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INTRODUCTION

Lyme borreliosis (LB) is a widely distributed zoonosis 
which poses a great challenge for the medical services. 
The highest prevalence is reported from the USA [13] 
and from nearly all European countries [56]. Spirochetes 
from the Borrelia burgdorferi sensu lato (B.b.) complex, 
within which 11 genospecies have been discovered so far 
in various species of the world, are the etiological factor 
of LB. Borrelia burgdorferi sensu stricto, Borrelia garinii 
and Borrelia afzelii [29, 58, 59] are the human-pathogenic 
species in Europe, while in North America – B. burgdor-
feri sensu stricto [12, 33, 36]. Ticks from the genus Ixodes 

are the LB vectors: in Europe – mainly I. ricinus [26], in 
America – Ixodes scapularis and Ixodes pacifi cus [10], 
whereas in Asia – Ixodes persulcatus [9, 19, 40]; they in-
fect humans and other hosts while feeding. 

Long-term persistence and circulation of B.b. in nature 
is possible due to the environmental co-existence of ticks 
and their mammalian, avian or reptilian hosts, which si-
multaneously are competent reservoirs for spirochetes [39, 
42, 50, 54].

The aim of the study is to investigate the dynamics of 
LB prevalence in central Europe over a 12-year period, and 
to estimate its dependence on the environmental factors 
and on the level of medical services.
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MATERIALS AND METHODS

Epidemiological studies of Lyme borreliosis. The study 
was conducted between 1996–2007 in 9 Regional Sanitary-
Epidemiological Stations (RSES) in the Świętokrzyskie 
province of south-eastern Poland. The data concerning 
borreliosis cases were obtained from the patient registry. 
On this basis we calculated: the incidence proportion, i.e. 
the number of disease cases per 100 thousand inhabitants 
of the regions supervised by the particular stations and in 
the entire Świętokrzyskie province, borreliosis prevalence 
in various months of the year, the mean number of cases 
in various seasons and the seasonality factors (SF), which 
express the percentage differences between prevalence in 
successive months in relation to the prevalence in the study 
area.

Medical care in the Świętokrzyskie province. The 
availability of borreliosis diagnosis and treatment in vari-
ous regions of the province and throughout the area was es-
timated on the basis of the number of medical care institu-
tions (hospitals, outpatient clinics or village health centres 
and diagnostic laboratories), the total number of doctors 
and the number of doctors of various specializations deal-
ing with the treatment of borreliosis (internists, neurolo-
gists, cardiologists, GPs and family doctors, dermatolo-
gists, epidemiologists), and the total number of medical 
personnel (doctors, nurses and laboratory diagnosticians) 
per 10 thousand inhabitants. The data were provided by the 
Regional Statistics Offi ce in Kielce. 

Estimation of Lyme borreliosis prevalence risk. The 
threat of tick attacks and the risk of infection with Borre-
lia burgdorferi spirochetes were estimated on the basis of 
occurrence and density of I. ricinus in 21 localities in the 
regions supervised by the Regional Sanitary-Epidemiolog-
ical Stations. Ticks were sampled with the fl agging meth-
od, which involves sweeping the vegetation with a 100 × 
70 cm white cloth, during the I. ricinus spring activity in 
this area, i.e. from April to the beginning of July 1999 and 
2000. In order to compare tick density in various habitats, 

sampling was performed for 1 hour each time at the same 
time of the day (between 16:00–18:00) and the temperature 
in the tick habitats measured with the accuracy of 1ºC. The 
specimens were placed in test-tubes containing 70% ethyl 
alcohol and examined in laboratory conditions in order to 
determine the species and developmental stage. Further-
more, in order to predict tick prevalence in various regions 
of the Świętokrzyskie province, we used the information 
provided by the Regional Directorate of State Forests in 
Radom for comparison of the forested areas and the veg-
etation type in 6 forest inspectorates associated with the 
study RSESs. 

Statistical analysis. The results were elaborated using 
the STATISTICA statistical package for Windows. All cor-
relation analyses were performed by calculation of Spear-
man’s correlation coeffi cients. Probability at p ≤ 0.05 was 
regarded as signifi cant and as highly signifi cant at p ≤ 0.01.

