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Abstract: A suburban focus of Lyme borreliosis situated 11 km from the southern border
of the city of Lublin (eastern Poland) was characterized. The focus covers an area of circa
100 km?, surrounding 3 localities inhabited by circa 7,500 people engaged mostly in
farming. It was demonstrated that on the area of focus the infection rate of Ixodes ricinus
ticks with Borrelia burgdorferi, frequency of serological response of inhabitants to the
antigen of Borrelia burgdorferi, and incidence of Lyme borreliosis were significantly
(p<0.001) greater compared to the whole territory of Lublin province, and were respec-
tively 13.1% vs. 4.7%, 33.0% vs. 13.7%, and 0.002% vs. 0.00075%.
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INTRODUCTION

Lyme borreliosis (LB) caused by the spirochete Borre-
lia burgdorferi is the commonest tick-transmitted disease
in the world [3, 15, 32] manifested by a wide spectrum
of clinical symptoms. Epidemiological data indicate that
there are areas of particularly high risk of infection with
Borrelia burgdorferi, called natural foci of LB, which may
occur rapidly at previous non-endemic sites [36].

Establishing active natural foci of LB in selected locali-
ties is the first step in controlling and preventing the disease
[5, 42]. To characterise the natural foci of LB the presence
of infected vectors and reservoir hosts of different species
of Borrelia as well as incidence of seropositive reactions
and clinical cases in the exposed population should be taken
into account [3, 21, 25, 36]. In Poland, where Lyme borre-
liosis is widespread with the increasing morbidity (11.6 per
100,000 in the year 2005, 17.5 in 2006, and 20.2 in 2007
[27]), the foci of LB were identified until recently in the
northern part of the country (Podlasie, Masurian Lakeland
and Eastern Pomerania) [37, 39, 41].
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During recent years, we have focused our attention on
a suburban area south of the city of Lublin where numer-
ous clinical cases of LB were diagnosed by local practi-
tioners among rural inhabitants. The aim of this study was
to evaluate this area as a potential natural focus of LB by
determination of the infection rate of Ixodes ricinus ticks
with Borrelia burgdorferi, examination of serological re-
sponse of inhabitants to Borrelia burgdorferi antigen, and
characterization of clinical cases of LB. The results were
compared with those obtained earlier for the whole terri-
tory of the Lublin province [10, 11].

MATERIALS AND METHODS

Study area. The study was conducted in an area of circa
100 km?, surrounding 3 localities (Bychawka, Jabtonna,
Piotrowice) situated in the southern part of the Lublin dis-
trict, 11 km from the border of the city of Lublin. These
localities are 5-8 km away from each other, forming a tri-
angle, and are inhabited by circa 7,500 people. Farming is
the main income source in this area, as cropland is 80% of
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the land and the rest of this territory is covered with mixed
forest.

Collection of ticks. Unfed Ixodes ricinus ticks (adults
and nymphs) were collected in the study area from April—
June 2008 by flagging lower vegetation, mostly at the edge
of forests, on the borderline between the wooded area and
farmers’ fields or glades, and on the forest paths. Collected
ticks were placed in glass vials with 70% ethanol for fur-
ther investigation.

Detection of Borrelia burgdorferi sensu lato DNA in
ticks. 915 ticks collected from the Jabtonna, Bychawa and
Piotrowice areas were checked first for the presence of
Borrelia burgdorferi sensu lato (s.1.) by polymerase chain
reaction (PCR), and next for the presence of 3 pathogenic
Borrelia genospecies (Borrelia burgdorferi sensu stricto,
Borrelia afzelii and Borrelia garinii) by nested PCR.

Bacterial DNA was isolated from ticks according to Ri-
jpkema et al. [37] by crushing the tick with a pipette tip
and then boiling in 0.7 M ammonium hydroxide at 90°C
until evaporation of the ammonia. Thereafter, ticks were
stored at -70°C. Adult ticks were investigated separately
and nymphs in pools of 5 specimens. The tick isolates were
examined for the presence of Borrelia burgdorferis.l. DNA
by PCR with oligonucleotide primer set Flal/Fla2 (Euro-
gentec, Seraing, Belgium) specific for fla gene sequence,
and PCR was performed as described previously [12].

