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Krankheitserreger in Ixodes-Zecken von
Sperlingsvégeln aus den Karpaten

Zusammenfassung. Vogel wurden wiederholt als
Reservoir von Zecken-tbertragenen Krankheitserregern
identifiziert. Um die diesbeziigliche Situation in der Slo-
wakei zu untersuchen, wurden von 3057 mit Netzen ge-
fangenen, ringmarkierten und dann wieder freigesetzten
Sperlingsvogeln Zecken gesammelt. Die Fangorte in den
Bukovské Vrchy Hiigeln, einem Teil der Karpaten in der
Nordost-Slowakei, lagen 500 m (im Jahr 2001) und
1000 m (im Jahr 2003) Gber dem Meeresniveau. Nur 75
Vogel, die 16 Arten angehdrten, waren mit subadulten
Zecken der Art Ixodes ricinus infestiert, was einer Para-
sitenpréavalenz von 2,5% entspricht. Von 31 Végeln (9 Ar-
ten) wurden 62 Larven und von 52 Végeln (15 Arten) 80
Nymphen entfernt. Die Parasitierung war bei Amsel, Tur-
dus merula, Singdrossel, T. philomelos, und Heckenbrau-
nelle, Prunella modularis, am hdéchsten. Sechs adulte
Ixodes ricinus-Zecken wurden von erwachsenen Per-
sonen entfernt, die mit den Vdgeln arbeiteten und eine
weibliche [. ricinus-Zecke von ihrem Hund. Die Zecken
wurden mittels Polymerase Kettenreaktion auf Anwesen-
heit von Rickettsien, Coxiella burnetii, Borrelia burgdorferi
sensu lato und Mitgliedern der Familien Anaplasmata-
ceae und Piroplasmidae untersucht und die nachfolgende
Identifizierung mittels Sequenzanalyse durchgefihrt. Ri-
ckettsien wurden in einer Nymphe vom Rotkehlchen,
Erithacus rubecula, und in drei adulten Zecken (2 weib-
liche, 1 mannliche) von Menschen und vom Hund nach-
gewiesen. Eine Ehrlichia-dhnliche Art, die ,Schotti vari-
ant®, wurde in einer Nymphe einer Singdrossel nach-
gewiesen. Borrelia afzelii wurde in einer ménnlichen und
B. garinii in einer weiblichen Zecke identifiziert, welche
beide vom Menschen entfernt worden waren. Aufgrund
der niedrigen Ausbeute bleibt die Rolle von Végeln als
Reservoir von Zecken-lbertragenen Krankheitserregern
weiterhin unklar.

Summary. Birds have been found to be a reservoir
host of borrelia. In order to assess the situation in Slova-
kia ticks were collected from a total of 3057 mist-netted,
ringed and released passerine birds in two locations at
500 m (in 2001) and 1000 m (in 2003) above sea level in
the Bukovské Vrchy Hills, part of the Carpathian region in
the north-east of Slovakia. A total of 75 birds of 16 species
were infested with subadult ticks of Ixodes ricinus species
(prevalence of parasitization 2.5%). Sixty-two larvae from
31 birds of 9 species and 80 nymphs from 52 birds of
15 species were found. The highest intensity of parasitiza-
tion was observed on blackbirds Turdus merula, song
thrushes T. philomelos and dunnocks Prunella modularis.
Six Ixodes ricinus adult ticks were found on humans work-
ing with birds, and one I. ricinus female tick on their dog.
In ticks, the presence of Rickettsia sp., Coxiella burnetii,
Borrelia burgdorferi sensu lato and members of the Ana-
plasmataceae and Piroplasmidae, were investigated by
polymerase chain reaction, followed by sequence analy-
sis. Rickettsia sp. was found in 1 nymph from the Euro-
pean robin Erithacus rubecula, in 3 adult ticks (1 male,
2 females) from humans and in the tick from the dog. The
closely related Ehrlichia-like species “Schotti variant” was
detected in 1 nymph from the song thrush. Borrelia afzelii
was identified in 1 male and B. garinii in 1 female tick
collected on humans. Ixodes ricinus was found to be the
vector of a wide spectrum of tick-borne pathogens in a
mountainous area of the Carpathians. Because of the low
yield of ticks and pathogens the importance of birds as
reservoir hosts is still poorly understood.

Key words: Passerine birds, Ixodes ricinus, Borrelia,
Rickettsia, Ehrlichia, Carpathians.