RESULTS

In 1996–1999, the borreliosis incidence proportion in 
various regions of the Świętokrzyskie province was low. 
Between 2000–2007, increased borreliosis incidence was 
observed in almost the entire study area. In that period, 
the incidence ranged from 0–30.66, depending on the re-
gion. The highest mean incidence in the whole study pe-
riod was reported from the RSES Końskie and Skarżysko-
Kamienna: 10.729 and 8.383, respectively, while it was 
slightly lower in the area of the RSES in Kielce, Busko 
and Starachowice (Tab. 1). A great number of cases were 
registered in the areas with the biggest number of general 
practitioners and specialists (from 21.81–29.03 GPs and 
specialists per 10 thousand inhabitants) and all medical 
staff (from 77.91–81.85 nurses and diagnosticians per 10 
thousand inhabitants) (Tab. 1, 2).

The lowest incidence in the particular years (Tab. 1) and 
the lowest mean incidence throughout the study period 
were noted in the area of the RSES in Jędrzejów (1.22) 
and Ostrowiec Świętokrzyski (3.71), which are character-
ised with the lowest numbers of general practitioners and 

Table 1. Lyme borreliosis incidence in particular RSES in Świętokrzyskie province in 1996–2007.

RSESa 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 Meanb

Busko 2.11 2.12 2.13 1.42 9.99 4.44 8.89 7.76 12.37 13.05 18.37 9.25 7.66

Jędrzejów 0 0 0 1.21 0 0 0 2.21 1.11 4.49 5.58 0 1.22

Kielce 7.12 3.27 3.26 1.78 11.26 8.85 7.13 8.59 10.07 8.84 10.08 10.84 7.59

Końskie 2.21 0 3.34 0 0 7.97 7.97 5.58 23.54 30.66 22.49 24.99 10.73

Opatów 2.89 2.9 1.46 1.47 1.48 0 3.38 1.72 0 6.98 15.82 10.61 4.06

Ostrowiec 0 0 1.75 6.11 1.75 2.46 2.46 2.55 0.85 5.98 16.30 4.32 3.71

Skarżysko 0 0 3.39 0 7.73 11.87 14.30 9.90 7.46 25.93 4.97 15.05 8.38

Starachowice 0 0 2.7 3.65 1.81 11.15 1.01 11.45 7.33 14.69 10.56 9.54 6.16

Włoszczowa 1.8 1.79 3.63 0 1.81 16.63 6.23 2.09 4.20 0 8.46 21.22 5.65

a – Regional Sanitary-Epidemiological Station; b – Mean incidence in the whole study period reported from particular RSES.
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specialist (14.42 and 17.11 per 10 thousand inhabitants, re-
spectively) and other medical staff (43.63 and 67.79 per 10 
thousand inhabitants, respectively) employed. Strong cor-
relations between the number of all medical staff and the 
registered borreliosis cases were confi rmed by Spearman’s 
correlation coeffi cients (r = 0.8667, p < 0.01) (Fig. 1). How-
ever, no correlation (r = 0.2008) was observed between the 
number of health care institutions and the number of diag-
nosed borreliosis cases. 

As shown in the study, borreliosis prevalence was mark-
edly lower than the mean in spring (SF = 46.75%), slightly 
higher in summer (SF = 113.25%), considerably higher 
in autumn (SF = 155.18%) and slightly lower in winter 

months (SF = 84.82). In all the study years, the prevalence 
rates increased in the summer and autumn seasons (Fig. 
2, 3). The data obtained indicate a tendency towards in-
creased prevalence of borreliosis during the last 12 years 
(Tab. 1, Fig. 3).

696 I. ricinus specimens (189 adults and 245 nymphs 
and 262 larvae) were collected in the 21 localities. The 
fi eld study indicated the presence of I. ricinus ticks in the 
whole province with different density in the particular re-
gions. The biggest numbers of ticks were sampled in the 
areas where borreliosis cases were more frequently regis-
tered (Tab. 1, 3). Statistical analysis did not confi rm a cor-
relation between the mean number of the ticks collected 

Table 2. Number of doctors and health care institutions (per 10,000 residents) in the area under surveillance of Regional Sanitary-Epidemiological 
Stations in Świętokrzyskie province.
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RSES Kielce 16.8 1.63 x 1.19 0.25 0.77 0.41 0.05 0.05 56.1 0.1 28

