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Abstract
Background The origin of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) remains unknown. 
However, it is likely that the virus spillover occurred from an animal reservoir to humans. Identifying animal species 
susceptible to SARS-CoV-2 is crucial for understanding cross-species transmission to humans. This study distinguishes 
itself by focusing on the susceptibility of the European bison (Bison bonasus), an endangered species, to SARS-
CoV-2. The objective of this study was to investigate the occurrence of SARS-CoV-2 antibodies in a substantial 
number (n = 238) of both free-living and captive Polish European bison using an in-house ELISA method and virus 
neutralization test (VNT).

Results The seroprevalence of SARS-CoV-2 infection was found to be 1.29% (3/232). None of the seropositive 
European bison tested positive in the virus neutralization test. All seropositive animals were part of captive herds.

Conclusions This study represents the first report of SARS-CoV-2 seroprevalence in both free-ranging and captive 
European bison in Poland. Based on these findings, the European bison appears to be a less susceptible species to 
SARS-CoV-2. The most probable route of transmission was from humans to European bison, as all seropositive animals 
belonged to captive herds with contact with indirect human sources, such as tourists and keepers.
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Background
Coronavirus disease 2019 (COVID-19) in humans is 
caused by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), a novel coronavirus belonging to the 
Coronaviridae family [1]. Epidemiological investigations 
into the initial human cases of COVID-19 have revealed 
their association with the Huanan seafood market in 
Wuhan. Consequently, there is a suggestion that SARS-
CoV-2 may have originated from animal hosts and trans-
mitted to humans [2, 3]. In light of this, numerous animal 
species, including wildlife, have been subjected to SARS-
CoV-2 testing [4, 5].

The spike (S) glycoprotein, responsible for binding 
to receptor cells, plays a crucial role in determining the 
host range of coronaviruses [6]. In mammals, the primary 
receptor for SARS-CoV-2 is the angiotensin I convert-
ing enzyme 2 (ACE2), a receptor that is conserved across 
various animal species [7]. Despite extensive studies on 
the susceptibility of a broad range of mammals (252 spe-
cies) to SARS-CoV-2, there is currently no data available 
regarding the European bison (Bison bonasus). However, 
closely related species such as the American bison (Bison 
bison) have been categorized within the medium class of 
susceptibility to SARS-CoV-2. This classification is based 
on the conservation of receptor properties and the ability 
of SARS-CoV-2 to bind to them [7].

The European bison, the largest herbivore in Europe, 
is an endangered species classified as near threatened 
by the International Union for Conservation of Nature 
(IUCN) [8]. Most European bison populations reside in 
free-ranging herds located in Poland, Belarus, and Russia. 
These European bison have been exposed to various zoo-
notic agents, including Mycobacterium caprae [9], Tru-
perella pyogenes [10], and Brucella spp [11]., primarily 
through interactions with livestock [12]. Active conser-
vation efforts for the European bison population should 
include comprehensive health monitoring [13].

No data currently exists regarding the prevalence of 
SARS-CoV-2 in European bison. Thus, this study repre-
sents the first seroepidemiological investigation of SARS-
CoV-2 in a substantial number of Polish European bison. 
Given the status of the European bison as an endangered 
species, it is necessary to monitor the emergence of new 
pathogens, particularly in this vulnerable population.

Results
A total of three animals (3/232; 1.29%) were identified as 
seropositive using the in-house ELISA method, with the 
following identification numbers: 422, 426, and 452. All 
positive animals were male and resided in captive herds 
located in different regions: Pszczyna, Muczne in the 
Bieszczady Mountains, and Gołuchów. The seropositive 
samples were collected on various dates: November 2021 

(ID 422), December 2021 (ID 426), and June 2022 (ID 
452).