Introduction

The tick Ixodes ricinus (Linnaeus, 1758) is a common
ectoparasite in Central Europe. It is a well known vector
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of many viruses, bacteria and protozoa, causing zoonoses
and circulating in natural foci. Birds, mainly passerines
(Passeriformes) are often hosts of subadult ticks and could
be reservoirs of these pathogens. Tick-borne diseases of
humans and animals as rickettsiosis [1-3], coxiellosis
[4-6], anaplasmosis caused by Anaplasma phagocy-
tophilum (formerly Ehrlichia phagocytophila) [7-10],
Lyme borreliosis [8, 10—12] and piroplasmosis (babesio-
sis) [13—15] are emerging problems in temperate regions
of Europe due to climatic and urban changes in the envi-
ronment [16]. Over 40 species of ticks including Ixodes
spp., Dermacentor spp., Haemaphysalis spp. were found
to be naturally infected with Coxiella burnetii [4]. Rick-
ettsia spp. and Anaplasma phagocytophilum is transmitted
by Ixodidae ticks that act both as vector and reservoir for
these bacterial pathogens [3, 17, 18].

In Eurasia, six genospecies of spirochetes have been
recorded, three of which, Borrelia burgdorferi sensu stric-
to, B. garinii and B. afzelii are the causative agents of
Lyme borreliosis. The most prevalent genospecies in
I. ricinus ticks collected and analysed in Slovakia were
B. afzelii, B. garinii and B. valaisiana. Rodents and birds
were found as their reservoir hosts [19-22].

The present study reports on I. ricinus ticks as a
vector of tick-borne diseases caused by Rickettsia sp.,
C. burnetii, B. burgdorferi sensu lato, and members of the
Anaplasmataceae and Piroplasmidae in mountains of the
Central European Carpathians, with passerine hosts used
for collecting the ticks. Ticks found on humans working
with birds and on one dog were also examined in the
study.

Material and methods

Study area, collection of birds and processing
of ticks

The birds examined for the presence of ticks were mist-
netted for the purpose of ornithological research in two loca-
tions in the Bukovské Vrchy Hills. The area is part of the
woodland in the north-east Slovakia, and it borders Poland and
the Ukraine (49°07°N, 22°21°E). In 2001 birds were moni-
tored at the lower border of the forest in the abandoned village
of Ruské in the Ruskd Kotlina Valley, 500 m above sea level.
In 2003, investigation continued in Kurnikéw Beskid Mountain
on the Slovak-Polish border about 3 km from Ruské, 1000 m
above sea level. The nets were installed along a narrow grassy
meadow on a ridge surrounded with natural woody growths
with a dominance of beech (Fagus sylvatica). The climate be-
ing montane, small temperature variation occurred and humid-
ity ranged from humid to very humid.

Birds were investigated from the end of July to the begin-
ning of October both in 2001 and 2003. About 200 m of mist-
nets were used. Engorged and half-engorged ticks were re-
moved from birds using fine forceps. All birds were released
after the examination. All collected ticks were preserved in
70% ethanol.

DNA isolation, PCR amplification and sequencing

Ticks were screened by polymerase chain reaction (PCR)
and DNA sequencing methods for the presence of tick-borne
pathogens — Rickettsia sp., C. burnetii, B. burgdorferi sensu
lato, and members of the Anaplasmataceae and Piroplasmidae
families.
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DNA from tick samples was extracted using the QIlAamp
Tissue Extraction Kit according to the manufacturer’s recom-
mendation (Qiagen, Germany).

Controls for PCR amplifiability of DNA solutions were
carried out using general eukaryotic 28S rDNA primers [23].

The PCR amplifications were performed using the follow-
ing oligonucleotide primers: RpCS.877p, RpCS.1258n, which
amplify portions of the gltA gene, encoding the citrate syn-
thetase of Rickettsia prowazekii, with a PCR product size of
382 bp [24] and primers CBCOS, CBCOE [6], which amplify
portions of coml gene, encoding an approximately 27-kDa
outer membrane-associated immunoreactive protein of Cox-
iella burnetii; with a PCR product size of 494 bp.