RSES Busko 40.6 6.9 0.05 0.36 0.26 2.6 1.6 0.54 0.13 71.3 0.13 15

RSES Końskie 16.2 3.76 0.57 x 0.11 0.23 0.46 0.48 x 56 0.1 12

RSES Jędrzejów 11.6 2.38 x x x x x 0.22 0.22 29.1 0.11 16

RSES Opatów 19.3 1.35 x 0.34 x 0.85 0.85 x 0.34 29.9 0.34 14

RSES Ostrowiec Świetokrzyski 10.5 4.69 x 0.74 0.25 0.41 x 0.52 x 50.6 0.08 15

RSES Skażysko-Kamienna 20.9 4.05 0.48 1.19 0.36 1.19 0.48 0.38 x 52.7 0.12 13

RSES Starachowice 17.8 2.74 0.30 0.61 0.10 0.71 1.42 0.21 0.10 50.6 0.3 17

RSES Włoszczowa 16.2 3.74 x 0.42 x 0.63 0.42 0.21 0.42 50.9 x 10

Świętokrzyskie province 17.6 3.2 0.20 0.7 0.3 0.23 0.27 0.38 0.7 51.6 x x

a – Regional Sanitary-Epidemiological Station; b – general practitioners; x – no data; shadowed – the highest mean borreliosis incidence.

M
ed

ic
al

 c
ar

e 
in

st
itu

tio
ns

Lyme borreliosis

30

28

26

24

22

20

18

16

14

12

10

8
0 50 100 150 200 250 300 350 400

Figure 1. Correlation between the number of all medical staff and regis-
tered Lyme borreliosis cases in 9 RSES studied, confi rmed by Spearman’s 
correlation coeffi cients (r = 0.8667, p < 0.01).

Figure 2. Number of LB cases noted in particular months in Świętokrzyskie 
region in 1996–2007.
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and borreliosis incidence in a particular area (r = -0.1441, 
p > 0.05).

The ticks were collected in mixed forests with thick un-
derstory and with a predominance of pines and deciduous 

trees such as oaks, beeches, birches, black alders, alders 
and hornbeams. The highest I. ricinus density (42, 39, 
and 38 specimens/1 h of sampling) was observed in large 
woodland areas (Tab. 3).

Table 3. Characteristic of six forest inspectorates studied.

Forest 
Inspectorates

Forest area 
(ha)

Structure 
of tree cover 

(%) 

RSESa Location Number of ticks 
collectedb

T/F/M/N/L

Temperature 
(ºC)

Mean tick 
densityc

Busko 10,858 pine (79.4)
oak (7.3)

birch (4.5)
alder (3.8) 

fi r (2) 
hornbeam (0.7) 

poplar (0.5) 
and others

Busko Raków
Chmiel

4/0/0/4/0
4/3/1/0/0

23
20

4

Jędrzejów 14,598 pine (67.8) 
oak (10.7) 
alder (6.6) 
birch (5.2) 

beech (2.6) 
fi r (2.1)

larch (1.1)
spruce (0.9) 

and others

Jędrzejów Kniecpol 1/1/0/0/0
3/2/0/1/0

12
20

2

Kielce 16,212 pine (73.4) 
fi r (14.4) 
oak (3.8) 

beech (3.4) 
birch (2.6) 
alder (1.5) 

spruce (0.3) 
hornbeam (0.3) 

and others

Kielce Chęciny
Dąbrowa

Jaworznia
Kaniów

Kielce Folwark
Karczówka

Kielce Słowik
Kielce Telegraf

Morawica
Niwka

44/0/9/35/0
27/3/5/16/3

59/5/5/27/22
31/1/1/5/24
29/1/3/24/1
38/2/2/4/30
24/1/1/20/2

5/3/1/1/0
22/1/0/15/6
15/0/1/12/2

21
19
18
23
11
15
12
27
18
24

29,4

Włoszczowa Brzozowa 8/2/2/4/0 18 8

Ostrowiec 
Świętokrzyski

17,266 pine (87.1) 
oak (7.4) 

birch (2.2) 
larch (0.8) 
alder (0.8) 

poplar (0.5) 
and others

Opatów Święty Krzyż
Widełki

2/0/1/1/0
18/4/6/8/0

27
22

10

Ostrowiec 
Świętokrzyski

Bodzedzyn 9/1/0/8/0 23 9

Starachowice Starachowice 46/13/15/18/0
74/40/20/14/0

21
14

39

Barycz 12,689 Końskie Stęporków 38/9/8/6/15 24 38

Skarżysko 14,673 pine (58) 
fi r (28.4) 

birch (3.5) 
spruce (2.8) 

oak (2.4) 
beech (1,6) 
alder (1.6) 
larch (0.9)
and others

Skarżysko 
Kamienna

Kleszczów
Górki

43/4/6/11/22
52/2/4/11/35

28
17

42

a – Regional Sanitary-Epidemiological Station; b – Number of tick stages found during single collection in particular location; c – Average number of 
ticks collected with one fl ag during 1 h of collection; T – total; F – females; M – males; N – nymphs; L – larvae.
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DISCUSSION