Detection of Borrelia burgdorferi genospecies DNA.
All tick lysates in which Borrelia burgdorferi s.. DNA was
detected were examined for the presence of 3 pathogenic
Borrelia genospecies by nested PCR using species specific
pairs of primers BB1/BB2, BA1/BA2 and BG1/BG3 (Eu-
rogentec, Seraing, Belgium) to differentiate Borrelia burg-
dorferi s.l. into Borrelia burgdorferi sensu stricto, Borrelia
afzelii, and Borrelia garinii. The conditions of nested PCR
have been described earlier [12].

Examined population. A total of 94 rural inhabitants
engaged in farming on the study area, comprising 28 males
and 66 females were examined. The mean age of examined
farmers amounted to 56.3 + 14.3 years. All the examined
population was interviewed regarding exposure to ticks
and subjected to serological examination with Borrelia
burgdorferi antigen. The reference group consisted of 50
healthy blood donors living in the city of Lublin, at the
mean age of 29.7 £ 5.0 years.

Serological examination for the presence of anti-Bor-
relia burgdorferi antibodies. Sera of rural inhabitants
from the study area and reference group were examined
for the presence of specific anti-IgM and anti-IgG antibod-
ies to Borrelia burgdorferi sensu lato (s.l.) according to
European guidelines by two-step diagnostics [1, 16]. In the
first step, the level of specific IgM and IgG antibodies was
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determined with the use of commercial ELISA test (Borre-
lia recombinant IgM and Borrelia recombinant IgG, Bellco
Biomedica GmbH and Co. KG, Vienna, Austria). In the
second step, positive and equivocal sera were examined by
Western blot IgM and IgG tests (Borrelia recom Line IgM
and Borrelia recom Line IgG, Mikrogen, Neuried, Germa-
ny). In all serological kits recombinant proteins of Borrelia
burgdorferi s.1. were used as the antigen.

Clinical analysis. The medical staff of the local health
service were interviewed for the prevalence of clinical cas-
es of Lyme borreliosis among the population of the study
area in the years 1998-2007, and the documentation was
analysed to reveal specific features of the disease. Moreo-
ver, the case of occupational disease acquired on this ter-
rain was taken into consideration in the present study.

Statistical analysis. Statistical analysis was carried out
by chi-square and t-tests, using Statistica for Windows
v. 5.0 package (Statsoft, Inc., Tulsa, Oklahoma, USA).

RESULTS

Infection of Ixodes ricinus ticks with Borrelia burg-
dorferi sensu lato. Altogether, 120 (13.1%) out of 915
ticks collected on the study area (individual and pooled
samples) showed the presence of the Borrelia burgdorferi
sensu lato DNA. The highest infection rate was observed
in females (26.7%), followed by males (20.1%). Minimum
infection rate in nymphs amounted to 7.5% (Tab. 1).

Further study of 120 tick samples positive for Borrelia
burgdorferi s.1. showed that all 3 pathogenic genomic spe-
cies of Borrelia burgdorferi sensu lato were noted in the
study area. In 59 positive ticks (49.1%) single infection was
observed, while in 51 specimens (42.5%) were found co-in-
fections with 2 species and in 8 specimens (6.7%) co-infec-
tions with 3 species. In 2 ticks (1.7%), genospecies was not
identified. The dominant genospecies in single infections
was Borrelia afzelii while Borrelia burgdorferi s. stricto
was noted most frequently in mixed infections (Tab. 1).

Prevalence of specific antibodies anti-Borrelia burg-
dorferi. In 31 out of 94 examined farmers inhabiting the
study area (33.0%) the presence of specific [gG and/or [gM
antibodies against Borrelia burgdorferi was found in ELI-
SA test (26 positive and 5 borderline). Healthy urban dwell-
ers from the reference group showed positive reactions to
B. burgdorferi only in 6.0%. All the positive and borderline
sera were confirmed as positive with Western blot test (Tab.
2). The difference between the prevalence of specific anti-
Borrelia burgdorferi antibodies in both groups was highly
significant (p<0.001). Ninety-one percent of examined
farmers claimed tick bites during the last 15 years.

Clinical cases of Lyme borreliosis on study area.
A total of 15 cases of Lyme borreliosis were diagnosed in
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the years 1998-2007 on the territory of study area. Their
characteristics are presented in Table 3. As seen in Table 3,
the most common clinical forms observed among patients
were Lyme arthritis and skin borreliosis. In one case, the
occupational origin of Lyme borreliosis was documented
in the scientist who collected wood samples for microbio-
logical investigation.

