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Summary
This study was performed in ticks collected with the flagging method from localities situated along Anatolian side of Istanbul to
the Bulgarian border of Turkey which is under the effect of Black Sea climate. All ticks which were collected seasonally were screened
for the presence of B. burgdorferi s.l. and Rickettsia spp. in pools. As a result, indicated agents were revealed to be common in ticks of
studied localities, Ixodes ricinus being the predominant tick which was active throughout the year.
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Türkiye’nin Avrupa Yakasından Toplanan Kenelerde
Borrelia burgdorferi s.l. ve Rickettsia spp. Varlığı
Özet
Bu çalışma, İstanbul’un Anadolu yakasından, Bulgaristan sınırına kadar devam eden, Trakya’nın karadeniz iklimi etkisi altında
bulunan alanlardan bayraklama yöntemiyle toplanmış kenelerde yürütülmüştür. Mevsimsel düzende toplanmış olan kene havuzlarında
B. burgdorferi s.l. ve Rickettsia spp. varlığı araştırılmıştır. Sonuç olarak, çalışılan alanlarda ilgili etkenlerin yaygın olarak görüldüğü ve yıl
boyu aktivite gösterebilen Ixodes ricinus’un en baskın kene olduğu anlaşılmıştır.

Anahtar sözcükler: Kene, Borrelia burgdorferi s.l., Rickettsia, Türkiye

INTRODUCTION
Rickettsiosis is a zoonotic disease caused by obligate
intracellular gram-negative alphaprotobacteria in the genus
Rickettsia included in the order Rickettsiales and the family
Rickettsiaceae. Belonging to the genus Rickettsia, 25 species
the pathogenicity of which is certain, and some 20 species
with pathogenicity which remains unascertained were
reported from the vertebrates. Most of them are included
in spotted fever group, and transmitted by ticks. A great
number of tick species of different genera are responsible for
transmission of one or more rickettsial species 1. Vector ticks
are reservoir for the disease at the same time, but every tick
species is not reservoir for every agent 2.
Lyme borreliosis which is caused by Borrelia burgdorferi
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sensu lato (s.l.) complex in the genus Borrelia, family
Spirochaetaceae, and seen in temperate zone of the northern
hemisphere is the most common arthropod-borne disease.
Borrelia burgdorferi s.l. complex is reported to comprise
some 18 genospecies, of which the pathogenities, resulting
clinical pictures, and species of vertebrate host and vector
ticks are different. In general, vector ticks for transmission
of Lyme borreliosis fall within the genus Ixodes 3,4.
Ticks are biological or mechanical vectors of many
species specific or zoonotic agents in humans and animals.
Depending on species and developmental stages, ticks
exhibit varying degrees of host selection. However, when
they could not quest for their own appropriate host, they
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can use different animals as host. There is not a known tick
species which tends to complete its life cycle on humans.
On the other hand, from the reported cases to date, we
know that 222 tick species, especially 33 of them feed on
humans 5,6, and especially some of those display high
interest in humans 7,8. This factor plays an important role
in epidemiological characters of tick-transmitted diseases.
The data on the tick abundance, frequency of tick-bite cases,
and infection prevalence of these ticks in a given region is
very significant to determine the related risk for human.
This study aims to investigate the presence of Rickettsia
spp. and Borrelia burgdorferi s.l. in ticks collected from some
spesific localities in the Thrace region and Istanbul, Turkey
seasonally over one year period.

MATERIAL and METHODS
Study Area and Material
The study covered five localities situated along Anatolian
side of Istanbul to the Bulgarian border. These areas were
selected as a subsample of the natural biotopes of Black Sea
climatic effects (Fig. 1). Deciduous oak forest patches with
scattered natural or artificial grasslands, shrub and scarce
vegetation which are known to be suitable for Ixodes ricinus
especially were sampled. Although sampling areas differed
based on habitat and structure composition, they had
common features. Ticks were collected from two foci (Beykoz
and Belgrat Forest) monthly and from other foci twice per
season in the year 2009.
The flagging method, slightly modified from Ginsberg