Each seropositive animal’s habitat differed as follows: 
ID 422 was from the Muczne captive herd in the Bieszc-
zady Mountains, characterized by the absence of neigh-
bouring ungulates and European bison observable by 
tourists. These animals are fed hay by breeders. ID 426 
was located in Gołuchów, while ID 452 was found in 
Pszczyna. In the cases of European bison from Gołuchów 
and Pszczyna, both animals were part of enclosed herds. 
Those herds were inhabited by neighboring ungulates. 
The area was accessible to tourists, resembling more of a 
zoo-like setting where they are also fed hay by breeders.

These locations are European bison demonstrations 
and enclosures open to tourists, where the animals are 
cared for and fed by staff. The seropositive animals dis-
played no clinical signs of illness and were immobilized 
to undergo health assessments before transportation.

The seroprevalence of SARS-CoV-2 infection was 
determined to be 1.29% (95% Confidence Interval (CI): 
0.36–3.79). Among the seropositive European bison, 
optical density (OD) units ranged from 0.29 to 0.31, with 
a cut-off value of ≥ 0.29. None of the seropositive Euro-
pean bison tested positive for the virus neutralization test 
(VNT).

No significant association (p > 0.05) was observed 
between SARS-CoV-2 seropositivity as determined by 
ELISA and age or sex. However, a significant association 
was found between captivity lifestyle and SARS-CoV-2 
seropositivity (p = 0.004).

Discussion
The current study represents the initial screening of 
European bison in Europe for exposure to SARS-CoV-2. 
Samples collected from animals included in this study 
originated from various regions of Poland, encompassing 
a significant number of European bison. The observed 
seroprevalence level of 1.29% indicates that Bison 
bonasus can indeed be infected with SARS-CoV-2. How-
ever, the limited number of seropositive animals sug-
gests a low susceptibility of this species to SARS-CoV-2 
infection.

In Poland, various epidemiological studies have inves-
tigated the SARS-CoV-2 seroprevalence in cats and dogs 
[14, 15]. One such study conducted in Poland collected 
samples from four different locations, namely Poznan, 
Przemysl, Kluczbork, and Dęblin, between June 2020 and 
February 2021, during the second wave of the COVID-19 
outbreak. This study reported a seroprevalence of SARS-
CoV-2 in cats and dogs of 1.79% and 1.17%, respectively 
[14]. Another epidemiological study, conducted dur-
ing the fourth wave of the COVID-19 outbreak between 
October 2021 and February 2022 in Gdansk and Olsz-
tyn cities, revealed a higher seroprevalence, with 18.9% 
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of feline samples and 16.0% of canine samples testing 
positive for SARS-CoV-2 antibodies [15]. The differences 
observed between waves of the COVID-19 outbreak in 
Poland reflect fluctuations in human cases, with varying 
impacts depending on the analyzed wave [16]. Similarly, 
in dogs and cats, there was a notable increase in serop-
revalence during the fourth wave compared to the second 
wave of the COVID-19 outbreak [15].

In the present study, samples were collected spanning 
from the first wave to the seventh wave of the COVID-19 
outbreak. Seropositive animals were detected in Novem-
ber 2021 (n = 1), December 2021 (n = 1), and June 2022 
(n = 1), which coincided with the fourth and fifth waves 
of the COVID-19 outbreak, during which the Omicron 
variant was present in Poland. Despite this broad sam-
pling period, no significant level of exposure was detected 
among the European bison population, suggesting a lim-
ited risk of exposure to SARS-CoV-2 for these animals.

We have found a significant association between liv-
ing in captivity and SARS-CoV-2 seropositivity. This is in 
line with previous studies regarding other animal species. 
Most of the seropositive animals were detected after con-
tact with people, some of them could be considered as 
apparently healthy infected status with the risk of trans-
mission between humans and animals. These circum-
stances have been described in the zoological garden in 
felids [17].