Comparison of results obtained for study area with
those recorded earlier for the whole territory of Lub-
lin province. The comparison is presented in Table 4. The
percentage of ticks infected with Borrelia burgdorferi on
the study area was nearly 3 times higher compared to our
earlier work [10, 11] comprising the whole Lublin prov-
ince. Also, the percentage of seropositive results obtained
with the Borrelia burgdorferi antigen among farmers from
the study area was distinctly higher than in earlier own
research [11] for whole province. Similarly, the incidence
rate of Lyme borreliosis on study area was 2.7 times great-
er compared to official morbidity reports per 100,000 of
the population compiled in the years 1998-2007 for Lublin
province by the State Institute of Hygiene [27]. All these
differences were highly statistically significant as meas-
ured with chi-square test (Tab. 4), thus indicating that the
study area was a true natural focus of Lyme borreliosis.

DISCUSSION

At least 3 conditions are needed to define a particular
area as a natural focus of Lyme borreliosis (LB): « increased
infection rate of tick vectors and/or vertebrate animal hosts
with Borrelia burgdorferi; * increased immunological
response to Borrelia burgdorferi antigen among human
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Table 3. Characterization of the Lyme borreliosis clinical cases diagnosed
in the years 1998-2007 on the territory of study area.

No. Patient’s Patient’s Year of Clinical form of

initials profession diagnosis disease
1 M. M. Farmer 1998 Skin borreliosis
2 H.N. Farmer 1998 Lyme arthritis
3 M. S. Pupil 1999 Neuroborreliosis
4 C.S.* Scientist 2000 Lyme arthritis
5 J.Z. Teacher 2002 Lyme arthritis
6 B.C. Farmer 2004 Lyme arthritis
7 M. S. Farmer 2005 Lyme arthritis
8 K. K. Clerk 2005 Lyme arthritis
9 B.A. Farmer 2006 Lyme arthritis
10 C.R. Farmer 2007 Skin borreliosis
11 K. T. Farmer 2007 Lyme arthritis
12 S. K. Teacher 2007 Skin borreliosis
13 K. L. Farmer 2007 Lyme arthritis
14 A. M. Farmer 2007 Lyme arthritis
15 A.W. Farmer 2007 Lyme arthritis

* case of occupational borreliosis

inhabitants; ¢ increased incidence of clinical cases of LB.
All these conditions were fulfilled in study area investi-
gated in the present work, which could be recognized as
the first well defined LB focus in mid-eastern Poland.

The results of the present study could be compared with
earlier studies describing LB natural foci mainly with re-
gard to the infection rate of ticks which was highlighted by
most authors. Compared to the LB natural foci described
by Stanczak et al. [39, 41] in northern Poland, the total

Table 1. Prevalence of Borrelia burgdorferi DNA in ticks collected from vegetation in the study area.

Tick stage Number of Positive (percent)
Specimens B.a. B.g. B.b.ss. B.a. +B.g. B.a. + B.g.+ B.a.+B.g.  Unidenti- Total
examined
B.bss.s. B.b.s.s.  +B.bs.s.  fied geno- —B.b.s.l.
species
Females 161 7 (4.4%) 3(1.9%) 10 (6.2%) 2 (1.2%) 4(2.5%)  15(9.3%) 2 (1.2%) 0(0)  43(26.7%)
Males 164 10 (6.1%) 1 (0.6%) 2 (1.2%) 0(0) 2(1.2%) 16 (9.8%) 0(0) 2 (1.2%) 33 (20.1%)
Nymphs* 590 20 (3.4%) 1(0.2%) 5(0.9%) 2 (0.3%) 2 (0.3%) 8 (1.4%) 6 (1.0%) 0(0) 44 (7.5%)**
Total 915 37 (4.0%) 5(0.6%) 17 (1.8%) 4 (0.4%) 8(0.9%) 39 (4.3%) 8(0.9%) 2(0.2%) 120 (13.1%)

* examined in pools of 5 specimens; ** minimum infection rate; B.a. — Borrelia afzelii, B.g. — Borrelia garinii, B.b.s.s. — Borrelia burgdorferi sensu

stricto, B.b. s.l. — Borrelia burgdorferi sensu lato.

Table 2. Presence of antibodies to Borrelia burgdorferi s.l. in rural inhabitants of the study area and reference group of healthy urban dwellers.