The present study confi rmed borreliosis prevalence in 
the whole Świętokrzyskie province; its frequency, however, 
varied between the different regions and the different study 
years. An increased risk of borreliosis was observed in areas 
where favourable habitats ensured a high density of these 
arthropods. Also, the types of biotopes present in the study 
area provided suitable conditions for small and medium 
mammals. They are both the hosts for young stages of ticks 
and spirochete reservoirs [37]; therefore, they participate 
in the horizontal transmission of B. burgdorferi among the 
larval and nymphal I. ricinus. Also, big mammals occur in 
the Świętokrzyskie province, e.g. the roe deer (Capreolus 
capreolus L.), which are the main hosts for adult I. ricinus in 
Europe which contribute to the higher density of tick popu-
lation [27] and persistence of the pathogenes in the envi-
ronment. Therefore, the biotype may serve as an indicator 
of the risk of infection with a particular pathogen. This is 
corroborated by the study carried out by Daniel et al. and 
Hubalek et al. [16, 28], who claim that deciduous and mixed 
forests with a structure similar to that observed in our study 
area pose the highest risk of infection with the B. burgdorferi 
spirochete and with the tick-borne encephalitis viruses. 

In Poland, the percentage of I. ricinus ticks infected with 
B. burgdorferi spirochetes ranges from 0–58.3% in indi-
vidual localities [15, 53, 55]. In Slovakia, from 8–22.5% of 
ticks are infected [32], in the Czech Republic from 12.6–
20.0%, and in some localities the percentage is as high as 
35.0% [28]. The percentage in Germany ranges from 13.9 
–29.8% [46], in Spain it is 9.3% [2], in Norway 16% [30] 
and in Switzerland it is in the range of 5–47.5% [11]. The 
United States report 18% of spirochete-infected ticks [35], 
while Canada – 12.9% [39]. Such a high level of infection 
is refl ected in the results of serological assays in humans, 
especially in forestry workers who are exposed to these ar-
thropods. In Poland prevalence of anti-B. burgdorferi anti-
bodies detected in foresters’ blood serum sometimes reach-
es several dozen percent, e.g. it amounts to 43.2% in the 

south-east [60], in the east it is 60–70% [23], in the west 
– 66.7% [20], and in the south-eastern part of the country – 
34.8% [8]. In other European countries, the prevalence of 
anti-B. burgdorferi antibodies in the sera of foresters and 
other workers exposed to tick bites is varied and reach-
es, e.g. 23.9% in Germany [49], 23.8% in Slovenia [51], 
12.8% in Slovakia [4] and 7.5% in Italy [52].

The risk of contracting LB increases as the exposure to 
tick attacks is prolonged. Buczek et al. [8] reported a dis-
tinct increase in the level of anti-B. burgdorferi antibodies 
in long-tenure forestry workers in south-eastern Poland. 
The highest percentage of positive results in both classes of 
IgM (17.4%) and IgG (34.8%) antibodies was observed in 
the group of over 50-year-olds, whereas it was the lowest 
in the under 30-year-old age group (13.0% IgM and 14.1% 
IgG). The levels of positive results in anti-B. burgdorferi 
antibodies are lower in the total population. In Poland, de-
pending on the region and place of living, they vary from 
6.0% in urban dwellers to 33.0% in rural inhabitants of the 
endemic area for borreliosis in the eastern part of the coun-
try [14]. In an endemic focus of north-eastern Poland, LB 
seropositive results were found in as many as 49.7% of 
inhabitants [44]. Anti-B. burgdorferi antibodies were de-
tected in 13.5% of the inhabitants of Sweden [21], in 1.4% 
in the USA [24], and in as many as 34.3% of the inhabit-
ants of LB foci in Ukraine [5].

The increased borreliosis prevalence is a consequence of 
the global climate changes which contribute to prolonged 
activity of I. ricinus ticks [17, 34, 57] and to an increase 
in the population density [6, 34, 48]. In our study, we ob-
served almost year-round activity of ticks in the Upper 
Silesian Industrial Region, an area with considerable heat 
emission into the atmosphere (unpubl. data). The phenol-
ogy of I. ricinus is also affected by the long-term saturation 
defi cit. Tick density [25, 31, 38] and B. burgdorferi preva-
lence in ticks [11, 38] declined in localities at higher alti-
tudes above sea level. For instance, in the Swiss Alps the 
prevalence of nymphal tick infection varied from 20–46% 
at different altitudes a.s.l. [11].
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The increased threat of tick attacks and the high tick-
borne disease prevalence rate in the Świętokrzyskie prov-
ince is related, on the one hand, to changes in the life style 
adopted by some groups of citizens after the system re-
forms (e.g., increased interest in recreation); on the other 
hand, this may be connected with the general deterioration 
of living standards and a high unemployment rate in the 
region [7], which forces the inhabitants to fi nd sources of 
income in forest work due to lack of alternative earning 
possibilities. 