The PCR amplifications of the g/tA and coml genes were
performed in a Techne, Progene DNA Thermocycler with the
following cycle profile for the gltA gene: 5 cycles at 94 °C for
10s, 46 °C for 45s, 65°C for 45s, followed by 30 cycles at
94 °C for 10s, 47 °C for 45s, 65 °C for 45s, and a final extension
step at 65 °C for 10 minutes. The cycle profile for the coml
gene was: 30 cycles at 95 °C for 40s, 56 °C for 45s, 72 °C for
45s followed by the extension at 72 °C for 10 minutes. Each
50 ul reaction mixture contained 10 pmol of each primer,
200 mM of each dNTP, 1.5 mM MgCly, 5ul 10 X reaction
buffer, 2 U of Tag DNA polymerase (Finnzyme, Finland), tem-
plate DNA <1 ug and nuclease-free water to final volume. As
a positive control for the amplification of Rickettsia sp. DNAs
of Rickettsia slovaca and R. africae were used. As positive
controls for the amplification of C. burnetii DNA from the Nine
Mile and Priscilla strains were used and also DNA extracted
from laboratory ticks infected with C. burnetii, Nine Mile
phase I strain. PCR products were separated on 1.2% agarose
electrophoresis gel, stained with ethidium bromide, followed
by visualization under UV light.

For detection of borreliae, amplification primers targeting
the ospA gene encoding the outer surface protein A were used.
The primer set SL was used for detection of B. burgdorferi
sensu lato, resulting in a PCR product of 308 bp; primer set GI
for B. burgdorferi sensu stricto, resulting in a PCR product of
544 bp; primer set GII for B. garinii, resulting in a PCR prod-
uct of 345 bp; and primer set GIII for B. afzelii, resulting in a
PCR product of 190 bp [25].

The PCR amplifications of the ospA gene were performed
in a PTC-200 MJ Research DNA Thermocycler with the fol-
lowing cycle profile: 95 °C for 1 minute followed by 30 cycles
of 95 °C for 40s, 54 °C for 45s, 72 °C for 45s and final exten-
sion at 72 °C for 10 minutes. The species-specific PCR reac-
tions were conducted in 50 ul with the final composition of
1.5 mM MgCl,, 100 mM dNTPs, 20 pmol of both primers and
0.5ul of Tag DNA polymerase (5U/ul), (Gibco). DNA of
B. burgdorferi sensu stricto, B. garinii, and B. afzelii were used
as a template for positive control reactions. In negative con-
trols, template DNA was substituted by Milli Q water. Condi-
tions of DNA preparation, PCR reaction and analysis of posi-
tive control, negative control and test samples were identical.
PCR products were analysed on a 1.2% agarose electrophoresis
gel, stained with ethidium bromide, with the final visualization
under UV light.

After electrophoresis the amplified fragments were cut out
of the gel and purified using Sephaglas BandPrep Kit (Amer-
sham, Austria). Purified PCR products were cloned into the
pCR4-TOPO vector using TOPO TA Cloning Kit for Sequenc-
ing (Invitrogen, USA) following the manufacturer protocol.
Plasmid DNA from the recombinant clones were purified with
QIAprep Spin Miniprep Kit (Qiagen, Germany). Inserts were
sequenced in both directions using M13 Reverse, M13 Forward
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Table 1. Infestation of birds with Ixodes ricinus in Bukovské Vrchy Hills, Slovakia

Species of birds Location, year

Ruské, 2001 Kurnikéw Beskid, 2003 Total

No. of birds No. of birds No. of birds No. of birds No. of birds No. of birds

examined with ticks examined with ticks examined with ticks

(%)

Erithacus rubecula 452 23 (5.1%) 534 8 (1.5%) 986 (32.3%) 31 (3.1%)
Sylvia atricapilla 265 3 (1.1%) 126 0 391 (12.8%) 3 (0.8%)
S. communis 53 0 35 1 (2.9%) 88 (2.9%) 1(1.1%)
Turdus merula 39 9 (23.1%) 24 0 63 (2.1%) 9 (14.3%)
T. philomelos 35 3 (8.6%) 50 2 (4%) 85 (2.8%) 5 (5.9%)
T. torquatus 0 0 32 1 (3.1%) 32 (1.0%) 1 (3.1%)
Pyrrhula pyrrhula 64 7 (10.9%) 25 0 89 (2.9%) 7 (7.9%)
Fringilla coelebs 20 1 (5.0%) 57 1 (1.8%) 77 (2.5%) 2 (2.6%)
Prunella modularis 17 1 (5.9%) 104 4 (3.8%) 121 (4.0%) 5 (4.1%)
Phylloscopus trochilus 19 2 (10.5%) 41 0 232 (7.6%) 2 (0.9%)
P. collybita 379 2 (0.5%) 117 1 (0.9%) 496 (16.2%) 3 (0.6%)
Luscinia luscinia 9 1(11.1%) 5 1 (20.0%) 14 (0.5%) 2 (14.3%)
Parus palustris 9 1 (11.1%) 1 0 92 (3.0%) 1 (1.1%)
Parus major 195 1 (0.5%) 10 0 205 (6.7%) 1 (0.5%)
Troglodytes troglodytes 36 0 35 1(2.9%) 71 (2.3%) 1 (1.4%)
Saxicola rubetra 6 0 9 1 (11.1%) 15 (0.5%) 1 (6.7%)
Total 1,852 54 1,205 21 3,057 75

