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A B S T R A C T

The continuous flow of billions of birds between Africa and Europe creates an “ecological bridge” between
physically remote areas. Migratory birds fly south from their breeding grounds during late summer/fall and fly
back in spring. These movements regulate the spread of internal and external parasites, as well as pathogens of
potential public health concern. The aim of the present study was to investigate the possible introduction of
exotic tick species and tick-borne pathogens into Europe via migratory birds. At the bird observatory of
Ventotene island (Italy), 443 feeding ticks were collected from 249 birds captured and ringed during their
northbound migration in spring 2013. Each tick was identified by morphological and molecular methods and
then tested for bacterial and viral pathogens: Borrelia burgdorferi s.l., Rickettsia spp., Ehrlichia ruminantium and
Coxiella burnetii, Crimean Congo haemorrhagic fever virus (CCHFV) and Flavivirus. Morphological and molecular
identification confirmed Hyalomma rufipes as the most abundant species among the collected arthropods (366/
443; 82.6%) followed by Hyalomma marginatum (10/433; 2.3%). Rickettsia aeschlimannii was identified in 158
ticks, while one engorged Amblyomma variegatum nymph was infected with Rickettsia africae. The other bacteria
were not detected in any specimen. Among viruses, RNA belonging to West Nile virus and other Flavivirus were
detected whereas all ticks were negative for CCHFV RNA. These results confirm how migratory birds play a role
in carrying Rickettsia-infected ticks, as well as viruses of zoonotic importance, from Africa into Europe. To what
extent tick species are capable of establishing a permanent population once introduced in naïve areas, is far from
defined and deserve further investigation.

1. Introduction

Twice a year, more than two billions of birds fly between breeding
grounds in Europe and their non-breeding areas in Africa (Hahn et al.,
2009). During the long trips, birds can act as dispersal vehicles of plants
(Cecere et al., 2010), invertebrates (Frisch et al., 2007) and pathogens
(Owen et al., 2006) between continents. Many migratory avian species
can be host of immature ticks of medical and veterinary importance and
may play a significant role in the geographic distribution of ticks and
pathogens. Birds easily cross geographical and ecological barriers, and
move faster than wingless hosts. Therefore, birds can potentially spread
pathogens far beyond their original home ranges.

Migration is part of the wide phenomenon of bird movements and it
can be defined as the regular seasonal flight between breeding and non-
breeding grounds (Berthold, 2000). According to this definition, most

migratory European birds can be classified as short-distance migrants
when they move between European breeding areas and the southern
non-breeding Western Palearctic region (Europe and Northern Africa)
and long-distance or trans-Saharan migrants when they spend the non-
breeding period in sub-Saharan Africa. Birds are vehicles of ticks and
related pathogens and they could sustain both viraemic and non-vir-
aemic tick-borne pathogen transmission. Non-viremic transmission oc-
curs during co-feeding as demonstrated in other vertebrates for some
tick-borne pathogens (Labuda and Randolph, 1999; Voordouw, 2015).

Moreover, birds are recognized as reservoirs of West Nile virus
(WNV) and Usutu virus (USUV) and the presence of different WNV
genetic lineages and clades (Monaco et al., 2015; Savini et al., 2008;
Sotelo et al., 2009) in the Mediterranean basin is attributable to the
movement of birds in areas with abundance of mosquitoes and ticks
(Kolodziejek et al., 2014; Lwande et al., 2014). In the present study
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ticks have been collected in spring on the island of Ventotene from
staging migrants. The study aims to investigate the role of migratory
birds in the introduction of exotic tick species and tick-borne pathogens
namely Ehrlichia ruminantium, Rickettsia spp., Borrelia burgdorferi s.l.,
Coxiella burnetii, Crimean Congo haemorrhagic fever virus (CCHFV),
and the role of bird-associated ticks as bio-indicators of avian infec-
tions, namely mosquito-borne Flavivirus, focusing on WNV and USUV.

