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Abstract: The aim of the present study was to determine the seasonal abundance of ticks,
Ixodes ricinus and their infection frequency with spirochetes, Borrelia burgdorferi in
wooded areas of the vicinity of the city of Szczecin during 2000–2001. The ticks were
collected from April to October. Presence of Borrelia burgdorferi sensu lato was detected
with the method of indirect immunofluorescence (IFA). The results showed differences
in seasonal activity of ticks within the years of the study. In the year 2000 a single peak
of their increased activity was noted, while in the year 2001 no significant changes in
the population of Ixodes ricinus were recorded. Borrelia burgdorferi s. l. was detected
in 2000 and 2001 in 11.6% and 9.6% of the specimens captured, respectively, which
constituted a statistically significant difference. The highest level of infection of Ixodes
ricinus in 2000 was observed in April (13.2%), while in 2001 - in July (12.7%). The
differences in the prevalence value between respective months of both years were not
statistically significant. The results of the present study indicate a high risk factor of
acquiring Lyme borreliosis by humans and animals in wooded areas of the Szczecin
vicinity.
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INTRODUCTION
First cases of Lyme borreliosis in Poland were recorded
in the 1980s in the area of Western Pomerania [9]. A steady
increase of the number of cases has been observed ever
since. Relevant epidemiological studies indicated that forest
rangers were the professional group representing the
highest risk of acquiring the disease [3, 12, 18, 19, 27].
Many research centres in Poland conduct monitoring
studies on the persistence of the aetiological agent of the
Lyme disease in the population of the vector - Ixodes
ricinus [4, 6, 7, 8, 9, 10, 11, 13, 16, 20, 21, 22, 23, 25, 26,
28, 29, 30, 31, 32, 33, 34] and also in the populations of
reservoir hosts: mammals and birds [2, 17] and reptiles [1].
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The aim of the present paper was the assessment of
seasonal changes in relative density of ticks and in their
infection levels with spirochetes, Borrelia burgdorferi in
the north-western Poland.
MATERIAL AND METHODS
Ticks were collected from 10 sites in the municipal
forests of the city of Szczecin. Each site covered an area
of 100 m2. Ticks were collected from underbrush and
forest bedding using a 1 m2 piece of a flannel cloth. The
procedure was repeated once a month from April to
October in 2000 and 2001. A total of 2380 ticks were
covered in this study. This number included 2195 nymphs
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and 185 adults (89 females and 96 males). The larvae were
not used for further study because of their low survival rate.
The spirochetes were detected using the method of
indirect immunofluorescence. Each tick was rinsed in
70% ethyl alcohol, dried, and squashed with a glass rod. It
was then placed in a buffered physiological solution (PBS).
In next step, 10 µl of the suspension was transferred to an
immunofluorescence slide and after drying it was fixed in
acetone. Such prepared samples were bind to anti-Borrelia
burgdorferi rabbit antibodies and with anti-rabbit goat
IgG marked with fluorescein isothiocyanate (FITC). The
results of IFA reaction in the form of glowing spirochete–
rabbit antibody–goat marked antibody complexes were
observed under a fluorescence microscope under magnification of × 400.
Chi-square test of independence was used for statistical
processing of the results. Differences with p ZHUH
considered as statistically significant. To demonstrate
possible correlation between the quantity and the infection
level of ticks Spearman’s rank correlation coefficients were
calculated. Computer software “Statistica 99” was used for
data processing.
RESULTS
In the year 2000 a total of 1387 ticks were collected. In
this number nymphs constituted 91.1%, whereas the adults
were represented by 8.9% of the specimens (4.5% females,
4.4% males) (Tab. 1). In the same year a single peak of
I. ricinus activity was observed in June (Fig. 1). The
quantitative differences of Ixodes ricinus between June
and the remaining months were statistically significant.
Tick numbers collected in individual months of 2000 varied
significantly, except for September, October, April and May.
The year 2001, compared to the previous year, yielded
substantially fewer ticks from designated sites - a total of
993 specimens (Tab. 1), which constituted a statistically
significant difference. The nymphs constituted 93.7% of
the overall number of the ticks collected, whereas the
adults were represented by 6.2% of the specimens (2.7%
females, 3.5% males) (Tab. 1). The numbers of Ixodes
ricinus collected in individual months of 2001 did not
show statistically significant differences (p > 0.05).
The highest difference recorded was between August
and October and the significance level for this difference
reached the value of p = 0.07.
Statistical differences were demonstrated between May
and June while comparing the numbers of the specimens
collected in respective months of 2000 and 2001 (Fig. 1).
The presently conducted reactions of indirect immunofluorescence showed 11.6% infection level of the tick, Ixodes
ricinus population with spirochetes Borrelia burgdorferi
in 2000 and 9.6% in the year 2001 (Tab. 1). The two-year
study demonstrated also a higher percentage of infected
specimens in the adults than in nymphs. B. burgdorferi
sensu lato spirochetes were detected in 19.5% of the adult
specimens in 2000 and in 24.2% of them in the following
year. The infection level of males and females was similar