and Ewing 9, was used to collect ticks. A white, cotton
flannel (1x1 m) was dragged through vegetation for 100 m,
by checking every 10 to 20 m. Dragging was conducted five
to ten times per sampling site in the morning (8.00 am-11.00
am) and in the evening (5.00 pm-8.00 pm) in order to weaken
the effects of changing weather conditions in collection
days. All ticks were removed from the flag, preserved in 70%
ethanol and transported to the laboratory for identification.
Adult ticks were identified to species level, while larval and
nymphal stages to genus level with the exception of Hyalomma
aegyptium nymphs under a stereomicroscope 10-12. The
collected ticks were sorted according to the species, site
and season of collection, and stored in 70% ethanol at 4°C
until further studies.
Pooling of Ticks and DNA Extraction
Of 194 tick groups, 77 groups were selected based on
collection sites, species and developmental stages for DNA
extraction. Those groups were pooled as follows: two groups
of D. marginatus adult (one individual in each group), one
group of H. aegyptium adult (one individual), eight groups
of H. aegyptium nymphs (1-4 individuals), six groups of
Haemaphysalis nymphs (1-5 individuals), 32 groups of Ixodes
spp. nymphs (1-27 individuals), 23 groups of I. ricinus adult
(1-25 individuals), one group of R. bursa (one individual),
four groups of R. sanguineus group (1-13 individuals).
Ticks of each pool were decontaminated in 70% ethanol,
washed with sterile double distilled water, air-dried for
a maximum of 10 min, and then homogenized in liquid
nitrogen. DNA was extracted with QIAamp DNA Mini Kit (10) 13,
and the obtained samples were stored at -80°C until use.

Fig 1. Topographic map of the study
area. Stars point out the studied
localities (The map was modified
from http://www.arcgis.com)
Şekil 1. Çalışma alanının topografik
haritası. Yıldızlar, çalışılan lokaliteleri
işaret etmektedir (Harita http://www.
arcgis.com’dan uyarlanmıştır)
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Semi Nested PCR
OspA gene of Borrelia burgdorferi s.l. (Primers; OSPAFw1:
ttgggaataggtctaatattagc, BorR: actaatgttttvccatcttc,
OSPAFw2: atttcctggaagcttaatgc, PCR conditions; first
step: OSPAFw1-BorR, second step: OSPAFw2 BorR, 94°C/2
min (94°C/1 min, 50°C/1 min, 72°C/2 min) 45 cycles,
72°C/10 min) and citrate synthase (gltA) gene of Rickettsia
spp. (Primers; RickF1: gggttttggtcatcgtgtat, RickR1:
cccgaataaaaatcaacatt, RickR2:tctctcaataaaatattcatc
tttaag, PCR conditions; first step: Rick F1-RickR1, second
step: Rick F1-RickR2, 95°C/2 min (95°C/30 s, 50°C/1
min, 72°C/1 min) 44 cycles, 72°C/5 min) were targeted 14.

ticks were obtained over the summer (978 ticks, 37.27%),
whereas 223 ticks (8.50%), all Ixodes spp., were collected
during the winter. It was possible to find Ixodes spp. at all
developmental stages in both summer and winter seasons;
however nymphs were more abundant in spring (44.55%)
and winter (27.07%), while larvae in summer (48.25%) and
fall (45.17%). The data are summerized in Table 1.
We found that 60 of 77 pools yielded positive PCR
results for Rickettsia spp. (%77.92 positive), and 12 pools for
Borrelia burgdorferi s.l. (15.58% positive). Table 2 indicates PCR
results.