2. Materials and methods

2.1. Sample collection

Fieldwork was carried out in Ventotene island, an important stop-
over site for migrating birds, located in the central Tyrrhenian Sea
(coordinates: 40°48'0”N 13°26'0”E, area: 1.54 km2; Fig. 1). During
spring migration, a huge number of migratory birds, mainly songbirds,
reach Ventotene after a non-stop flight from Northern African coast
(Spina et al., 1993) and spend there a variable lapse of time, from few
hours to few days, depending on weather and body conditions
(Goymann et al., 2010) resting or feeding on insects or nectar (Cecere
et al., 2010) before continuing their northbound journey (Tenan and
Spina, 2010).

Birds were captured from the 2nd of April to the 22nd of May 2013
by nine 2.5m high mist-net transects up to 150m of length,. Once
captured, a total of 3444 birds were identified at species level, sexed,
aged, measured, marked with metal rings according to standard ringing
procedures and inspected for the presence of tick parasites. All proce-
dures were performed by authorized expert bird-ringers. A total of 443
feeding ticks were collected from 249 birds. Ticks were then stored in
70% ethanol for subsequent laboratory analyses.

2.2. Tick identification

Preliminary morphological identification of ticks was carried out
with a stereomicroscope using the dichotomous key described by
Manilla (1998).

Ticks collected on wild birds are generally immature and their
morphological identification at species level is challenging.
Consequently, except for the few nymphs belonging to the Ixodes genus,
which are morphologically identifiable, all the ticks belonging to other
genera were identified at the species level by molecular methods. Ticks
were homogenized using Tissue-lyser (Qiagen, Germany) and nucleic
acids were extracted with Maxwell 16 LEV simply RNA blood kit
(Promega, USA), according to manufacturer’s protocol. This kit allows
to purify both DNA and RNA. Quality control was performed by the
Nanodrop spectrophotometer ND1000 (ThermoFisher Scientific, USA).

A small region of the 12S rRNA was amplified and sequenced to
identify the species (Toma et al., 2014).

Five microliters of extracted DNA were added to the reaction mix
prepared with: buffer 1X, MgCl2 2mM, dNTPs 200 μM, primers 0,3 μM
each, nuclease free water (for a final volume of reaction mix of 45 μl)
and the Taq Gold 0.625 U (Thermo Fisher Scientific, USA).

Cycling conditions consisted of an initial denaturation (10min at
95 °C) followed by 45 cycles of denaturation (30 s at 95 °C), annealing
(30 s at 55 °C), and extension (30 s at 72 °C). A final extension at 72 °C
for 7min completed the amplification.

PCR products were checked through electrophoresis on 1% agarose
gel and then purified using Expin TM PCR SV Kit (GeneAll
Biotechnology, Korea), according to manufacturer’s instructions.
Purified samples were quantified by Nanodrop ND-1000 spectro-
photometer (Thermo Fisher Scientific, USA). Sequencing of the ampli-
cons was conducted by BigDye® Terminator v3.1 Cycle Sequencing Kit

Fig. 1. Location of Ventotene island in the Mediterranean Basin.
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(Applied Biosystems, USA), and Agencourt CleanSEQ Kit (Beckman
Coulter, USA) for purification. Analyses were completed on 3130XL
Genetic Analyzer (Applied Biosystems, USA).

Sequences were assembled with Contig Express (Vector NTI suite
9.1; Invitrogen, USA) and compared with those available in GenBank
database using the Basic Local Alignment Search Tool (BLAST) soft-
ware.

2.3. Pathogen detection

Specific primers and TaqMan probes were used to detect B. burg-
dorferi s.l. (Michelet et al., 2014), Rickettsia spp. (Kato et al., 2013), R.
aeschlimannii (Jiang et al., 2012), E. ruminantium (Steyn et al., 2008)
and C. burnetii (Panning et al., 2008) in every single tick. real-time PCR
reactions were performed on 7900 H T Fast real-time PCR System
(Applied Biosystems, USA) using the TaqMan Fast Universal PCR
Master Mix 2X (Applied Biosystems, USA) following the manufacturer’s
instructions. To identify the species of Rickettsia spp. DNA positive
samples, but negative for R. aeschlimannii, a fragment of ompA or ompB
was sequenced according to the protocol of Santibáñez et al. (2013).
Sequencing of the PCR products was performed as described above.

