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ABSTRACT
Background. Lyme borreliosis is the most frequent tick-borne disease in Europe and North America, and the number of 
registered cases is on the increase. Frequent presence in the habitats of ticks enhances the risk of tick bites and possible 
infection with Borrelia burgdorferi spirochetes. 
Objective. The aim of the study was to assess the risk of B. burgdorferi infection posed to hunters and other individuals 
exposed to activity-related contact with ticks. 
Material and methods. The study was carried out in the northern part of the Lublin Province (eastern Poland) and involved 
150 individuals exposed to tick bites (110 hunters and 40 individuals exposed to activity-related contact with ticks). The 
analysis of sera for the presence of B. burgdorferi IgM and IgG antibodies was carried out. All 150 individuals were tested 
with the ELISA assay, and positive and borderline results of the assay were verified with the Western blot test. All study 
participants completed a questionnaire, which provided information about exposure to ticks, application of prophylactic 
measures, and awareness of Lyme borreliosis.
Results. The ELISA assay revealed a positive or borderline result in at least one of the classes of B. burgdorferi antibodies in 
63.3% (95/150) of the individuals (IgM 14.0%, IgG 63.3%). Verification carried out with the Western blot test showed a positive 
or borderline result in at least one of the antibody classes in 38.0% (57/150) of the examined persons (IgM 2.7%, IgG 36.7%). 
Abdomen (56.0%) and legs (53.7%) were the most frequently bitten body regions. Tick bites on the abdomen were significantly 
more frequently declared by hunters. Inspection of the body after returning from natural areas was more popular prophylactic 
method than use of repellents. Inspection of the body was significantly more often used in the group of the hunters.
Conclusions. The risk of B. burgdorferi infection among hunters and other individuals undertaking activities associated 
with exposure to tick bites in the study area is high. 
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STRESZCZENIE
Wprowadzenie. Borelioza z Lyme jest najczęstszą chorobą przenoszoną przez kleszcze w Europie i Ameryce Północnej, 
a  liczba rejestrowanych przypadków zachorowań wzrasta. Częsta obecność w  siedliskach kleszczy zwiększa ryzyko 
ukłucia przez kleszcze i możliwe zakażenie krętkami Borrelia burgdorferi. 
Cel badań. Celem badań była ocena ryzyka zakażenia B. burgdorferi wśród myśliwych oraz innych osób podejmujących 
aktywności narażające na kontakt z kleszczami.
Materiał i metoda. Badania przeprowadzono na terenie północnej części województwa lubelskiego (wschodnia Polska) 
wśród 150 osób narażonych na pokłucia przez kleszcze (110 myśliwych i 40 osób narażonych na kontakt z kleszczami 
w związku z podejmowaniem innych aktywności). Zbadano surowice w kierunku obecności przeciwciał IgM i IgG anty-
-Borrelia burgdorferi. U wszystkich 150 osób wykonano test ELISA, a pozytywne i wątpliwe wyniki tego testu zweryfiko-
wano stosując test Western blot. W badaniach zastosowano również autorski kwestionariusz ankiety do oceny ekspozycji 
na kleszcze, podejmowania działań profilaktycznych oraz samooceny poziomu wiedzy na temat boreliozy z Lyme. 
Wyniki. Stosując test ELISA, pozytywny lub graniczny wynik w co najmniej jednej z klas przeciwciał anty-Borrelia stwier-
dzono u 63,3% (95/150) badanych (IgM 14,0%, IgG 63,3%). Po weryfikacji testem Western blot, pozytywny lub graniczny 
wynik w co najmniej jednej z klas przeciwciał uzyskano u 38,0% (57/150) badanych (IgM 2,7%, IgG 36,7%). Najczęściej 
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deklarowanym miejscem pokłucia przez kleszcze był brzuch (56,0%) oraz kończyny dolne (53,7%). Pokłucie w okolicy brzu-
cha istotnie częściej deklarowali myśliwi. Oglądanie ciała po powrocie z terenów zielonych okazało się popularniejszą metodą 
profilaktyki niż stosowanie repelentów. Oglądanie ciała istotnie częściej stosowane było wśród myśliwych.
Wnioski. Ryzyko zakażenia B. burgdorferi wśród myśliwych i  innych osób podejmujących czynności związane 
z narażeniem na ukąszenia kleszczy na badanym obszarze jest wysokie. 