DISCUSSION

RESULTS
A total of 2624 ticks were collected within the scope of
the study. Given the percentage and developmental stages,
the numbers and species of those ticks were as follows: 2343
(89.29%) Ixodes spp. (I. ricinus 16.35%, nymph 22.70%, larva
60.95%), 126 (4.80%) Hyalomma spp. (H. aegyptium 3.97%,
nymph 23.02%, larva 73.01%), 106 (4.03%) Rhipicephalus
spp. (R. sanguineus gr. 66.98%, R. bursa 2.83%, nymph
11.32%, larva 18.87%), 35 (1.34%) Haemaphysalis spp.
(H. inermis 14.29%, nymph 60.0%, larva 25.71%) and 14
(0.54%) Dermacentor spp. (D. marginatus 100%). Most of the

Distribution, density and seasonal activities of tick
species depend on vegetation, seasonal parameters and host
availability 15. Forestlands with high rate of precipitation
and high humidity (80% at least) are reported to be more
suitable for I. ricinus especially 6,16. The preferred study areas
which are covered by oak forests are in fact convenient for
this tick species; however mean areal values of precipitation
(79.0 mm, 75.6 mm, 68.1 mm and 79.2 mm in winter, spring,
summer and fall, respectively, as found out from records of
Turkish State Meteorological Service) were lower than the
averages in the year the study was performed. On the

Table 1. Tick numbers according to seasonal distribution
Tablo 1. Toplanan kene sayılarının mevsimsel dağılımı
Ticks

Number of Ticks Collected by Seasons
Winter

Total

Spring

Summer

Fall

Larva

40

689

645

54

1428

Nymph

237

34

117

144

532

I. ricinus

219

123

16

25

383

Ixodes spp.

Hyalomma spp.
Larva

57

35

-

-

92

Nymph

-

28

1

-

29

H. aegyptium

4

1

-

-

5

Larva

-

20

-

-

20

Nymph

6

6

-

-

12

R. bursa

2

1

-

-

3

R. sanguineus gr.

54

17

-

-

71

Rhipicephalus spp.

Haemaphysalis spp.
Larva

-

9

-

-

9

Nymph

8

13

-

-

21

H. inermis

5

-

-

-

5

9

2

3

-

14

641

978

782

223

2624

Dermacentor spp.
D. marginatus
Total
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Table 2. Semi nested PCR results of tick pools
Tablo 2. Kene havuzlarında uygulanan semi nested PCR sonuçları
Tick Species

Counts of
Pools

Tick Numbers in the
Pools

Number of Rickettsia spp.
Positive Pools (%)

Number of B. burgdorferi sl.
Positive Pools (%)

D. marginatus

2

H. aegyptium

1

1

1 (50)

-

1

1 (100)

-

H. aegyptium nymph

8

1-4

5 (62.2)

1 (12.5)

Haemapysalis spp. nymph

6

1-5

4 (66.7)

-

Ixodes spp. nymph

32

1-27

28 (87.5)

4 (12.5)

I. ricinus

23

1-25

19 (82.61)

7 (30.43)

R. bursa

1

1

1 (100)

-

R. sanguineus gr.

4

1-13

1 (25)

-

Total

77

1-27

60 (77.92)

12 (15.58)

other hand, the preferred study areas are under the
effect of Black Sea climate, a proxy for high humidity.
Studies show that I. ricinus share humid forested places
with species of Haemaphysalis, another forest tick. It was
reported that Hyalomma spp. is a typical open field tick,
whereas Dermacentor spp. and Rhipicephalus spp. have
characteristics of both tick genera 17. Except for H. inermis,
some Haemaphysalis species live in more arid regions 18,
and R. bursa is found in habitat and has period of activity
similar to that of Hyalomma spp.7,19. Throughout the same
region, ratio of adults of human biting H. marginatum,
H. aegyptium, R. bursa, R. sanguineus gr., I. ricinus, H. inermis,
H. parva and D. marginatus to each other was 4.8:7.7:6.2:1
2.8:65.3:0.1:1.9:1.2 7,8. However, that ratio is 0.0:1.0:0.6:14.8:
79.6:1.0:0.0:2.9 in this study. Considering that the previous
studies 7,8 have been conducted on human biting ticks,
differences between the ratios may have arisen from the
human contact opportunity and other environmental
determinants in the collection sites.
Ixodes ricinus is active at all times of the year in many
regions in Europe. Its adults show peak in spring especially,
and the major peak for nymphs occurs in the end of spring,
starting up with the beginning of the season. However,
emergence of larvae takes place a couple of months after
nymphs, although it may change according to region 4,20.
Adults and nymphs were seen in spring in our study as
well, and larvae showed a second peak in fall, as confirmed
by the study of Randolph et al.21. Yet, a 10oC temperature
in the environment is reported to be threshold for larvae,
and other developmental stages are affected by cold
weather, the degree of affection being lower 20. Seasonal
temperature average were 8.2oC, 12.2oC, 23.8oC and 16.8oC
in winter, spring, summer and fall, respectively in the study
area during the year 2009, and ticks of three developmental
stages were found in every season. We could not find
any ticks in areas of grassland and scarce vegetation at
temperatures below 10oC, but it was possible to collect
them from the places covered by oak leaves. Therefore,
it was obvious that fallen oak leaves protected ticks against