Borreliosis has a seasonal character. Increased preva-
lence in autumn follows the periods of the highest tick 
activity in Świętokrzyskie province. Seasonality of preva-
lence of tick borne diseases has also been noted in other 
countries [22, 43].

As suggested in our study, more available diagnosis and 
treatment provided by more numerous medical staff in the 
particular regions increase the chance of recognition of 
borreliosis. The borreliosis diagnosis is confi rmed by the 
occurrence of erythema migrans or at least one of the late 
symptoms and by detection of anti-Borrelia burgdorferi 
antibodies in serological tests [47].

Due to the diverse borreliosis course, recognition of the 
initial phase poses great diffi culties [1]. However, accord-
ing to our previous study [3], knowledge about tick threat 
and prophylaxis of tick-borne diseases is still insuffi cient 
in Poland and in other parts of the world [45].

Due to prophylaxis, monitoring of the threat and use 
of various laboratory methods, the number of borrelio-
sis diagnoses in the USA increased in 1992, compared to 
previous years. In the same period in UK, the number of 
borreliosis diagnoses was several times lower than in the 
USA; later, borreliosis notifi cation became obligatory and 
information about the risk of spirochete infection and the 
course of the disease was propagated [41].

The increased LB incidence in south-eastern Poland 
(Tab. 1) corresponds with the general tendency towards 
an increased number of registered cases of this disease in 
other parts of Poland and in central Europe, especially in 
Germany, Austria, Slovenia and Sweden [18].

Abundant occurrence of tick populations and the in-
crease in infections caused by pathogens which they trans-
fer necessitates multidirectional activity for the improve-
ment of medical services, promotion of prophylaxis meth-
ods and continuous environmental monitoring.

Acknowledgements

We would like to express our appreciation to the Regional San-
itary-Epidemiological Station in Kielce as well as the Head of the 
Central Statistical Offi ce in Kielce for providing access to the da-
tabase.

REFERENCES

1. Aguero-Rosenfeld ME, Wang G, Schwartz I, Wormser GP: Diagno-
sis of Lyme borreliosis. Clin Microbiol Rev 2005, 18, 484–509.

2. Barral M, García-Pérez AL, Juste RA, Hurtado A, Escudero R, Sell-
ek RE, Anda P: Distribution of Borrelia burgdorferi sensu lato in Ixodes 
ricinus (Acari: Ixodidae) ticks from the Basque Country, Spain. J Med 
Entomol 2002, 39, 177–184.

3. Bartosik K, Kubrak T, Olszewski T, Jung M, Buczek A: Prevention 
of tick bites and protection against tick-borne diseases in South-Eastern 
Poland. Ann Agric Environ Med 2008, 15, 181–185.

4. Bazovska S, Machacova E, Spalekova M, Kontrosova S: Reported 
incidence of Lyme disease in Slovakia and antibodies to B. burgdorferi an-
tigens detected in healthy population. Bratisl Lek Listy 2005, 106, 270–273.

5. Biletska H, Podavalenko L, Semenyshyn O, Lozynskyja I, Tarasyuk 
O: Study of Lyme borreliosis in Ukraine. Int J Med Microbiol 2008, 298, 
154–160.

6. Bormane A, Lucenko I, Duks A, Mavtchoutko V, Ranka R, Salmina 
K, Baumanis V: Vectors of tick-borne diseases and epidemiological situa-
tion in Latvia in 1993–2002. Int Med Microbiol 2004, 293, 36–47.

7. Buczek A, Pabis B, Bartosik K, Stanislawek IM, Salata M, Pabis A: 
Epidemiological study of scabies in different environmental conditions in 
central Poland. Ann Epidemiol 2006, 16, 423–428.

8. Buczek A, Rudek A, Bartosik K, Szymańska J, Wojcik-Fatla A: Se-
roepidemiological study of Lyme borreliosis among forestry workers in 
southern Poland. Ann Agric Environ Med 2009, 16, 257–261.

9. Burgdorfer W, Anderson JF, Gern L, Lane RS, Piesman J, Spielman 
A: Relationship of Borrelia burgdorferi to its arthropod vectors. Scand J 
Infect Dis 1991, 77, 35–40.