Słowa kluczowe: borelioza z Lyme, Borrelia burgdorferi, kleszcze, profilaktyka, myśliwi

INTRODUCTION

Lyme borreliosis is one of the newly emerging 
or re-emerging diseases. It is the most frequent tick-
borne disease in Europe and North America, and the 
number of registered cases is on the increase [24]. In 
Poland, cases of Lyme disease have had to be reported 
and registered since 1996 and they are characterised 
by a  growing incidence according to the National 
Institute of Public Health. The highest number of cases 
(21 514) was reported in 2017, and the incidence rate of 
the disease reached 56.0/100 000 individuals [9].

Bacteria Borrelia burgdorferi sensu lato 
transmitted by ticks from the genus Ixodes are the 
aetiological agents of Lyme borreliosis. In Central 
Europe, including Poland, Ixodes ricinus is the most 
common tick species and plays the most important 
role in transmission of spirochetes, which cause Lyme 
borreliosis. Frequent presence in the habitats of these 
arthropods enhances the risk of tick bites and possible 
infection with B. burgdorferi spirochetes. The 
particularly high risk is posed to foresters, farmers, 
hunters, and those who collect groundcover fruits 
or visit tick habitats for recreational purposes (e.g. 
survival) [21].

The available literature provides many reports 
analysing the exposure to infection with B. burgdorferi 
spirochetes. Foresters are examined most frequently, 
while farmers, who are occupationally exposed to 
tick-borne diseases, are analysed less often [7, 16, 19, 
25]. Few studies have been conducted on individuals 
exposed to other activity-related contact with ticks. 
Although hunting is popular in Europe, there hed 
been relatively few studies heretofore that addressed 
serological exposure of hunters to B. burgdorferi s.l. 
[5, 10].

The aim of the study was to assess the risk of 
B. burgdorferi infection posed to hunters and other 
individuals exposed to activity-related contact with 
ticks by analysis of tick exposure, presence of anti-B. 
burgdorferi antibodies, preventive measures taken to 
reduce the risk of contracting Lyme disease, as well as 
awareness and knowledge of the disease.

MATERIALS AND METHODS

The investigations involved 150 respondents 
exposed to tick bites; 73.3% (110/150) were represented 

by hunters and the other 26.7% (40/150) were tick 
bite-exposed individuals undertaking different 
activities (agriculture, collecting groundcover fruits, 
recreational activity in forested areas).

The study was carried out in the northern part of 
the Lublin Province, in eastern Poland. The residents 
of the city and the countryside accounted for 52.0% 
and 48.0%, respectively. They were aged 17 - 80 years 
(mean: 53; SD=11). Males, representing 82.7% of the 
total number, were a majority of the examined group.

The analysis of sera for the presence of B. 
burgdorferi IgM and IgG antibodies was carried out 
with a routine two-stage serological diagnosis of Lyme 
disease. The first stage consisted in determination of 
anti-B. burgdorferi sensu lato IgG and IgM antibodies 
with the ELISA method (Anti-Borrelia ELISA IgM 
and Anti-Borrelia plus VlsE ELISA IgG, Euroimmun). 
The wells were coated with mixed antigens of B. 
burgdorferi sensu stricto, B. afzelii, B. garinii and 
recombinant protein VlsE. In accordance with the 
producer’s recommendations, a  result above 22 RU/
ml was considered positive, whereas a  result within 
16-22 RU/ml was regarded as borderline. The positive 
and borderline results obtained were confirmed 
using the Western blot method (Wb) (Anti-Borrelia 
EUROLINE-WB IgM/IgG; Euroimmun). Test stripes 
comprised immobilized antigens of B. afzelii (p83, 
p41, p39/BmpA, p31/OspA, p30, p25/OspC, p21, p19, 
p17/DbpA) as well as a chip with recombinant antigen 
VlsE. The results were read using the EuroLinescan 
software (Euroimmun).

After obtaining informed consent, the subjects 
were asked to fill in a  questionnaire including data 
about the age, sex, number of tick bites, body regions 
of tick bites, methods for tick removal, frequency of 
application of repellents, frequency of inspection 
of the body after returning from tick habitats and 
self-assessment of the level of knowledge of Lyme 
borreliosis.

