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Abstract

Introduction. During feeding, the tick sucks blood from the host along with the pathogens that are in the blood,
simultaneously exchanging its own pathogens with the host. Humans can also be a host. It is important to understand the
most typical circumstances in which people might become infected with Borrelia burgdorferi. This knowledge will help to
prepare health education programmes aimed at the prevention of Lyme disease and other tick-borne diseases.
Objective. The aim of the study was to determine the percentage of ticks infected with Borrelia burgdorferi sensu lato,
depending on the circumstances of getting bitten.
Materials and method. The research material consisted of ticks acquired from people who had been bitten, and
questionnaires completed by these people. 510 ticks were acquired from 257 females and 253 males. Following delivery of
a tick for testing, the stage of its development was determined and a molecular assay of Borrelia burgdorferi DNA performed.
Results. A positive result of the nested-PCR test was obtained in 78 ticks, which represents 15.30% of all ticks. The infected
ticks were collected from male (41 ticks – 52.56%) and female subjects (37 ticks – 47.44%). The biggest number of infected
ticks were collected in autumn (54 ticks – 69.23%) and from people who had been into forests (44 ticks – 56.41%). Among
the people from whom the infected ticks were acquired, the dominating group included persons over 16 years of age (53
persons – 67.95%) and children aged 0–5 years (16 persons – 20.51%). One in four infected ticks were acquired from the
southwestern (20 ticks – 25.64%) and eastern regions of Poland (21 ticks – 26.92%).
Conclusion. Infestation of ticks infected with Lyme disease spirochete in this study proved to be variable and depend on
the season, the area of tick attack and the region in Poland. The results of the study clearly show that ticks infected with
Borrelia burgdorferi inhabit all regions of Poland. The results are consistent with National Institute of Hygiene data which
indicates that Lyme disease cases are recorded in all regions of Poland.
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INTRODUCTION