the unfavourable weather conditions at certain level.
Many tick species are known to play role in transmission
of the rickettsial agents in the spotted fever group 22,23.
Prevalence of this agent ranges from 1.6% to 67% 24-27 in
European populations of I. ricinus, and 1% to 84.57% in other
tick species 2,28. In Turkey, almost %50 Rickettsia spp. positivity
was detected in ticks other than Ixodes spp. collected
from domesticated animals in different regions 29. In two
serological surveys of people in risk groups from Black Sea 30
and Mediterranean regions 31 of the country, seropositivity
was found as 11.7% and 13.7%, respectively. However,
rickettsial infections are rarely seen (3-5 annual cases per
million), and cases are mostly from coastal provinces and
Thrace region, which was sampled in the present study,
being in the lead. In addition, Rickettsia conorii subsp. conorii
was detected in clinical cases 32 from Thrace region, which is
the only reported species from human cases in the country.
Overall, 77.92% of tick pools tested was found to be
positive for Rickettsia spp. in the present study, and Ixodes
spp. nymphs and I. ricinus adults showing higher percentages
(87.5% and 82.61%, respectively) than the other tick species.
Even though the primers used were specific to infectious
Rickettsia spp.14, molecular techniques employed in analysis
of restricted regions of relevant gene are known to be
conflictual, and thus examining of more than one gene
region is suggested, especially in case of facultative endosymbiont Rickettsia spp.27. On the other hand, importance
of spotted fever group rickettsiae in vertebrates is a little
known fact 33, although some endosymbiont species are
vertically transmitted among the ticks with no involvement
of a vertebrate 34. Detailed molecular analyses indicated
that Rickettsia spp. is a more complex group than expected 1.
Moreover, although many Rickettsia species isolated from
ticks have not yet been implicated in human pathology, it
was reported that these ricketsiae should be considered as
potential pathogens 35,36.
As to studies on the prevalence of Borrelia burgorferi s.l.
in I. ricinus in Europe, positivity was found to be 0-2.9%,
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8.9-10.1% and 2-56.3% in larvae, nymphs and adults,
respectively 37-40. From the studies carried out with different
methods 4-38.7% positivity was reported in field-collected
I. ricinus in different regions in Turkey 41-43. In fact, the relevant
agent was detected in Ixodes spp. nymphs and adults as
12.5% and 30.4%, respectively and in H. aegyptium nymphs
as 12.5% in our study. Comparatively, H. aegyptium nymphs
collected from tortoises in the same study area had a
positivity of 14.3% 44. Nevertheless, Guner et al.45 reported
that agents isolated from tortoise ticks differ from common B.
burgdorferi s.l. species genetically, and therefore suggested
that those agents should be named as B. turcica.
Approximately 65.500 Lyme patients are seen annually in
Europe 4. Lyme disease was reported from Turkey for the first
time in 1990. While a seropositivity of 44% was detected in
risky areas, recorded cases do not pass a couple of dozen 46-48.
Moreover, the disease shows different clinical pictures
depending on the agent and the patient, and its symptoms
can be confused with a variety of systemic diseases 49.
In conclusion, 1) Contrary to the common belief, some tick
species can cause health problems even in winter months
in Turkey. 2) Higher Rickettsia spp. and B. burgdorferi s.l.
positivity and tick-attachment rates 7,8 indicate that status
of tick-borne diseases in humans can be far worse than
previously known. 3) Further studies involving surveillance
of tick-borne disease agents are necessary to reveal
transmission of pathogens of public health importance.