100.0% 2.9% 100.0% 1.7% 100.0% 2.5%

(-20) primers (Invitrogen). DNA sequencing was performed
using a CEQ 2000 XL DNA Sequencer (Beckman Coulter,
Fullerton, CA, USA) and the CEQ 2000 Dye Terminator Cycle
Sequencing Kit (Beckman Coulter) according to manufacturer
recommendations. Each fragment was sequenced at least twice
in both directions and analyzed with the DNASTAR software
(DNASTAR, Ltd., London, UK). Database searches used the
BLAST programs of the National Center for Biotechnology
Information (Bethesda, MD, USA).

For PCR amplification of the 16S rRNA gene spanning
the V1 region, primers 16S8FE and B-GA1B were used as
described by Bekker et al. [26] and for of the 18S rRNA gene,
primers R2 and F2 covering the hypervariable region 4 [27].
The PCR amplifications of the 16S rRNA gene of Anaplas-
mataceae and the 18S rRNA of Piroplasmidae were performed
in an Eppendorf DNA Thermocycler. Fifty ul of the reaction
mixture contained 25 ul of REDExract-N-Amp PCR Ready
Mix (Sigma, UK), 0.25ul of forward primer (0.5 pmol),
0.25 ul of reverse primer (0.5 pmol), 5 ul of DNA extract and
Milli Q water to a final volume. The reaction was incubated at
94 °C for 10 min to denature genomic DNA and the thermal
cycle reaction programme was as follows: 94 °C for 20s, 67 °C
for 30s and 72 °C for 30s for two cycles. During the subse-
quent two-cycle sets the annealing temperature was lowered
by 2°C until it reached 59 °C following a traditional touch-
down programme. Then 30 cycles were performed with the
annealing temperature of 57 °C. The PCR reaction was ended
by a final extension at 72°C for 5 min. Samples containing
DNA of A. marginale, E. ovina, E. canis, E. equi, Babesia
caballi, Theileria lestoquardi, T. annulata were used as posi-
tive controls. In negative controls template DNA were substi-
tuted by Milli Q water. PCR products were visualized on 1.2%
agarose gels stained with ethidium bromide with the following

visualization under UV light. Sequencing was conducted by
Lark Technologies, Inc., Essex. DNA sequencing was per-
formed with an ABI Prism BigDye Terminator Cycle Se-
quencing Ready Reaction Kit (Applied Biosystems, UK). Se-
quences were analyzed on an ABI 3730x 1 capillary auto-
mated DNA sequencer (Beckman) followed by analysis with
the ABI sequence-analysis software version 5.0 (Applied Bio-
systems) and comparisons were made with available databases
using the BLAST programs of the National Center for Bio-
technology Information (Bethesda, MD, USA).

Results

A total of 3,057 birds were examined (1,852 in Ruské
and 1,205 in Kurnikéw Beskid). Ixodes ricinus ticks were
collected from 75 birds (prevalence = 2.5%), representing
16 species, which were infested by subadult stages (larvae
and/or nymphs) of 1. ricinus. The most frequent bird spe-
cies (32.3%) was the European robin Erithacus rubecula
in both localities. Tick infestation prevalence on birds in
Ruské was 2.9%, with the highest of 23% (9 from 39
examined) on the blackbird Turdus merula. The tick in-
festation on birds in Kurnikéw Beskid was 1.7%, with the
highest being 20% (1 out of 5 examined) in thrush night-
ingale Luscinia luscinia (Table 1).

