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Detection of West Nile virus and tick-borne encephalitis virus
in birds in Slovakia, using a universal primer set
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Abstract West Nile virus (WNV) is a mosquito-borne
neurotropic pathogen that presents a major public health
concern. Information on WNV prevalence and circulation
in Slovakia is insufficient. Oral and cloacal swabs and bird
brain samples were tested for flavivirus RNA by RT-PCR
using newly designed generic primers. The species designation was confirmed by sequencing. WNV was detected in
swab and brain samples, whereas one brain sample was
positive for tick-borne encephalitis virus (TBEV). The
WNV sequences clustered with lineages 1 and 2. These
results confirm the circulation of WNV in birds in Slovakia
and emphasize the risk of infection of humans and horses.
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West Nile virus (WNV) is a neurotropic virus belonging to
the genus Flavivirus (family Flaviviridae). WNV infects a
wide spectrum of vertebrates; however, birds usually act as
amplifying hosts and maintain the virus in a mosquitoavian-mosquito cycle. Humans and horses are considered
dead-end hosts [1]. Migratory birds contribute to transmission and reintroduction of the virus from endemic areas
into regions with sporadic outbreaks [2]. The first information on WNV in Slovakia dates back to the 1960s, when
antibodies were found in human sera [3]. Between 1960
and 1978, WNV was isolated from Aedes cantans mosquitoes, and neutralizing antibodies were detected in 5.4 %
of birds, 5.3 % of small mammals, 1 % lagomorphs and
4.4 % of free-living ungulates tested [4]. So far, no human
cases of West Nile fever have been reported in Slovakia
[5]. During 2008 and 2011 neutralizing antibodies were
detected in 8.3 % of unvaccinated horses [6]. A scientific
report for the European Food Safety Authority and European Centre for Disease Prevention and Control reported
4.8 % WNV antibody prevalence in horses in Slovakia in
2012; however, no tested horses were seropositive in 2013.
Up to now, there is no information about the situation in
birds. Here, we focus on i) primer design for detection of
several flaviviruses infecting animals and humans and ii)
examination of bird swabs and brain samples for the
presence of flaviviruses and their phylogenetic
characterization.
The primers PanFlavi-F (nt 9135-9195; 50 WTRGCMATGACWGAYACHAC-30 ) and PanFlavi-R (nt
9470-9607; 50 -AACATGATGGGVAARMG-30 ) targeting
a 365-bp region in the NS5 gene were designed based on
flavivirus genome sequences (Online Resource File 1A) by
Geneious Pro (Biomatters, New Zealand). cDNA from
WNV strain goshawk-Hungary/04 (Accession no.
DQ116961; a generous gift from Dr. Bakonyi Tamás;
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Szent István University, Department of Microbiology and
Infectious Diseases, Hungary) was used for PCR with
PanFlavi primers to assess its sensitivity. The specificity of
PanFlavi primers was tested on 15 flaviviruses and other
neurotropic RNA viruses (Online Resource File 1B). The
PCR reaction was performed using 2 U of DyNAzyme II
DNA Polymerase (Thermo Scientific, Germany), containing each PanFlavi primer at a concentration of 2.5 lM and
1 ll of cDNA. The PCR product was separated in an
agarose gel, and the DNA band of expected size was
excised, purified using a QIAquick Gel Extraction Kit
(QIAGEN, Germany) and quantified (NanoDrop 1000,
Thermo Scientific, USA).
In order to investigate the circulation of WNV in birds,
oral cavity and cloaca swabs and bird brain samples were
tested by RT-PCR employing PanFlavi generic primers.
Mist netting and bird ringing were carried out during
April-November 2013 in three localities; Drienovec
(Košice County; 48°360 N 20°540 E), Zemplı́nska Teplica
(Trebišov County; 48°380 N 21°350 E) and Zajačia Valley
(Levice County; 48°130 N 18°390 E; Fig. 1). For detailed
description of mist netting localities and bird species
caught, see Online Resource File 2A. A total of 110 birds
were caught and swabbed from the oral cavity and cloaca
using two separate sterile cotton swabs (EUROTUBOÒ
Collection swab, Deltalab, Spain), which were immersed
in 1 ml of AVL buffer (QIAGEN). Forty-five bird brain
samples were obtained from the counties Nitra, Spišská
Nová Ves, Košice-okolie, Košice and Trebišov (Fig. 1).
Brain samples of two goshawks used for falconry in Nitra
County were submitted for WNV detection. The owner
reported apathy, anorexia, ataxia, balance disorders and
sudden death. The bird species are listed in Online
Resource File 2B. Twenty-five milligrams of brain tissue
was immersed in 500 ll of RNAlater (Ambion, United
States). The tissue was homogenized in nuclease-free
water and centrifuged at 10,000 9 g for 30 minutes at
4 °C, and the supernatant was stored at -80 °C. No virus
isolation was carried out.