Ticks are arachnids that live in warm and humid places which
include areas overgrown with vegetation, particularly with
tall grasses and shrubs. They dwell primarily in deciduous
and mixed forests, as well as on the borders of forests and
fields. This is the natural habitat of these arachnids. In recent
years, increased populations of ticks have been observed in
urban areas, as well as in orchards, parks and gardens [1–3].
This is caused primarily by human activities, on the one hand,
due to the prohibition of burning of agricultural wastelands
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that has been in effect for a number of years, on the other
hand, it is due to the more frequent human interaction with
forest areas (i.e. through tourism and recreation), which
enables ticks to move from their natural environment to
urban areas and human settlements [4, 5].
Ticks have a complex life cycle, they develop from larva,
through nymph, and into the adult form called the imago. To
move to the next stage of development, the tick must feed on
vertebrate blood. During the feeding, the tick sucks the blood
of the host along with the pathogens that are in the blood,
while at the same time exchanging its own pathogens with
the host. As indicated by scientific research, this enables the
ticks to carry bacteria (i.e. Borrelia burgdorferi, Bartonella
spp., Coxiella burnetii, Rickettsia spp., Ehrlichiachaffensis,
Anaplasma phagocytophilum, Leptospira spp.), viruses (i.e.
Tick-borne encephalitis virus, Crimean-Congo haemorrhagic
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individuals with professions exposing them to frequent
contact with ticks (i.e. foresters, farmers). 510 ticks and
510 questionnaires were collected. Ticks were filled with
blood. Following delivery of a tick for testing, the stage
of its development (larva, nymph, female, other: male,
Dermacentor reticulatus) was determined and a molecular
assay of Borrelia burgdorferi DNA was performed. The
self-designed questionnaire included questions about the
area where the bite may have presumably occurred (forest,
meadow, garden, other, I don’t know), as well as the gender
and age of the bitten person, how the tick was removed
from the skin (using domestic methods, in a health care
facility), the number of bites (first, subsequent) and estimated
duration of the tick’s residence on the skin (up to 12 hours,
12–24 hours, more than 24 hours, I don’t know). Based on
the information regarding the area where the bite took place,
the region of the tick’s origin in Poland was determined
– a division according to the Classification of Territorial
Units for Statistics was used, also called the Nomenclature of
Territorial Units for Statistics (French: NUTS- Nomenclature
des Unités territoriales statistiques). This classification divides
Poland into 6 regions, i.e. northern, northwestern, eastern,
central, southwestern and southern regions.
The material was obtained in cooperation with the Polish
Lyme Disease Foundation ‘Bartek’ which had advertised
through social and traditional media the opportunity of
having a free tick examination.
DNA was isolated from ticks by means of a GeneMATRIX
set (EURx, Gdańsk Poland). Next, the isolated DNA was
amplified using nested PCR. A fragment of the gene encoding
flagellin (fla) was amplified using primers specific for gene
sequences of flagellin for Borrelia burgdorferi sensu lato
complex (B. burgdorferi in the strict sense, B. garinii, B. afzelii,
B. valaisia, B. miyamaro). The sequences are reserved Blirt’s
DNA,Gdańsk, Poland patent. The amplified product of 259
bp was detected after electrophoresis in 1% agarose gel. Blirt
DNA,Gdańsk Poland procedure was used (Borrelia diagnostic
kit cat. PK17N).
The results were analyzed statistically – Chi-square test
and Fisher’s test were used as needed. Statistica10 software
was used (StatSoft, Krakow, Poland). The significance level
was set at p < 0.05.
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fever) or protozoa (i.e. Toxoplasma gondii, Babesia divergens,
Babesia microti) [6–14].
The tick-borne disease most frequently reported in case
statistics, both in Poland and other countries in Europe,
is Lyme disease [5, 15, 16]. Epidemiological analyses and
scientific research show that Poland constitutes an endemic
area for the disease, i.e. there are no places or areas where ticks
are not infected with Borrelia burgdorferi [4]. The incidence of
this disease is variable. A systematic increase in the number
of new cases in Poland has been reported for years. According
to the National Institute of Hygiene, the incidence in 2010
was 23.58/100,000 (9,005 cases), in 2011 – 23.88/100,000
(9,159 cases), in 2012 – 22.60/100,000 (8,786 cases), in 2013
– 33.12/100,000 (12,763 cases), and in 2014 – 36.1/100,000
(13,866 cases) [17]. Data from the neighbouring countries
show higher rates of incidence – e.g. in Mecklenburg-Western
Pomerania it was 74.8/100,000 in 2011 and in Brandenburg
(Germany) – 60/100,000 in 2011 [18]. In the Czech Republic,
the incidence in 2008 was 41.6/100,000, with most cases
of Lyme disease diagnosed in children aged 5–9 years
(66/100,000 in 2011) and in the group of people aged 50–74
years (62–71/100,000 in 2011), and this trend persists to this
day [19]. Slightly different incidence rates have been reported
for Slovakia – depending on the region; the incidence in this
country ranges from 16.24-21.18/100.000 [20].
Borrelia afzelii and Borrelia garinii are dominant
genospecies in ticks in Europe [21–29]. In North America
there is one major genospecies – Borrelia burgdorferi sensu
stricto [16]. These genospecies colonize different organs, due
to which the symptoms of the disease may vary considerably
in patients from both continents [30–32]. In Europe, Lyme
disease most commonly affects the nervous system, whereas
in North America joint symptoms prevail.
It is assumed that not every bite of a tick infected with
Borrelia burgdorferi will lead to human infection. In order
for the bacterium to survive the change of the host ability to
multiply in the new body, it must alter some of its proteins,
and – by extension – its antigens [33–36]. This process takes
time, which is estimated at several hours [37]. Thus, quick
removal of the tick reduces the risk of infection but it does
not eliminate it completely. Therefore, it should be assumed
that each contact of an infected tick with the host’s blood is
dangerous and may cause infection.
OBJECTIVE