REFERENCES
1. Merhej V, Raoult D: Rickettsial evolution in the light of comparative
genomics. Biol Rev, 86, 379-405, 2011.
2. Parola P, Paddock CD, Raoult D: Tick-borne Rickettsioses around the
World: Emerging diseases challenging old concepts. Clin Microbiol Rev, 18
(4): 719-756, 2005.
3. Piesman J, Gern L: Lyme borreliosis in Europe and North America. Parasitol,
129, 191-220, 2004.
4. Rizzoli A, Hauffe HC, Carpi G, Vourc’h GI, Neteler M, Rosà R: Lyme
borreliosis in Europe. Euro Surveill, 16 (27): 1-8, 2011.
5. Estrada-Peña A, Jongejan F: Ticks feeding on humans: A review of records
on human-biting Ixodoidea with special reference to pathogen transmission.
Exp Appl Acarol, 23, 685-715, 1999.
6. Anderson JF, Magnarelli LA: Biology of ticks. Infect Dis Clin North Am,
22, 195-215, 2008.
7. Gargili A, Kar S, Yilmazer N, Cerit C, Sönmez G, Sahin F, Alp H, Vatansever
Z: Evaluation of ticks biting humans in Thrace province, Turkey. Kafkas
Univ Vet Fak Derg, 16 (Suppl-A): S141-S146, 2010.
8. Gargili A, Kar S, Yilmazer N, Ergonul O, Vatansever Z: Different
abundances of human-biting ticks in two neighboring provinces in Turkey.
Kafkas Univ Vet Fak Derg, 17 (Suppl A): S93-S97, 2011.
9. Ginsberg HS, Ewing CP: Comparison of flagging, walking,trapping, and
collecting ticks from hosts as sampling methods for northern deer ticks,
Ixodes dammini, and lone star ticks, Amblyomma americanum (Acari:
Ixodidae). Exp App Acarol, 7, 313-322, 1989.
10. Apanaskevich DA: To diagnostics of Hyalomma aegyptium (Acari:
Ixodidae). Parazitologiya, 37, 47-59, 2003.
11. Walker AR, Bouattour A, Camicas JL, Estrada-Peña A, Horak IG, Latif
AA, Pegram RG, Preston PM: Ticks of domestic animals in Africa. A guide
to identification of species. Bioscience Reports, Scotland, UK, 2003.