Seropositive animals were discovered in three dis-
tinct areas; however, all these animals resided in captive 
herds with the potential for contact with asymptomatic 
infected individuals. Instances of SARS-CoV-2 transmis-
sion from humans to animals have been documented 
across various species, including American mink [18], as 
well as zoo animals like lions, tigers [19], great apes [20, 
21], and non-human primates [22]. Given the close and 
sustained interactions with humans, particularly in open 
facilities where direct contact with the public is common, 
the potential for human-to-European bison transmis-
sion could be justified. It is noteworthy that other ani-
mals from the same herds tested negative for antibodies. 
Nevertheless, the dynamics of SARS-CoV-2 antibodies in 
European bison remain unknown. For domestic animals 
like dogs and cats, studies have shown the persistence of 
SARS-CoV-2 neutralizing antibodies up to 10 months 
after initial detection in dogs [23] and up to 18 months 
in cats [24]. In the case of wildlife species, such as white-
tailed deer (Odocoileus virginianus), neutralizing anti-
bodies have been observed to persist for more than 13 
months in naturally infected captive animals [25].

In our study, the absence of additional seropositive 
animals within the same herd could be explained by the 
low susceptibility of European bison to SARS-CoV-2 
infection. We can assume low susceptibility by taking a 
low number of seropositive animals during the duration 

of the study. Moreover, low levels of anti-SARS-CoV–2 
together with the negative result in VNT, suggest that 
European bison are not very susceptible, similar to other 
ruminants such as sheep [26].

Probably there is no transmission between European 
bison as if there would be transmission we will predict 
more cases in one herd. However, in some species trans-
mission within one animals species was confirmed, e.g. 
in white-tailed deer (Odocoileus virginianus) [27]. Cases 
of seropositive animals in our study may be a result of 
the close contact between animals and humans, poten-
tially facilitating human-to-European bison transmission. 
This suggests that the lack of further seropositive cases 
may not be due to a rapid decline in antibody levels post-
SARS-CoV-2 infection, but rather to the dynamics of 
transmission within the specific context of human-Euro-
pean bison interaction.

It is crucial to emphasize that investigating SARS-
CoV-2 infections in wild animals is significant within the 
broader context of viral evolution. These animals have 
the potential to act as reservoirs, posing a future risk 
of reinfection in humans. Such discoveries underscore 
the necessity for ongoing vigilance and research to pro-
tect the health of both animals and humans amidst our 
evolving interaction with SARS-CoV-2. In general terms, 
from a passive search perspective for SARS-CoV-2 infec-
tion in wildlife, serological techniques appear to have a 
superior capacity for detecting virus exposure compared 
to molecular techniques. This is primarily due to the per-
sistence over time of antibodies that can be detected by 
serological methods and the challenge of detecting clini-
cally symptomatic animals with a brief virus-shedding 
period using molecular tests.

In our study, VNT did not yield positive results for 
SARS-CoV-2, which aligns with findings from studies 
conducted in ferrets [28, 29] and cats [25]. In these stud-
ies discordant results between receptor-binding domain 
(RBD)-based ELISA and VNT tests were observed, espe-
cially in samples with low anti-RBD IgG antibody levels. 
Furthermore, we did not observe neutralization in the 
neutralization studies conducted, which correlates with 
findings from a study conducted in humans. This study 
observed that the concentration of IgG corresponds the 
viral neutralizing activity of plasma and serum from con-
valescent patients against SARS-CoV-2. Not all antibod-
ies are neutralizing, which is a challenge in SARS-CoV-2 
infection in human medicine, as the virus can sometimes 
evade the immune system. It is noted that antibodies 
against a specific fraction or protein are sometimes pro-
duced but are incapable of neutralization [30].

The primary limitation of this study is its retrospec-
tive design, which inherently carries certain biases and 
constraints. Additionally, the absence of diverse variant 
strains in the VNT and the receptor-binding domain 
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enzyme-linked immunosorbent assay (RBD-ELISA) test 
could impact the comprehensiveness of the findings. Fur-
thermore, the lack of follow-up on seropositive animals 
limits our understanding of the persistence and impli-
cations of SARS-CoV-2 antibodies in European bison 
populations. However, the RBD used in the ELISA was 
capable of detecting seropositive samples from different 
waves of COVID-19 outbreaks in ferrets in Spain, span-
ning from the first to the seventh wave. On the positive 
side, the significant volume of samples collected from 
various regions in Poland and the extensive study dura-
tion covering different waves of COVID-19 outbreaks 
serve as major strengths of this investigation, providing 
valuable insights into SARS-CoV-2 exposure in European 
bison populations.