The aim of this study was to determine the percentage of ticks
infected with Borrelia burgdorferi sensu lato depending on the
circumstances of getting bitten. It is important to understand
the most typical circumstances in which people might
become infected with Borrelia burgdorferi. This knowledge
will help to prepare health education programmes aimed at
the prevention of Lyme disease and other tick-borne diseases.
MATERIALS AND METHOD

The research material consisted of ticks acquired from people
who had been bitten, and questionnaires completed by these
people, or in the case of children – by their parents. The
research was conducted throughout Poland during the spring
and autumn of 2012, 2013 and 2014 and did not include

RESULTS

510 ticks were acquired from 257 females and 253 males. The
great majority – i.e. 493 ticks (96.66%) – belonged to the
Ixodes ricinus species; the Dermacentor reticulatus species
accounted for 1.96% (10 ticks). 294 ticks were acquired during
spring and 216 ticks were acquired during autumn. Ticks
were collected primarily from persons over 16 years of age
(288 people – 56.47%). Another large group consisted of
children aged 0–5 years (119 people – 23.33% (Tab. 1).
Table 1. Gender and age of people bitten by ticks
Nested
PCR test
result

Positive

P value

Gender

Age

Female

Male

0–5 years

6–10
years

11–15
years

16 years
and over

37/253
(14.6%)

41/257
(15.9%)

16/119
(13.4%)

8/86
(9.30%)

1/17
(5.9%)

53/288
(18.4%)

0,67679

0,11122

Annals of Agricultural and Environmental Medicine

AAEM

Edyta Gałęziowska, Jolanta Rzymowska, Nella Najda, Przemysław Kołodziej, Renata Domżał-Drzewicka, Marcin Rząca et al. Prevalence of Borrelia burgdorferi in ticks…

Table 2. Nested PCR test results depending on the form of development of the tick, probable area of tick attack and the season
Form of development of the tick

Probable area of tick attack1

Season

Larva

Nymph

Female

Other

Forest

Meadow

Garden

Other

I don’tknow

Spring

Autumn

Positive
n=78 (15.30%)

4/22
(18.2%)

36/262
(13.7%)

33/203
(16.3%)

5/23
(21.8%)

44/234
(18.8%)

10/97
(10.3%)

22/158
(13.9%)

7/46
(15.2%)

4/40 (10%)

24/294
(8.2%)

54/216
(25%)

P value

0,70046

0,31637

0,62354

0,37951

0,04262*

0,12958

0,56467

0,98791

0,33253
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Nested PCR test
result

0,00000*

* statistically significant
1
Results do not add up to 100% because respondents were allowed to indicate up to two answers.

