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tick-borne diseases are a major threat to human and animal health. An increasing number of natural 
habitats have been transformed into urban areas by human activity; hence, the number of reported tick 
bites in urban and suburban areas has risen. This retrospective analysis evaluated 53 scientific reports 
concerning infections of Ixodes ricinus ticks collected from urban and suburban areas of europe between 
1991 and 2017. The results indicate significant differences in many variables, including a higher number 
of Anaplasma phagocytophilum infections in eastern europe than in Western europe. the opposite 
result was observed for Candidatus neoehrlichia mikurensis infections. A comparison of climate zones 
revealed that Borrelia burgdorferi s.l. infections have the greatest median incidence rate in subtropical 
climate zones. No statistical significance was found when comparing other tick-borne pathogens 
(tBps), such as Borrelia miyamotoi, Rickettsia spp., Babesia spp., Bartonella spp., Ehrlichia spp., 
Coxiella burnetii and Francisella tularensis. The analysis also showed significant differences in the overall 
prevalence of tBps according to average temperatures and rainfall across europe. this retrospective 
study contributes to the knowledge on the occurrence and prevalence of tBps in urbanized areas 
of europe and their dependence on the habitats and geographical distributions of ticks. Due to the 
increased risk of tick bites, it is of great importance to investigate infections in ticks from urban and 
suburban areas.

Tick-borne diseases (TBDs) are an emerging health problem for humans and domestic and farm animals1. The 
most common and well-known disease in the USA and Europe is Lyme borreliosis, a systemic infectious disease 
caused by Borrelia burgdorferi sensu lato (s.l.) spirochetes transmitted by ticks mainly from the genus Ixodes1–4. 
The incidence rate of Lyme borreliosis has increased significantly over the last few decades, both in the USA and 
Europe2. Moreover, with the additional detection of new pathogens that cause less well known infections, such as 
anaplasmosis, babesiosis or rickettsiosis, TBDs are attracting ever-growing interest3.

In the USA, approximately 30 000 cases of Lyme borreliosis are reported annually, although recent reports 
indicate that the actual number of infections amounts to 300 000 cases5,6.

The disease is also widespread in Europe. Nevertheless, no accurate data on the incidence rate are available due 
to the lack of a homogenous reporting system5. It is estimated that there are approximately 65 400 cases per year2. 
The highest incidence rates occur in Germany, Austria, Slovenia and Sweden5.

There are many factors contributing to the increase in TBD incidence. The most common is global warming. 
Another major risk factor for humans is the transformation of natural ecosystems into cities or recreational areas 
due to urbanization, forcing plants and animals to leave their habitats or adapt to the new environment7. Ticks are 
an example of species that adapt to new conditions; hence, an increasing number of tick bites in urban and subur-
ban areas, such as city parks or suburban forests, are reported. Current statistics show that more than half of the 
world’s population lives in urban areas4. Over the last few decades, the subject of infections in ticks collected from 
urban and suburban areas has been gathering increasing interest among researchers. Akimov and Nebogatkin 
showed that between 1907 and 2014, the number of publications on ticks in urban landscapes increased almost 
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ten-fold. They also point out that the growing interest is related to the appearance of new diagnostic methods and 
less well known tick-borne infections, such as babesiosis or rickettsiosis7.

The literature review presented in the current study showed that the number of scientific reports summarizing 
data regarding infections in ticks from urban surroundings is scarce. For this reason, we decided to attempt to 
compile the available data and support the analysis with statistical methods.

The aim of our research was to compare the prevalence rates of various pathogens in Ixodes ricinus ticks col-
lected from urban and suburban areas of Europe according to climate zone, average temperature and rainfall in 
January and July. All the pathogens detected in I. ricinus were analysed in two ways: individually and for overall 
prevalence (i.e., all the pathogens detected in I. ricinus).

Materials and methods
A comprehensive PubMed literature search was conducted. Reports were included in the assessment if they pro-
vided information regarding infections in I. ricinus ticks collected from urban and suburban areas in Europe. All 
the ticks were collected using the dragging method and analysed with PCR. Publications in which results were 
given in pools were excluded because it was impossible to obtain a specific number of infected ticks. Fifty-three 
scientific reports from 1991 to 2017 met the inclusion criteria1,8–59 (see Supplementary Table S1). To establish 
whether pathogen prevalence depends on climate conditions or geographical location, the data were divided into 
the following categories for statistical analysis:

•	 Europe – Eastern and Western
•	 Europe – Northern and Southern
•	 Climate zone – temperate warm climate, temperate cold climate, and subtropical climate
•	 Average January temperatures – above and below 0 °C
•	 Average July temperatures – above and below 20 °C
•	 Average January rainfall – above and below 50 mm
•	 Average July rainfall – above and below 50 mm.

