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Abstract
Knowledge about the seasonal activity of various stages of the Ixodes ricinus tick is of great importance while developing 
models of the circulation of pathogens transmitted by ticks in a given environment, as well as while evaluating the risk of 
infection with these pathogens among individuals performing work in this environment. The objectives of the study was 
determination of the relative activity of Ixodes ricinus ticks occurring at 4 different workplaces of workers employed in one 
randomly selected forestry inspectorate, and the comparison of this activity to the Borrelia burgdorferi prevalence in ticks 
collected from the above-mentioned working stands. Ticks were collected by dragging a woollen flag over lower vegetation 
and litter along the paths and edges of a forest in July and September 2011 at the following sites and workplaces: acquisition 
of timber, growing of forest, forest cultivation and forest protection. The relative activity (density) of ticks was determined 
by means of a combined method of single sample and area sampling. A forest area of approximately 100 m2 was brushed 
with a flag. The isolates obtained from Ixodes ricinus ticks were examined for the presence of Borrelia burgdorferi sensu lato 
DNA by polymerase chain reaction, using primers FLA1 and FLA2 specific for the fragment of fla gene sequence. In the 
statistical analysis, the Mann-Whitney test, χ2 test and Spearman test were applied. The differences between Ixodes ricinus 
activity at individual places of work where various biotopes were observed, were not statistically significant. A statistically 
significant variation in the tick infection rate, depending on work stands, was found for all the tick stages, i.e. for nymphs 
(χ2 = 76.516, p<0.000001), females (χ2 = 18.832, p<0.000292) and males (χ2 = 69.257, p=0.000001). Nevertheless, the statistical 
analysis showed the significant difference in total infection rates only between timber acquisition and growing of forest 
sites (p=0.049), and between growing of forest and forest cultivation sites (p=0.049). The study showed also the lack of 
relationship between the ticks’ activity and Borrelia burgdorferi infection of ticks at individual places and sites of work of 
forestry workers. In conclusion, forestry workers employed at such stands of work as timber acquisition, growing of forest, 
forest cultivation and forest protection are nearly at the same risk of Borrelia burgdorferi infection.
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INTRODUCTION

Diseases transmitted by ticks, called transmissive diseases, 
occur as natural foci, and their range is equivalent to the 
geographical spread of certain species of ticks [1, 2, 3, 4, 
5, 6, 7, 8, 9]. In Europe, the main vector of pathogenic 
microorganisms causing transmissive diseases, such as Lyme 
borreliosis, tick-borne encephalitis and meningitis, human 
granulocytic anaplasmosis or babesiosis (Lyme disease), 
is a common tick – Ixodes ricinus, which occurs widely in 
deciduous and mixed forests (more rarely in coniferous 
forests), also in municipal parks, on lawns and in allotment 
gardens [5, 10, 11, 12, 13, 14, 15, 16, 17].

Those who perform work in the forest environment, 
farmers and undergrowth pickers, are especially exposed 
to infection with tick-borne pathogens [5, 18, 19, 20, 21, 22].

Among the diseases transmitted by ticks, borreliosis (Lyme 
disease) is especially dangerous. At present, it is the most 

frequent occupational disease registered in Poland. In 2009, 
a total number of 3,146 occupational diseases were registered 
in Poland, including 888 cases of contagious diseases, among 
which borreliosis – 664 cases – constituted 74.8% [23].

Knowledge concerning the seasonal activity of various 
stages of the Ixodes ricinus tick is of great importance 
while developing models of the circulation of pathogens 
transmitted by ticks in a given environment, as well as while 
evaluating the risk of infection with these pathogens among 
individuals performing work in this environment [10, 18, 24].

Studies on the activity of Ixodes ricinus ticks in forestry 
environment in eastern Poland were conducted as early as 
2001 and again in 2009 [18, 25]. However, no studies have 
been carried out so far concerning the activity of ticks at 
individual workplaces in the forestry sector.

Objectives. The objectives of the study were determination 
of the relative activity of Ixodes ricinus ticks occurring at 
4 different workplaces assigned to workers employed in the 
environment of forest exploitation, and comparison of this 
activity with the Borrelia burgdorferi prevalence in ticks 
collected from these workplaces.
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MATERIAL AND METHODS

Area of the study and ticks collection. After recognition 
of the workplaces among people employed in one randomly 
selected forestry inspectorate subordinated to the Regional 
Board for National Forests in Lublin, ticks were collected 
in order to determine their activity at individual workplaces.