Group Number of Positive and borderline serological reactions confirmed with Western blot (number, percent)
examined ELISA Western blot

people
Positive Borderline Confirmed as positive
Rural inhabitants of study area 94 26 (27.7%) 5(5.3%) 31 (33.0%)
Healthy urban dwellers 50 3 (6.0%) 0 3 (6.0%)
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Table 4. Comparison of epidemiological results obtained in the present work for the study area with the analogical data obtained earlier for the whole

Lublin province.

Positive/examined (percent)

Significance of difference between

Study area

data for study area and

Infection of ticks with
Borrelia burgdorferi

120/915 (13.1%)

Serological response of rural
inhabitants to antigen of
Borrelia burgdorferi

31/94 (33.0%)

Incidence of clinical cases of
Lyme borreliosis

15/7,500 (0.002%)

Whole Lubli i
o' Lubln provinee whole Lublin province
17/362 (4.7%) [10] p<0.00001
15/110 (13.6%) [11] p<0.001
1,631/2,166,213 (0.00075%) [27] p<0.001

infection rate of Ixodes ricinus ticks with Borrelia burg-
dorferi s.1. found in the present study (13.1%) was similar
to the rates reported by these authors for Gdansk-Gdynia-
Sopot area and Elblag region (12.4% and 13.2% respec-
tively), and higher than the rates reported for Stupsk and
Bydgoszcz regions (9.1%, and 7.4%, respectively).

Studies on LB natural foci have been conducted in vari-
ous countries in Europe [2, 3,6, 7,9, 13, 15,17, 18, 20, 21,
24,26, 29, 30, 31, 32, 33, 34, 38, 44]. In the study conduct-
ed by Ferquel et al. [15] on the territory of Alsace in north-
eastern France (described as the focus of Lyme borreliosis)
the percentage of adult ticks infected with B. burgdorferi
fluctuated from 21.0%-36.4% and was comparable to the
results obtained in this study, where the rates of infected
females and males were 26.7% and 20.1%, respectively.
The active natural foci of Lyme borreliosis were shown
by Biletska et al. on the territories of 8 provinces in the
Ukraine; the mean percentage of infected ticks was lower
than in the present study and amounted approximately to
10% [3]. The seroprevalence among people living in LB
foci in the Ukraine was comparable to the current study
and amounted to 34.3%.

Potential foci of Lyme borreliosis were also identified
in towns. Nadzamova et al. reported that on the territory
of Kosice (Slovakia), the infection rate of ticks was simi-
lar to the present study and amounted from 12.8%—-15.0%
[30]. Compared to own research, the higher infection rate
(35.0%) of B. burgdorferi infected ticks was found by Dan-
ielova et al. [13] in I ricinus from selected South Bohe-
mian locations in the Czech Republic. The cited authors
suggested the rapid formation and establishment of natural
focus of Lyme disease on territory with a low incidence of
Lyme borreliosis. The higher prevalence of B. burgdorferi
in I. ricinus ticks (from 13.9%-24.0%) was also shown by
Ochme et al. in a study upon the foci of tick-borne dis-
eases in the State of Baden-Wuertemberg in southwestern
Germany [31]. Similarly, a high infection rate (19.1%)
of infected Ixodes persulcatus ticks in natural LB foci in
Novosibirsk region in Russia was found by Fomenko e? al.
[17]. By contrast, the prevalence of B. burgdorferi s. . in
ticks obtained in the present study (13.1%) was higher than
in the study of Makinen et al. (5.0%) conducted on the area

of suburban and rural territories of the Turku archipelago
in Finland, which is an endemic LB area [26].

In the present study 3 pathogenic genomic species of
Borrelia burgdorferi s.1. were found on the examined area
and Borrelia afzelii was a dominant genospecies in single
infections in /. ricinus. This genospecies was indicated by
Stanczak et al. [40] as the most prevalent genospecies in
Ixodes ricinus collected from various localities in Poland.
Borrelia afzelii was also the most frequent genomic spe-
cies in Ixodes ricinus ticks from the majority of European
regions [7, 18,28, 31, 32, 44, 45]. The results of the present
study also show that in co-infections with 2-3 B. burgdor-
feri pathogenic species, Borrelia burgdorferi sensu stricto
(s.s.) was the most common species. Borrelia burgdorferi
s.s. was found as a dominant B. burgdorferi genospecies in
our previous study conducted on the territory of the Lublin
region [12], and also in some localities in Europe [7, 13,
23, 43].