The climate condition categories were chosen because of tick sensitivity to temperature and humidity60–62, 
which may affect the questing activity of ticks and transmission rates of pathogens to hosts, including humans. 
The geographical division of Europe was established according to the United Nations Statistic Division63. 
Statistical analysis was performed using the Statistica 12.0 program (StatSoft, USA). The prevalence of pathogens 
in the European regions (northern, southern, eastern, western) as well as average temperatures and rainfall were 
calculated using a Mann-Whitney test. A Kruskal-Wallis test was used for the assessment of pathogen prevalence 
in relation to the climate zones. All the tests were carried out individually for every pathogen detected in I. ricinus 
ticks, as well as for overall tick-borne pathogen (TBP) prevalence. For all the tests, the threshold for statistical 
significance was p < 0.05.

Results
The data obtained from the literature were compiled and are presented in Supplementary Table S1, divided into 
countries, cities, number of examined ticks and percentage of detected pathogens (individual and overall) (see 
Supplementary Table S1). The comparative analysis showed statistically significant differences in the following 
categories. Out of all the tested pathogens, B. burgdorferi s.l., Borrelia afzelii, Anaplasma phagocytophilum and 
Candidatus Neoehrlichia mikurensis significantly differed in at least one category. Other TBPs, such as Borrelia 
miyamotoi, Rickettsia spp., Babesia spp., Bartonella spp., Ehrlichia spp., Coxiella burnetii and Francisella tularen-
sis, did not show statistical significance (see Supplementary Table S1). However, all the detected pathogens were 
included in the analysis of overall TBP prevalence.

tick-borne pathogen prevalence related to european region, average temperatures and rain-
fall. Southern and Northern Europe. The comparative analysis showed no statistically significant differences 
between Northern and Southern Europe.

Western and Eastern Europe. The comparative analysis of different variables in Western and Eastern Europe 
revealed several statistically significant differences (Table 1). The overall TBP prevalence and Ca. Neoehrlichia 
mikurensis infection rate were greater in Western Europe, but in the case of A. phagocytophilum, the median 
incidence rate was higher in Eastern Europe (Fig. 1).

Average January temperatures. The comparative analysis of variables depending on the average temperature in 
January (above and below 0 °C) showed statistically significant differences in the overall TBP prevalence, with a 
higher median incidence rate in regions with average temperatures above 0 °C (Table 1, Fig. 2).

Average July temperatures. In this category, the comparative analysis revealed statistically significant differences 
in the overall TBP prevalence and B. burgdorferi s.l. infections, with greater median incidence rates in the areas 
with average temperatures above 20 °C (Table 1, Fig. 3).

Average January rainfall. The analyses according to average January rainfall revealed regional differences, with 
statistically significant differences in the overall TBP prevalence and greater median incidence rates in the areas 
with rainfall above 50 mm (Table 1, Fig. 4).
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Average July rainfall. The comparative analysis showed statistically significant differences in the overall TBP 
prevalence, with greater median incidence rates in regions with lower rainfall levels (below 50 mm) (Table 1, 
Fig. 5).

tick-borne pathogen prevalence depending on climatic zone. The overall TBP prevalence as well 
as B. burgdorferi s.l. infections had the highest median incidence rates in the subtropical climate zone. B. afzelii 
infections had the highest median incidence rate in the cold temperate climate zone (Table 2, Fig. 6).

Discussion
Our retrospective analysis revealed that infections in I. ricinus ticks from urban and suburban landscapes are 
influenced by geographic conditions. The most important aspects contributing to the increasing number of tick 
bites in cities are climate change and the exponential growth of agglomerations, which are taking over the natural 
habitats of ticks (historically, forests and meadows)4,19. It is worth emphasizing once again that tick bites may be 
related to an increased risk of contracting TBD, such as Lyme borreliosis, anaplasmosis, tick-borne encephalitis 
(TBE), babesiosis and rickettsiosis4,15.

Category Variable p value

Europe: Western and Eastern

Overall TBP prevalence 0.001

A. phagocytophilum infections 0.011

Ca. Neoehrlichia mikurensis infections 0.019

Average January temperatures: above and below 0 °C Overall TBP prevalence 0.026

Average July temperatures: above and below 20 °C
Overall TBP prevalence 0.001

B. burgdorferi s.l. infections 0.001

Average January rainfall: above and below 50 mm Overall TBP prevalence 0.003

Average July rainfall: above and below 50 mm Overall TBP prevalence 0.001

Table 1. Comparison of the overall tick-borne pathogen (TBP) prevalence and Anaplasma phagocytophilum, 
Candidatus Neoehrlichia mikurensis and Borrelia burgdorferi s.l. infections in Ixodes ricinus ticks according to 
European region, average temperatures and rainfall.

