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Abstract 25 

Geographic spread of parasites and pathogens poses a constant risk to animal 26 

health and welfare, particularly given that climate change is expected to potentially 27 

expand appropriate ranges for many key species. Anthropomorphic spread of 28 

deleterious organisms via trade routes and human travel is relatively closely 29 

controlled, though represents only one possible means of parasite/pathogen spread. 30 

Non-anthropomorphic spread, via natural parasite/pathogen movement between 31 

geographic locales, is far harder to manage. Though the extent of such movement 32 

may be limited by the relative inability of many parasites and pathogens to actively 33 

migrate, passive movement over long distances may still occur via migratory hosts. 34 

This paper reviews the potential role of migrating birds in the transfer of parasites 35 

and pathogens between geographic locales, focusing primarily on ticks. Bird-tick-36 

pathogen relationships are considered, and evidence provided of long-range 37 

parasite/pathogen transfer from one location to another during bird migration events. 38 

As shown in this paper not only many different arthropod species are carried by 39 

migrating birds but consequently these pests carry many different pathogens species 40 

which can be transmitted to the migrating birds or to other animal species when 41 

those arthropods are dropping during these migrations highlighting the need to 42 

understand better dissemination paths and disease epidemiology. 43 

 44 
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  48 



Avian migration 49 

 50 

Migrating birds can travel thousands of kilometres and carry with them ectoparasites 51 

such as mites, ticks, fleas and lice. Such arthropod pests can carry pathogens and 52 

potentially transmit them to indigenous fauna where migrating birds come into 53 

contact with local host populations. Sources and directions of movement of migratory 54 

bird species are often predictable, as our timings of migration events. A study on the 55 

migrating birds on the Western Africa-Western Europe flyway, for example, followed 56 

34 migrating breeding birds arriving in Spain. A few species arrived in January, but 57 

the peak of migration intensity was between mid-April to Mid-May (Bosch et al., 58 

2013). 59 

Though certain elements of avian migration can be predicted, it is perhaps 60 

harder to quantify the risk that this presents in terms of movement of avian-61 

associated parasites and the pathogens they may vector. The remainder of this 62 

review presents work from selected studies that support potentially significant 63 

movement of these organisms via migratory birds. 64 

 65 

Birds as hosts for ectoparasites and associated pathogens 66 

 67 

In domesticated settings, bird health and welfare is often threatened by parasitic 68 

infection and associated pathogen spread. Susceptibility of commercially-reared fowl, 69 

and especially egg-laying hens, to the poultry red mite, Dermanyssus gallinae, is 70 

perhaps the best known example, with these mites reportedly serving as potential 71 

vectors for a broad range of poultry pathogens (Sparagano et al., 2014). The success 72 

of D. gallinae as a parasite of poultry has been at least partially attributed to an 73 

inability of hens to develop resistance to these mites (Sparagano et al., 2014). 74 

A similar host-parasite relationship seems to exist between wild birds and 75 

their major ectoparasites. Heylen et al. (2010), for example, investigated whether 76 



blue tits and great tits are able to acquire resistance after repeated infestation with 77 

Ixodes ricinus nymphs. As blue tits are less frequently exposed to I. ricinus in the wild 78 

than great tits, the authors expected I. ricinus to be less adapted to the blue tit’s 79 

resistance mechanisms. Over three infestation ‘events‘ the authors observed 80 

consistently high tick attachment rates and yields, high engorgement weights, and 81 

short engorgement and moulting durations, irrespective of host species, indicating 82 

that neither of these two birds is able to mount an effective immune response against 83 

I. ricinus nymphs, even after repeated infestations. As a consequence of their lack of 84 

resistance, birds were unable to prevent direct harm (acute blood depletion) caused 85 

by tick feeding, but did compensate for erythrocyte loss without reduction in general 86 

body condition (body mass corrected for tarsus length). The lack of resistance 87 

observed suggests that I. ricinus has a long co-evolutionary history with both species 88 

of tit, which enables the tick to avoid or suppress the host’s resistance responses. 89 

The above in mind it is perhaps unsurprising that birds may harbour a large 90 

diversity of parasitic arthropods. Some species, such as D. gallinae (which also 91 

infests a broad range of wild birds), only reside on their hosts during short, relatively 92 

infrequent feeding bouts, minimising the possibility that an avian host could spread 93 

this species readily during migration. Others, however, may reside permanently on-94 

host (i.e. lice), or, in the case of ticks such as I. ricinus, remain firmly attached to their 95 

host over relatively long feeding periods, facilitating ‘hitch-hiking‘ during avian 96 

migration. As key vectors of numerous significant pathogens, ticks represent 97 

a particular risk for disease spread from one geographic locale to another. 98 

Consequently, subsequent sections in this review focus almost exclusively on this 99 

group of ectoparasites.    100 

    101 

 102 

 103 

Birds as reservoirs for ticks and associated pathogens 104 



 105 

Several studies have investigated tick infestation of wild avian hosts, demonstrating 106 

that birds may harbour both diverse and simple infestations. Over the course of 107 

a year, between 2010 and 2011, Norte et al. (2012) captured 37 species of bird in 108 

two recreational forests in western Portugal: a suburban forest and an enclosed 109 

game area. Numerous tick species were found parasitizing sampled birds (I. ricinus, 110 

Ixodes frontalis, Ixodes arboricola, Ixodes acuminatus, Haemaphysalis punctata, 111 

Hyalomma marginatum and Hyalomma lusitanicum), with the highest prevalence of 112 

ticks recovered from Eurasian blackbirds, spotless starlings (though only two 113 

individuals of this species were captured) and European robins. Highest infestation 114 

intensities were registered on Eurasian blackbirds, Sardinian warblers and European 115 

robins. Conversely, in work by Marsot et al. (2012) only I. ricinus (larvae and 116 

nymphs) were recovered from 20 bird species captured in France between 2008 and 117 