The presence of viral pathogens was investigated in pooled nucleic
acids except for those extracted from ticks identified as Hyalomma
marginatum, which were tested individually. Ten μl of nucleic acids
extracted from individual ticks were pooled according to the hosting
bird and the tick species up to a maximum of 5 individuals. If positive
or doubt, individual RNA from the pools was tested to confirm and
identify the infected tick. A total of 267 pools and 10 H. marginatum
individuals were screened for viral RNA by specific real-time RT-PCR
assays. In particular, CCHFV was investigated by using the commercial
assay RealStar® CCHFV RT-PCR Kit 1.0 (Altona Diagnostics, Hamburg,
Germany) according to the manufacturer’s instructions.

Flavivirus were detected according to the protocol of Scaramozzino
et al. (2001), whereas WNV and USUV were investigated with the as-
says of Del Amo et al. (2013) and Cavrini et al. (2011) respectively.

3. Results

From the 3444 screened birds, 249 (7.2%), belonging to 26 species
(22 Passeriformes and 4 non-Passeriformes), were infested by ticks. All
the parasitized birds were regular migratory species and the 23 species
hosting infected ticks were trans-Saharan migrants.

No ticks were found on the few species resident in the island.
Among the 443 ticks collected, most of them were nymphs (228

individuals; 51.5%), the remaining ticks consisted of 214 larvae
(48.3%), and 1 adult (0.2%).

Morphological and molecular identification confirmed Hyalomma
rufipes as the most abundant species of the collection (366/443; 82.6%)
followed by H. marginatum (10/433; 2.3%). Table 1 provides the details
of tick species collected during the study.

Rickettsia spp. were detected in 159 tick samples by real-time PCR.
Specifically, R. africae was detected in one engorged Amblyomma

variegatum nymph collected from an Icterine warbler (Hippolais ic-
terina), while R. aeschlimannii was identified in 158 ticks resulting the
most abundant pathogen detected in this study (Table 2). In particular,
it was identified in H. rufipes (n= 140), H. marginatum (n= 5), Hya-
lomma spp. (n= 12) and H. truncatum (n= 1) collected from 23 dif-
ferent species of trans-Saharan birds (Table 2) whereas E. ruminantium,
C. burnetii and B. burgdorferi s.l. were not detected in any of the tested
ticks.

Flavivirus RNA was detected in 6 pooled samples and 4 single ar-
thropods of H. rufipes, as well as in one engorged nymph of H. mar-
ginatum, all collected from long-distance migrators (Table 3). WNV RNA
was identified in two nymphs, one H. marginatum and one Amblyomma
sp., that also tested positive for Flavivirus RNA; these ticks were re-
spectively collected from a Western yellow wagtail (Motacilla flava) and

an Icterine warbler, both trans-Saharan migrants (Table 3). All ticks
tested negative for USUV and CCHFV RNA.

4. Discussion

The spread of ticks and tick-borne pathogens outside their geo-
graphical habitat by migratory birds has been well documented for
strictly ornithophilic (Hornok et al., 2016) as well as for opportunistic
ticks feeding on birds at larval and nymphal stages (Hasle, 2013; Smith
et al., 1996). This has already been demonstrated for H. marginatum and
H. rufipes, that are frequently found on birds flying from Africa (Jaenson
et al., 1994; Jameson et al., 2012) and, to a lesser extent, for some
species of the genus Amblyomma (European Food Safety Authority,
2010a).

Tick species identified in the present survey confirmed the bird
migratory behaviour as one of possible drivers for dispersal of these
parasites along the migratory flyways (Toma et al., 2014; Wallménius
et al., 2014). The predominance of Hyalomma ticks of the H. marginatum
complex and particularly of the species H. rufipes in our samples con-
firms the results of previous studies carried out in Ventotene island (Di
Lecce et al., 2018; Toma et al., 2014). The geographic distribution of H.
rufipes is mainly in sub-Saharan Africa where it is one of the most
common in the Hyalomma genus, feeding on cattle, antelopes, horses
and other large herbivores (European Food Safety Authority, 2010b).
Its dispersal along migratory routes has been used to explain its occa-
sional presence in central Europe (Chitimia-Dobler et al., 2016; Nijhof
et al., 2007) as well in the Mediterranean basin (Ruiz-Fons et al., 2006),
where an established small population of H. rufipes has been recently
described in the West Aegean region of Turkey (Bakirci et al., 2011).
The second most abundant species was the Eurasian H. marginatum,
which is one of the most common species of the tick fauna in the
Mediterranean region, including Italy. This species has frequently been
found on migratory birds whose southernmost movements are usually
limited to the Mediterranean basin. Nevertheless, we collected H.
marginatum also from long-distance migrants (Table 3) suggesting a
possible encounter between ticks and birds also at stop-over sites in
North Africa, where birds shortly stop to rest before resuming their
flight across the Mediterranean.