Figure 1. Differences in the overall tick-borne pathogen (TBP) prevalence (a), Anaplasma phagocytophilum 
infection rates (b) and Candidatus Neoehrlichia mikurensis infection rates (c) depending on geographical 
region (Western and Eastern Europe).
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We gathered 53 scientific reports of I. ricinus tick infections with various TBPs; the ticks in these reports were 
collected from urban and suburban areas in Europe over more than 20 years. It is worth emphasizing that over 
the years, molecular biology methods have developed substantially. Currently, we are equipped with technical 
possibilities allowing the detection of new pathogens, even those previously unknown. Our goal was to review the 
data, which covered a long timeframe (1991 to 2017). The literature presents changes in the diagnostic techniques 
used in molecular biology, which we should be aware of when analysing the results.

Figure 2. Differences in the overall tick-borne pathogen (TBP) prevalence depending on average January 
temperatures.

Figure 3. Differences in overall tick-borne pathogen (TBP) (a) and Borrelia burgdorferi s.l. infection rates  
(b) depending on average July temperatures.

Figure 4. Difference in the overall tick-borne pathogen (TBP) prevalence depending on average January rainfall.
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Figure 5. Differences in the overall tick-borne pathogen (TBP) prevalence depending on average July rainfall.

Category Variable p value

Temperate warm-subtropical
Overall TBP prevalence 0.002

B. burgdorferi s.l. infections 0.001

Temperate warm-temperate cold B. afzelii infections 0.041

Temperate cold-subtropical B. burgdorferi s.l. infections 0.001

Table 2. Comparison of the overall tick-borne pathogen (TBP) prevalence and Borrelia burgdorferi s.l. and 
Borrelia afzelii infections in Ixodes ricinus ticks according to climate zone.

Figure 6. Differences in the overall tick-borne pathogen (TBP) prevalence (a), Borrelia burgdorferi s.l. infection 
rates (b) and Borrelia afzelii infection rates (c) depending on the climate zone.
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The results did not show any statistically significant differences in the prevalence of TBP between Northern 
and Southern Europe, presumably because of the small sample sizes from both regions.

The analysis showed a greater risk of A. phagocytophilum infections in Eastern Europe than in Western 
Europe. Similar infection rates in I. ricinus ticks were reported in studies from the Czech Republic (0.8–7.2%)17,51, 
Hungary (8.8%)11, Poland (1.7–14.0%)1,43,44, Slovakia (2.9–7.2%)29,46,57 and the Ukraine (5.2%)58. Significantly 
lower infection rates were observed in Western Europe, e.g., Switzerland (1.4–1.5%)18,27 and Germany (1.8–
4.4%)19,23–25,35,50. However, two reports from Germany presented contradictory results, the origin of which is 
unexplainable with the present data and should therefore be further investigated36,39. The results obtained in this 
study may reflect host availability for A. phagocytophilum. This bacterium is known to infect a variety of differ-
ent animals, including small mammals, wild boars, red foxes, ruminants and birds4,19,36,64. As A. phagocytophi-
lum is not transmitted transovarially, reservoir hosts are crucial for the completion of its life cycle19,64. It is also 
important to note that many A. phagocytophilum strains occurring in Europe are nonpathogenic to humans64,65. 
Nevertheless, anaplasmosis is considered an emerging pathogen. Huhn et al. suggested that it is possible that 
human granulocytic anaplasmosis (HGA) is underdiagnosed in Europe64.

In this study, the median Ca. Neoehrlichia mikurensis infection rate was greater in Western Europe than 
in Eastern Europe. In an extensive study conducted by Oechslin et al. in Switzerland, the authors reported an 
overall Ca. Neoehrlichia mikurensis prevalence of 6.2%27. Similar results were obtained in the same country 
by Lommano et al. (6.4%)18. A much lower percentage of infected ticks was observed in research performed 
in urban areas of Eastern Europe: Slovakia (0.9–2.7%)29,45,57, Poland (0.2%)1 and the Czech Republic (2.2–
3.0%)51,57. Ca. Neoehrlichia mikurensis is a newly emerging TBP. The first case of human infection was reported 
in 2010 in a Swedish patient who suffered from chronic leukocytic leukaemia and developed a prolonged fever, 
an erysipelas-like rash and thromboembolic complications66. A total of 18 cases of human infection with Ca. 
Neoehrlichia mikurensis have been reported in Europe to date67. This pathogen was discovered very recently; 
therefore, it is possible that it remains underdetected.

Ticks are sensitive to temperature and humidity changes. Along with other factors, such as host availability and 
density, climate conditions have a great impact on tick activity and infectivity throughout the year60–62. The results 
presented in the temperature and rainfall categories point to higher overall TBP prevalence in regions where the 
conditions are more conducive to tick growth. It is known that average temperatures over 0 °C in January and over 
20 °C in July may favour longer activity throughout the year. However, during hot and dry summers, ticks stop 
questing and remain hidden at the ground level. Moreover, the comparison of climate zones showed the highest 
median incidence rate for overall TBP prevalence in the subtropical climate zone. Additionally, the results show 
a greater median incidence rate in Western Europe, presumably because of warmer weather conditions than in 
Eastern Europe68. Low temperatures prolong ticks’ developmental cycles and inhibit their host-seeking activities. 
Therefore, a warmer climate may contribute to lower mortality among ticks and enable the establishment of per-
manent populations as well as faster tick development60,69. Temperatures that are too high may lead to decreased 
humidity in the environment, causing desiccation from water loss60,61,70.