The results were statistically analysed with 
Pearson’s Chi2 test. The analyses were performed 
using STATISTICA v. 7.1 (StatSoft, Poland). The 
0.05 level of significance was adopted for statistical 
inference.

Consent for the study was obtained from the 
Bioethics Committee at the Medical University in 
Lublin (No. KE-0254/12/2013).

Tick exposure and prevalence of Borrelia burgdorferi antibodies.
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Table 1. Results of ELISA and Western blot tests

Study group
N=150

Antibodies against  B. burgdorferi

ELISA N=150 Western blot

n % IgM IgG n % IgM IgG

15 10.0 positive positive

1 0.7 positive negative
1 0.7 borderline positive
3 2.0 negative positive
1 0.7 borderline negative
1 0.7 negative borderline
8 5.3 negative negative

6 4.0 borderline positive
1 0.7 borderline positive
3 2.0 negative positive
2 1.3 negative negative

59 39.3 negative positive
30 20.0 * positive
13 8.7 * borderline
16 10.7 * negative

15 10.0 negative borderline
1 0.7 * positive
2 1.3 * borderline
12 8.0 * negative

55 36.7 negative negative 55 36.7 * *
* - test not performed (the result of ELISA test was negative)

RESULTS

The ELISA assay revealed a positive or borderline 
result in at least one of the antibody classes in the case 
of 63.3% (95/150) of the examined individuals. In 
the IgM class, a positive result was found for 10.0% 
(15/150) of the respondents and a  borderline result 
was noted in 4.0% (6/150). In turn, in the IgG antibody 
class, positive and borderline results were was obtained 
among 53.3% (80/150) and 10.0% (15/150) of the 
respondents, respectively (Figure 1).

Figure 1. Results of ELISA test with division into IgM and  
                IgG class antibodies

Positive and borderline results of the ELISA assay 
were verified with the Western blot test. In the IgM 
class, there were 0.7% (1/150) of positive results and 
2.0% (3/150) of borderline results, and in the IgG 

class the positive and borderline results accounted 
for 26.0% (39/150) and 10.7% (16/150), respectively 
(Figure 2). Ultimately, a positive or borderline result in 
at least one of the antibody classes was noted in 38.0% 
(57/150) of the individuals. A detailed summary of the 
results is shown in Table 1.

Figure 2. Results of Western blot test with division into IgM  
               and IgG class antibodies

89.3% (134/150) of the examined individuals 
reported having been bitten by a  tick. A  majority of 
the respondents (58.0%) declared more than two bites, 
8.7% two bites and 22.7% single bite. Tick bites were 
declared by 90.0% in the group of the hunters and by 
87.5% of the respondents undertaking other activities 
related to tick exposure (agriculture, collecting 
groundcover fruits, outdoor recreation).
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Abdomen (56.0%) and legs (53.7%) were the 
most frequently bitten body regions reported by the 
respondents bitten by ticks (N=134); in turn, the 

lowest frequency of tick bites was found for the head 
(4.5%) and neck (9.7%). Detailed data are presented 
in Figure 3.

The hunters reported significantly greater numbers 
of bites on the abdomen than the respondents exposed 
to contact with ticks through other activities, 62.6% and 
37.1%, respectively (Chi2=6.8; p=0.09). Additionally, 
they reported higher frequency of bites on the arms 
(32.3%), chest (13.1%), and head (5.1%), but the 
differences were not statistically significant.

Different methods for removal of the tick were 
used by the respondents bitten by ticks (Figure 4), 

and pulling the tick out with the fingers was the most 
frequent method (36.6%). Comparative analysis of 
the groups of the hunters and the other respondents 
exposed to ticks through their activities showed no 
statistically significant differences in the frequency 
of the application of the tick removal methods. 
Disinfection of the parasite attachment site after the 
removal was declared by 24.6% of the individuals.

Figure 3. Body regions of tick bites (N=134)

Figure 4. Methods for tick removal applied by the respondents (N=134)

Two Lyme borreliosis prophylactic methods were 
analysed in the study: the use of tick-repelling agents 
(repellents) and inspection of the body after returning 
from tick habitats in order to remove ticks.

As for the use of repellents, the largest group 
(42.8%) of respondents declared that they frequently 

used this form of prophylaxis (Figure 5). There were 
no statistically significant differences in the frequency 
of the use of repellents between the hunters and the 
other respondents exposed to contact with ticks.