Table 1. Infection levels of ticks, Ixodes ricinus with spirochetes Borrelia
burgdorferi sensu lato in 2000 and 2001
Developmental
stage

Number of infected ticks/
Number of examined ticks

Prevalence of B.
burgdorferi s. l.

2000

2001

2000

Nymphs

137/1264

80/931

10.8

8.6

Females

12/62

7/27

19.3

25.9

12/61

8/35

19.7

22.8

161/1387

95/993

11.6

9.6

Males
Total

2001

Table 2. Correlation between infection level of ticks, Ixodes ricinus with
spirochetes Borrelia burgdorferi sensu lato and the quantitative size of
the population.
Year

RS

p

2000

0.85

0.02*

2001

0.53

0.2

Rs - Spearman’s rang correlation coefficient; P - significance indicator;
* - statistically significant value (p < 0.05)

(Tab. 1). The percentage of infected nymphs was 10.8%
and 8.6% respectively (Tab. 1).
The highest monthly prevalence in 2000 was observed
in April, while the lowest - in May (Fig. 2). In 2001 the
highest prevalence was recorded in July (Fig. 2), while
the lowest - in August (Fig. 2). Those differences, in both
years, were not statistically significant (p > 0.05). Also no
statistical differences were noted between respective
months of both years.
Statistically significant correlation coefficient between
the number of ticks collected and their level of infection
with Borrelia burgdorferi s.l. was stated only in 2000
(Tab. 2).
DISCUSSION
The results of the present study, as well as the results
published by the other authors, show different quantitative
dynamics of the Ixodes ricinus populations in different
areas and different years. In this study, in 2000, there was
a distinct peak of seasonal activity in June, while in 2001
the numbers of tick populations did not differ significantly
between April and October.
The majority of authors, who conducted similar studies
in other regions of Poland and also in other countries,
observed most often two periods of increased tick
activity: spring, lasting from April to May, and autumn in September (for example Nowosad et al. [20] in the city
OLPLWVRI3R]QDDQG:HJQHUet al. [34] in the vicinity of
Olsztyn. Similar changes in the population quantities of
I. ricinus throughout the year were observed by Talleklint
and Jaenson [30] in Sweden, Pichon et al. [21] in wooded
DUHDV RI )UDQFH DQG 5RþNLHQH >@ LQ /LWKXDQLD 7KH
present results differed from those published by the abovementioned authors by showing only one peak of intensified
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Figure 1. Comparision of the seasonal activity dynamics of Ixodes ricinus
population during 2000–2001. Average number of ticks colleted from
10 sites of 100 m2.

Figure 2. Comparision of the infection level dynamics of Ixodes ricinus
population with Borrelia burgdorferi sensu lato during 2000–2001.

activity of I. ricinus in the month of June (Fig. 1) and no
activity differences of Ixodes ricinus in 2001. Also, the
number of ticks in September was among the lowest. A
similar situation with no increase of tick population in
autumn was observed in certain years in the vicinity of the
*GDVN-Gdynia-Sopot agglomeration, by Wegner et al.
[31]. The above authors also recorded a summer increase
of I. ricinus activity in June, July, or August, depending
on the year and the area where ticks were collected.
Similar results, with the use of IFA method, were
obtained Wegner et al. [34] in the area of the former
2OV]W\VNLH3URYLQFHLQ WLFNSUHYDOHQFHRI 
and Wegner et al. [32] on recreational areas of the former
%LDáRVWRFNLH3URYLQFHLQ RII. ricinus infected).
Using the sDPH WHFKQLTXH 6WDF]DN et al. [28] detected
presence of B. burgdorferi in 8.1% of ticks in the areas of
%LDá\VWRN2OV]W\QDQG(OEOJLQ
Also in the studies based on PCR, results comparable
ZLWK WKH SUHVHQW UHVXOWV ZHUH REWDLQHG 6WDF]DN et al.
[28] recorded 13% infection of ticks collected in 1998
IURPWKHDUHDVRI6áXSVN%\GJRV]F]/XEOLQDQG.UDNyZ
Skotarczak and Wodecka [26] observed 12% infection of
I. ricinus collected within the Zachodniopomorskie Province
in 1996, while Skotarczak [25] noted the presence of the
spirochetes in 8.6 % of the specimens collected in the
same areas in 1997. Substantially lower infection level
ZDVIRXQGE\3DZHáF]\NDQG6LVNL>@LQWLFNVFROOHFWHG
in 1999 and 2000 in the Mazurian Lake District: 6.2% and
2.6%, respectively. On the other hand, exceptionally high
prevalence values of I. ricinus, amounting to 24.5% (within
1994-1995) were found in Wielkopolska by Jenek and
*áD]DF]RZ >@ ZKLOH WKRVH IRXQG ZLWKLQ -1998 by
Nowosad et al. [20] reached 22.6%.
In the present study a higher infection level of the
adults was observed compared to nymphs (Tab. 1), which
is consistent with the results obtained by the other authors.
Also, a higher infection rate of the adults was recorded by
Hubalek et al. [8], Hubalek et al. [7] and Hubalek and
Halouzka [6] in the Czech Republic and in wooded areas
of 16 European countries by Gray et al. [5]. Higher
prevalence values of adult ticks with the spirochetes were
also observed by Gilot et al. [4] in France, by Mejlon and