In this study, the median overall TBP prevalence was higher in areas with an average January rainfall over 
50 mm. Although winter conditions may contribute to higher mortality and prolonged development among ticks, 
snow covering the ground for a long period of time protects overwintering ticks by providing protection from 
low temperatures61. Higher rainfall may also contribute to the maintenance of sufficient soil humidity during the 
drier times of the year, which, along with good cover of vegetation, is crucial for I. ricinus in their non-parasitic 
phases71. For average July rainfall, the results show that the median overall TBP prevalence was greater in regions 
with lower levels of precipitation. Although such conditions are generally favourable to tick activity72, prolonged 
dry weather combined with high temperatures may result in increased tick mortality71,72. However, studies con-
ducted in Ireland show that I. ricinus ticks will quest under such conditions as long as they can rehydrate under 
proper vegetation cover73.

The division of data based on the climate zone revealed greater medians for B. burgdorferi s.l. infections in the 
subtropical and warm temperate climate zones. This result is supported by the fact that the pathogen reached a 
higher median in regions with average temperatures in July over 20 °C. Moreover, the distribution of Lyme bor-
reliosis by Ixodes ticks is limited by a temperature range between −10 °C and +35 °C60. Other requirements for 
transmission are proper host availability and constant relative humidity higher than 80%60,71. Interestingly, the 
median incidence rate of B. afzelii infections was the highest in the cold temperate zone. Borrelia garinii and B. 
burgdorferi s.s. are quite frequent in Central and Western Europe, yet many studies suggest that B. afzelii is the 
most common pathogen among B. burgdorferi s.l. Grygorczuk et al. investigated the prevalence of the B. burg-
dorferi s.l. genospecies in a group of patients with different clinical forms and stages of Lyme borreliosis in north-
eastern Poland and concluded that B. afzelii was the dominant pathogen, followed by B. garinii and B. burgdorferi 
s.s.74. Additionally, Stanek et al. noticed the variations in the geographic distributions and clinical manifestations 
of Lyme disease for each species. In Europe, the infection is predominantly caused by B. afzelii, which usually 
remains localized to the skin, and B. garinii, which is usually associated with the nervous system75

.
In conclusion, our retrospective analysis revealed many differences in the infections of ticks collected from 

urban and suburban landscapes across various categories. A summary of the available results from the research 
on this subject revealed that the geographical distributions of ticks as well as climate conditions are related to 
the prevalence of different pathogens. It is important to conduct research on ticks in cities, as the prevalence of 
pathogens carried by ticks in urban areas is still not well known, despite ever-growing interest. Knowledge of the 
geographical distributions of ticks and pathogens may support assessments of the risk of infection and improve 
the diagnosis and treatment of patients.
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Data availability
The datasets generated and/or analysed during this study are available from the corresponding author upon 
reasonable request.

Received: 19 September 2019; Accepted: 6 April 2020;
Published: xx xx xxxx

References
 1. Welc-Falȩciak, R. et al. Rickettsiaceae and Anaplasmataceae infections in Ixodes ricinus ticks from urban and natural forested areas 

of Poland. Parasites and Vectors 7, (2014).
 2. Czupryna, P. et al. Lyme disease in Poland - a serious problem? Adv. Med. Sci. 61, 96–100 (2016).
 3. Wójcik-Fatla, A. et al. Infections and mixed infections with the selected species of Borrelia burgdorferi sensu lato complex in Ixodes 

ricinus ticks collected in eastern Poland: a significant increase in the course of 5 years. Exp. Appl. Acarol. 68, 197–212 (2016).
 4. Rizzoli, A. et al. Ixodes ricinus and its transmitted pathogens in urban and peri-urban areas in. Europe: new hazards and relevance 

for public health. Front. public Heal. 2, 251 (2014).
 5. Schotthoefer, A. M. & Frost, H. M. Ecology and epidemiology of Lyme borreliosis. Clin. Lab. Med. 35, 723–743 (2015).
 6. Caulfield, A. J. & Pritt, B. S. Lyme disease coinfections in the United States. Clin. Lab. Med. 35, 827–846 (2015).
 7. Akimov, I. & Nebogatkin, I. V. Ixodid ticks (Acari, Ixodidae) in urban landscapes. A review. Vestn. Zool. 50, 155–162 (2016).
 8. Bašta, J., Plch, J., Hulínská, D. & Daniel, M. Incidence of Borrelia garinii and Borrelia afzelii in Ixodes ricinus ticks in an urban 

environment, Prague, Czech Republic, between 1995 and 1998. Eur. J. Clin. Microbiol. Infect. Dis. 18, 515–517 (1999).
 9. Hamšíková, Z. et al. Babesia spp. in ticks and wildlife in different habitat types of Slovakia. Parasites and Vectors 9, 1–14 (2016).
 10. Hansford, K. M. et al. Ticks and Borrelia in urban and peri-urban green space habitats in a city in southern England. Ticks Tick. 