2009 during the breeding season. The most frequently sampled bird species were 118 

the European robin, the great tit, the Eurasian blackbird and the Eurasian blackcap, 119 

which accounted, respectively, for 22%, 21%, 12% and 9% of all birds examined. 120 

The five species with the highest average tick burden were blackbirds, song 121 

thrushes, robins, dunnock and winter wren. Excluding dunnock, these species hosted 122 

more than 90% of the ticks in the local bird community. Interestingly, Norte et al. 123 

(2012) noted that the importance of given bird species as hosts of larvae and nymphs 124 

of I. ricinus and I. frontalis differed, supporting that different bird species may 125 

contribute differently for tick population maintenance. 126 

In many cases researchers have not only investigated bird-tick relationships, but also 127 

assessed whether one, the other, or both carry pathogens of concern (Hildebrandt et 128 

al,. 2010; Kartashov et al., 2014). Selected work in this area, undertaken throughout 129 

various regions in Europe, is summarised below.  130 

The potential of ticks to travel long distances via migratory birds has been the subject 131 

of research for some time. Hyalomma ticks, mainly engorged nymphs, for example, 132 



were recorded as being transferred between regions by migrating birds in the 1960’s 133 

(Hoogstraal et al., 1961, 1963), with such ticks associated with the transmission of 134 

Crimean–Congo hemorrhagic fever (CCHF) virus and Theileria protozoans. More 135 

recent evidence of movement of ticks and tick-associated pathogens between 136 

regions in Europe is reported below. 137 

 138 

 139 

Northern Europe 140 

In 2007, I. ricinus ticks were collected from 11 species of bird on a conservation 141 

island in the Baltic Sea (Franke et al., 2010). DNA from Borrelia was detected in 142 

14.1% of ticks, Anaplasma phagocytophilum in 2.6%, rickettsiae in 7.3% and Babesia 143 

spp. in 4.7%. Co-infections with different pathogens occurred in six ticks (3.1%). The 144 

fact that 11 ticks (five larvae and six nymphs) were infected with Borrelia afzelii 145 

suggests that birds may, contrary to current opinion, serve as reservoir hosts for this 146 

species. Further characterization of rickettsial infections revealed Rickettsia 147 

monacensis and Rickettsia helvetica; Babesia infections revealed Babesia divergens 148 

(in ticks from robins and blackbirds) and Babesia microti (in ticks from robins and 149 

great tits). The occurrence of Babesia spp. in a total of five tick larvae suggested that 150 

birds may be able to infect ticks, at least with B. microti, a species considered not to 151 

be transmitted transovarially in ticks.  152 

Duneau et al. (2008) evaluated the potential role of seabirds in spreading 153 

Lyme Borelliosis (LB) spirochetes. They collected Ixodes uriae adults and nymphs 154 

from five colonial seabird species in the North Atlantic, Iceland and Northern Norway. 155 

The mean prevalence of Borrelia burgdorferi sensu lato (s.l.) across colonies was 156 

26.0%. The majority of sequenced strains grouped with reference sequences of 157 

Borrelia garinii, Borrelia lusitaniae and B. burgdorferi sensu stricto (s.s.) were also 158 

identified. 159 

 160 



During the spring and autumn migration periods in 2004, Pietzsch et al. (2008)  161 

determined whether ticks were being imported into the British Isles on migratory 162 

birds. Ticks were collected from ringed birds at 11 bird observatories and three inland 163 

sand martin colonies. A total of 38 ticks belonging to four species (I. ricinus, I. 164 

frontalis, I. lividus and I. arboricola) were collected from twelve species of bird. Ticks 165 

were tested for viruses in the Flavivirus and Nairovirus genera, though with no 166 

positive hits recorded. 167 

Hasle et al. (2011b) examined 33 species of passerine birds at four bird 168 

observatories along the southern Norwegian coast during the spring migrations of 169 

2003-2005. The presence of Babesia was detected in the nymphs (1%) of I. ricinus 170 

and identified as Babesia venatorum (EU1) collected from a European robin in 171 

Akerøya, a greenish warbler in Jomfruland and a bluethroat and a dunnock from 172 

Store Færder. In another study Hasle et al. (2011a) found Borrelia spp. in 13.6% of 173 

examined I. ricinus nymphs (19 B. afzelii, 38 B. garinii, two B. turdi, and 11 B. 174 

valaisiana) and in 8.1% of examined I. ricinus larvae (ten B. garinii, one B. turdi, and 175 

three B. valaisiana). Ticks collected from birds of the genus Turdus (blackbirds, song 176 

thrushes and redwings) had a higher prevalence of Borrelia spp. than ticks from the 177 

other passerine genera sampled. 178 

A study in Latvia during an autumn migration recovered Ixodes ticks collected 179 

from nine species of passerine birds. In this work the authors recorded numerous 180 

pathogens being carried by ticks, including: B. valaisiana, B. garinii, A. 181 

phagocytophilum, R. helvetica, B. divergens, B. microti and B. venatorum. Mixed 182 

infections were found in 20% of the nymphal and 3% of the larval stages Ixodes ticks 183 

tested (Capligina et al., 2014). 184 

Graham et al. (2010) investigated whether migratory birds could play a role in 185 

long-distance transportation of rickettsial agents. Authors characterized tick 186 

infestation in populations of migratory sand martins in northwest England in 2009. 187 

A total of 194 birds were sampled and female I. lividus ticks removed from infested 188 



birds. A single Rickettsia spp. was detected in 100% of the ticks and was designated 189 

Rickettsia spp. IXLI1, which is fitted neatly into a group containing the strains 190 

Rickettsia japonica, Rickettsia spp. strain Davousti and Rickettsia heilongjiangensis. 191 