Virus RNA from swabs and brain samples was isolated
using a QIAamp Viral RNA Mini Kit (QIAGEN), and up to
5 lg of extracted RNA was reverse transcribed using
RevertAid H Minus Reverse Transcriptase (Thermo Scientific) employing a random hexamer (Thermo Scientific).
The composition of the PCR mix, PCR thermal conditions
and electrophoresis were the same as in the case of sensitivity and specificity standardization. Purified products
were sequenced using a DNA analyzer (ABI PRISM 3700,
Applied Biosystems). For sequence identification, BLAST
search (http://blast.ncbi.nlm.nih.gov) was conducted, and
partial flavivirus NS5 gene sequences were aligned by the
CLUSTAL W method with reference strains of WNV
lineages and TBEV subtypes (Online Resource 3A).
Finally, a phylogenetic tree was generated using MEGA 6
software [7, 8]. All sequences detected in this study were
submitted to the GenBank database.
Seventeen nanograms of extracted DNA was serially
diluted tenfold. The last dilution yielding a visible DNA
band of expected size was 1.7 fg/ll (Fig. 2). Amplification
of the expected product was observed only for flaviviruses
(Fig. 3) and not other viruses (Fig. 4).
A flavivirus NS5 gene fragment was detected in 21.8 %
of oral or cloacal swabs in birds of 10 species and in
26.7 % of brain samples from five bird species (Table 1).
Brain samples from two goshawks from Nitra County that
died after showing neurological signs were both positive
for flavivirus RNA. PCR products suitable for sequencing
were obtained from all flavivirus RNA-positive swabs and
from nine brain samples. BLAST analysis showed the
presence of WNV in all swabs (21.8 %) and in 8 (17.8 %)
brain samples, whereas one (2.2 %) brain sample was
positive for TBEV. Phylogenetic analysis showed that
WNV reference sequences were clearly clustered into five
lineages and TBEV sequences were separated into three
distinct subtypes (Online Resource 3B). WNV variants
from Slovakia has been grouped into lineage 1 (n = 5) and
lineage 2 (n = 27), whereas TBEV clustered with the
European Neudoerfl and Hypr subtypes.

Fig. 1 Map of Slovakia showing the counties where swab and brain
samples were obtained. The numbers correspond to counties: 1, Nitra;
2, Levice; 3, Spišská Nová Ves; 4, Košice-okolie; 5, Košice;
6, Trebišov