Borne. Dis. 8, 353–361 (2017).
 11. Hornok, S. et al. Occurrence of ticks and prevalence of Anaplasma phagocytophilum and Borrelia burgdorferi s.l. in three types of 

urban biotopes: Forests, parks and cemeteries. Ticks Tick. Borne. Dis. 5, 785–789 (2014).
 12. Hubálek, Z., Halouzka, J. & Juricová, Z. Prevalence of borreliae in Ixodes ricinus ticks from urban parks. Folia Parasitol. (Praha). 40, 

236 (1993).
 13. Junttila, J., Peltomaa, M., Soini, H. & Viljanen, M. K. Prevalence of Borrelia burgdorferi in Ixodes ricinus ticks in urban recreational 

areas of Helsinki. J. Clin. Microbiol. 37, 1361–1365 (1999).
 14. Kharitonenkov, I. G. et al. Assessment of rate of infection with agents of bacterial infections in ticks captured on one of the Moscow 

park terrains. Zh. Mikrobiol. Epidemiol. Immunobiol. 14–17 (2009).
 15. Kiewra, D., Stańczak, J. & Richter, M. Ixodes ricinus ticks (Acari, Ixodidae) as a vector of Borrelia burgdorferi sensu lato and Borrelia 

miyamotoi in Lower Silesia, Poland - preliminary study. Ticks Tick. Borne. Dis. 5, 892–897 (2014).
 16. Kowalec, M. et al. Ticks and the city - are there any differences between city parks and natural forests in terms of tick abundance and 

prevalence of spirochaetes? Parasites and Vectors 10, 1–19 (2017).
 17. Kybicová, K., Baštová, K. & Malý, M. Detection of Borrelia burgdorferi sensu lato and Anaplasma phagocytophilum in questing ticks 

Ixodes ricinus from the Czech Republic. Ticks Tick. Borne. Dis. 8, 483–487 (2017).
 18. Lommano, E., Bertaiola, L., Dupasquier, C. & Gern, L. Infections and coinfections of questing Ixodes ricinus ticks by emerging 

zoonotic pathogens in Western Switzerland. Appl. Environ. Microbiol. 78, 4606–4612 (2012).
 19. Blazejak, K., Janecek, E. & Strube, C. A 10-year surveillance of Rickettsiales (Rickettsia spp. and Anaplasma phagocytophilum) in 

the city of Hanover, Germany, reveals Rickettsia spp. as emerging pathogens in ticks. Parasites and Vectors 10, 1–10 (2017).
 20. Maetzel, D., Maier, W. A. & Kampen, H. Borrelia burgdorferi infection prevalences in questing Ixodes ricinus ticks (Acari: Ixodidae) 

in urban and suburban Bonn, western Germany. Parasitol. Res. 95, 5–12 (2005).
 21. Mancini, F. et al. Characterization of spotted fever group Rickettsiae in ticks from a city park of Rome, Italy. Ann. Ist. Super. Sanita 

51, 284–290 (2015).
 22. Mancini, F. et al. Prevalence of tick-borne pathogens in an urban park in Rome, Italy. Ann. Agric. Environ. Med. 21, 723–727 (2014).
 23. May, K., Jordan, D., Fingerle, V. & Strube, C. Borrelia burgdorferi sensu lato and co-infections with Anaplasma phagocytophilum 

and Rickettsia spp. in Ixodes ricinus in Hamburg, Germany. Med. Vet. Entomol. 29, 425–429 (2015).
 24. May, K. & Strube, C. Prevalence of Rickettsiales (Anaplasma phagocytophilum and Rickettsia spp.) in hard ticks (Ixodes ricinus) in 

the city of Hamburg, Germany. Parasitol. Res. 113, 2169–2175 (2014).
 25. Mehlhorn, H., Mehlhorn, T., Müller, M., Vogt, M. & Rissland, J. Tick survey for prevalent pathogens in peri-urban recreation sites 

in Saarland and Rhineland-Palatinate (Germany). Parasitol. Res. 115, 1167–1172 (2016).
 26. Nelson, C., Banks, S., Jeffries, C. L., Walker, T. & Logan, J. G. Tick abundances in South London parks and the potential risk for Lyme 

borreliosis to the general public. Med. Vet. Entomol. 29, 448–452 (2015).
 27. Oechslin, C. P. et al. Prevalence of tick-borne pathogens in questing Ixodes ricinus ticks in urban and suburban areas of Switzerland. 

