
Introduction

The Białowieża Primeval Forest – UNESCO
Biosphere Reserve – is a well-known endemic focus
of tick-borne diseases: tick-borne encephalitis,
Lyme borreliosis and granulocytic anaplasmosis
[1,2]. Tick borne encephalitis (TBE) is a viral
zoonosis caused by TBE virus (TBEV) belonging to
the family Flaviviridae, genus Flavivirus. It is the
most important tick-transmitted arbovirus of  human
pathogenicity in Europe. TBE is an endemic disease
in a zone extending from central and eastern Europe
to Siberia and Japan and corresponds to the
distribution of the ixodid ticks which act both as the
vectors and the reservoir of TBEV. Genetically,
three subtypes of TBEV have been recognized, the
European (TBEV-Eu), the Far Eastern (TBEV-Fe)
and the Siberian (TBEV-Sb) [3]. The main vector
for TBEV-Eu, is the tick Ixodes ricinus, whereas
TBEV-Fe and TBEV-Sb are transmitted mostly by I.
persulcatus. In Poland, in ticks I. ricinus and

Dermacentor reticulatus only TBEV-Eu has been
recognized [4,5]. D. reticulatus is noted as an
occasional TBE vector [6–8]. Ticks can be infected
in every active stage of development and due to
transstadial and transovarial transmission, every
stage may transmit infections to mammals. I. rici -
nus, as well D. reticulatus ticks commonly attack
bison in Białowieża Primeval Forest [9–14], and
tick-borne pathogens were recorded in these
animals. In bison, there were detected infections
with Anaplasma phagocytophilum [15,16], Babesia
divergens [17] and the antibodies to Borrelia
burgdorferi [18].

European bison and cattle are closely related,
therefore share many pathogens and there is the
possibility of cross transmission of several bovine
pathogens between free-ranging bison and domestic
cattle. Among cattle viruses, in bison were
diagnosed infections with virus of foot-and mouth
disease, IBR/IPV, bovine rhinotracheitis like BoHV,
bovine viral diarrhea (BVD), BAPV2 bovine
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papillomavirus, bovine viral diarrhea virus (BVD-
MD) [19–21]. However, the cases of infections with
TBE virus in bison were not recorded so far,
although Białowieża Forest is an endemic area of
TBE. 

Humans acquire the TBEV infection by the bite
of an infected tick or by consumption of infected,
raw (unpasteurized) milk of goat, less commonly
sheep or cow or dairy products [22,23]. Over the
past decades, TBE has become a growing public
health concern in Europe and Asia and is the most
important viral tick-borne disease in Europe [3].
First cases of human TBE in Poland were reported
in Białowieża Primeval Forest over 50 years ago
[24]. Currently, there are diagnosed in Poland from
101 (in 1999) to 260 (in 2008) new cases of this
disease yearly. Over 90% of them were reported in
Podlasie, Warmia-Mazuria, Mazovia, Lower Silesia
and Opole provinces [25,26].

The aim of our study was to identify the
prevalence of TBEV in European bison – natural
hosts of  I. ricinus and D. reticulatus ticks in
Białowieża Primeval Forest.

Materials and Methods

The studies of European bison were conducted in
Białowieża Primeval Forest (N52°29’–52°57’,
E23°31’–24°21’). The blood samples were obtained
from animals eliminated during selection in winter.
Material used in the study was gathered during the
years 2005–2009. Blood samples were collected
into sterile microtubes containing EDTA and frozen
at –80°C prior to RNA isolation. The blood samples
were obtained from 93 adult bison and 2 fetuses. 

RNA extraction. Total RNA was extracted from
the blood samples using Viral DNA/RNA kit (A&A
Biotechnology) according to the manufacturer
protocol and the obtained DNA/RNA samples were
kept frozen in –80°C for further investigation. 

Nested RT-PCR (reverse transcription-

polymerase chain reaction). The reverse
transcription reactions were performed as described
previously [27]. For nested PCR (nRT-PCR) were
used two pairs of primers (1:5’-CTCTTTCGACA CT
CGTCGAGG-3’, 2:5’-GCGTTTGCT(C,T)CGGA-
3’ and 3:5’-CCTTTCAG(A,G)ATGGCCTT-3’,
4:5’-CGGA(C,T)AGCATTAGCAGCG-3’) for the
5’-NCR and the 5’-terminus of the C protein coding
region, which are highly conserved among  TBEV
isolates [28]. In this assay, the size of the first round
amplification product was 175 nucleotides and that

of the second round amplification was 128
nucleotides. For the second round, 1 µl of PCR
mixture from the first reaction was used. All PCRs
were conducted in 20 µl volume and under the same
conditions: 15 min at 95°C for initial denaturation,
followed by 38 cycles: 1 min at 92°C denaturation,
1 min at 37°C annealing, 2 min at 72°C extension
and 7 min final extension at 72°C [29]. One positive
(TBEV Langat strain) and two negative (sterile
RNase-free water instead of bison RNA after the RT
reaction and DDW instead of cDNA in nested PCR
reactions) controls were run with each PCR
reaction. All PCR reactions were carried out in
Perkin Elmer GeneAmp PCR System 2400 and
9700 thermocyclers.

Amplification products were analysed by
electrophoresis in 1.5% agarose gel stained with
ethidium bromide. The presence of the specific
products of 128 base pairs [bp] was considered as
positive result.

Results 

There were investigated in total 95 blood
samples from European bison, collected in 2005
(n=42), 2006 (n=9), 2007 (n=13), 2008 (n=17),
2009 (n=12) and from two fetuses. No positive
results on the RNA of TBE virus were obtained.

Discussion

Wild and domestic animals are commonly used
as sentinels of TBE-endemic areas [30,31,3]. In
Poland, TBE virus was noted in the milk of cows,
goats and sheep [32]. It was also diagnosed
indirectly, by the presence of antibodies in wild
mammals in Europe. In Austria 26% antibodies
prevalence in roe deer (Capreolus capreolus) was
recorded, and the areas of high antibody prevalence
in roe match those in which humans have been
infected [33]. Recently, in the Netherlands, at least
two clinical cases of TBE have been confirmed,
TBEV antibody was detected in 0.5% sera of red
foxes (Vulpes vulpes) and 7% sera of wild boar (Sus
scrofa) [34]. Furthermore 1.1% positive spleen
samples were found from red deer were found
(Cervus elaphus) in Croatia indicating viraemia
[35].

Although our results are negative, the potential
role of European bison as TBE reservoir is not
unlikely. Ticks are the vectors of TBEV in
Białowieża Forest [5]. They are also common
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parasites of  bison, consequently the transmission of
TBEV to these animals is very likely. It is possible,
that viraemia in bison is short and in winter, when
the studies were conducted, it becomes extinct [36].
It is also possible that these animals support the
virus transmission between infected and uninfected
ticks feeding closely [37].

Conclusions

For better understanding and identification of
TBEV vertebrate reservoir hosts in Poland, further
investigations are needed, including other animal
species, such as small mammals, foxes and deer. 
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