12. Estrada-Peña A, Bouattour A, Camicas JL, Walker AR: Ticks of domestic
animals in the Mediterranean region. A guide of identification of species.
University of Zaragoza Press, Zaragoza, p. 131, 2004.
13. Sparagano O, Allsopp MTEP, Mank RA, Rijpkema SGT, Figuerova
JV, Jongejan F: Molecular detection of pathogen DNA in ticks (Acari:
Ixodidae). Exp Appl Acarol, 23, 929-960, 1999.
14. Gargili A, Midilli K, Ergin S, Sengoz G, Ozturk R, Altas K: Istanbul’da
insanları tutan kenelerde Borrelia burgdorferi sl. ve Rickettsia spp. yaygınlığı.
17. Ulusal Parazitoloji Kongresi, 1-7 Kasım 2009, Adana, 2009.
15. Randolph SE: Tick ecology: Processes and patterns behind the
epidemiological risk posed by ixodid ticks as vectors. Parasitol, 129
(Suppl): 37-65, 2004.
16. Alekseev AN, Dubinina HV: Abiotic parameters and diel and seasonal
activity of Borrelia-infected and uninfected Ixodes persulcatus (Acarina:
lxodidae). J Med Entomol, 37, 9-15, 2000.
17. Uspensky I: Preliminary observations on specific adaptations of
exophilic ixodid ticks to forests or open country habitats. Exp Appl Acarol,
28, 147-154, 2002.
18. Hornok S, Farkas R: Influence of biotope on the distribution and peak
activity of questing ixodid ticks in Hungary. Med Vet Entomol, 23, 41-46, 2009.
19. Castellà J, Estrada-Peña A, Almería S, Ferrer D, Gutiérrez J, Ortuño
A: A survey of ticks (Acari: Ixodidae) on dairy cattle on the island of Menorca
in Spain. Exp Appl Acarol, 25, 899-908, 2002.
20. Barandika JF, Hurtado A, Juste RA, García-Pérez AL: Seasonal
dynamics of Ixodes ricinus in a 3-year period in Northern Spain: First survey
on the presence of tick-borne encephalitis virus. Vector Borne Zoonotic
Dis, 10 (10): 1027-1035, 2010.
21. Randolph SE, Green RM, Peacey MF, Rogers DJ: Seasonal synchrony:
The key to tick-borne encephalitis foci identified by satellite data. Parasitol,
121, 15-23, 2000.
22. Blanco JR, Oteo JA: Rickettsiosis in Europe. Ann NY Acad Sci, 1078,
26-33, 2006.
23. Socolovschi C, Mediannikov O, Raoult D, Parola P: The relationship
between spotted fever group Rickettsiae and Ixodid ticks. Vet Res, 40, 3450, 2009.
24. Bertolotti L, Tomassone L, Tramuta C, Greco E, Amore G, Ambrogi
C, Nebbia P, Mannelli A: Borrelia lusitaniae and Spotted Fever Group
Rickettsiae in Ixodes ricinus (Acari: Ixodidae) in Tuscany, Central Italy. J Med
Entomol, 43, 159-165, 2006.
25. Piccolin G, Benedetti G, Doglioni C, Lorenzato C, Mancuso S, Papa
N, Pitton L, Ramon MC, Zasio C, Bertiato G: A Study of the Presence of B.
burgdorferi, Anaplasma (Previously Ehrlichia) phagocytophilum, Rickettsia,
and Babesia in Ixodes ricinus Collected within the Territory of Belluno, Italy.
Vector Borne Zoonotic Dis, 6, 24-31, 2006.
26. Wölfel R, Terzioglu R, Kiessling J, Wilhelm S, Essbauer S, Pfeffer M,
Dobler G: Rickettsia spp. in Ixodes ricinus Ticks in Bavaria, Germany. Ann N
Y Acad Sci, 1078, 509-511, 2006.
27. Klasen ET, Fonville M, van Overbeek L, Reimerink JHJ, Sprong H:
Exotic Rickettsiae in Ixodes ricinus: fact or artifact? Parasites & Vectors, 3,
54, 2010.
28. Márquez FJ: Spotted fever group Rickettsia in ticks from southeastern
Spain natural parks. Exp Appl Acarol, 45, 185-194, 2008.
29. Christova I, van de Pol J, Yazar S, Velo E, Schouls L: Identification
of Borrelia burgdorferi sensu lato, Anaplasma and Ehrlichia species, and
Spotted Fever Group Rickettsiae in ticks from Southeastern Europe. Eur J
Clin Microbiol Infect Dis, 22, 535-542, 2003.
30. Tekin A, Gözalan A, Çöplü N, Yılmaz G, Köksal İ, Esen B, Ertek M:
The seropositivity and risk factors for rickettsial infections in selected
areas from Black Sea Region of Turkey. Dicle Med J, 37 (3): 204-210, 2010.
31. Vural T, Ergin Ç, Kurşun AE: Antalya yöresinde Rickettsia conorii
antikorlarının araştırılması. Mikrobiyol Bült, 29, 370-374, 1995.
32. Kuloglu F, Rolain JM, Aydoslu B, Akata F, Tugrul M, Raoult D:
Prospective evaluation of rickettsioses in the Trakya (European) region of
Turkey and atypic presentations of Rickettsia conorii. Ann N Y Acad Sci,
1078, 173-175, 2006.