In Sweden the role of migratory birds as long-distance vectors for multiple 192 

microorganisms was studied by Elfving et al. (2010). From migratory birds trapped in 193 

2001 the authors collected I. ricinus, I. lividus and unspecified Ixodes spp. ticks. 194 

Rickettsia spp. were detected in 11.3% of ticks, with R. helvetica being the 195 

predominant species. In 0.8% of the ticks R. monacensis was identified. For 1.4% of 196 

the ticks, the 17kDa, ompB, gltA and ompA genes showed the greatest similarity to 197 

Rickettsia sp. strain Davousti, R. japonica and R. heilongjiangensis.  198 

 199 

 200 

 201 

Eastern Europe 202 

Špitalská et al. (2006) mist-netted birds in Slovakia in 2001 and 2003. Sixteen 203 

species of birds were infested with subadult I. ricinus. The highest intensity of 204 

parasitization was observed on Eurasian blackbirds, song thrushes and dunnocks. 205 

Rickettsia spp. was found in one nymph from a European robin, and the closely 206 

related Ehrlichia-like species “Schotti variant” was detected in another nymph 207 

removed from a song thrush. Samples were also screened for DNA of Coxiella 208 

burnetii and of Piroplasmida species, though neither was recovered. 209 

In Slovakia and the Czech Republic individuals of 40 bird species were 210 

captured and found to be carrying larvae and nymphs of I. ricinus. Eurasian 211 

blackbirds and song thrushes were found to carry 95% of all spirochete infected tick 212 

larvae. More than 90% of the infections were typed as B. garinii and B. valaisiana 213 

(Tamara et al., 2008) . The authors concluded that thrushes are key players in the 214 

maintenance of these spirochete species in this region of Central Europe. At another 215 

study site in the Czech Republic, Dubská et al. (2009) collected subadult ticks from 216 



birds during the postbreeding period of 2005. Borrelia garinii was detected in 22.2% 217 

of ticks, B. valaisiana in 12.8%, B. afzelii in 1.6%, and B. burgdorferi (s.s.) in 0.3%. 218 

The authors concluded and confirmed that Eurasian blackbirds, song thrushes, and 219 

great tits are capable of transmitting B. garinii. The authors also reported that certain 220 

other passerine birds investigated play minor roles in transmitting B. garinii; and that 221 

the presence B. afzelii in ticks results from infection in a former stage.  222 

Three tick species, namely I. arboricola (75.0%), I. ricinus (23.1%), and H. 223 

concinna (1.8%), were collected from 20 species of birds (Passeriformes) in the 224 

Czech Republic during 2003-2005 (Špitalská et al., 2011). Rickettsiae were detected 225 

in 44.0% larvae and 24.5% nymphs of I. arboricola collected from great tits, marsh 226 

tits and the Eurasian nuthatch. Rickettsiae-positive I. ricinus larvae (13.7%) were 227 

collected from great tits, Eurasian blue tits, and nuthatches, and 2.6% of nymphs 228 

from European robins and dunnocks. Rickettsia helvetica and other Rickettsia 229 

species were also identified. Anaplasma phagocytophilum was found only in two I. 230 

ricinus nymphs collected from robins and great tits. Infections with B. burgdorferi (s.l.) 231 

were recorded in 1.3% of larvae of I. arboricola acquired from marsh tits and great 232 

tits, and in 11.8% of larvae and 25.0% of nymphs of I. ricinus collected from great tits, 233 

marsh tits, blue tits, sedge warblers, Eurasian blackbirds, common rosefinches, 234 

Eurasian blackcaps, dunnocks and common chiffchaffs. Borrelia garinii and B. 235 

valaisiana were also identified. This study suggested that I. arboricola, with 236 

associated great tits and marsh tits, plays an important role in circulating of 237 

rickettsiae. 238 

Between May and September of 2002, forest passerine birds and immature I. 239 

ricinus ticks infesting them were surveyed for infection with B. burgdorferi (s.l.) in a 240 

sylvatic habitat in west-central Poland (Michalik et al., 2008). The majority of ticks 241 

(65.7%) were collected from thrush species and blackbirds. Borrelia burgdorferi (s.l.) 242 

DNA was detected in 11% of the larval ticks and in 7.2% of nymphs. Borrelia garinii 243 

and B. valaisiana accounted for 88.5% and 11.5% of the infections detected in 244 



Borrelia-positive ticks, respectively. Only one out of 53 blackbird blood samples were 245 

PCR-positive for Borrelia species, identified as B. burgdorferi (s.s.). Authors 246 

demonstrated that avian hosts were not reservoirs for B. afzelii, but reported that 247 

thrush species may support the circulation of B. garinii and B. valaisiana under 248 

natural conditions. 249 

Hornok et al. (2013) mist-netted birds in Hungary during 2011 and removed 250 

H. concinna, I. ricinus and H. marginatum ticks from them. Rickettsia helvetica was 251 

identified in I. ricinus and H. concinna (17/72 samples) from the European robin, 252 

Eurasian blackbird, redwing, song thrush, great tit, common chiffchaff and Savi's 253 

warbler. Rickettsia monacensis was detected in I. ricinus (12/72 samples) and 254 

Rickettsia aeschlimannii in H. marginatum (3/72 samples) from European robins, 255 

Eurasian blackbirds and great tits. Borrelia burgdorferi (s.l.) was detected only in I. 256 

ricinus (8/72 samples) from robins, blackbirds, redwings, great tits, dunnocks and 257 