The seroepidemiologic studies conducted in many coun-
tries showed a high risk of B. burgdorferi infection among
farmers and other outdoor working people, manifested by
high prevalence of anti-B. burgdorferi antibodies [8, 14,
19, 24, 46]. This is in accord with the prevalence of anti-
B. burgdorferi antibodies among rural inhabitants found
in the present study which was relatively high (33.0%),
and significantly greater compared to the control group of
healthy urban dwellers.

The variety of clinical symptoms (rheumatic manifes-
tations, skin changes, neurologic symptoms) found in LB
cases presented in this work does not substantially differ
from the cases hitherto described in Europe [3, 8, 19, 24].

In conclusion, the results of this study confirm the pres-
ence of areas of enhanced risk of contracting LB and in-
dicate a need for searching such areas — the natural LB
foci. The knowledge of such foci would be very helpful
for planning prevention measures against LB which rep-
resents an emerging threat to public health in Poland and
other countries.



Study on Lyme borreliosis focus

REFERENCES

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

2. Beytout J, George JC, Malaval J, Garnier M, Beytout M, Baranton
G, Ferquel E, Postic D: Lyme borreliosis incidence in two French de-
partments: correlation with infection of Ixodes ricinus ticks by Borrelia
burgdorferi sensu lato. Vector Borne Zoonotic Dis 2007, 7, 507-517.

3. Biletska H, Podavalenko L, Semenyshyn O, Lozynsky;j I, Tara-
syuk O: Study of Lyme borreliosis in Ukraine. Int J Med Microbiol 2008,
298(Suppl. 1), 154-160.

4. Blaschitz M, Narodoslavsky-Gfoller M, Kranzler M, Walochnik J,
Stanek G: Borrelia burgdorferi sensu lato in questing Ixodes ricinus ticks
in Austria. Int J Med Microbiol 2008, 298(Suppl. 1), 168-176.

5. Brisson D, Dykhuizen DE, Ostfeld RS: Conspicuous impacts of
inconspicuous hosts on the Lyme disease epidemic. Proc R Soc B 2008,
275, 227-235.

6. Burri C, Cadenas FM, Douet V, Moret J, Gern L: Ixodes ricinus
density and infection prevalence of Borrelia burgdorferi sensu lato along
anorth-facing altitudinal gradient in the Rhone Valley (Switzerland). Vec-
tor Borne Zoonotic Dis 2007, 7, 50-58.

7. Cadenas FM, Rais O, Jouda F, Douet V, Humair PF, Moret J, Gern
L: Phenology of Ixodes ricinus and infection with Borrelia burgdorferi
sensu lato along a north- and south-facing altitudinal gradient on Chau-
mont Mountain, Switzerland. J Med Entomol 2007, 44, 683-693.

8. Christova I, Komitova R: Clinical and epidemiological features of
Lyme borreliosis in Bulgaria. Wien Klin Wochenschr 2004, 116, 42-46 (in
German).

9. Cinco M, Floris R, Menardi G, Boemo B, Mignozzi K, Altobelli
A: Spatial pattern of risk exposure to pathogens transmitted by Ixodes
ricinus in north-eastern Italy and the Italy/Slovenia transborder territory.
Int J Med Microbiol 2008, 298(Suppl. 1), 211-217.

10. Cisak E, Chmielewska-Badora J, Rajtar B, Zwolinski J, Jabtonski
L, Dutkiewicz J: Study on the occurence of Borrelia burgdorferi sensu
lato and tick-borne encephalitis virus (TBEV) in ticks collected in Lublin
region. Ann Agric Environ Med 2002, 9, 105-110.

11. Cisak E, Chmielewska-Badora J, Zwolinski J, Dutkiewicz J, Pa-
torska-Mach E: The incidence of tick-borne encephalitis virus and Bor-
relia burgdorferi infections in farmers of the Lublin province. Med Pracy
2003, 54, 139-144 (in Polish).

12. Cisak E, Wojcik-Fatla A, Stojek MN, Chmielewska-Badora J,
Zwolinski 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.

13. Danielova V, Daniel M, Rudenko N, Golovchenko M: Prevalence
of Borrelia burgdorferi sensu lato genospecies in host-seeking Ixodes
ricinus ticks in selected South Bohemian locations (Czech Republic).
Cent Eur J Public Health 2004, 12, 151-156.