Jaenson [14] - in southern Sweden, by Junttila et al. [11]
in Finland, and by Stünzner et al. [29] in Austria. Similar
differences in infection levels of individual developmental
stages were stated in the course of some studies carried
out in Poland. Wegner et al. [34] detected B. burgdorferi
in 7.5% of nymphs and 18.8 % of the adults, collected in
the wooded areas of Olsztyn. A study by the same authors
ZLWKLQ*GDVN-Gdynia-Sopot agglomeration also demonstrated a lower level of infection of nymphs (8.2%) compared
to females (14.9%) and males (18.9%). 6WDF]DN et al.
[28], studying infection levels of ticks in forests of 8
provinces of Poland, observed that the nymphs were less
infected (6.2%) than females (14.9%) and males (12.4%).
Similar proportions in prevalence values of I. ricinus
REWDLQHG-HQHNDQG*áD]DF]RZ>@LQWKHLUVWXGLHVFDUULHG
out within Wielkopolska (nymphs: 8.3%; females: 28.8%;
and males: 22%). Some authors, however, observed a
similar [25] or even lower [15, 35] infection of nymphs
compared to the adults. Differences in infection frequency
of individual developmental stages of I. ricinus in the
papers of the cited authors might have resulted from
influence of various ecological factors within the areas
studied. In a final conclusion however, it has to be
emphasized that nymphs, constituting a decisive majority
in populations of I. ricinus, are more important in the
transmission of the pathogens than the adult forms.
Moreover, because of their smaller size, they are more
difficult to detect while feeding on blood, which increases
the risk of infection.
It is evident form the statistical analysis performed that
there is a relationship between the quantity of Ixodes ricinus
population and its infection level with the spirochetes,
although such a correlation was more distinct and
statistically significant only in 2000.
2QWKHRWKHUKDQG5RþNLHQH>@DWWHPSWHGWRGHWHUPLQH
a possible correlation between the frequency of cases of
Lyme borreliosis and the seasonal activity of ticks and
their infection level. According to this author, the rapid
increase in the number of cases of borreliosis in Lithuania
from 1991–1995 was related to growing numbers of ticks
and increasing prevalence of B. burgdorferi in ticks. The
results of the study have demonstrated that the frequency
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of borreliosis cases coincided with seasonal increase of
tick activity, and that was particularly high in autumn when
many people visited forests.
It is possible that in the years to come, the percentage if
infected ticks will not change in the wooded areas of
Szczecin. Usage of chemical compounds and even a harsher
winter may have only small effect on limiting the numbers
of ticks, although without changing their infection level
with spirochetes. The study by Matushchenko et al. [13]
carried out in the forests of western Siberia revealed such
high levels of infection of I. persulcatus as 58.3% in the area
of Novosibirsk. This is a clear sign that low temperatures
do not have a decisive impact on persistence of spirochetes
in tick populations.
CONCLUSIONS
• Possibility of contacts between humans and ticks in the
wooded areas of Szczecin create a high risk of acquiring
Lyme borreliosis.
• Nymphs of Ixodes ricinus play a principal role in
epidemiology of Lyme borreliosis.
• The highest probability of contacts between people
and ticks in the areas studied has been determined for the
months of the tick’s highest activity i.e., June and August.