Savi’s warblers. In four samples simultaneous presence of R. helvetica and B. 258 

burgdorferi (s.l.) was reported and A. phagocytophilum was recovered from one pool 259 

of I. ricinus nymphs from the European robin, with simultaneous positivity to R. 260 

monacensis. In one I. ricinus larva, from the same host, a novel Francisella-like 261 

organism was identified. All samples were negative for C. burnetii. 262 

Movila et al. (2008) studied the prevalence of B. burgdorferi (s.l.) in I. ricinus 263 

and I. lividus ticks collected from wild birds in the Republic of Moldova. Borrelia 264 

burgdorferi (s.l.) was detected in 14% of I. ricinus and 5.5% of I. lividus. Borrelia 265 

species were most prevalent in I. ricinus ticks collected from Eurasian blackbirds 266 

(17%). Ixodes lividus was infected with both B. burgdorferi (s.s.) and B. garinii, 267 

though I. ricinus was infected with B. burgdorferi (s.s.) only. 268 

 269 

To study the role of wild birds in the transmission of tick borne encephalitis virus 270 

(TBEV), Mikryukova et al. (2014) sampled birds from 60 species captured in Tomsk 271 

city and its suburbs in Western Siberia, Russia. Between 2006 and 2011, Ixodes 272 



pavlovskyi, Ixodes persulcatus and Ixodes plumbeus were recovered. The highest 273 

average number of ticks per bird was found for the fieldfare and the tree pipit. TBEV 274 

RNA and antigen were found in 9.7% and 22.8% samples collected from wild birds, 275 

respectively. TBEV markers were also detected in 14.1% of I. persulcatus ticks, 5.2% 276 

of I. pavlovskyi, and 4.2% of I. plumbeus ticks collected. Sequencing of 5´-NCR of 277 

TBEV revealed that all TBEV isolates belonged to Far Eastern (dominate) and 278 

Siberian genotypes, supporting that wild birds are potential disseminators of TBEV, 279 

TBEV-infected ixodid ticks, and possibly other tick-borne infections. 280 

Movila et al. (2011) revealed the prevalence of spotted fever group (SFG) 281 

rickettsiae and Babesia spp. in I. ricinus ticks from eight species of migratory 282 

Passeriformes collected at Curonian Spit in the Kaliningrad enclave of North-Western 283 

Russia during spring 2008. Babesia spp. were detected in 1.6% ticks from song 284 

thrushes and identified as Babesia spp. EU1. SFG rickettsiae were detected in 285 

15.1% of ticks, R. helvetica in 10.3%, R. monacensis in 3.9%, and R. japonica in 286 

0.8%. Rickettsia helvetica was detected in ticks detached from song thrushes, 287 

common chaffinches and great tits, whereas R. monacensis and R. japonica were 288 

identified in ticks taken from chaffinches and European starlings. 289 

During the spring and autumn bird migrations of 2013, blood samples and 290 

ticks (I. ricinus, H. concinna and an unspecified Hyalomma specimen) were collected 291 

from birds belonging to 16 species in Hungary by Hornok et al. (2014). Birds were 292 

shown to be bacteraemic with R. helvetica (for European robins and dunnocks) and 293 

A. phagocytophilum (for redwing), but not with Candidatus Neoehrlichia mikurensis. 294 

The prevalence of rickettsiae was high (51.4%) in ticks, suggesting that some of 295 

them may have acquired their infection from their avian hosts. Ixodes ricinus ticks 296 

were infected with R. helvetica, R. monacensis, A. phagocytophilum. Haemaphysalis 297 

concinna were infected with R. helvetica. 298 

 299 

 300 



Southern Europe 301 

During April–October 2009, bird bandings were conducted in the protected area of 302 

Finca Ribavellosa in La Rioja, Spain. Haemaphysalis punctata, I. frontalis, I. 303 

arboricola, I. ricinus, and other Ixodes spp. were collected from birds. Anaplasma 304 

phagocytophilum was detected in a single larva of an I. ricinus tick (0.5%). Borrelia 305 

burgdorferi (s.l.) was detected in 13.1% samples; the most prevalent genospecies 306 

was B. garinii, which was detected in I. ricinus, H. punctata, I. frontalis, and Ixodes 307 

spp. Borrelia valaisiana was amplified in samples from I. ricinus and Ixodes spp. and 308 

Borrelia turdi was found in I. frontalis. Rickettsia infection was detected in 17.6% 309 

ticks. Rickettsia monacensis, R. helvetica, Rickettsia sibirica sibirica, and unspecified 310 

Rickettsia were detected in I. ricinus ticks. Candidatus Rickettsia vini was identified in 311 

I. arboricola and I. ricinus ticks. Two I. ricinus larvae showed co-infection with B. 312 

garinii and Rickettsia spp. and one nymph was co-infected with both B. valaisiana 313 

and Rickettsia spp. (Palomar et al., 2012). 314 

Ioannou et al. (2009) collected blood samples into filter papers from 51 315 

Cyprian bird species. Of the 131 pools prepared, four (3%) were positive for 316 

Rickettsia spp., 56 (43%) for C. burnetii, and 64 (49%) for Anaplasma spp. Fifteen 317 

ticks (all Ixodes ventalloi and all removed from the chukar partridge) and 18 lice were 318 

removed from the above birds. Rickettsia spp. and C. burnetii were detected in three 319 

I. ventalloi ticks, though all ectoparasites sampled were negative for Anaplasma spp. 320 

 321 

 322 

Wallménius et al. (2014) collected ticks (H. marginatum, I. frontalis, Amblyomma 323 

spp., Haemaphysalis spp., Rhipicephalus spp. and unidentified ixodids) from birds 324 

during their seasonal migration northwards in spring 2009 and 2010 at bird 325 

observatories on two Mediterranean islands: Capri and Antikythira. Overall 48% of 326 

ticks were Rickettsia-positive. Of these, 96% were infected with R. aeschlimannii (in 327 