A total of 62 larvae was collected from 31 birds rep-
resenting nine species. The average intensity of parasitiza-
tion (I = number of ticks per bird) was 2.0. A total of 80
nymphs was collected from 52 birds representing 15 spe-
cies (I = 1.5). Forty-five larvae were picked up from 21
birds representing 6 species in Ruské. The highest inten-
sity (I = 3.0) was on the blackbird. Seventeen larvae from
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Table 2. Infestation of birds by subadult Ixodes ricinus ticks showing intensity of parasitization

Species Location

No. of collected larvae

No. of collected nymphs

Ruské Kurnikéw Total Ruské Kurnikéw Total
Beskid Beskid

Erithacus rubecula 30/13/2.3 6/6/1.0 36/19/1.9 15/12/1.3 3/3/1.0 18/15/1.2
Sylvia atricapilla 3/2/1.5 0 3/2/1.5 1/1/1.0 0 1/1/1.0
S. communis 0 1/1/1.0 1/1/1.0 0 0 0
Turdus merula 6/2/3.0 0 6/2/3.0 20/9/2.2 0 20/9/2.2
T. philomelos 4/2/2.0 0 4/2/2.0 4/1/4.0 2/2/1.0 6/3/2.0
T. torquatus 0 0 0 0 1/1/1.0 1/1/1.0
Pyrrhula pyrrhula 0 0 0 13/7/1.9 0 13/7/1.9
Fringilla coelebs 0 3/1/3.0 3/1/3.0 2/1/2.0 1/1/1.0 3/2/1.5
Prunella modularis 0 6/1/6.0 6/1/6.0 2/1/2.0 6/4/1.5 8/5/1.6
Phylloscopus trochilus 1/1/1.0 0 1/1/1.0 1/1/1.0 0 1/1/1.0
P. collybita 0 0 0 3/2/1.5 1/1/1.0 4/3/1.3
Luscinia luscinia 1/1/1.0 1/1/1.0 2/2/1.0 1/1/1.0 0 1/1/1.0
Parus palustris 0 0 0 1/1/1.0 0 1/1/1.0
P. major 0 0 0 1/1/1.0 0 1/1/1.0
Troglodytes troglodytes 0 0 0 0 1/1/1.0 1/1/1.0
Saxicola rubetra 0 0 0 0 1/1/1.0 1/1/1.0
Total 45/21/2.1 17/10/1.7 62/31/2.0 64/38/1.7 16/14/1.1 80/52/1.5

No. of ticks/No. of hosts/Intensity (I) of occurrence of ticks on hosts.

10 birds representing 5 species were collected in Kurnikéw
Beskid with the highest intensity (I = 6.0) on the dunnock
Prunella modularis (Table 2). Sixty-four nymphs from 38
birds representing 12 species were collected in Ruské with
the highest intensity (I = 4.0) on the song thrush Turdus
philomelos. Only 16 nymphs from 14 birds representing
8 species were collected in Kurnikéw Beskid, the highest
intensity (I = 1.5) was on the dunnock (Table 2). Nymphs
to larvae parasitized birds in the ratio 1.3:1.

Fifty-five nymphs and 30 larvae from birds, 1 male
and 5 females found on humans, and 1 female tick found
on a dog were screened for the presence of tick-borne
pathogens (Table 3).

Rickettsia sp. DNA amplicon indicating the presence
of was found in 1 nymph from the European robin in
Ruské, in 1 adult female tick from a dog and in 3 adult
ticks (1 male, 2 females) from humans. DNA of the

closely related species Ehrlichia-like sp. “Schotti variant”
(accession No. in GenBank AF104680.1, similarity 98%)
from the Anaplasmataceae family was detected in 1
nymph collected from a song thrush in Kurnikéw Beskid.
B. afzelii (accession No. U78301.1 in GenBank, similar-
ity 100%) was identified in 1 adult male tick from a hu-
man and B. garinii (accession No. L19702.1, similarity
99%) in 1 adult female tick also from a human. One adult
male tick collected from a human was co-infected with
Rickettsia sp. and B. afzelii. DNA of C. burnetii and of
piroplasm species was not found.