Fig. 2 Sensitivity testing of PanFlavi primers. 1, 1-kbp ladder;
2, 17 ng/ll; 3, 1.7 ng/ll; 4, 170 pg/ll; 5, 17 pg/ll; 6, 1.7 pg/ll;
7, 170 fg/ll; 8, 17 fg/ll; 9, 1.7 fg/ll; 10, 0.7 fg/ll
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Fig. 3 Specificity of PanFlavi primers from different flaviviruses. 1,
negative control (water); 2, dengue virus (DENV)-1; 3, DENV-2; 4,
DENV-3; 5, DENV-4; 6, Usutu virus; 7, Zika virus; 8, WNV lineage
1; 9, WNV lineage 2; 10, yellow fever virus; 11, TBEV strain Hypr;
12, TBEV strain Kumlinge; 13, TBEV strain Kokkola; 14, TBEV
strain Buryatia; 15, TBEV unsigned strain; 16, Japanese encephalitis
virus; 17, 1-kbp ladder

Fig. 4 Specificity of PanFlavi primers with non-flaviviruses. 1,
influenza virus A (IVA) H5N2; 2, IVA H5N1; 3, Newcastle disease
virus strain La Sota; 4, pigeon paramyxovirus 1 strain Vh273/06; 5,
Tribeč virus; 6, Kemerovo virus; 8, rabies virus; 9, WNV strain
goshawk-Hungary/04; 10, TBEV strain Hypr; 11, 100-bp ladder

The nucleotide sequence variations among WNV
sequences from Slovakia within lineage 1 ranged between
0.014 and 0.145. As expected, the largest nucleotide
sequence difference was observed with the Australian
Kunjin virus; however, the closest reference strain was
Egypt 101, with 0.091 and 0.144, respectively (Online
Resource 3C). Despite the higher number, lower nucleotide
sequence divergence 0.000-0.098 was observed between
variants grouped into lineage 2 (Online Resource 3D). This
node is divided in two groups with a bootstrap value of
99 %. A single sequence from Eurasian Tree Sparrow
(KJ725276) forms a single branch. The closest reference
strains were ArD76104 and LEIV-3266Ukr, with 0.050 and
0.053 sequence divergence, respectively. Brain samples
KJ725292 and KJ725293 from Nitra County collected from
goshawks that died after showing neurological clinical
signs were also positive for WNV RNA. The closest reference sequences were from Hungary, Austria, Serbia and
Greece, with nucleotide sequence differences ranging
between 0.023 and 0.029 for KJ725292 and between 0.044
and 0.050 for KJ725293. Three sequences from a hawfinch
(KJ725270), a European greenfinch (KJ725261) and a
common nightingale (KJ725259) had identical nucleotide
sequences (Online Resource 3D). These birds were caught
in the Drienovec area at two distinct sampling times (April
and October), and the viral sequences were similar to
European reference strains. Tick-borne encephalitis virus
sequence KJ725258, obtained from the brain of a common
buzzard that was found dead was clustered with European
subtypes Hypr and Neudoerfl (Online Resource 3B) with
0.041 ± 0.011 and 0.069 ± 0.014 nucleotide sequence
divergence, respectively.
Standardization of a molecular assay for simultaneous
detection of several flaviviruses is challenging, considering
the genetic diversity of these viruses. We designed primers
for PCR in combination with agarose gel electrophoresis
for detection of 15 flaviviruses. The species was identified
by sequencing. The sensitivity of the PCR reaction
employing PanFlavi primers was evaluated using serial
dilutions of an amplified NS5 fragment and was found to
be 1.7 fg/ll. We chose this approach because WNV is a
containment level 3 pathogen. Based on the molecular
weight and the concentration of the PCR product one can
calculate the number of copies, which in our case was
4.75 9 103 copies per reaction. In comparison, Kuno and
colleagues achieved a sensitivity limits of greater than 3
log10 PFU/ml by single-round PCR, but the limits by
several semi-nested PCR procedures were lower than
1 PFU/ml. Using MA and cFD2 primers, they were able to
detect members of 66 flavivirus species [9]. In a different
study by Scaramozzino et al., a previously described primer pair (MA, cFD2) was modified and used in a
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Table 1 Detection of flavivirus
RNA in birds