More than half of the analyzed population (56.47%) stated
that it was the first time they had been bitten by a tick. The
predominant stage of tick development was the female (203
ticks – 39.80%) nymph (262 ticks – 51.37%). More than 75%
of all ticks (392 ticks – 76.86%) were removed from the skin
using domestic methods. When asked about the estimated
time of residence of the tick in the skin, the person in question
usually indicated a period of up to 12 hours (49.02%); one
person in 10 indicated a period of more than 2 days (10.98%).
The forest was mentioned as the most probable area of tick
attack (234 ticks – 45.88%).
The biggest number of ticks were acquired from the
southern (115 ticks – 22.55%), eastern (104 ticks – 20.39%)
and central (113 ticks – 22.16%) regions of Poland, and
the smallest number – from the northwestern region (33
ticks – 6.47%). The biggest number of larvae was acquired
from people bitten in the northern (7 ticks – 31.82%) and
southwestern regions (6 ticks – 27.27%). Not a single larva
specimen was acquired from the northwestern region. By
contrast, nymphs were collected primarily in the southern
region (74 ticks – 28.24% and the smallest number of nymphs
collected from the northwestern region (14 ticks – 5.34%).
In turn, female specimens were acquired primarily from
the central (58 ticks, 28.57%) and eastern regions (46 ticks
– 22.66%). The smallest number of female specimens was
acquired from the northwestern region (19 ticks – 9.36%).
These results proved to be statistically significant (p < 0.05).
A positive result of the nested-PCR test was obtained in
78 ticks, which represents 15.30% of all ticks. The infected
ticks were collected from male (41 ticks – 52.56%) and female
subjects (37 ticks – 47.44%). The biggest number of infected
ticks was collected in autumn (54 ticks – 69.23%) and from
people who had been going into forests (44 ticks – 56.41%).
These results proved to be statistically significant. The female
(33 ticks – 42.31%) and nymph (36 ticks – 46.15%) was the
dominating form among the infected ticks (Tab. 2).
Among the people from whom the infected ticks were
acquired, the dominating group included persons over 16
years of age (53 persons, i.e. 67.95%) and children aged 0–5
years (16 persons, i.e. 20.51%). However, these results did not
prove to be statistically significant.
A statistically significant relationship was established
between the result of the nested-PCR test and the region of
Poland where ticks were acquired (p < 0.05). The analysis
shows that one tick in 4 in the southwestern region (20 ticks
from 75, i.e. 26.67%) and one tick in 5 in the eastern region
(21 ticks from 104, i.e. 20.19%) were infected with Borrelia
burgdorferi. In turn, the southern and central regions were
characterized by the lowest percentage of the infected ticks
acquired (8.70% and 8.85% respectively) (Tab. 3).

Table 3. Nested PCR test results depending on region of origin of the tick
Region of Poland

Positive

Northwestern

6/33 (18.2%)

Northern

11/70 (15.7%)

Eastern

21/104 (20.2%)

Central

10/113 (8.8%)

Southwestern

20/75 (26.7%)

Southern

10/115 (8.7%)