24

Borrelia burgdorferi s.l. and ...
33. Perlman SJ, Hunter MS, Zchori-Fein E: The emerging diversity of
Rickettsia. Proceedings. Proc R Soc B, 273, 2097-2106, 2006.
34. Baldridge GD, Burkhardt NY, Simser JA, Kurtti TJ, Munderloh UG:
Sequence and expression analysis of the ompA gene of Rickettsia peacockii,
an endosymbiont of the Rocky Mountain wood tick, Dermacentor andersoni.
Appl Environ Microbiol, 70, 6628-6636, 2004.
35. Renvoisé A, Mediannikov O, Raoult D: Old and new tick-borne
rickettsioses. International Health, 1 (1): 17-25, 2009.
36. EFSA Panel on Animal Health and Welfare (AHAW): Scientific opinion
on geographic distribution of tick-borne infections and their vectors
in Europe and the other regions of the Mediterranean Basin. EFSA J, 8 (9):
1723, 2004.
37. Hubálek Z, Halouzka J: Distribution of Borrelia burgdorferi sensu
lato genomic groups in Europe. A review. European J Epidemiol, 13, 951-957,
1997.
38. Rauter C, Hartung T: Prevalence of Borrelia burgdorferi sensu lato
genospecies in Ixodes ricinus ticks in Europe: A metaanalysis. Appl Environ
Microbiol, 71 (11): 7203-7216, 2005.
39. Wielinga PR, Gaasenbeek C, Fonville M, de Boer A, de Vries A,
Dimmers W, Akkerhusi Op Jagers G, Schouls LM, Borgsteede F, van
der Giessen JW: 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.
40. Faulde MK, Robbins RG: Tick infestation risk and Borrelia
burgdorferi s.l. infection-induced increase in host-finding efficacy of
female Ixodes ricinus under natural conditions. Exp Appl Acarol, 44, 137145, 2008.

41. Guner ES, Hashimoto N, Takada N, Kaneda K, Imai Y, Masuzawa T:
First isolation and characterization of Borrelia burgdorferi sensu lato strains
from Ixodes ricinus ticks in Turkey. J Med Microbiol, 52, 807-813, 2003.
42. Gunes T, Kaya S, Poyraz O, Engin A: The prevalence of Borrelia burgdorferi
sensu lato in Ixodes ricinus ticks in the Sinop region of Turkey. Turk J Vet
Anim Sci, 31 (3): 153-158, 2007.
43. Sen E, Uchishima Y, Okamoto Y, Fukui T, Kadosaka T, Ohashi
N, Masuzawa T: 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 and
Tickborne Diseases, 2, 94-98, 2011.
44. Kar S, Yilmazer N, Midilli K, Ergin S, Alp H, Gargili A: Presence of the
zoonotic Borrelia burgdorferi sl. and Rickettsia spp. in the ticks from wild
tortoises and hedgehogs. MUSBED, 1 (3): 166-170, 2011.
45. Guner ES, Watanabe M, Hashimoto N, Kadosaka T, Kawamura Y, Ezaki
T, Kawabata H, Imai Y, kenada K, Masuzawa T: Borrelia turcica sp. nov.,
isolated from the hard tick Hyalomma aegyptium in Turkey. Int J Syst Evol
Microbiol, 54, 1649-1652, 2004.
46. Sen E (2006): Lyme hastalığının epidemiyolojisi. Türk Mikrobiol Cem
Derg, 36 (1): 55-66, 2006.
47. Bayindir Y: Boreliyoz. In, Doganay M, Altintas N (Eds): Zoonozlar:
Hayvandan Insanlara Bulaşan Enfeksiyonlar. pp. 71-83, Bilimsel Tıp Yayınevi,
Izmir, 2008.
48. Kaya AD, Parlak AH, Ozturk CE, Behcet M: Seroprevalence of Borrelia
burgdorferi infection among forestry workers and farmers in Düzce,
North-western Turkey. New Microbiol, 31, 203-209, 2008.
49. Tilly K, Rosa PA, Stewart PE: Biology of infection with Borrelia burgdorferi.
Infect Dis Clin North Am, 22, 217-234, 2008.