The presence of the H. marginatum has been reported with in-
creasing frequency in the last decades along the northernmost latitudes,
in Germany (Kampen et al., 2007), in the United Kingdom (Jameson
and Medlock, 2009) and in Russia (Movila et al., 2013). However, it is
well known that relatively dry and warm regions are the preferred
habitat of H. marginatum (Manilla, 1998) and it is unlikely that the
limited number of individuals carried by migratory birds may establish
a population in free areas outside the ideal temperature range for the
species (European Food Safety Authority, 2010b; Gray et al., 2009).

Amblyomma ticks are common in sub-Saharan Africa feeding on a

Table 1
Results of tick identification. All the ticks were differentiated at species level by
means of 12S partial sequence analysis, but Ixodes frontalis by morphology; the
54 Hyalomma sp. ticks failed in species identification for both morphological
and molecular methods. The 12S partial sequence analysis of the 4 inconclusive
Amblyomma gave 100% identity with Amblyomma sp.

Species Stages

Larvae Nymphs Adults Total (%)

Amblyomma sp. – 4 – 4 0.9
Amblyomma variegatum – 1 – 1 0.2
Hyalomma truncatum 1 2 – 3 0.6
Hyalomma marginatum 3 7 – 10 2.3
Hyalomma rufipes 172 194 – 366 82.6
Hyalomma sp. 38 16 – 54 12.2
Ixodes ricinus – 3 – 3 0.7
Ixodes frontalis – 1 1 2 0.4
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wide range of hosts, including reptiles. In particular, A. variegatum, the
tropical bont tick – TBT, is widespread in tropical areas up to the
southern part of the continent. It has a three-host life cycle, with larvae,
nymphs and adults feeding on separate hosts and immatures frequently
feeding on birds (European Food Safety Authority, 2010b). Thus, the
sporadic finding of immature on long-distance migratory birds in Italy
and Greece is not surprising (Albanese et al., 1971; Papadopoulos et al.,
1996; Toma et al., 2014; Wallménius et al., 2014). Conversely, the re-
cent report of an adult male of Amblyomma variegatum in Corsica
(Cicculli et al., 2019) suggests possible risk of establishment of a wild

Amblyomma population in southern Europe. Hence, Amblyomma can be
considered one of the major threats for the area as foreseen by the
analysis of environmental and climatic parameters in different pre-
dictive models (Pascucci et al., 2007; Sutherst and Maywald, 1985).

Besides, the tick collected in the French island was infected by
Rickettsia africae, the causative agent of the African tick bite fever, the
most widespread tick-borne rickettsiosis in sub-Saharan Africa.
Similarly, we identified R. africae in a nymph of A. variegatum even
though the most abundant bacterium was R. aeschlimannii. Since its
detection in Morocco in 1997 from H. marginatum (Beati et al., 1997), it

Table 2
Details of Rickettsia spp. detection and species identification. Results of molecular test for bacterial pathogens on ticks, Rickettsia africae was identified by ompB partial
sequence, while neither ompA nor ompB successfully identified at species level Rickettsia spp. R. aeschlimannii in all the 158 positive ticks, was identified by means of
specific real-time PCR.

Bird species Tick species Larval stage Rickettsia spp.