Tick exposure and prevalence of Borrelia burgdorferi antibodies.
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Figure 5. Frequency of application of tick repellents and frequency of inspection of the body after returning from tick habitat

Inspection of the body after returning from natural 
areas was the most popular prophylactic method. 
Frequent application of this method was declared 
by as many as 79.1% of the respondents (figure 5). 
The method was significantly more often used in the 
group of the hunters (86.1%) than in the group of the 
individuals exposed to activity-related contact with 
ticks (60.0%) (Chi2=14.4; p<0.01).

Comparison of the declared frequencies of the use 
of the two analysed methods reveals that the higher 
rate of application of repellents by the respondents 
was accompanied by more frequent inspection of the 
body (Chi2=17.3; p<0.01).

The self-assessment of the knowledge of Lyme 
borreliosis demonstrated that a  majority of the 
respondents evaluated their awareness of the disease 
at a  medium (52.3%) or minimal (33.6%) level. In 
this aspect, there were no statistically significant 
differences between the group of the hunters and the 
other respondents exposed to tick bites. Individuals that 
declared inspection of the body after returning from 
tick habitats assessed their knowledge as medium- or 
high-level significantly more frequently (Chi2=11.8; 
p<0.01). There were no significant correlations 
between the self-assessment of the level of knowledge 
of Lyme disease and the frequency of application 
of repellents. The need to broaden their knowledge 
of Lyme disease and other tick-borne diseases was 
declared by 75.7% of the respondents.

DISCUSSION

Frequent presence in the habitats of ticks enhances 
the risk of tick bites and possible infection with B. 
burgdorferi spirochetes. In the analysed groups of 
hunters and individuals occupied with activities 
involving exposure to ticks, there was a  high 
proportion of respondents declaring tick bites (89.3%). 
Simultaneously, a majority of the respondents declared 
having experienced more than two bites (58.0%). In 
a  study conducted in the Lublin macroregion, tick 

bites were reported by 66% of individuals from an 
occupationally tick bite-exposed group of foresters 
and farmers and merely 26% of occupationally non-
exposed individuals [2]. In turn, 58.9% of secondary 
school pupils from the analysed region reported tick 
bites [14].

In our study, the body regions reported most 
frequently by the individuals who had experienced 
tick bites included abdomen (56.0%) and legs 
(53.7%). Tick bites on the abdomen were significantly 
more frequently declared by the hunters (62.6%). 
Only 37.1% of the respondents exposed to contact 
with ticks through other activities reported this site 
of tick bites. Tick bites on the abdomen are specific 
to hunters, as the extremities, in particular the legs, 
are usually the most commonly reported body region 
bitten by ticks [1, 12, 15, 20, 22, 23]. In the studies 
among adolescents, performed in the analysed region 
(northern part of Lublin Province), tick bites on the 
abdomen and on the legs were declared by 34.4% 
and 59.4% of respondents, respectively [15]. Patients 
reporting to health facilities in the Lublin Province due 
to tick bites were most often bitten by ticks on the arms 
(28.8%) and legs (27.1%) [4].

In our study, the ELISA assay revealed positive 
or borderline results in at least one of the classes of 
B. burgdorferi antibodies in 63.3% of the analysed 
respondents (IgM 14.0%, IgG 63.3%). Verification by 
the Western blot test confirmed a positive or borderline 
result in at least one of the antibody classes in 38.0% 
of the respondents (IgM 2.7%, IgG 36.7%).

Most publications assessing the presence of B. 
burgdorferi antibodies presented examinations of 
Lyme disease patients or individuals occupationally 
exposed to contact with ticks. There are especially 
many reports of foresters. The investigations, 
however, were carried out with different diagnostic 
methods (ELISA, IFA, WB) and in different regions 
of the individual countries; they are therefore hard to 
compare. The percentage of foresters having specific 
antibodies increased in France from 14.1% to 20.2%, 
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in Italy from 5.4% to 23.2%, in Germany in the range 
of 0 - 43%, in Holland to 19.3%, in Slovenia to 23.8%, 
in Romania to 9.4%, in Turkey to 10.9%, and in 
Hungary to 37%. In Poland, the examination results 
are highly diverse. They range from 19.2% to 61.5% 
in analyses performed with the ELISA test, depending 
on the region [16]. In examinations of foresters from 
the same area as in this study, the ELISA assay showed 
a positive or borderline result in at least one class of 
antibodies in 75% individuals, whereas verification 
with the Western blot test confirmed the results in 55% 
(IgM 15%, IgG 46%) [19].