10. Burgdorfer W, Barbour AG, Hayes SF, Benach JL, Grunwald E, 
Davis JP: Lyme disease – a tick-borne spirochetosis? Science 1982, 216, 
1317–1319.

11. Burri C, Morán Cadenas F, Douet V, Moret J, Gern L: Ixodesd 
ricinus and infection prevalence of Borrelia burgdorferi sensu lato along 
a north-facing altitudinal gradient in the Rhône Valley (Switzerland). Vec-
tor Borne Zoonotic Dis 2007, 7, 50–58.

12. Casati S, Bernasconi MV, Gern L, Pifferetti JC: Diversity within 
Borrelia burgdorferi sensu lato genospecies in Switzerland by recA gene 
sequence. FEMS Microbiol Lett 2004, 234, 115–123.

13. Centers for Disease Control and Prevention: Lyme disease – United 
States, 2001–2002. MMWR Morb Mortal Wkly Rep 2004, 53, 365–369.

14. Cisak E, Chmielewska-Badora J, Zwoliński J, Wojcik-Fatla A, 
Zajac V, Skórska C, Dutkiewicz J: Study on Lyme borreliosis focus in 
the Lublin region (eastern Poland). Ann Agric Environ Med 2008, 15, 
327–332.

15. Cisak E, Wójcik-Fatla A, Stojek N, Chmielewska-Badora J, 
Zwoliński J, Buczek A, Dutkiewicz J: Prevalence of Borrelia burgdorferi 
genospecies in Ixodes ricinus ticks from Lublin region (eastern Poland). 
Ann Agric Environ Med 2006, 13, 301–306.

16. Daniel M, Kolár J, Zeman P, Pavelka K, Sádlo J: Tick-borne en-
cephalitis and Lyme borreliosis: comparison of habitat risk assessments 
using satellite data (an experience from the Central Bohemian region of 
the Czech Republic). Cent Eur J Public Health 1999, 7, 35–39.

17. Dautel H, Dippel C, Kämmer D, Werkhausen A, Kahl O: Winter 
activity of Ixodes ricinus in a Berlin forest. Int J Med Microbiol 2008, 
298, 50–54.

18. Dennis DT, Hayes EB: Epidemiology of Lyme Borreliosis. In: 
Gray JS, Kahl O, Lane RS, Stanek G (Eds): Lyme Borreliosis: Biology, 
Epidemiology and Control, 251–280. CABI Publishing, Oxford 2002.

19. Dennis DT, Nekomoto TS, Victor JC, Paul WS, Piesman J: Report-
ed distribution of Ixodes scapularis and Ixodes pacifi cus (Acari:Ixodidae) 
in the United States. J Med Entomol 1998, 35, 629–638.

20. Dobracki W, Dobracka B, Paczosa W, Zieba J, Bereś P: Epidemi-
ology of borreliosis in workers of the district forestry offi ces in Lower 
Silesia. Przegl Epidemiol 2007, 61, 385–391.

21. Dumler JS, Dotevall L, Gustafson R, Granström M: A population-
based seroepidemiologic study of human granulocytic ehrlichiosis and 
Lyme borreliosis on the west coast of Sweden. J Infect Dis 1997, 175, 
720–722.



 Lyme borreliosis in south-eastern Poland: relationships with environmental factors and medical attention standards 137

22. Falco RC, McKenna DF, Daniels TJ, Nadelman RB, Nowakowski 
J, Fish D, Wormser GP: Temporal relation between Ixodes scapularis 
abundance and risk for Lyme disease associated with erythema migrans. 
Am J Epidemiol 1999, 149, 771–776.

23. Flisiak R, Prokopowicz D: Zagrożenia endemiczne boreliozą 
z Lyme w regionie Puszczy Białowieskiej. Przegl Epidemiol 1994, 48, 
210–217.

24. Fritz CL, Kjemtrup AM, Conrad PA, Flores GR, Campbell GL, 
Schriefer ME, Gallo D, Vugia DJ: Seroepidemiology of emerging tick-
borne infectious diseases in a Northern California community. J Infect 
Dis 1997, 175, 1432–1439.

25. Gern L, Morán Cadenas F, Burri C: Infl uence of some climatic fac-
tors on Ixodes ricinus ticks studied along altitudinal gradients in two geo-
graphic regions in Switzerland. Int J Med Microbiol 2008, 298, 55–59.