H. marginatum, Hyalomma rufipes, I. frontalis and Haemaphysalis spp.), and 4% with 328 



Rickettsia africae (in H. marginatum) or unidentified Rickettsia species (in H. 329 

marginatum, H. rufipes, I. frontalis and Haemaphysalis spp.).  330 

In Spain, Astobiza et al. (2011) investigated the distribution of C. burnetii in 331 

wild bird species. Samples were collected from 2001 to 2006, with wild birds from 23 332 

families analyzed. Two individuals, one Eurasian griffon and one black kite, were 333 

positive for C. burnetii, though the same was note true of the three I. frontalis ticks 334 

removed from birds. 335 

 336 

 337 

Western Europe 338 

A 4-year study in Switzerland (considering more than 4,500 birds sampled during 339 

autumn migrations between August and October) found only Ixodes ticks to be 340 

carried by 71 bird species (breeding and migrating). Though diversity of the parasite 341 

was low, with I. ricinus constituting all but a single specimen, ticks were confirmed as 342 

carrying TBEV, A. phagocytophilum, Borrelia spp., Rickettsia spp. and Candidatus 343 

Neoehrlichia mikurensis (Lommano et al., 2014).  344 

In 2010 Socolovschi et al. (2012) analyzed the presence of emerging zoonotic 345 

bacteria in ticks collected from passerine birds in the Camargue, in the south of 346 

France, which is a major rallying point for birds migrating from Eurasia and Africa. 347 

Ixodes spp. ticks (five larvae and six nymphs) were collected from the Eurasian 348 

blackcap, the European robin and the Eurasian blackbird. Rhipicephalus sanguineus 349 

group ticks (three adults) and a Haemaphysalis spp. tick (one adult) were collected 350 

from the house sparrow (a local resident). A single Hyalomma spp. tick (one nymph) 351 

was collected from a Eurasian reed warbler, and an H. rufipes (one nymph) was 352 

collected from a common nightingale. Rickettsia massiliae was detected in ticks from 353 

the house sparrow, R. aeschlimannii in ticks from the Eurasian weed warbler and the 354 

common nightingale, and B. valaisiana in one tick from a Eurasian blackbird.  355 

 356 



Conclusions 357 

 358 

This review represents only a selection of the available literature, but highlights the 359 

potential role that migrating birds can play in dispersion of ectoparasites and their 360 

associated pathogens, supporting that transmission of both may be commonplace. 361 

Though we have focused on ticks and tick-borne pathogens, it deserves note that 362 

research also confirms movement of other ectoparasites on migratory birds. 363 

A Slovakian study focusing on reed warblers and their nests, for example, found 364 

Ceratophyllus garei (a flea) to be carrying a rickettsia that was a 99.7% match to R. 365 

africae  (Sekeyová et al., 2012). Also of note was that two Wolbachia sp. were 366 

detected in fleas sampled during the study. 367 

By extrapolation for the Euro-centric data presented, it can be surmised that 368 

migratory birds represent a potential pest/disease threat the world over. Though 369 

detailed monitoring of migrating birds may not be feasible, knowledge of migratory 370 

routes, timings and ‘high risk’ species could be used to develop appropriate 371 

pest/disease monitoring approaches and management plans. These could be 372 

especially useful in ‘high risk’ areas, i.e. where influx of parasite-prone birds is 373 

commonplace, to promote optimal protection of local fauna from ‘migratory’ parasites 374 

and pathogens. 375 

 376 

 377 

Acknowledgements 378 

 379 

The authors would like to acknowledge networking support by the COST Action 380 

FA1404: COREMI - Improving current understanding and research for sustainable 381 

control of the poultry red mite Dermanyssus gallinae. 382 

 383 

References 384 



 385 

Astobiza, J., Barral, M., Ruiz-Fons, F., Barandika, J.F., Gerrikagoitia, X., Hurtado, A., 386 

García-Pérez, A.L., 2011. Molecular investigation of the occurrence of Coxiella 387 

burnetii in wildlife and ticks in an endemic area. Vet. Microbiol. 147, 190–194. 388 

 389 

Bosch, J., Munoz, M. J., Martinez, M., de la Torre, A., Estrada-Pena, A., 2013. 390 

Vector-borne pathogen spread through ticks on migratory birds: a probabilistic 391 

spatial risk model for South-Western Europe. Transb. Emerg. Dis. 60, 403-415. 392 

 393 

Capligina, V., Salmane, I., Keiss, O., Vilks, K., Japina, K., Baumanis, V., Ranka, R., 394 

2014. Prevalence of tick-borne pathogens in ticks collected from migratory birds in 395 

Latvia. Ticks Tick-borne Dis. 5, 75-81. 396 

 397 

Dubska, L., Literak, I., Kocianova, E., Taragelova, V., Sychra, O., 2009. Differential 398 

role of passerine birds in distribution of Borrelia spirochetes, based on data from 399 

ticks collected from birds during the postbreeding migration period in Central 400 

Europe. Appl. Environ. Microbiol. 75, 596–602. 401 

 402 

Duneau, D., Boulinier, T., Gómez-Díaz, E., Petersen, A., Tveraa, T., Barrett, R.T., 403 

McCoy, K.D., 2008.  Prevalence and diversity of Lyme borreliosis bacteria in 404 

marine birds. Infect. Genet. Evol. 8, 352–359. 405 

 406 

Elfving, K., Olsen, B., Bergstrom, S., Waldenstrom, J., Lundkvist, A., Sjostedt, A.,  407 

Mejlon, H., Nilsson, K., 2010. Dissemination of spotted fever rickettsia agents in 408 

Europe by migrating birds.  PLoS One. 5:e8572. 409 

 410 



Franke, J., Meier, F., Moldenhauer, A., Straube, E., Dorn W.N., Hildebrandt, A., 411 