REFERENCES
1. Anderson JF: Epizootiology of Lyme borreliosis. Scand J Infect
Dis 1991, 77, 23-34.
2. Anderson JF, Johnson RC, Magnarelli LA: Involvement of birds in
the epidemiology of the Lyme disease agent Borrelia burgdorferi. Infect
Immun 1986, 51, 394-396.
3. Flisiak R, Prokopowicz D, Flisiak I, Bobrowska E, Miegoc H,
*U]HV]F]XN$6XOLN(2NRáyZ&(QGHPLFWKUHDWRI/\PHERUUHOLRVLV
in Bialowicza forestry area. Przegl Epidemiol 1994, 48, 211-217.
4. Gilot B, Degeilh B, Pichot J, Doche B, Guiguen C: Prevalence of
Borrelia burgdorferi (sensu lato) in Ixodes ricinus (L.) populations in
France, according to a phytoecological zoning of the territory. Eur J
Epidemiol 1996, 12, 395-401.
5. Gray JS, Kahl O, Robertson JN, Daniel M, Estrada–Pena A,
Gettinby G, Jaenson TG, Jensen P, Jongejan F, Korenberg E, Kurtenbach
K, Zeman P: Lyme borreliosis habitat assessment. Zenralbl Bacteriol
1998, 287, 211-228.
6. Hubalek Z, Halouzka J: Prevalence rates of Borrelia burgdorferi
sensu lato in host - seeking Ixodes ricinus ticks in Europe. Parasitol Res
1998, 84, 167-172.
7. +XEDOHN=+DORX]ND--XLFRYD=$FRPSDULVRQRIWKHRFFXUUHQFH
of borreliae in nymphal and adult Ixodes ricinus ticks. Zentralbl Bacteriol
1991, 275, 133 -137.
8. +XEDOHN=+DORX]ND--XLFRYD=,QYHVWLJDWLRQRIKDHPDWRSKDJRXV
arthropods for borreliae - summarized data, 1988-1996. Folia Parasitol
1998, 45, 67-72.
9. Januszkiewicz J, Kieda A: Cases of borreliosis (Lyme disease) in
Western Pomerania. Przegl Epidemiol 1987, 41: 324-329.
10. -HQHN - *áD]DF]RZ $ 7KH HYDOXDWLRQ RI Borrelia burgdorferi
sensu lato spirochaetes distribution in Ixodes ricinus ticks collected in
selected regions of Wielkopolska regions by polymerase chain reaction
(PCR) method. Przegl Epidemiol 1996, 50, 383-386.
11. Junttila J, Peltomaa M, Soini H, Marjamaki M, Viljanen MK:
Prevalence of Borrelia burgdorferi in Ixodes ricinus ticks in urban
recreational areas of Helsinki. J Clin Microbiol 1999, 37, 1361-1365.
12. Matuschka FR, Fischer P, Heiler P, Heiler M, Blumcke S,
Spielman A: Stage - associated risk of transmission of the Lyme disease
spirochete by European Ixodes ticks. Parasit Res 1992, 78, 695-698.