Total

P value

78/510 (15.3%)
0.00427*

*statisticallysignificant

DISCUSSION

The presence of genetic material of the Borrelia burgdorferi
spirochete in ticks may indicate a Lyme disease risk among
people residing in the area where the ticks were collected.
Most of the previously conducted research concerned ticks
collected from relatively small areas, such as forests, urban
parks and meadows, using the flagging method. The research
on ticks obtained in such a way indicates that ticks infected
with the Borrelia burgdorferi spirochete dwell both in areas
traditionally associated with these arachnids (forests), as well
as in areas located near human dwellings (kitchen gardens,
parks). However, there is relatively little research regarding
ticks obtained from bitten human hosts. The results of the
current study focus on ticks removed from the skin of people
they were feeding on.
Borrelia burgdorferi was detected in 78 out of 510 ticks,
which accounts for 15.30%. These results differ from the
results obtained by other researchers. In a study conducted in
2010 in Romania, the percentage of infected ticks amounted
to 11.1%; however, it must be pointed out that the study
was performed during spring and summer and focused on
ticks removed from people within a single region [38]518
were Ixodes ricinus, 10 Dermacentor marginatus, and 3
Haemaphysalis spp. ticks, and one unidentified tick due to
destruction. Since evaluation of the hbb PCR revealed that
it was not possible to differentiate between B. spielmanii/.
B. valaisiana and B. garinii/. B. bavariensis, sequencing of
an 800-bp fragment of the ospA gene was performed in
these cases. Out of 389 investigated ticks, 43 were positive by
hbb PCR for B. burgdorferi sensu lato. The positive samples
were 42 Ixodes ricinus (11.1%) B. burgdorferi sensu lato
prevalence. In turn, a German study conducted in 2009,
focusing on ticks removed from the skin of soldiers residing
in military training grounds, indicated that the infestation
of ticks was 5.3% [39]. This study was conducted throughout
the entire year. By contrast, in a study conducted in an
endemic area in Switzerland between 2003 and 2005, the
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CONCLUSIONS
1. Infestation of ticks infected with Lyme disease spirochete
in this study proved to be variable and depend on the
season, the area of tick attack, and the region in Poland.
2. The results obtained in this study in relation to the form of
development of ticks and the region from which they were
collected also need to be highlighted. Statistical analysis
showed an existing relationship between these variables.
These results require further in-depth studies to help
explain and understand such relationships.
3. The results of the study clearly show that ticks infected
with Borrelia burgdorferi inhabit all regions of Poland. The
results are consistent with National Institute of Hygiene
data which indicates that Lyme disease cases are recorded
in all regions of Poland
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percentage of infected ticks was 32.8% [40]. According to
research conducted between 2004 and 2008 in a small island
village in the Netherlands, 16% of ticks were infected [41].
Results similar to those of the Romanian study were obtained
from research conducted in 1998 in 2 regions in Germany,
yielding an average percentage of infected ticks of 11.3%
[42]. In turn, Italian research on ticks acquired between 1995
and 2011 from people who were bitten in 4 regions in Italy
have shown a small percentage of infected ticks – 0.3–0.5%
[43]which cause effects in animals and humans, commonly
referred to as to tick-borne diseases (TBDs).
The most prevalent forms of removed ticks were nymph
– 262 ticks (51.37%) and female – 203 ticks (39.8%); the
larva accounted for 4.32% of acquired ticks (22 ticks). In the
German study, the majority of ticks removed from the skin
of soldiers stationed on the military training grounds were
also nymphs (63.9%); the proportion of larvae was 24.7%
and the adult females accounted for 10.9% of all ticks [39].
Nymphs were also prevalent in the Swiss study (64%), with
significantly fewer females (33.3%) and larvae (1.6%) [40]. By
contrast, the breakdown of the Dutch research was 56% of
nymphs, 28% of females and 16% of the larvae [41]. Nymphs
also prevailed in the Italian research (41%), with less females
(34.6%) and the least larvae (8.4%) [43]which cause effects in
animals and humans, commonly referred to as to tick-borne
diseases (TBDs.
In the presented study, among the infected ticks (78
ticks, i.e. 15.30%) nymphs accounted for 46.15% (36 ticks),
females for 42.31% (33 ticks) and larvae for 5.13% (4 ticks).
The remaining ticks, i.e. one male, 2 Dermacentor reticulatus
males and 2 other males, comprised 6.41%.
The Borrelia burgdorferi DNA was detected in 18.18%
of larvae, 13.74% of nymphs and 16.25% of females. In
the German research of ticks acquired from soldiers, the
corresponding results were as follows: 3.5%, 4.4% and 13%
[39]. By contrast, in the Romanian study the infected ticks
accounted for 10.7% of nymphs and 12.6% of adult specimens.
In turn, infected ticks in the Dutch study included primarily
the adult forms (20%), followed by nymphs (approx. 16%),
whilst the percentage of infected larvae accounted for approx.
2% [41]. These studies indicate considerable differences in
the individual forms of development of infected ticks, with
a predominance of the adult form and a minor proportion of
specimens infected in the larval stage. The issue that requires
further research is the fact that the percentage of infected
larvae in the current study was as high as 18.18%. This is a
most striking phenomenon, as transovarial transmission
of the infection, i.e. from an infected female to the larva of
the I. ricinus ticks, was essentially not observed, while the
presence of spirochetes in larvae is usually associated with
transmission as a result of feeding on an infected vertebrate
host.
The presented study shows that statistically significant
dependency concerning the infected ticks was the season –
the majority of the infected ticks was acquired from people
who had been bitten in autumn (p < 0.0001), and accounted
for 69.23% of the infected ticks. The authors found no similar
research that could be used for analysis in this regard. The
phenomenon of picking forest mushrooms in autumn, which
is a fairly common custom in Poland, appears to be directly
related to the results of this study; however, this assumption
requires further observation and verification.