26. Gern L, Pierre-Francois H: Ecology of Borrelia burgdorferi sensu 
lato in Europe. In: Gray JS, Kahl O, Lane RS, Stanek D (Eds): Lyme Bor-
reliosis: Biology, Epidemiology and Control, 149–174. CABI Publishing, 
Oxford 2002.

27. Gray JS, Kahl O, Janetzki C, Stein J: Studies on the ecology of 
Lyme disease in a deer forest in County Galway, Ireland. J Med Entomol 
1992, 29, 915–920.

28. Hubálek Z, Halouzka J, Juricová Z, Sikutová S, Rudolf I: Effect 
of forest clearing on the abundance of Ixodes ricinus ticks and the preva-
lence of Borrelia burgdorferi s.l. Med Vet Entomol 2006, 20, 166–172.

29. Hubálek Z, Halouzka J: Distribution of Borrelia burgdorferi sensu 
lato genomics groups in Europe, a review. Eur J Epidemiol 1997, 13, 
951–957.

30. Jenkins A, Kristiansen BE, Allum AG, Aakre RK, Strand L, 
Kleveland EJ, van de Pol I, Schouls L: Borrelia burgdorferi sensu lato 
and Ehrlichia spp. in Ixodes ticks from southern Norway. J Clin Micro-
biol 2001, 39, 3666–3671.

31. Jouda F, Perret JL, Gern L: Ixodes ricinus density, and distribu-
tion and prevalence of Borrelia burgdorferi sensu lato infection along an 
altitudinal gradient. J Med Entomol 2004, 41, 162–169.

32. Lencáková D, Hizo-Teufel C, Petko B, Schulte-Spechtel U, 
Stanko M, Wilske B, Fingerle V: Prevalence of Borrelia burgdorferi s.l. 
OspA types in Ixodes ricinus ticks from selected localities in Slovakia and 
Poland. Int J Med Microbiol 2006, 296, 108–118.

33. Lin T, Oliver JH Jr, Gao L, Kollars TM Jr, Clark KL: Genetic 
heterogeneity of Borrelia burgdorferi sensu lato in the southern United 
States based on restriction fragment length polymorphism and sequence 
analysis. J Clin Microbiol 2001, 39, 2500–2507.

34. Lindgren E, Tälleklint L, Polfeldt T: Impact of climatic change on 
the northern latitude limit and population density of the disease-transmit-
ting European tick Ixodes ricinus. Environ Health Perspect 2000, 108, 
119–123.

35. Lingren M, Rowley WA, Thompson C, Gilchrist M: Geographic 
distribution of ticks (Acari: Ixodidae) in Iowa with emphasis on Ixodes 
scapularis and their infection with Borrelia burgdorferi. Vector Borne 
Zoonotic Dis 2005, 5, 219–226.

36. Mathiesen DA, Oliver JH Jr, Kolbert CP, Tullson ED, Johnson BJ, 
Campbell GI, Mitchell PD, Reed KD, Telford III SR, Anderson JF, Lane 
RS, Persing DH: Genetic heterogeneity of Borrelia burgdorferi in the 
United States. J Infect Dis 1997, 175, 98–107.

37. 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.

38. Morán Cadenas F, Rais O, Jouda F, Douet V, Humair P, Moret J, 
Gern L: Phenology of Ixodes ricinus and infection with Borrelia burg-
dorferi sensu lato along a north- and south-facing altitudinal gradient on 
Chaumont mountain, Switzerland. J Med Entomol 2007, 44, 683–693.

39. Morshed MG, Scott JD, Fernando K, Geddes G, McNabb A, Mak 
S, Durden LA: Distribution and characterization of Borrelia burgdorferi 
isolates from Ixodes scapularis and presence in mammalian hosts in On-
tario, Canada. J Med Entomol 2006, 43, 762–773.

40. Nakao M, Miyamoto K, Fukunaga M: Lyme disease spirochetes in 
Japan: enzootic transmission cycles in birds, rodents, and Ixodes persul-
catus ticks. J Infect Dis 1994, 170, 878–882.

41. O’Connell S: Lyme disease in the UK: epidemiology, clinical 
presentations and diagnosis. J Med Microbiol 1994, 40, 77–78.

42. Oliver J, Means RG, Kogut S, Prusinski M, Howard JJ, Layne LJ, 
Chu FK, Reddy A, Lee L, White DJ: Prevalence of Borrelia burgdorferi 
in small mammals in New York state. J Med Entomol 2006, 43, 924–935.

43. Orloski KA, Hayes EB, Campbell GL, Dennis DT: Surveillance 
for Lyme disease: United States, 1992–1998. MMWR CDC Surveill 
Summ 2000, 49, 1–11.