14. Deutz A, Fuchs K, Nowotny N, Auer H, Schuller W, Stunzner D,
Aspock H, Kerbl U, Kofer J: Sero-epidemiological studies of zoonotic
infections in hunters — comparative analysis with veterinarians, farmers
and abattoir workers. Wien Klin Wochenschr 2003, 115(Suppl. 3), 61-67
(in German).

15. Ferquel E, Garnier M, Marie J, Bernéde-Bauduin C, Baranton G,
Pérez-Eid C, Postic D: Prevalence of Borrelia burgdorferi sensu lato and
Anaplasmataceae members in Ixodes ricinus ticks in Alsace, a focus of
Lyme borreliosis endemicity in France. Appl Environ Microbiol 2006, 72,
3074-3078.

16. Flisiak R, Pancewicz S: Diagnostics and treatment of Lyme bor-
reliosis. Recommendations of Polish Society of Epidemiology and Infec-
tious Diseases. Przegl Epidemiol 2008, 62, 193-199 (in Polish).

17. Fomenko NV, Livanova NN, Chernousova NY: Diversity of Bor-
relia burgdorferi sensu lato in natural foci of Novosibirsk region. Int J
Med Microbiol 2008, 298(Suppl. 1), 139-148.

18. Franke J, Kipp S, Flugel C, Dorn W: Prevalence of Borrelia burg-
dorferi s.1. in ticks feeding on humans in Thuringia/Germany. Int J Med
Microbiol 2008, 298(Suppl. 1), 188-192.

19. Hausotter W: Appraisal of Lyme borreliosis. Versicherungsmedizin
2004, 56, 25-29 (in German).

331

20. Huppertz HI, Bohme M, Standaert SM, Karch H, Plotkin SA: Inci-
dence of Lyme borreliosis in the Wurzburg region of Germany. Eur J Clin
Microbiol Infect Dis 1999, 18, 697-703.

21. Korenberg EI, Gorelova NB, Kovalevskii YV: Main features of
natural focality of ixodid tick-borne borrelioses in Russia. Parazitologiya
2002, 36, 177-191 (in Russian).

22. Kosik-Bogacka D, Kuzna-Grygiel W, Bukowska K: The preva-
lence of spirochete Borrelia burgdorferi sensu lato in ticks Ixodes ricinus
and mosquitoes 4édes spp. within a selected recreational area in the city
of Szczecin. Ann Agric Environ Med 2004, 11, 105-108.

23. Lenc¢ékova D, Hizo-Teufel C, Petko B, Schulte-Spechtel U,
Stanko M, Wilske B, Fingerle V: Prevalence of Borrelia burgdorferi s.1.
OspA types in Ixodes ricinus ticks from selected localities in Slovakia and
Poland. Int J Med Microbiol 2006, 296(Suppl. 1), 108-118.

24. Letrilliart I, Ragon B, Hanslik T, Flahault A: Lyme disease in
France: a primary case-based prospective study. Epidemiol Infect 2005,
133, 935-942.

25. Maetzel D, Maier WA, Kampen H: Borrelia burgdorferi infection
prevalences in questing Ixodes ricinus ticks (Acari: Ixodidae) in urban
and suburban Bonn, western Germany. Parasitol Res 2005, 95, 5-12.

26. Mikinen J, Vuorinen I, Oksi J, Peltomaa M, He Q, Marjaméki M,
Viljanen MK: Prevalence of granulocytic Ehrlichia and Borrelia burg-
dorferi sensu lato in Ixodes ricinus ticks collected from Southwestern
Finland and from Vormsi Island in Estonia. APMIS 2003, 111, 355-362.

27. Meldunki roczne o zachorowaniach na choroby zakazne i zatru-
ciach zwiqzkami chemicznymi. Zaktad Epidemiologii PZH, Departament
Przeciwepidemiczny GIS, Warszawa 1999-2008.

28. Menardi G, Floris R, Mignozzi K, Boemo B, Altobelli A, Cinco
M: Detection and genotyping of Borrelia burgdorferi in the trans-border
area between Italy and Slovenia and evaluation of co-infection with Ana-
plasma phagocytophilum in ticks. Int J Med Microbiol 2008, 298(Suppl.
1), 121-124.

29. Merino FJ, Nebreda T, Serrano JL, Fernandez-Soto P, Encinas A,
Pérez-Sanchez R: Tick species and tick-borne infections identified in pop-
ulation from a rural area of Spain. Epidemiol Infect 2005, 133, 943-949.