ACKNOWLEDGEMENTS

The authors would like to thank the Polish Lyme Disease
Foundation ‘Bartek’ for assistance in ticks’ collection, and
all the people responding to our questionnaire. This study
was financed by the Medical University in Lublin, Poland.
REFERENCES

1. Stańczak J, Racewicz M, Kubica-Biernat B, Kruminis-Łozowska W,
Dąbrowski J, Adamczyk A, Markowska M. Prevalence od Borrelia
Burgdorferi sensu lato in Ixodes ricinus ticks (Acari, Ixodidae) in
different polish woodlands. Ann Agric Environ Med. 1999; 6: 127–132.
2. Wodecka B. Detection of Borrelia burgdorferi sensu lato in Ixodes
ricinus ticks in north-western Poland. Ann Agric Environ Med. 2003;
10: 171–178.
3. Michalik J, Hofman T, Buczek A, Skoracki M, Sikora B. Borrelia
burgdorferi s.l. in Ixodes ricinus (Acari: Ixodidae) Ticks Collected
from Vegetation and Small Rodents in Recreational Areas of the City
of Poznań. J Med Entomol. 2003; 40: 690–697.
4. Stefanoff P, Rosińska M, Zieliński A. Epidemiologia chorób prze
noszonych przez kleszcze w polsce. Przegl Epidemiol. 2006; 60: 151–159.
5. Lindgren E, Jaenson TGT. Lyme borreliosis in Europe: influences of
climate and climate change, epidemiology, ecology and adaptation
measures. 2006;35.
6. Vinh VH, Lionel A, Cristina S, Didier R, Philippe P, Frédéric P.
Monitoring human tick-borne disease risk and tick bite exposure in
Europe: Available tools and promising future methods. Ticks Tick
Borne Dis. 2014; 5(6): 607–619.
7. Wójcik-Fatla A, Zając V, Cisak E, Sroka J, Sawczyn A, Dutkiewicz J.
Leptospirosis as a tick-borne disease? Detection of Leptospira spp. in
Ixodes ricinus ticks in eastern Poland. Ann Agric Environ Med. 2012;
19: 656–659.
8. Cisak E, Chmielewska-Badora J, Zwoliński J, Wójcik-Fatla A, Jolanta
P, Dutkiewicz J. Risk of tick-borne bacterial disease among workers of
Roztocze National Park (south-eastern Poland). Ann Agric Environ
Med. 2005; 12: 127–132.
9. Socolovschi C, Reynaud P, Kernif T, Raoult D, Parola P. Rickettsiae of
spotted fever group, Borrelia valaisiana, and Coxiella burnetii in ticks
on passerine birds and mammals from the Camargue in the south of
France. Ticks Tick Borne Dis. 2012; 3: 355–360.
10. Subramanian G, Sekeyova Z, Raoult D, Mediannikov O. Multiple tickassociated bacteria in Ixodes ricinus from Slovakia. Ticks Tick Borne
Dis. 2012; 3: 406–410.
11. Wallménius K, Pettersson JHO, Jaenson TGT, Nilsson K. Prevalence of
Rickettsia spp., Anaplasma phagocytophilum, and Coxiella burnetii in
adult Ixodes ricinus ticks from 29 study areas in central and southern
Sweden. Ticks Tick Borne Dis. 2012; 3: 100–106.
12. Sroka J, Szymańska J, Wójcik-Fatla A. The occurrence of Toxoplasma
gondii and Borrelia burgdorferi sensu lato in Ixodes ricinus ticks from
eastern Poland with the use od PCR. Ann Agric Environ Med. 2009;
16: 313–319.