2010. Established and emerging pathogens in Ixodes ricinus ticks collected from 412 

birds on a conservation island in the Baltic Sea. Med. Vet. Entomol. 24, 425–432. 413 

 414 

Graham, R.I., Mainwaring M.C., Dufeu, R., 2010. Detection of spotted fever group 415 

Rickettsia spp. from bird ticks in the U.K. Med. Vet. Entomol. 24, 340–343. 416 

 417 

Hasle, G., Bjune, G. A., Midthjell, L., Røed, K.H., Leinaas, H.P., 2011a. Transport of 418 

Ixodes ricinus infected with Borrelia species to Norway by northward-migrating 419 

passerine birds. Ticks Tick-borne Dis. 2, 37- 43. 420 

 421 

Hasle, G., Leinaas, H.P., Røed, K.H., Øines, Ø., 2011b. Transport of Babesia 422 

venatorum-infected Ixodes ricinus to Norway by northward migrating passerine 423 

birds. Acta Vet. Scand.53, 41. 424 

 425 

Heylen, D.J.A., Madder, M., Matthysen, E., 2010. Lack of resistance against the tick 426 

Ixodes ricinus in two related passerine bird species. Int. J. Parasitol. 40, 183–191 427 

 428 

Hildebrandt, A., Franke, J., Meier, F., Sachse, S., Dorn, W., Straube, E., 2010. The 429 

potential role of migratory birds in transmission cycles of Babesia spp., Anaplasma 430 

phagocytophilum, and Rickettsia spp. Ticks Tick-borne Dis. 1, 105–107. 431 

 432 

Hoogstraal, H., Kaiser, M. N., Traylor, M. A., Guindy, E., and Gaber, S., 1963. Ticks 433 

(Ixodidae) on birds migrating from Europe and Asia to Africa. Bull. World Health 434 

Organ. 28, 235-262. 435 

 436 



Hoogstraal, H., Kaiser, M. N., Traylor, M. N., Gaber, S. and Guindy, E., 1961. Ticks 437 

(Ixodidae) on birds migrating from Europe and Asia to Africa. Bull. World Health 438 

Organ. 24, 197-212. 439 

 440 

Hornok, S., Csörgő, T., de la Fuente, J., Gyuranecz, M., Privigyei, C., Meli, M.L., 441 

Kreizinger, Z., Gönczi, E., Fernández de Mera, I.G., Hofmann-Lehmann, R., 2013. 442 

Synanthropic birds associated with high prevalence of tick-borne rickettsiae and 443 

with the first detection of Rickettsia aeschlimannii in Hungary. Vector Borne 444 

Zoonotic Dis. 13, 77-83.  445 

 446 

Hornok, S., Kováts, D., Csörgő, T., Meli, M.L., Gönczi, E., Hadnagy, Z., Takács, N., 447 

Farkas, R., Hofmann-Lehmann, R., 2014. Birds as potential reservoirs of tick-448 

borne pathogens: first evidence of bacteraemia with Rickettsia helvetica. Parasit. 449 

Vectors. 7, 128.   450 

 451 

Ioannou, I., Chochlakis, D., Kasinis, N., Anayiotos, P., Lyssandrou, A., 452 

Papadopoulos, B., Tselentis, Y., Psaroulaki, A., 2009. Carriage of Rickettsia spp., 453 

Coxiella burnetii and Anaplasma spp. by endemic and migratory wild birds and 454 

their ectoparasites in Cyprus. Clin. Microbiol. Infect. 2, 158-60.  455 

 456 

Kartashov, M., Tyuten´kov, O., Protopopova, E.V., Romanenko, V.N., Chausov, E.V., 457 

Gashkov, S.I., Konovalova, S.N., Moskvitin, S.S., Tupota, N.L., Sementsova, A.O., 458 

Ternovoi, V.A., Loktev, B.B., 2014. Surveillance of tick-borne encephalitis virus in 459 

wild birds and ticks in Tomsk city and its suburbs (Western Siberia). Ticks Tick-460 

borne Dis. 5, 145-151 461 

 462 



Lommano, E., Dvorak, C., Vallotton, L., Jenni, L., Gern, L., 2014. Tick-borne 463 

pathogens in ticks collected from breeding and migratory birds in Switzerland. 464 

Ticks Tick-borne Dis. 5, 871-882. 465 

 466 

Marsot, M., Henry, P.Y., Vourc’h, G., Gasqui, P., Ferquel, E., Laignel, J., Grysan, M., 467 

Chapuis, J.L., 2012. Which forest bird species are the main hosts of the tick, 468 

Ixodes ricinus, the vector of Borrelia burgdorferi sensu lato, during the breeding 469 

season? Int. J. Parasitol. 42, 781–788. 470 

 471 

Michalik, J., Wodecka, B., Skoracki, M., Sikora, B.,  Stanczak, J., 2008. Prevalence 472 

of avian-associated Borrelia burgdorferi s.l. genospecies in Ixodes ricinus ticks 473 

collected from blackbirds (Turdus merula) and song thrushes (T. philomelos). Int. 474 

J. Med. Microbiol. 298, 129–138. 475 

 476 

Movila, A., Gatewood, A., Toderas, I., Duca, M., Papero, M., Uspenskaia, I., 477 

Conovalov, J., Fish, D., 2008. Prevalence of Borrelia burgdorferi sensu lato in 478 

Ixodes ricinus and I. lividus ticks collected from wild birds in the Republic of 479 

Moldova. Int. J. Med. Microbiol. 298,149-153. 480 

 481 

Movila, A., Reye, A.L., Dubinina, H.V., Tolstenkov, O.O., Toderas, I., Hubschen, 482 

J.M., Muller, C.P., Alekseev, A.N., 2011. Detection of Babesia Sp. EU1 and 483 

members of spotted fever group rickettsiae in ticks collected from migratory birds 484 

at Curonian Spit, North-Western Russia. Vector Borne Zoonotic Dis. 11, 89-91. 485 