44. Pancewicz SA, Januszkiewicz A, Hermanowska-Szpakowicz T: 
Detection of antibodies of Borrelia burgdorferi among inhabitants of 
north-eastern Poland. Przegl Epidemiol 1996, 50, 375–381.

45. Phillips CB, Matthew HL, Sangha O, Wright EA, Fossel AH, Lew RA, 
Fossel KK, Shadick NA: Lyme disease and preventive behaviours in residents 
of Nantucket Island, Massachusetts. Am J Prev Med 2001, 20, 219–224.

46. Pichon B, Kahl O, Hammer B, Gray JS: Pathogens and host DNA 
in Ixodes ricinus nymphal ticks from a German forest. Vector Borne Zo-
onotic Dis 2006, 6, 382–387.

47. Rahn DW: Lyme disease: clinical manifestations, diagnosis, and 
treatment. Semin Arthritis Rheum 1991, 20, 201–218.

48. Randolph SE: Dynamics of tick-borne disease systems: minor role 
of recent climate change. Rev Sci Tech 2008, 27, 367–381.

49. Rath PM, Ibershoff B, Mohnhaupt A, Albig J, Eljaschewitsch B, 
Jürgens D, Horbach I, Fehrenbach FJ: Seroprevalence of Lyme borreliosis 
in forestry workers from Brandemburg, Germany. Eur J Clin Microbiol 
Infect Dis 1996, 15, 372–377.

50. Rizzoli A, Rosà R, Mantelli B, Pecchioli E, Hauffe H, Tagliapietra 
V, Beninati T, Neteler M, Genchi C: Ixodes ricinus, transmitted diseases 
and reservoirs. Parassitologia 2004, 46, 119–122.

51. Rojko T, Ruzić-Sabljić E, Strle F, Lotric-Furlan S: Prevalence and 
incidence of Lyme borreliosis among Slovene forestry workers during the 
period of tick activity. Wien Klin Wochenschr 2005, 117, 219–225.

52. Santino I, Cammarata E, Franco S, Galdiero F, Oliva B, Sessa R, 
Cipriani P, Tempera G, Del Piano M: Multicentric study of seropreva-
lence of Borrelia burgdorferi and Anaplasma phagocytophila in high-risk 
groups in regions of central and southern Italy. Int J Immunopathol Phar-
macol 2004, 17, 219–223.

53. Siński E, Karbowiak G, Siuda K, Buczek A, Jongejan F: Borrelia 
burgdorferi infection of ticks in some regions of Poland. Przegl Epide-
miol 1994, 48, 461–465.

54. Smetanová K, Schwarzová K, Kocianová E: Detection of Ana-
plasma phagocytophilum, Coxiella burnetii, Rickettsia spp., and Borrelia 
burgdorferi s.l. in ticks, and wild-living animals in western and middle 
Slovakia. Ann N Y Acad Sci 2006, 1078, 312–315.

55. Stańczak J, Gabre RM, Kruminis-Łozowska W, Racewicz M, Ku-
bica-Biernat B: Ixodes ricinus as a vector of Borrelia burgdorferi sensu 
lato, Anaplasma phagocytophilum and Babesia microti in urban and sub-
urban forests. Ann Agric Environ Med 2004, 11, 109–114.

56. Steere A: Lyme borreliosis in 2005, 30 years after initial observa-
tions in Lyme Connecticut. Wien Klin Wochenschr 2006, 118, 625–633.

57. Tälleklint L, Jaenson T: Increasing geographical distribution and 
density of Ixodes ricinus (Acari: Ixodidae) in central and northern Swe-
den. J Med Entomol 1998, 35, 521–526.

58. van Dam AP, Kuiper H, Vos K, Widjojokusumo A, de Jongh BM, 
Spanjaard L, Ramselaar AC, Kramer MD, Dankert J: Different genospe-
cies of Borrelia burgdorferi are associated with distinct clinical manifes-
tations of Lyme borreliosis. Clin Infect Dis 1993, 17, 708–717.

59. Wang G, Van Dam AP, Schwartz I, Dankert J: Molecular typing of 
Borrelia burgdorferi sensu lato: taxonomic, epidemiological, and clinical 
implications. Clin Microbiol Rev 1999, 12, 633–653.

60. Zwoliński J, Chmielewska-Badora J, Cisak E, Buczek A, Dutk-
iewicz J: Prevalence of antibodies to Anaplasma phagocytophilum and 
Borrelia burgdorferi in forestry workers from the Lublin region. Wiad 
Parazytol 2004, 50, 221–227.