Annals of Agricultural and Environmental Medicine

AAEM

Edyta Gałęziowska, Jolanta Rzymowska, Nella Najda, Przemysław Kołodziej, Renata Domżał-Drzewicka, Marcin Rząca et al. Prevalence of Borrelia burgdorferi in ticks…

29. Bonczek O, Žákovská A, Vargová L, Šerý O. Identification of Borrelia
burgdorferi genospecies isolated from Ixodes ricinus ticks in the South
Moravian region of the Czech Republic. Ann Agric Environ Med.
2015; 22: 637–641.
30. Ornstein K, Berglund J, Bergström S, Norrby R, Barbour AG. Three
major Lyme Borrelia genospecies (Borrelia burgdorferi sensu stricto,
B. afzelii and B. garinii) identified by PCR in cerebrospinal fluid from
patients with neuroborreliosis in Sweden. Scand J Infect Dis. 2002;
34: 341–346.
31. Bazowska S, Durovska J, Derdakova M, Taragelova V, Pancak J,
Zaborska M. The genospecies B. burgdorferi s.l., isolated from ticks
and from neurological patients with suspected Lyme borreliosis. Neuro
Endocrinol Lett. 2011; 32: 491–495.
32. Picken RN, Strle F, Picken MM, Ruzic-Sabljic E, Maraspin V, LotricFurlan S, Cimperman J. Identification of three species of Borrelia
burgdorferi sensu lato (B. burgdorferi sensu stricto, B. garinii, and
B. afzelii) Among isolates from acrodermatitis chronica atrophicans
lesions. J Invest Dermatol. 1998; 110: 211–214.
33. Burgdorfer W. Vector / host relationships of the Lyme disease spirochete,
Borrelia. Rheum Dis Clin North Am. 1989; 15: 775–787.
34. Hovius JWR, van Dam AP, Fikrig E. Tick-host-pathogen interactions
in Lyme borreliosis. Trends Parasitol. 2007; 23: 434–438.
35. Pal U, Fikrig E. Adaptation of Borrelia burgdorferi in the vector and
vertebrate host. Microbes Infect. 2003; 5: 659–666.
36. Zhang L, Zhang Y, Adusumilli S, Liu L, Narasimhan S, Dai J, Zhao
YO, Fikrig E. Molecular interactions that enable movement of the lyme
disease agent from the tick gut into the hemolymph. PLoS Pathog.
2011; 7.
37. Cook MJ. Lyme borreliosis: a review of data on transmission time after
tick attachment. Int J Gen Med. 2015; 8: 1–8.
38. Briciu VT, Meyer F, Sebah D, Ţǎţulescu DF, Coroiu G, Lupşe M,
Carstina D, Mihalca AD, Hizo-Teufel C, Klier C, Huber I, Fingerle V.
Real-time PCR-based identification of Borrelia burgdorferi sensu lato
species in ticks collected from humans in Romania. Ticks Tick Borne
Dis. 2014; 5: 575–581.
39. Faulde MK, Rutenfranz M, Hepke J, Rogge M, Görner A, Keth A.
Human tick infestation pattern, tick-bite rate, and associated Borrelia
burgdorferi s.l. infection risk during occupational tick exposure at
the Seedorf military training area, northwestern Germany. Ticks Tick
Borne Dis. 2014; 5: 594–599.
40. Huegli D, Moret J, Rais O, Moosmann Y, Erard P, Malinverni R, Gern L.
Prospective study on the incidence of infection by borrelia burgdorferi
sensu lato after a tick bite in a highly endemic area of Switzerland. Ticks
Tick Borne Dis. 2011; 2: 129–136.
41. Tijsse-Klasen E, Jacobs JJ, Swart A, Fonville M, Reimerink JH,
Brandenburg AH, van der Giessen JWB, Hofhuis A, Sprong H. Small
risk of developing symptomatic tick-borne diseases following a tick
bite in The Netherlands. Parasit Vectors. 2011; 4: 17.
42. Maiwald M, Oehme R, March O, Petney TN, Kimmig P, Naser K, Zappe
H a, Hassler D, von Knebel Doeberitz M. Transmission risk of Borrelia
burgdorferi sensu lato from Ixodes ricinus ticks to humans in southwest
Germany. Epidemiol Infect. 1998; 121: 103–108.
43. Otranto D, Dantas-Torres F, Giannelli A, Latrofa MS, Cascio A, Cazzin
S, Ravagnan S, Montarsi F, Zanzani SA, Manfredi MT, Capelli G. Ticks
infesting humans in Italy and associated pathogens. Parasit Vectors.
2014; 7: 328