Parasites and Vectors 10, 1–18 (2017).
 28. Overzier, E. et al. Diversity of Babesia and Rickettsia species in questing Ixodes ricinus: a longitudinal study in urban, pasture, and 

natural habitats. Vector-Borne Zoonotic Dis. 13, 559–564 (2013).
 29. Pangrácová, L. et al. Ixodes ricinus abundance and its infection with the tick-borne pathogens in urban and suburban areas of 

Eastern Slovakia. Parasites and Vectors 6, 238 (2013).
 30. Cekanac, R. et al. Prevalence of Borrelia burgdorferi in Ixodes ricinus ticks in Belgrade area. Vector Borne Zoonotic Dis. 10, 447–452 

(2010).
 31. Pejchalova, K., Zakovska, A., Mejzlikova, M., Halouzka, J. & Dendis, M. Isolation, cultivation and identification of Borrelia 

burgdorferi genospecies from Ixodes ricinus ticks from the city of Brno, Czech Republic. Ann. Agric. Environ. Med. 14, 75–79 
(2007).

 32. Plch, J. & Bašta, J. Incidence of spirochetes (Borrelia sp.) in the tick Ixodes ricinus in the urban environment (capital of Prague) 
between 1994–1997. Zentralblatt fur Bakteriol. 289, 79–88 (1999).

 33. Rajković, D. V. & Jurišić, A. D. Ixodes ricinus as vector and reservoir of Borrelia burgdorferi in an urban environment. Arch. Biol. 
Sci. 57, 253–254 (2005).

 34. Reis, C., Cote, M., Paul, R. E. L. & Bonnet, S. Questing ticks in suburban forest are infected by at least six tick-borne pathogens. 
Vector-Borne Zoonotic Dis. 11, 907–916 (2011).

 35. Schicht, S., Junge, S., Schnieder, T. & Strube, C. Prevalence of Anaplasma phagocytophilum and coinfection with Borrelia 
burgdorferi sensu lato in the hard tick Ixodes ricinus in the city of Hanover (Germany). Vector-Borne Zoonotic Dis. 11, 1595–1597 
(2011).

 36. Schorn, S. et al. Prevalence of Anaplasma phagocytophilum in Ixodes ricinus in Bavarian public parks, Germany. Ticks Tick. Borne. 
Dis. 2, 196–203 (2011).

 37. Schorn, S., Pfister, K., Reulen, H., Mahling, M. & Silaghi, C. Occurrence of Babesia spp., Rickettsia spp. and Bartonella spp. in Ixodes 
ricinus in Bavarian public parks, Germany. Parasites and Vectors 4, 1–9 (2011).

 38. Sen, E. et al. Molecular detection of Anaplasma phagocytophilum and Borrelia burgdorferi in Ixodes ricinus ticks from Istanbul 
metropolitan area and rural Trakya (Thrace) region of north-western Turkey. Ticks Tick. Borne. Dis. 2, 94–98 (2011).

https://doi.org/10.1038/s41598-020-63883-y


8Scientific RepoRtS |         (2020) 10:6975  | https://doi.org/10.1038/s41598-020-63883-y

www.nature.com/scientificreportswww.nature.com/scientificreports/

 39. Silaghi, C. et al. Babesia spp. and Anaplasma phagocytophilum in questing ticks, ticks parasitizing rodents and the parasitized 
rodents - analyzing the host-pathogen-vector interface in a metropolitan area. Parasites and Vectors 5, 1–14 (2012).

 40. Sinski, E. & Rijpkema, S. G. Prevalence of Borrelia burgdorferi infection in Ixodes ricinus ticks at urban and suburban forest 
habitats. Przegl. Epidemiol. 51, 431–435 (1997).

 41. Chmielewski, T. et al. Ticks infected with bacteria pathogenic to humans in municipal parks in Warsaw. Przegl. Epidemiol. 65, 
577–581 (2011).

 42. Spitalska, E., Boldis, V., Derdakova, M., Selyemova, D. & Rusnakova Taragelova, V. Rickettsial infection in Ixodes ricinus ticks in 
urban and natural habitats of Slovakia. Ticks Tick. Borne. Dis. 5, 161–165 (2014).

 43. Stańczak, J., Cieniuch, S., Lass, A., Biernat, B. & Racewicz, M. Detection and quantification of Anaplasma phagocytophilum and 
Babesia spp. in Ixodes ricinus ticks from urban and rural environment, northern Poland, by real-time polymerase chain reaction. 
Exp. Appl. Acarol. 66, 63–81 (2015).