In examinations of farmers from the Lublin region 
(ELISA test), the presence of antibodies from at least 
one class (IgM or IgG) was detected among 27.3% 
of the individuals [6]. Further reports from the same 
region demonstrated the presence of specific antibodies 
detected using the Western blot method in 33.0% of 
farmers [7]. Examinations of farmers from the same 
area as in this study revealed a positive or borderline 
result in at least one of the antibody classes in 42% of 
individuals examined using the ELISA test and in 28% 
of farmers after verification with the Western blot test 
(IgM 14%, IgG 18%) [19].

In the literature, there are few studies relating 
to hunters. In examinations in Hokkaido (Japan’s 
northernmost island), the presence of antibodies against 
B. burgdorferi was detected among 16.0% of hunters 
[13]. In Austria, B. burgdorferi antibodies were detected 
among 7% of hunters in the IgM class and 42% in the IgG 
class [10]. Further reports from Austria demonstrated the 
presence of IgG antibodies against B. burgdorferi in 54% 
of hunters. Seropositivity was clearly related to age and 
duration of hunting activity; it was 33% among persons 
younger than 29 years and 83% in those older than 70 
years. The nearly linear increase of seroprevalence with 
age and duration of hunting activity reflects repeated tick 
exposure [5]. In rural parts of western Turkey, only 1 of 
29 (3.4%) serum samples from hunters were positive for 
IgG B. burgdorferi antibodies [11].

Since no vaccine is currently available, protection 
against tick bites is the best Lyme borreliosis prophylactic 
method [19]. In our study, we analysed two methods 
for Lyme disease prophylaxis: inspection of the body 
after leaving tick habitats and the use of tick repellents. 
Inspection of the body was the more popular prophylactic 
method. A frequent use of this method was declared by as 
many as 79.1% of the respondents, and 42.8% of them 
reported a  frequent use of repellents. Inspection of the 
body after returning from tick habitats was particularly 
popular with the hunters. This method was also more 
frequently applied by individuals who assessed their 
knowledge of Lyme disease to be at a high level.

In a  study conducted in the Lublin macroregion, 
inspection of the body after leaving tick habitats was 
declared by 43% and application of repellents by 38% 

of the examined individuals [2]. In other studies in 
south-eastern Poland, 13% of patients presenting to 
a  doctor to have a  tick removed reported the use of 
repellents and only 4% declared inspection of clothes 
after leaving forests and other tick habitats [3]. The 
principle of inspection of the body after returning from 
tick habitats was declared by as many as 92% of forestry 
workers and the use of repellents was reported by 76% 
[8]. Forest Service employees are well informed about 
tick-borne diseases, which undoubtedly is related to 
educational and knowledge dissemination actions 
provided in this occupational group [26].

An important element of Lyme borreliosis 
prophylaxis is prompt removal of a skin-attached tick 
in a  proper way. The sooner the tick is removed the 
greater the chances are that infection does not develop. 
It is recommended that the tick should be grasped with 
tweezers as close to the skin as possible and pulled 
out with a  swift, steady, and strong movement. After 
removal of the tick, the skin should be disinfected [17, 
21]. In our study, the most frequent method applied 
involved pulling the tick out with fingers (36.6%). 
Tick removal with a  swift movement using tweezers 
was declared by 17.9% of the respondents. Similarly, 
in other studies conducted in the Lublin macroregion, 
the most common method for removal of ticks was 
pulling them out with fingers (44%). Only 17% of the 
respondents declared removing ticks with tweezers [2].

CONCLUSIONS

The risk of Borrelia burgdorferi infection among 
individuals undertaking activities associated with 
exposure to tick bites in eastern Poland is high and 
spirochete infections confirmed by the positive results 
of the Western blot test are highly probable. The 
examined individuals reported most frequent tick 
bites in the region of the abdomen and legs. Bites on 
the abdomen were noted with particular frequency 
in the group of the hunters. The respondents usually 
evaluated their knowledge of Lyme borreliosis at 
a medium level. A majority of them declared a need 
for extension of their knowledge of Lyme borreliosis 
and other tick-borne diseases.
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