In our study, the limit of detection (LOD) was calcu-
lated using animal negative serum samples (collected 
before the pandemic) as mean + 3 × Standard devia-
tion. LOD was used as the cut-off value to discriminate 
between positive and negative samples. The proximity 
to the cut-off could be explained as low exposure or by 
contrast a decreasing of low antibody levels. However, 
this hypothesis could not be evaluated due to the absence 
of a follow-up of the seropositive animals. Related to the 
sensitivity and specificity of these in-house tests, this 
test was compared in a human ELISA [29], showing a 
correlation of 0.8. In this sense, sensitivity and specific-
ity calculated using pre-COVID-19 healthy donors and 
the convalescent plasma samples were 72% and 100%, 
respectively. In another study comparing eight different 
serological tests in cats, this in-house ELISA showed a 
sensitivity of 90% and a specificity of 98% [31]. Moreover, 
this in-house ELISA has been included in different epi-
demiological studies in different animal species (e.g [22, 
29]).

Conclusion
In conclusion, this study represents the first report of 
SARS-CoV-2 seroprevalence in both free-ranging and 
captive European bison populations in Poland. Based 
on the findings, the impact of SARS-CoV-2 infection in 
these ruminants, whether in captive or free-ranging sta-
tus, appears to be very limited. The most probable route 
of transmission observed was human-to-European bison 
transmission, as all seropositive animals were captive 
animals with documented contact with humans, such 
as tourists and keepers. These findings highlight the 
importance of continued vigilance and research to better 
understand the dynamics of SARS-CoV-2 transmission in 
both animal and human populations.

Methods
Animals
Between 2017 and 2023, blood samples were collected 
from 335 European bison (185 females, 150 males)The 
age of the animals was assessed by experienced veteri-
narians, based on teeth eruption, and ranged from 0.25 
to 25 years old (mean 6.7). Animals derived from Polish 
captive (n = 157) or free-ranging (n = 178) herds. Animals 
were from different parts of Poland– Augustowska Forest 
(n = 1), Bałtów (n = 3), Białowieska Forest (n = 77), Bieszc-
zady Mountains (n = 77), Borecka Forest (n = 44), Gdansk 
Zoological Garden (n = 1), Gołuchów (n = 6), Kiermusy 
(n = 8), Knyszyńska Forest (n = 39), Międzyzdroje (n = 1), 
Niepołomice (n = 17), Pszczyna (n = 49), Ustroń (n = 2), 
Warsaw Zoological Garden (n = 5) (Fig. 1). Samples were 
collected in 2017 (n = 12), 2018 (n = 91), 2019 (n = 42), 
2020 (n = 35), 2021 (n = 65), 2022 (n = 36) and 2023 
(n = 54).

Serum samples obtained from healthy, non-infected 
European bison, prior to the pandemic COVID-19 
situation (2017–2018), were used as negative controls 
(n = 103). The study group comprised European bison 
sampled between 2019 and 2023 (n = 232) with 109 males 
and 123 females, and ages ranging from 0.25 to 23 years 
old, with a mean of 7.56 years.

Samples were collected using the opportunity of 
planned immobilization (e.g. during testing before trans-
location or putting collars) or post-mortem examination 
(animals found dead or culled after obtaining permission 
from the General Director of Environmental Protection). 
No animals were specifically immobilized or culled for 
the purpose of this study.

Blood was collected from the jugular vein using a 
1.2 mm diameter needle into 9 ml sterile tubes contain-
ing a clot activator (Medlab Products, Raszyn, Poland). 
The samples were transported immediately to the labo-
ratory at 4oC. Following, centrifugation (3000 g, 10 min), 
serum was separated and stored at -20oC until further 
analysis.