IRS
EF
LIN
S
ON
FIR
E
LIN
ON

13. Dietrich F, Schmidgen T, Maggi RG, Richter D, Matuschka FR,
Vonthein R, Breitschwerdt EB, Kempf V a J. Prevalence of Bartonella
henselae and Borrelia burgdorferi sensu lato DNA in Ixodes ricinus
ticks in Europe. Appl Environ Microbiol. 2010; 76: 1395–1398.
14. Chmielewski T, Brydak-Godowska J, Fiecek B, Rorot U, Sędrowicz
E, Werenowska M, Kopacz D, Hevelke A, Michniewicz M, Kęcik D,
Tylewska-Wierzbanowska S. Bacterial tick-borne diseases caused by
Bartonella spp., Borrelia burgdorferi sensu lato, Coxiella burnetii, and
Rickettsia spp. among patients with cataract surgery. Med Sci Monit.
2014; 20: 927–931.
15. Bacon RM, Kugeler KJ, Mead PS. Surveillance for Lyme disease- United
States, 1992–2006. Morbidity and mortality weekly report. Surveillance
summaries (Washington, D.C.: 2002) 2008; 57: 1–9.
16. Gray JS, 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 Jan; 2009: 593232.
17. PZH-NIZP. Meldunki epidemiologiczne. 2014. http://wwwold.pzh.gov.
pl/oldpage/epimeld/index_p.html#01.
18. Wilking H, Stark K. Trends in surveillance data of human Lyme
borreliosis from six federal states in eastern Germany, 2009–2012.
Ticks Tick Borne Dis. 2014; 5: 219–224.
19. Kriz B, Beneš Č. Lymeská borrelióza – epidemiologická data do roku
2013. 2014. http://www.szu.cz/uploads/Epidemiologie/Lymeska_
borrelioza/Lymeska_borrelioza_za_rok_2013.pdf.
20. Bochnicková M, Szilágyiová M, Gardlík R. Lyme borreliosis-epidemiological analysis of incidence in the northern region of Slovakia.
Epidemiologie, Mikrobiologie, Imunologie: Casopis Spolecnosti Pro
Epidemiologii A Mikrobiologii Ceské Lékarské Spolecnosti J.E.
Purkyne. 2012; 61: 3–8.
21. Tarageľová VR, Mahríková L, Selyemová D, Václav R, Derdáková M.
Natural foci of Borrelia lusitaniae in a mountain region of Central
Europe. Ticks Tick Borne Dis. 2015 Dec [In press; cited 2015 Dec 31];
22. Tappe J, Jordan D, Janecek E, Fingerle V, Strube C. Revisited: Borrelia
burgdorferi sensu lato infections in hard ticks (Ixodes ricinus) in the
city of Hanover (Germany). Parasit Vectors. 2014; 7: 441.
23. James MC, Gilbert L, Bowman AS, Forbes KJ. The Heterogeneity,
Distribution, and Environmental Associations of Borrelia burgdorferi
Sensu Lato, the Agent of Lyme Borreliosis, in Scotland. Front Public
Health. 2014; 2: 129.
24. 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.
2014; 5: 892–897.
25. Strzelczyk JK, Gaździcka J, Cuber P, Asman M, Trapp G, Gołąbek K,
Zalewska-Ziob M, Nowak-Chmura M, Siuda K, Wiczkowski A, Solarz
K. Prevalence of Borrelia burgdorferi sensu lato in Ixodes ricinus ticks
collected from southern Poland. Acta Parasitol. / Witold Stefański
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