 44. Stańczak, J., Gabre, R. M., Kruminis-Łozowska, W., Racewicz, M. & Kubica-Biernat, B. Ixodes ricinus as a vector of Borrelia 
burgdorferi sensu lato, Anaplasma phagocytophilum and Babesia microti in urban and suburban forests. Ann. Agric. Environ. Med. 
11, 109–114 (2004).

 45. Svitálková, Z. H. et al. Candidatus Neoehrlichia mikurensis in ticks and rodents from urban and natural habitats of South-Western 
Slovakia. Parasites and Vectors 9, 1–11 (2016).

 46. Svitálková, Z. et al. Anaplasma phagocytophilum prevalence in ticks and rodents in an urban and natural habitat in South-Western 
Slovakia. Parasites and Vectors 8, 1–12 (2015).

 47. Sytykiewicz, H. et al. Coexistence of Borrelia burgdorferi s.l. genospecies within Ixodes ricinus ticks from central and eastern 
Poland. Acta Parasitol. 60, 654–661 (2015).

 48. Sytykiewicz, H. et al. Molecular screening for Bartonella henselae and Borrelia burgdorferi sensu lato co-existence within Ixodes 
ricinus populations in central and eastern parts of Poland. Ann. Agric. Environ. Med. 19, 451–456 (2012).

 49. Szekeres, S. et al. Prevalence and diversity of human pathogenic rickettsiae in urban versus rural habitats, Hungary. Exp. Appl. 
Acarol. 68, 223–226 (2016).

 50. Tappe, J. & Strube, C. Anaplasma phagocytophilum and Rickettsia spp. infections in hard ticks (Ixodes ricinus) in the city of 
Hanover (Germany): revisited. Ticks Tick. Borne. Dis. 4, 432–438 (2013).

 51. Venclíková, K. et al. Neglected tick-borne pathogens in the Czech Republic, 2011-2014. Ticks Tick. Borne. Dis. 7, 107–112 (2016).
 52. Cieniuch, S., Stańczak, J. & Ruczaj, A. The first detection of Babesia EU1 and Babesia canis canis in Ixodes ricinus ticks (Acari, 

Ixodidae) collected in urban and rural areas in northern Poland. Polish. J. Microbiol. 58, 231–236 (2009).
 53. Wielinga, P. R. et al. Longitudinal analysis of tick densities and Borrelia, Anaplasma, and Ehrlichia infections of Ixodes ricinus ticks 

in different habitat areas in the Netherlands. Appl. Environ. Microbiol. 72, 7594–7601 (2006).
 54. Žákovská, A. et al. Activity of the tick Ixodes ricinus monitored in a suburban park in Brno, Czech Republic, in association with the 

evaluation of selected repellents. J. Vector Ecol. 38, 295–300 (2013).
 55. Žygutiene, M., Alekseev, A., Dubinina, H. & Kazlauskiene, R. Evidence for a risk of tick-borne infection in the city parks of Vilnius, 

Lithuania. Ekologija 54, 40–43 (2008).
 56. Corrain, R. et al. Study on ticks and tick-borne zoonoses in public parks in Italy. Zoonoses Public Health 59, 468–476 (2012).
 57. Derdáková, M. et al. Candidatus Neoehrlichia mikurensis and its co-circulation with Anaplasma phagocytophilum in Ixodes ricinus 

ticks across ecologically different habitats of Central Europe. Parasites and Vectors 7, 2–5 (2014).
 58. Didyk, Y. M. et al. Emergence of tick-borne pathogens (Borrelia burgdorferi sensu lato, Anaplasma phagocytophilum, Rickettsia 

raoultii and Babesia microti) in the Kyiv urban parks, Ukraine. Ticks Tick. Borne. Dis. 8, 219–225 (2017).
 59. Guy, E. C. & Farquhar, R. G. Borrelia burgdorferi in urban parks. Lancet 338, 253 (1991).
 60. Estrada-Peña, A., Ayllón, N. & de la Fuente, J. Impact of climate trends on tick-borne pathogen transmission. Front. Physiol. 

3(MAR), 1–12 (2012).
 61. Estrada-Peña, A. & Fuente, D. L. J. The ecology of ticks and epidemiology of tick-borne viral diseases. Antiviral Res. 108, 104–128 

(2014).
 62. Semenza, J. C. & Suk, J. E. Vector-borne diseases and climate change: a European perspective. FEMS Microbiology Letters vol. 365 

