benvenuto A, Coelho Couto de Azevedo Fernandes, Albergaria Ressio N, 
Antonelli R, Rocha Lorenço M, Favero J, Marigo CM, Kolesnikovas J, Catão-
Dias CKM. JL (2021) Novel alphaherpesvirus in a wild South American sea lion 
(Otaria byronia) with pulmonary tuberculosis. Braz J Microbiol 52(4):2489–
2498. doi: https://doi.org/10.1007/s42770-021-00614-z.

59. Muylkens B, Thiry J, Kirten P, Schynts F, Thiry E. Bovine herpesvirus 1 infection 
and infectious bovine rhinotracheitis. Vet Res. 2007;38(2):181–209. https://doi.
org/10.1051/vetres:2006059.

60. Nandi S, Kumar M, Manohar M, Chauhan RS. Bovine herpes virus infections 
in cattle. Anim Health Res Rev. 2009;10(1):85–98. https://doi.org/10.1017/
S1466252309990028.

61. Amer HM. Bovine-like coronaviruses in domestic and wild ruminants. 
Anim Health Res Rev. 2018;19(2):113–24. https://doi.org/10.1017/
S1466252318000117.

62. Frölich K, Flach EJ. Long-term viral serology of semi-free-living and captive 
ungulates. J Zoo Wildl Med. 1998;29(2):165–70.

63. Brock KV. The persistence of bovine viral diarrhea virus. Biologicals. 
2003;31(2):133–5. https://doi.org/10.1016/s1045-1056(03)00029-0.

64. Fitzgerald SD, Sledge DG, Maes R, Wise A, Kiupel M. Coinfection of a cow 
with bovine leukemia virus and Mycobacterium bovis. J Vet Diagn Invest. 
2009;21(6):878–82. https://doi.org/10.1177/104063870902100621.

65. Maas M, Keet DF, Rutten VP, Heesterbeek JA, Nielen M. Assessing the impact 
of feline immunodeficiency virus and bovine tuberculosis co-infection in 
african lions. Proc Biol Sci. 2012;279(1745):4206–14. https://doi.org/10.1098/
rspb.2012.1503.

66. Risco D, Serrano E, Fernández-Llario P, Cuesta JM, Gonçalves P, García-Jiménez 
WL, Martínez R, Cerrato R, Velarde R, Gómez L, Segalés J, de Hermoso J. 
Severity of bovine tuberculosis is associated with co-infection with com-
mon pathogens in wild boar. PLoS ONE. 2014;9(10):e110123. https://doi.
org/10.1371/journal.pone.0110123.

67. Klich D, Łopucki R, Stachniuk A, Sporek M, Fornal E, Wojciechowska M, Olech 
W. Pesticides and conservation of large ungulates: Health risk to european 
bison from plant protection products as a result of crop depredation. PLoS 
ONE. 2020;30(1):e0228243. https://doi.org/10.1371/journal.pone.0228243.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

http://dx.doi.org/10.1111/tbed.12371
http://dx.doi.org/10.1089/vbz.2019.2543
http://dx.doi.org/10.7589/0090-3558-41.3.482
http://dx.doi.org/10.7589/0090-3558-41.3.482
http://dx.doi.org/10.1136/vr.103139
http://dx.doi.org/10.24425/122615
http://dx.doi.org/10.24425/122615
http://dx.doi.org/10.4149/av_2020_404
http://dx.doi.org/10.4149/av_2020_404
http://dx.doi.org/10.1017/S1466252321000116
http://dx.doi.org/10.1016/j.vetmic.2017.04.006
http://dx.doi.org/10.7589/0090-3558-27.1.16
http://dx.doi.org/10.7589/0090-3558-27.1.16
http://dx.doi.org/10.7589/0090-3558-38.3.533
http://dx.doi.org/10.2478/v10181-012-0085-4
http://dx.doi.org/10.2478/v10181-012-0085-4
http://dx.doi.org/10.1007/s42770-021-00614-z
http://dx.doi.org/10.1051/vetres:2006059
http://dx.doi.org/10.1051/vetres:2006059
http://dx.doi.org/10.1017/S1466252309990028
http://dx.doi.org/10.1017/S1466252309990028
http://dx.doi.org/10.1017/S1466252318000117
http://dx.doi.org/10.1017/S1466252318000117
http://dx.doi.org/10.1016/s1045-1056(03)00029-0
http://dx.doi.org/10.1177/104063870902100621
http://dx.doi.org/10.1098/rspb.2012.1503
http://dx.doi.org/10.1098/rspb.2012.1503
http://dx.doi.org/10.1371/journal.pone.0110123
http://dx.doi.org/10.1371/journal.pone.0110123
http://dx.doi.org/10.1371/journal.pone.0228243

	A serological survey of pathogens associated with the respiratory and digestive system in the Polish European bison (Bison bonasus) population in 2017–2022
	Abstract
	Background
	Results
	ELISA results
	Statistical analysis
	BTV
	IBR and Coronavirus


	Discussion
	Conclusions
	Methods
	Materials
	ELISA

	References