13. Matushchenko AA, Rudakova SA, Korenberg EI: The preliminary
results of an ecological study of Lyme disease in western Siberia. Med
Parasitol 1993, 4, 27-29.
14. Mejlon HA, Jaenson TG: Seasonal prevalence of Borrelia burgdorferi
in Ixodes ricinus in different vegetation types in Sweden. Scand J Infect
Dis 1993, 25, 449-56.
15. Miserez V, Gern L, Aeschlimann A: Borrelia burgdorferi in ticks
of the Canton Tessin (Switzerland). Parasitologia 1990, 32, 293-299.
16. 0UR*HN-Budzyn D: Lyme Borreliosis. Przegl Epidemiol 1999, 53,
325-330.
17. Nicholls TH, Callister SM: Lyme disease spirochetes in ticks
collected from birds in midwestern United States. J Med Entomol 1996,
33, 379-384.
18. 1LFLJRUVND-(SLGHPLRORJLF-clinical aspects of tick borne borreliosis
in the Szczecin Province. Ann Acad Med Stetin 1999, 45, 157-173.
19. Neubert C, Munchhoff P, Volker B: Borrelia burgdorferi infection
in Bavarian forest workers. Ann NY Acad Sci 1988, 539, 476.
20. 1RZRVDG$-HQHN-*áD]DF]RZ$:Dl M: Ticks Ixodes ricinus
(Linnaeus, 1758) from selected municipal forests of the city Poznan and
their infection with the spirochetes Borrelia burgdorferi senso lato.
Przegl Epidemiol 1999, 53, 299-308.
21. Pichon B, Mousson L, Figureau C, Rodhain F, Perez-Eid C: Density
of deer in relation to the prevalence of Borrelia burgdorferi s.l. in Ixodes
ricinus nymphs in Rambouillet forest, France. Exp Appl Acarol 1999, 23,
267-275.
22. 3DZHáF]\N $ 6LVNL ( &RQWULEXWLRQ RI I. ricinus ticks in
maintaining the source of infection of Borrelia burgdorferi sensu lato on
Mazury Lakes. 0DWHULDá\],,,0L G]\QDURGRZHJR6\PSR]MXPÄ6WDZRQRJL
SDVR*\WQLF]H DOHUJRJHQQH L MDGRZLWH-znaczenie medyczne i sanitarne”,
maj 2001, Kazimierz Dolny, 2001, 66-67.
23. 3HW¶NR%6LXGD.6WDQNR07UHVRYi*.DUERZLDN*)ULþRYi
J: Borrelia burgdorferi sensu lato in the Ixodes ricinus ticks in southern
Poland. Ann Agric Environ Med 1997, 4, 263-269.
24. 5RþNLHQH$/\PH disease in Lithuania. Parasitologia 1996, 38, 391.
25. Skotarczak B: Borrelia burgdorferi sensu lato occurrence in ticks
Ixodes ricinus by polymerase chain reaction (PCR). Wiad Parazytol
2000, 46, 93-99.
26. Skotarczak B, Wodecka B: Occurrence of spirochetes Borrelia
burgdorferi s.l. u in ticks Ixodes ricinus in the forests of Szczecin province.
Wiad Parazytol 1998, 44, 227-232.
27. 6RELHV]F]DVND%01y*ND%0LOF]DUVND-'REUDFND%'REUDFNL
W: The presence of antibodies to Borrelia burgdorferi associated with
immunologic complexes in sera of foresters. Med Dosw Microbiol 1998,
50, 97-103.
28. 6WDF]DN-5DFHZLF]0.XELFD-Biernat B, Kruminis-àR]RZVND
: 'EURZVNL - $GDPF]\N $ 0DUNRZVND 0 3UHYDOHQFH RIBorrelia
burgdorferi sensu lato in Ixodes ricinus (Acari, Ixodidae) in different
Polish woodlands. Ann Agric Environ Med 1999, 6, 127-132.
29. Stünzner D, Hubalek Z, Halouzka J, Postic D, Pierer K, Marth E:
Prevalence of Borrelia burgdorferi s. l. in Ixodes ricinus ticks from
Styria (Austria) and species identification by PCR-RFLP analysis.
Zentralbl Bacteriol 1998, 288, 471-478.
30. Talleklint L, Jaenson TG: Seasonal variations in density of
questing Ixodes ricinus (Acari: Ixodidae) nymphs and prevalence of
infection with B. burgdorferi s. l. in south central Sweden. J Med
Entomol 1996, 33, 592-597.
31. Wegner Z, Racewicz M, Kubica-Biernat B, Kruminis-àR]RZVND
:6WDF]DN-7KHSUHYDOHQFHRIIxodes ricinus ticks (Acari, Ixodidae)
in the forested areas of Gdansk, Sopot, and Gdynia and their infection rate
with Borrelia burgdorferi spirochetes. Przegl Epidemiol 1997, 51, 11-20.
32. :HJQHU=6WDF]DN-5DFHZLF]0.XELFD-Biernat B, KruminisàR]RZVND:7KHHWLRORJLFDODJHQWRI/\PHGLVHDVHBorrelia burgdorferi,
in ticks (Acari: Ixodidae) from eastern Poland. Zentralbl Bacteriol 1997,
286, 93-106.
33. Wegner Z: The role of ticks occurring in Poland in the epidemiology
of transmitted diseases. Wiad Parazytol 1995, 41, 305-319.
34. :HJQHU = 6WDF]DN - 5DFHZLF] 0 .UXPLQLV-àR]RZVND :
Kubica-Biernat B: Occurrence of Borrelia spirochaetes in ticks (Acari,
Ixodidae) collected in the forest areas in Olsztyn province (north central
Poland). Bull Inst Marit Trop Med Gdynia 1993-1994, 44-45, 51-59.
35. Zhioua E, Postic D, Rodhain F, Perez-Eid C: Infection of Ixodes
ricinus (Acari: Ixodidae) by Borrelia burgdorferi in Ile de France. J Med
Entomol 1996, 33, 694-697.