European turtle dove (Streptopelia turtur) Hyalomma rufipes larva (2) R. aeschlimannii
Hyalomma sp. larva (1) R. aeschlimannii

Common cuckoo (Cuculus canorus) Hyalomma rufipes nymph (1) R. aeschlimannii
European nightjar (Caprimulgus europaeus) Hyalomma marginatum nymph (2) R. aeschlimannii
Eurasian wryneck (Jynx torquilla) Hyalomma rufipes larva (2) R. aeschlimannii

Hyalomma sp. larva (1) R. aeschlimannii
Eurasian golden oriole (Oriolus oriolus) Hyalomma rufipes nymph (4) R. aeschlimannii
Willow warbler (Phylloscopus trochilus) Hyalomma rufipes larva (11) R. aeschlimannii

larva (9) R. aeschlimannii
Hyalomma sp. larva (5) R. aeschlimannii

larva (2) R. aeschlimannii
Wood warbler (Phylloscopus sibilatrix) Hyalomma rufipes nymph (13), larva (7) R. aeschlimannii

larva (1) R. aeschlimannii
Hyalomma sp. larva (1) R. aeschlimannii

Great reed warbler (Acrocephalus arundinaceus) Hyalomma rufipes nymph (1), larva (1) R. aeschlimannii
larva (1) R. aeschlimannii

Sedge warbler (Acrocephalus schoenobaenus) Hyalomma rufipes nymph (3) R. aeschlimannii
Reed warbler (Acrocephalus scirpaceus) Hyalomma rufipes larva (1) R. aeschlimannii
Icterine warbler (Hyppolais icterina) Amblyomma variegatum nymph (1) R. africae

Hyalomma rufipes nymph (2), larva (4) R. aeschlimannii
Garden warbler (Sylvia borin) Hyalomma rufipes larva (4) R. aeschlimannii
Common whitethroat (Sylvia communis) Hyalomma rufipes nymph (16), larva (4) R. aeschlimannii
Subalpine warbler (Sylvia cantillans) Hyalomma rufipes larva (1) R. aeschlimannii
Common nightingale (Luscinia megarhynchos) Hyalomma rufipes nymph (2), larva (1) R. aeschlimannii

Hyalomma sp. larva (1) R. aeschlimannii
Spotted flycatcher (Muscicapa striata) Hyalomma rufipes larva (2) R. aeschlimannii
European pied flycatcher (Ficedula hypoleuca) Hyalomma rufipes nymph (9), larva (5) R. aeschlimannii
Collared flycatcher (Ficedula albicollis) Hyalomma rufipes nymph (2) R. aeschlimannii
Common redstart (Phoenicurus phoenicurus) Hyalomma marginatum nymph (2) R. aeschlimannii

Hyalomma rufipes nymph (7), larva (2) R. aeschlimannii
Hyalomma sp. larva (2) R. aeschlimannii

Whinchat (Saxicola rubetra) Hyalomma rufipes nymph (11), larva (8) R. aeschlimannii
Hyalomma rufipes larva (1) R. aeschlimannii
Hyalomma truncatum larva (1) R. aeschlimannii

Northern wheatear (Oenanthe oenanthe) Hyalomma rufipes nymph (1) R. aeschlimannii
Western yellow wagtail (Motacilla flava) Hyalomma rufipes larva (1) R. aeschlimannii

Hyalomma marginatum nymph (1) R. aeschlimannii
Tree pipit (Anthus trivialis) Hyalomma rufipes nymph (1) Rickettsia sp.

Table 3
Details of the tick specimen positive to the Flavivirus and WNV specific RT-PCRs.

Bird species Tick species Larval stage Target N. ticks/pool

European nightjar (Caprimulgus europaeus) H. marginatum nymph Flavivirus 1
Western yellow wagtail (Motacilla flava) H. marginatum nymph Flavivirus/WNV 1
Wood warbler (Phylloscopus sibilatrix) H. rufipes nymph Flavivirus 4
Wood warbler (Phylloscopus sibilatrix) H. rufipes nymph Flavivirus 3
Wood warbler (Phylloscopus sibilatrix) H. rufipes nymph Flavivirus 4
Icterine warbler (Hippolais icterina) Amblyomma sp. nymph Flavivirus/WNV 1
Icterine warbler (Hippolais icterina) H. rufipes nymph Flavivirus 1
European pied flycatcher (Ficedula hypoleuca) H. rufipes nymph Flavivirus 3
European pied flycatcher (Ficedula hypoleuca) H. rufipes nymph Flavivirus 4
European pied flycatcher (Ficedula hypoleuca) H. rufipes larva Flavivirus 1
European pied flycatcher (Ficedula hypoleuca) H. rufipes larva Flavivirus 3
European pied flycatcher (Ficedula hypoleuca) H. rufipes nymph Flavivirus 1
Whinchat (Saxicola rubetra) H. rufipes nymph Flavivirus 1
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has been responsible for outbreaks of human spotted fever in Italy and
is considered an important emerging pathogen (Tosoni et al., 2016).
Overall, the prevalence for Rickettsia spp. (36%) in our samples is
comparable with the one reported in previous studies by Wallménius
et al. (2014) and Toma et al. (2014).