30. Nadzamova D, Petko B, Stefancikova A, Cislakova L, Stépanova
G, Seba M: Potential foci of Lyme borreliosis in towns. Cent Eur J Public
Health 2000, 8, 176-178.

31. Oehme R, Hartelt K, Backe H, Brockmann S, Kimmig P: Foci
of tick-borne diseases in southwest Germany. Int J Med Microbiol 2002,
291(Suppl 33), 22-29.

32. Paulauskas A, Ambrasiene D, Radzijevskaja J, Rosef O, Turci-
naviciene J: Diversity in prevalence and genospecies of Borrelia burg-
dorferi sensu lato in Ixodes ricinus ticks and rodents in Lithuania and
Norway. Int J Med Microbiol 2008, 298(Suppl 1), 180-187.

33. Pecchioli E, Hauffe HC, Tagliapietra V, Bandi C, Genchi C, Riz-
zoli A: Genospecies of Borrelia burgdorferi sensu lato in Ixodes ricinus
ticks from the autonomous province of Trento, Italy. /nt J Med Microbiol
2007, 297, 53-59.

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

35. Rahamat-Langendoen JC, van Vliet JA, Reusken CB: Climate
change influences the incidence of arthropod-borne diseases in the Neth-
erlands. Ned Tijdschr Geneeskd 2008, 152, 863-868 (in Dutch).

36. Schulze TL, Shisler JK, Bosler EM, Lakat MF, Parkin WE: Evo-
lution of a focus of Lyme disease. Zbl Bakt Mikrobiol Hyg A 1986, 263,
65-71.

37. Sinski E, Pawelczyk A, Bajer A, Behnke JM: Abundance of wild
rodents, ticks and environmental risk of Lyme borreliosis: a longitudinal
study in an area of Mazury lakes district of Poland. Ann Agric Environ
Med 2006, 13, 295-300.

38. Skarphedinsson S, Lyholm BF, Ljungberg M, Sogaard P, Kolmos
HI: Detection and identification of Anaplasma phagocytophilum, Borre-
lia burgdorferi, and Rickettsia helvetica in Danish Ixodes ricinus ticks.
APMIS 2007, 115, 225-230.

39. Stanczak J, Racewicz M, Kubica-Biernat B, Kruminis-FLozowska
W, Dabrowski J, Adamczyk A, Markowska M: Prevalence of Borrelia
burgdorferi sensu lato in Ixodes ricinus ticks (Acari, Ixodidae) in differ-
ent Polish woodlands. Ann Agric Environ Med 1999, 6, 127-132.



332

40. Stanczak J, Kubica-Biernat B, Racewicz M, Kruminis-fL.ozowska
W, Kur J: Detection of three genospecies of Borrelia burgdorferi sensu
lato in Ixodes ricinus ticks collected from different regions of Poland. /nt
J Med Microbiol 2000, 290, 559-566.

41. Stanczak J, Gabre RM, Kruminis-L.ozowska 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.

42. Stefanoff P, Rosinska M, Zielinski A: Epidemiology of tick-borne dis-
eases in Poland. Przegl Epidemiol 2006, 60(Suppl 1), 151-159 (in Polish).

43. Stépanova-Tresova G, Kopecky J, Kuthejlova M: Identification
of Borrelia burgdorferi sensu stricto, Borrelia garinii, Borrelia afzelii in

Cisak E, Chmielewska-Badora J, Zwolinski J, Wojcik-Fatla A, Zajac V, Skorska C, Dutkiewicz J

Ixodes ricinus ticks from southern Bohemia using monoclonal antibodies.
Zbl Bakt 2000, 298, 797-806.

44. Stunzner D, Hubalek Z, Halouzka J, Wendelin I, Six] W, Marth E:
Prevalence of Borrelia burgdorferi sensu lato in the tick Ixodes ricinus in
the Styrian mountains of Austria. Wien Klin Wochenschr 2006, 118, 682-
685.

45. Vennestrom J, Egholm H, Jensen PM: Occurrence of multiple in-
fections with different Borrelia burgdorferi genospecies in Danish Ixodes
ricinus nymphs. Parasitol Int 2008, 57, 32-37.

46. Werner M, Nordin P, Arnholm B, Krantz I: Borrelia burgdorferi
antibodies in outdoor and indoor workers in south-west Sweden. Scand J
Infect Dis 2001, 33, 128-131.