(2018).
 63. United Nations Statistics Division. Standard country or area codes for statistical use (M49). https://unstats.un.org/unsd/

methodology/m49/.
 64. Huhn, C. et al. Analysis of the population structure of Anaplasma phagocytophilum using multilocus sequence typing. PLoS One 9, 

e93725 (2014).
 65. Henningsson, A. J. et al. Low risk of seroconversion or clinical disease in humans after a bite by an Anaplasma phagocytophilum-

infected tick. Ticks Tick. Borne. Dis. 6, 787–792 (2015).
 66. Welinder-Olsson, C., Kjellin, E., Vaht, K., Jacobsson, S. & Wennerås, C. First case of human ‘Candidatus Neoehrlichia mikurensis’ 

infection in a febrile patient with chronic lymphocytic leukemia. J. Clin. Microbiol. 48, 1956–1959 (2010).
 67. Portillo, A., Santibáñez, P., Palomar, A. M., Santibáñez, S. & Oteo, J. A. ‘Candidatus Neoehrlichia mikurensis’ in Europe. New 

Microbes New Infect. 22, 30–36 (2018).
 68. Kottek, M., Grieser, J., Beck, C., Rudolf, B. & Rubel, F. World map of the Köppen-Geiger climate classification updated. Meteorol. 

Zeitschrift 15, 259–263 (2006).
 69. Ostfeld, R. S. & Brunner, J. L. Climate change and Ixodes tick-borne diseases of humans. Philos. Trans. R. Soc. B Biol. Sci. 370, 1–11 

(2015).
 70. Perret, J. L., Guigoz, E., Rais, O. & Gern, L. Influence of saturation deficit and temperature on Ixodes ricinus tick questing activity in 

a Lyme borreliosis-endemic area (Switzerland). Parasitol. Res. 86, 554–557 (2000).
 71. Gray, J. S., Dautel, H., Estrada-Peña, A., Kahl, O. & Lindgren, E. Effects of climate change on ticks and tick-borne diseases in Europe. 

Interdiscip. Perspect. Infect. Dis. 2009, 1–12 (2009).
 72. Ogden, N. H. & Lindsay, L. R. Effects of climate and climate change on vectors and vector-borne diseases: ticks are different. Trends 

Parasitol. 32, 646–656 (2016).
 73. Gray, J. S. Ixodes ricinus seasonal activity: implications of global warming indicated by revisiting tick and weather data. Int. J. Med. 

Microbiol. 298, 19–24 (2008).
 74. Grygorczuk, S. et al. Assessment of the frequency of different Borrelia burgdorferi sensu lato species in patients with Lyme 

borreliosis from north-east Poland by studying preferential serologic response and DNA isolates. Ann. Agric. Environ. Med. 20, 
21–29 (2013).

 75. Stanek, G., Wormser, G. P., Gray, J. & Strle, F. Lyme borreliosis. Lancet (London, England) 379, 461–473 (2012).

Author contributions
A.G.: data collection and analysis and  preparation of the main manuscript text; R.M. and A.M.: performed 
statistical analysis; P.C., S.G., S.P., A.M.M., J.D. and M.R.M.: design of the work, critical revision of the manuscript.

competing interests
The authors declare no competing interests.

https://doi.org/10.1038/s41598-020-63883-y
https://unstats.un.org/unsd/methodology/m49/
https://unstats.un.org/unsd/methodology/m49/


9Scientific RepoRtS |         (2020) 10:6975  | https://doi.org/10.1038/s41598-020-63883-y

www.nature.com/scientificreportswww.nature.com/scientificreports/

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-63883-y.
Correspondence and requests for materials should be addressed to A.G.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-63883-y
https://doi.org/10.1038/s41598-020-63883-y
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Comparison of tick-borne pathogen prevalence in Ixodes ricinus ticks collected in urban areas of Europe
	Materials and methods
	Results
	Tick-borne pathogen prevalence related to European region, average temperatures and rainfall. 
	Southern and Northern Europe. 
	Western and Eastern Europe. 
	Average January temperatures. 
	Average July temperatures. 
	Average January rainfall. 
	Average July rainfall. 

	Tick-borne pathogen prevalence depending on climatic zone. 

	Discussion
	Figure 1 Differences in the overall tick-borne pathogen (TBP) prevalence (a), Anaplasma phagocytophilum infection rates (b) and Candidatus Neoehrlichia mikurensis infection rates (c) depending on geographical region (Western and Eastern Europe).
	Figure 2 Differences in the overall tick-borne pathogen (TBP) prevalence depending on average January temperatures.
	Figure 3 Differences in overall tick-borne pathogen (TBP) (a) and Borrelia burgdorferi s.
	Figure 4 Difference in the overall tick-borne pathogen (TBP) prevalence depending on average January rainfall.
	Figure 5 Differences in the overall tick-borne pathogen (TBP) prevalence depending on average July rainfall.
	Figure 6 Differences in the overall tick-borne pathogen (TBP) prevalence (a), Borrelia burgdorferi s.
	Table 1 Comparison of the overall tick-borne pathogen (TBP) prevalence and Anaplasma phagocytophilum, Candidatus Neoehrlichia mikurensis and Borrelia burgdorferi s.
	Table 2 Comparison of the overall tick-borne pathogen (TBP) prevalence and Borrelia burgdorferi s.