Discussion

Infections of ticks with tick-borne pathogenic micro-
organisms in Slovakia have been monitored for many
years, but adult ticks of the genera Ixodes, Haemaphysalis
and Dermacentor were usually collected from vegetation

Table 3. Detected tick-borne microorganisms in I. ricinus ticks

Ticks Hosts Rickettsia sp. Ehrlichia “Schotti variant” Borrelia afzelii Borrelia garinii
I ricinus M human 1 0 1

L ricinus F human 2 0 0 0

I. ricinus F human 0 0 0 1

L ricinus F dog 1 0 0 0

L ricinus N bird E. rubecula 1 0 0 0

L ricinus N bird T. philomelos 0 1 0 0

M male, F female, N nymph.
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[3, 4, 6, 28, 29]. In this study, subadult stages of I. ricinus
ticks were found on 2.5% of the birds of 16 passerine
species in the post-breeding period in the Carpathians of
north-east Slovakia. The frequency of parasitization by
these ticks showed difference according to the altitude of
500 and 1,000m above see level, 60.6% and 39.4%, re-
spectively. The most parasitized birds were those feeding
on the ground such as the blackbird, song thrush, dun-
nock, European robin, and thrush nightingale, which are
the most likely to come into contact with ticks. Blackbirds
and song thrush birds were the most infested by subadult
stages of I. ricinus ticks as also found in other localities
in the lowlands of Slovakia [30].

Passerines were infested either by larvae or nymphs
or by both stages simultaneously. Nymphs were more
common than larvae. These results are in contrast to those
of previous studies involving rodents, in which nymphs
feeding on rodents were less abundant than larvae [20].
Whether this could have significance for the horizontal
transmission of tick-borne agents in natural foci in the
Central Europe, would require further studies.

The finding of Rickettsia sp. in 1 nymph from the
European robin is the first record of rickettsia in ticks
from birds in Slovakia. The species of Rickettsia found in
this nymph and in adult ticks collected from humans and
a dog could be R. slovaca, R. helvetica, Rickettsia IRS3
or IRS4, species commonly occurring in the Central
Europe [31-33].

Anaplasma phagocytophilum in 1. ricinus collected
from vegetation and in the blood of the small rodents
Apodemus flavicollis and Clethrionomys glareolus were
detected in Slovakia in previous studies [3, 8]. Now we
report the first record of the presence of the closely re-
lated Ehrlichia-like species “Schotti variant” in a tick
from a bird and the first record of this organism in Slova-
kia. It was first detected and identified in I. ricinus in the
Netherlands [10], but Bjoersdorff et al. [7] did not find
L ricinus larvae infected with Ehrlichia on migrating pas-
serine birds. Birds could carry infected ticks without being
competent reservoirs and the reservoir status of birds for
Ehrlichia spp has not yet been resolved.

B. garinii, B. afzelii, and B. burgdorferi s.s. are med-
ically important in Slovakia and have often been recorded
in ticks from vegetation, rodents and humans [3, 12, 19,
20, 22]. Recently, Hanincov4 et al. [21] concluded that
passerines are the reservoirs for B. garinii and B. valaisi-
ana in Central Europe. In their study, which was situated
in the lowland of western Slovakia, three of the 17 cap-
tured passerine species were infested with spirochaete-
infected ticks — blackbird, song thrush and great tit (Parus
major). We also identified B. garinii and B. afzelii in
L. ricinus adults collected from humans working with
birds. These humans were infested with infected ticks on
the ridge of Bukovské Vrchy Hills at an altitude of 1000 m
and the ticks probably originated from vegetation in the
study localities. Another study on the tick-borne agents
[8] showed a relatively high prevalence of B. burgdorferi
s.l. (38.3%) and A. phagocytophilum (8.3%) in I. ricinus
collected on vegetation in Eastern Slovakia. In these ticks
mixed infections were detected in 5% of tested ticks with
both pathogens also. Our results indicate the presence of
an endemic focus of borreliae in this region of the Car-
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pathians. The altitude limit of I. ricinus occurrence in
Central Europe was previously thought to be 700-800 m,
but current surveys indicate their occurrence at higher
altitudes. Danielova et al. [34] reported I. ricinus on veg-
etation in the Sumava Mountains, Czech Republic, at al-
titudes ranging from 760 m to 1100 m. Occurrence of
blood parasites detected in examined birds in the same
season in 2001 and 2003 [35], could have an influence on
the frequency and intensity of parasitization as well as on
the prevalence of tick-borne agents in vectors. Elucidation
of these questions would require further studies.

Migrating passerines could transmit ticks and tick-
borne pathogens to new areas, in which ticks could live
and adapt to climatic and urban changes in the environ-
ment and could spread the diseases of humans and/or
animals caused by these pathogens. The importance of
birds as reservoir of tick-borne pathogens is still poorly
understood.
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