Detection of SARS-CoV-2 antibodies by in-house ELISA 
(RBD-based ELISA)
Antibodies to SARS-CoV-2 were determined by an indi-
rect ELISA for the detection of IgG specific for RBD 
(Ancestral SARS-CoV-2 strain, Wuhan strain), described 
previously [32, 33]. Ninety-six–-well plates were coated 
overnight, at 4 °C with 100 ng RBD protein in phosphate-
buffered saline (PBS). Subsequently, the coating solution 
was removed and the plate was washed three times with 
200 µL per well of PBS + TWEEN 0.05% (PBST). 300 µL 
of PBST containing 3% dry skimmed milk was added to 
each well as blocking solution. The plate was incubated 
with blocking solution for 1 h at 37 °C in a moist cham-
ber. 100 µL of European bison sera, diluted 1:100 in PBS 
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containing 0.05% Tween 20 and 1% dry skimmed milk 
(PBSTM), was added to each well. The plates were incu-
bated for 1 h at 37 °C in a moist chamber. After washing 
the plates for 30 s 6 times with PBST followed by 1 wash 
with PBS for 1  min, 100 µL/well of Protein A/G conju-
gated to horseradish peroxidase (Thermo Fisher Scien-
tific, Waltham, MA, USA) diluted 1:100,000 in PBST-M 
was added per well. The plates were incubated for 1 h at 
37  °C in a moist chamber and were washed again with 
PBST and PBS as described above. The substrate solu-
tion (ortho-phenylene-diamine) and stable peroxide sub-
strate buffer (Thermo Fisher Scientific, Waltham, MA, 
USA) were added at 100 µL per well and developed for 
20 ± 5  min at room temperature in the dark. The reac-
tion was stopped by adding 100 µL of 2.5  M H2SO4 to 

each well. Absorbance values were read at 492  nm. in 
an automatic micro ELISA reader (ELISA Reader Lab-
systems Multiskan, Midland, ON, Canada). Each plate 
included a panel of seropositive samples with a known 
antibody status from different species such as cat [24, 
32], human [30], ferret (Mustela putorius furo) [29] and 
a black-and-white ruffed lemur (Varecia variegata) [22], 
and serum from a healthy, non-infected E. bison obtained 
before pandemic COVID-19 situation as a negative con-
trol. The same positive and negative sera were used for 
all assays. All samples were run in duplicate. The cut-
off was set to 0.290 Optical Density units (OD units) 
(mean + 3 standard deviations of values from 104 animals 
obtained before the COVID-19 situation (2017 and 2018) 
as negative controls) and the results above this value were 

Fig. 1  Map of Poland with number of SARS-CoV-2 serologically tested European bison (Bison bonasus)
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considered positive. Control sera were obtained from the 
collection of sera of the Laboratory of Clinical Immunol-
ogy at the Faculty of Veterinary Medicine, University of 
Zaragoza, Spain.

Micro-neutralization assay of SARS-CoV-2 (VNT)
VNT was performed as described previously [24]. The 
viral strain used for this technique was the B1.1. strain 
(Alpha variant, B1.1.7) and the BA.5 strain (Omicron 
variant). The neutralization ID50 was calculated as the 
highest dilution that protected more than 50% of the 
wells from the cytopathic effect. This test was performed 
in serum samples that tested positive in the in-house 
ELISA for SARS-CoV-2 antibody detection as a comple-
mentary technique.

Statistical analysis
Data collected for the entire population were analysed 
using descriptive statistics. If there were no complete set 
of data for animal, it was excluded from statistical analy-
sis The data were analyzed using SPSS version 26 soft-
ware (SPSS Inc., Chicago, USA). A descriptive analysis 
of the variables was carried out, considering the propor-
tion of qualitative variables (sex, age, and type of popu-
lation - captive or free-ranging). Fisher’s exact test and a 
95% confidence interval (CI) were used to compare pro-
portions. In all analyses, the significance level was estab-
lished at P < 0.05. For some European bison, it was not 
possible to acquire all data; these animals were not con-
sidered when performing statistics.
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