Coxiella burnetii was not detected in any collected tick even though
the pathogen is worldwide distributed and recognizes a wide range of
tick vectors. Puzzling results were reported by previous studies: C.
burnetii DNA was not detected in ticks collected on resident and short
and long-distance migratory birds in Camargue (Socolovschi et al.,
2012), whereas it was detected in 2.7% of ticks collected on resident
birds in Slovakia (Berthová et al., 2016), in 20% of ticks from migrating
and local birds in Cyprus (Ioannou et al., 2009) and in 30.6% of ticks on
migratory birds in Italy (Toma et al., 2014).

Finally, the lack of detection of B. burgdorferi s.l. and E. ruminantium
DNA could be explained by the small number of tick vectors collected
during the study(Ixodes and Amblyomma).

The high number of positive results for Flavivirus RNA confirms that
ornithophilic ticks like H. rufipes may serve as bio-indicator of avian
infection by mosquito-borne Flavivirus such as WNV and USUV. Even
though in some specimens it was not possible to identify the viruses to
species level, the results address the need for continuous monitoring of
their potential introduction.

Of particular interest is the detection of WNV RNA in one H. mar-
ginatum collected from a Western yellow wagtail (Motacilla flava)
during the study period. The bird belongs to the Passeriformes order,
which includes species highly susceptible to WNV infection, capable of
developing viremia and transmit the virus to vectors (Komar et al.,
2003).

The broad spectrum of H. marginatum hosts together with the high
number of vertebrates susceptible to WNV infection may enhance the
transmission of the virus to local susceptible hosts allowing its in-
troduction into novel areas. Ticks of the genus Amblyomma also showed
the potential to carry viral pathogens since WNV RNA was detected
during the laboratory investigations.

The lack of CCHFV RNA detection in any of our specimen can be
associated with a low level of viral circulation in the non-breeding sites
where the virus is endemic or to the relatively small number of sampled
ticks. Nevertheless, the finding does not exclude the potential of novel
introductions by migratory birds. In fact, CCHFV has been recently
detected in Italy in a H. rufipes nymph collected from a Whinchat
(Saxicola rubetra) (Mancuso et al., 2019) as well as being sporadically
reported in ticks collected from migratory birds in Greece (Lindeborg
et al., 2012), Morocco (Palomar et al., 2013) and Turkey (Al-Abri et al.,
2017). Migratory birds could indeed be the responsible of the recent
CCHFV introduction in Spain (Estrada-Peña et al., 2012). Therefore,
availability of more information on the role played by birds in the
dispersal of the virus is unanimously considered crucial by researchers
(Spengler et al., 2018). Both H. rufipes and H. marginatum immatures
spend extraordinary long time on the birds (12–26 days) (European
Food Safety Authority, 2010a) and this could allow passive transport of
live virus over long distance.

The presence of resident or established tick populations and the
circulation of tick-borne pathogens in Ventotene island have never been
investigated, so far. There is a low risk of the establishment of a viable
population of exotic ticks due to the lack of suitable hosts (large her-
bivores) in the island and winter climatic conditions. However, since
the Mediterranean region is highly vulnerable to climatic changes, it’s
essential to carry out further research and to develop possible surveil-
lance strategies.

5. Conclusions

Considering an influx of more than two billions of birds linking
Africa and Europe (Hahn et al., 2009), millions of ticks are probably
transported every year, and the introduction of exotic species could be

more frequent than expected. Our findings confirm the assumption that
migratory birds may play a role in spreading ticks and tick-borne pa-
thogens and, consequently, contribute to expand their geographic dis-
tribution. The high number of real-time PCR positive samples of R.
aeschlimannii deserves particular attention and should raise awareness
for public health

Even though the tick dispersal does not imply the establishment of
the different species in new territories, global warming can move the
northern limit of their original distribution range, together with pos-
sible new risks of pathogen introduction.
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