Bird species

No. of caught birds of a species/no.
flavivirus RNA positive

Long-eared Owl

1/1

Hawfinch

2/1

European Robin

3/1

European Greenfinch

10/2

Common Nightingale

1/1

Eurasian Great Tit

7/3

House Sparrow

16/6

Eurasian Tree Sparrow

29/4

Wood Warbler

1/1

Blackcap

17/4

No. of brain samples of species/no.
flavivirus RNA positive

Northern Goshawk
Common Buzzard

2/2
4/3

Eurasian Sparrow hawk

2/1

Common Kestrel

11/5

Eurasian Blackbird

2/1

Total swab samples

110a/24

45a/12

a

Total number of swab samples analyzed for the presence of flavivirus RNA. For detailed species distribution and the number of birds caught, see Online Resource Files 2A and 2B

heminested and real-time PCR. However, the reactions
were tested only on eight flaviviruses, and the sensitivity
increased [10]. Attempts will be made to test PanFlavi PCR
at serial dilutions with known virus titers and increase the
sensitivity either by primer or PCR modifications.
Although the fragment of NS5 gene sequenced and used
for phylogeny in our study is too short for comprehensive
phylogenetic analysis, the accurate clustering of reference
strains shows that it is useful as a first-line method for
screening of flaviviruses [11].
Our results support suggestions of northward spreading
of WNV lineage 2 [12]. Lineage 2 sequences from Slovakia were grouped into several clusters. One of them is a
group of sequences, KJ725259, KJ725261 and KJ725270,
that showed no nucleotide sequence divergence. These
viruses were from swabs taken from three different bird
species (Hawfinch, European Greenfinch and Common
Nightingale) during two different sampling times (April
and October) in the Drienovec area. Circulation of WNV
strains for longer period has been described [13]; however,
samples from a longer period need to be analyzed, and the
whole genome or multiple genes should be sequenced to
prove the circulation of a certain WNV strain in this area.
Brain samples of two northern goshawks that died after
onset of neurological signs were submitted for WNV
detection. The KJ725292 and KJ725293 sequences were
97.3 % and 95.6 % identical to lineage 2 reference strains
detected during human or bird outbreaks in Greece, Serbia,
Italy, Austria and Hungary. Taking into account the high
WNV prevalence in the analyzed bird samples, the recent
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WNV epidemics in the neighboring countries, and the
nonspecific clinical signs preceding death [14], it is likely
that the disease has been misdiagnosed or overlooked until
now in birds in Slovakia.
Detection of TBEV in the brain of a common buzzard
proves the usefulness of PanFlavi primers in combination
with sequencing for monitoring of flaviviruses. TBEV is
endemic in Slovakia, and the virus has been detected in
birds [15]. Recently, Mikryukova et al. confirmed the
involvement of wild birds in the formation of natural foci
of TBEV in the Tomsk region in Russia. They found
antigen or viral RNA in almost 70 % of bird species tested.
However, the highest prevalence was found in fieldfares,
common redstarts, and brambling birds. This might be
explained by frequent contact with infected ticks rather
than susceptibility to infection [16]. Rodents are major
maintenance and reservoir hosts of TBEV. They are
abundant in the infection foci and are readily infested with
large numbers of Ixodes ricinus ticks [17]. We found
TBEV RNA in the brain of a raptor, suggesting a possible
spillover of the virus to predators.
The following conclusions can be drawn from this
study: i) The simultaneous detection of WNV and TBEV
by RT-PCR employing generic PanFlavi primers targeting
the NS5 gene followed by sequencing is useful in the
monitoring of flaviviruses in birds; however, attempts
should be made to increase the sensitivity of the assay and
to compare its specificity with other PCR methods. ii) The
high proportion of lineage 2 variants in wild birds indicates
northward spread and gives a more accurate view of the
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epidemiology of WNV. iii) The presence of WNV RNA in
the brain of two goshawks that died after showing neurological signs is the first evidence of West Nile fever in
raptors in Slovakia.
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