 486 

Mikryukova,T.P., Moskvitina, N.S., Kononova, Y.V., Korobitsyn, I.G., Kartashov, M.Y., 487 

Tyuten Kov, O.Y, Protopopova, E.V, Romanenko, V.N, Chausov, E.V., Gashkov, 488 

S.I., Konovalova, S.N, Moskvitin, S.S., Tupota, N.L., Sementsova, A.O., 489 

Ternovoi, V.A., Loktev, VB., 2014. Surveillance of tick-borne encephalitis virus in 490 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Moskvitina%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=24380691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kononova%20YV%5BAuthor%5D&cauthor=true&cauthor_uid=24380691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Korobitsyn%20IG%5BAuthor%5D&cauthor=true&cauthor_uid=24380691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kartashov%20MY%5BAuthor%5D&cauthor=true&cauthor_uid=24380691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tyuten%20Kov%20OY%5BAuthor%5D&cauthor=true&cauthor_uid=24380691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Protopopova%20EV%5BAuthor%5D&cauthor=true&cauthor_uid=24380691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Romanenko%20VN%5BAuthor%5D&cauthor=true&cauthor_uid=24380691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chausov%20EV%5BAuthor%5D&cauthor=true&cauthor_uid=24380691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gashkov%20SI%5BAuthor%5D&cauthor=true&cauthor_uid=24380691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gashkov%20SI%5BAuthor%5D&cauthor=true&cauthor_uid=24380691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Konovalova%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=24380691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moskvitin%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=24380691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tupota%20NL%5BAuthor%5D&cauthor=true&cauthor_uid=24380691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sementsova%20AO%5BAuthor%5D&cauthor=true&cauthor_uid=24380691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ternovoi%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=24380691
http://www.ncbi.nlm.nih.gov/pubmed/?term=Loktev%20VB%5BAuthor%5D&cauthor=true&cauthor_uid=24380691


wild birds and ticks in Tomsk city and its suburbs (Western Siberia). Ticks Tick 491 

Borne Dis. 2014 Mar;5(2):145-51. 492 

 493 

Norte, A.C., Lopes de Carvalho I.L,, Ramos, J.A., Goncalves, M., Gern, L., Núncio, 494 

M.S., 2012. Diversity and seasonal patterns of ticks parasitizing wild birds in 495 

western Portugal. Exp. Appl. Acarol. 58, 327–339. 496 

 497 

Palomar, A.M., Santibáñez, P., Mazuelas, D., Roncero, L., Santibáñez, S., Portillo, 498 

A., Oteo. J.O., 2012. Role of birds in dispersal of etiologic agents of tick-borne 499 

soonoses, Spain, 2009. Emerg. Infect Dis. 18, 1188-1191. 500 

 501 

Pietzsch, M.E., Mitchell, R., Jameson, L.J., Morgan, C., Medlock, J.M., Collins, D., 502 

Chamberlain, J.C., Gould, E.A., Hewson, R., Taylor, M.A., Leach, S., 2008. 503 

Preliminary evaluation of exotic tick species and exotic pathogens imported on 504 

migratory birds into the British Isles. Vet. Parasitol. 155, 328–332. 505 

 506 

Sekeyová, Z., Mediannikov, O., Roux, V., Subramanian, G., Špitalská, E., Krištofík, 507 

J., Darolová, A., Raoult, D., 2012. Identification of Rickettsia africae and 508 

Wolbachia sp. in Ceratophyllus garei fleas from Passerine birds migrated from 509 

Africa. Vector Borne Zoonot Dis. 12, 539-543.  510 

 511 

Socolovschi, C., Reynaud, P., Kernif, T., Raoult, D., Parola, P., 2012. Rickettsiae of 512 

spotted fever group, Borrelia valaisiana, and Coxiella burnetii in ticks on passerine 513 

birds and mammals from the Camargue in the south of France. Ticks Tick-borne 514 

Dis. 3, 354-359 515 

 516 

http://www.ncbi.nlm.nih.gov/pubmed/24380691
http://www.ncbi.nlm.nih.gov/pubmed/24380691


Sparagano, O.A., George, D.R., Harrington, D.W., Giangaspero, A., 2014. 517 

Significance and control of the poultry red mite, Dermanyssus gallinae. Annu. Rev, 518 

Entomol. 59, 447-66.  519 

 520 

Špitalská, E., Literák, I., Kocianová, E., Tarageľová, V., 2011. The importance of 521 

Ixodes arboricola in transmission of Rickettsia spp., Anaplasma phagocytophilum, 522 

and Borrelia burgdorferi sensu lato in the Czech Republic, Central Europe. Vector 523 

Borne Zoonot Dis. 11, 1235-1241. 524 

 525 

Špitalská, E., Literák, I., Sparagano, O.A.E., Golovchenko, N., Kocianová, E. 2006. 526 

Ticks (Ixodidae) from passerine birds in the Carpathian region. Wien Klin 527 

Wochenschr. 118, 759–764. 528 

 529 

Tamara, P., Mikryukova, N., Moskvitina, S., Kononova, Y.V., Korobitsyn, 530 

I.G.,Tarageľová, V., Koči, J., Hanincová, K., Kurtenbach, K., Derdáková, M., 531 

Ogden, N.H., Literák, I., Kocianová, E., Labuda, M.  2008. Blackbirds and song 532 

thrushes constitute a key reservoir of Borrelia garinii, the causative agent of 533 

borreliosis in Central Europe. Appl. Environ. Microbiol. 74, 1289–1293. 534 

 535 

Wallménius, K., Barboutis, C., Fransson, T., Jaenson, T.G.T., Lindgren, P.E., 536 

Nyström, F., Olsen, B., Salaneck, E., Nilsson, K., 2014. Spotted fever Rickettsia 537 

species in Hyalomma and Ixodes ticks infesting migratory birds in the European 538 

Mediterranean area. Parasit. Vectors. 7, 318. 539 

 540 

http://www.ncbi.nlm.nih.gov/pubmed/24397522


Table 1 -  Ticks and tick-borne pathogens found in ticks collected from wild bird (and/or in birds blood) from Europe. 
 
 Geographical 

area 
Number of 

Investigated wild 
birds species 

Ticks Pathogen detected in 
ticks 

Birds species 
harbouring 
pathogens 

References 

Northern 
Europe 

Baltic Sea Island 11 species Ixodes ricinus Borrelia afzelii 
Anaplasma phagocytophilum 
Rickettsia monacensis   
Rickettsia helvetica 
Babesia divergens 
Babesia microti 

NR Franke et al., 2010 

Northern 
Norway 

unknown Ixodes uriae Borrelia burgdorferi (s.l.)  
Borrelia garinii 
Borrelia lusitaniae 
B. burgdorferi (s.s.) 

NR Duneau et al. 2008 

British Isles unknown I. ricinus 
I. frontalis  
I. lividus   
I.arboricola 

none NR Pietzsch et al., 2008 

Norway 33 species I.ricinus Babesia venatorum (EU1) European robin; 
greenish warbler 
bluethroat; dunnock  

Hasle et al., 2011b 

Norway unknown I.ricinus B. afzelii  
B. garinii  
B. turdi 
B. valaisiana 

blackbirds,  
song thrushes; 
redwings 

Hasle et al., 2011a 

Latvia 9 species of 
passerines 

Ixodes spp. B. valaisiana  
B. garinii  
A. phagocytophilum 
R. helvetica  
B. divergens  
B. microti  
B. venatorum 

NR Capligina et al., 2014 

England  194 birds Ixodes lividus Rickettsia sp. IXLI1 NR Graham et al., 2010 
Sweden unknown I. ricinus 

I. lividus 
Ixodes spp. 

R. helvetica  
R. monacensis  
Rickettsia sp. 

NR Elfving et al., 2010 

Eastern 
Europe 

Slovakia 16 species I.ricinus Rickettsia spp.  
(closely related 
 Ehrlichia-like species “Schotti 

NR Špitalská et al., 2006 



 variant”) 
Slovakia and 
Czeck Rep.  

40 species I.ricinus Spirochetes NR Tamara et al., 2008 
  Borrelia garinii  

B. valaisiana  
B. afzelii  
B. burgdorferi (s.s.) 

NR Dubská et al. , 2009 

Czech Republic 20 species of 
passerines 

I. arboricola  
I. ricinus  
H. concinna  

Rickettsia helvetica  
Rickettsia spp. 
A. phagocytophilum 
B. burgdorferi (s.l.)  
B. garinii 
B. valaisiana    

NR Špitalská et al., 2011 

forest passerine birds  I. ricinus  Borrelia burgdorferi (s.l.) 
Borrelia garinii  
B. valaisiana  
Borrelia spp. 
B. burgdorferi (s.s.).  

NR Michalik et al., 2008 

Hungary unknown H. concinna  
 

- 
 

NR Hornok et al., 2013 

I. ricinus  
 

Rickettsia monacensis 
Borrelia burgdorferi (s.l.)   
A.phagocytophilum 
Novel Francisella-like 

NR  

H. marginatum Rickettsia aeschlimannii NR  
I. ricinus Borrelia burgdorferi (s.l.) Movila et al., 2008 
I. lividus Borrelia burgdorferi (s.s.) 

Western Siberia, 
Russia 

unknown Ixodes pavlovskyi, 
Ixodes persulcatus 
Ixodes plumbeus 

Tick borne encephalitis 
virus (TBV) 

Mikryukova et al. (2014 

North-Western 
Russia 

8 species I. ricinus Babesia spp.  
Babesia spp. EU1.  
SFG rickettsiae  
R. helvetica  
R. monacensis  
R. japonica  
Rickettsia helvetica  

NR Movila et al. (2011) 

Hungary 16 species I. ricinus  R. helvetica,  
R. monacensis,  
A. phagocytophilum. 

NR 
 

Hornok et al., 2014 

  H. concinna  R. helvetica 



Southern 
Europe 
 

Spain unknown I.ricinus Anaplasma phagocytophilum 
Borrelia valaisiana 
Rickettsia monacensis, R. 
helvetica, Rickettsia sibirica 
sibirica, 
 Rickettsia spp. 

NR Palomar et al., 2012 

  H. punctata B. garinii  
  I. frontalis,  Borrelia turdi 
  Ixodes spp. Borrelia valaisiana 
  I.arboricola Candidatus Rickettsia vini 
Cyprus 51 Cyprian bird 

species 
Ixodes ventalloi Rickettsia spp. and C. 

burnetii 
NR Ioannou et al., 2009 

Capri and 
Antikythira 

unknown H. marginatum, 
Hyalomma rufipes,  
I. frontalis 
Haemaphysalis spp. 

R. aeschlimannii 
Rickettsia spp. 

NR Wallménius et al., 2014 

H. marginatum Rickettsia africae 
Spain 23 families I. frontalis C. burnetii Eurasian griffon and 

one black kite 
Astobiza et al., 2011 

Western 
Europe 
 

Switzerland 4,500 birds I. ricinus TBEV 
A.phagocytophilum,  
Borrelia spp.,  
Rickettsia spp.  
Candidatus N. mikurensis 

NR Lommano et al., 2014 

France unknown Rhipicephalus 
sanguineus group  
Haemaphysalis spp. 

Rickettsia massiliae 
R. aeschlimannii  
B. valaisiana  

NR Socolovschi et al., 2012 

 