Ticks were collected by dragging a woollen flag over 
lower vegetation and litter along the paths and edges of a 
forest in July and September 2011 at the following sites and 
workplaces:
•	 Acquisition of timber, i.e. felling trees, timber trimming, 

measurement, classification, transport; workplaces: 
lumberjack, saw operator, forest worker, forester, sub-
forester, supervising engineer. Acquisition of timber took 
place in the mid-part of a mixed forest with the prevalence 
of deciduous trees, comprising: oak, hornbeam, maple, 
ash, elm and pine. The forest was characterized by rich 
undergrowth and light insolation.

•	 Growing of forest (work activities in forest tree 
nurseries), i.e. watering of nursery plants, misting, 
spraying, weeding, fertilizing with compost; workplaces 
of a forest worker, forester, sub-forester. The site was 
located in an isolated glade within a mixed forest, with 
the prevalence of coniferous trees, comprising pine, 
hornbeam and birch. The area was characterized by very 
poor undergrowth.

•	 Forest cultivation, i.e. work activities associated with 
the care of young pine forests: i.e. weeding, thinning, 
replanting, elimination of undesirable species; workplaces 
of a forest worker, forester, sub-forester and forest inspector. 
The young pine forest was located at the boundary of a 
mixed forest and farm area, and characterized by rich 
undergrowth and abundant insolation.

•	 Forest protection (pest control, counting of forest stands, 
patrolling of stands); workplaces of a forest ranger, forester, 
sub-forester, and forest service employee. The area was 
located within a mixed forest with a prevalence of oak 
and fir. The area was characterized by poor undergrowth 
compared to areas B and C, and by light insolation.
Relative ticks’ activity (mean density) was determined 

by means of a combined method of single sample and area 
sampling. A forest area of approximately 100 m2 was brushed 
with a flag. The number of ticks collected by 1 person during 
1 hour on such a delineated area was considered as the 
relative activity of ticks at a given site/workplace of a forestry 
employee [18, 26, 27].

Examination of ticks
DNA isolation. All Ixodes ricinus ticks were investigated 

individually. Bacterial DNA was isolated by boiling in 0.7 M 
ammonium hydroxide and stored in -20º C for further 
investigation.

Detection of Borrelia burgdorferi sensu lato DNA by 
polymerase chain reaction (PCR). The isolates obtained 
from Ixodes ricinus ticks were examined for the presence of 
Borrelia burgdorferi sensu lato DNA by polymerase chain 
reaction using primers FLA1 and FLA2 specific for fragment 
of the fla gene sequence. The amplification was carried out in 
C1000 Thermal Cycler (BioRad, USA) according to Wójcik-
Fatla et al. [28].

Statistical analysis. In the statistical analysis the Mann-
Whitney test and χ2 test was applied. The correlation between 
the ticks’ activity and ticks’ infection was carried out by the 
Spearman test.

RESULTS

Activity of ticks. The highest activity of the Ixodes ricinus 
tick was observed at the site of timber acquisition (42.0). 
At sites related to the growing and protection of forests the 
activity of ticks was similar, 35.0 and 37.0, respectively. At 
the site of forest cultivation the activity of I. ricinus ticks was 
the lowest – 8.0 (Tab. 1).

The differences between Ixodes ricinus activity at individual 
places of work where various biotopes were observed, 
evaluated by Mann-Whitney test, were not statistically 
significant. Considering the stages of development of the 
I. ricinus tick, the activity of nymphs was considerably higher 
than that of adult forms at the sites of timber acquisition and 
forest protection: 35.0 and 29.0, respectively, whereas adult 
forms (mainly females) were highly dominant at the site of 
forest cultivation and growing: 29.5 and 4.33, respectively.

By χ2 test, a statistically significant variation in the tick 
activity, depending on working stands, was found for 
nymphs (χ2 = 49.085, p<0.000001) and females (χ2 = 46.229, 
p<0.000001), but not for males (χ2 = 2.247, p=0.5227).

Infection by ticks. The highest Borrelia burgdorferi s. l. 
infection rate was observed in ticks collected from workplaces 
at growing of forest (55.0%). The infection rates in the 
workplaces at forest cultivation and forest protection were 
comparable and amounted to 24.8% and 20.3%, respectively 
(Tab. 1). At the place of acquisition of timber the percentage 
of ticks infected with B. burgdorferi s. l. amounted to 14.8%.

By χ2 test, a statistically significant variation in the tick 
infection rate, depending on working stands, was found for 
all the tick stages; i.e. for nymphs (χ2 = 76.516, p<0.000001), 
females (χ2 = 18.832, p<0.000292) and males (χ2 = 69.257, 
p=0.000001).The statistical analysis, assessing differences 
between individual sites by Mann–Whitney test, showed 
a significant difference in total infection rate only between 
timber acquisition and growing of forest sites (p=0.049), 

Table 1. Prevalence of Borrelia burgdorferi in Ixodes ricinus ticks and 
activity of I. ricinus at individual sits and places of work of forestry workers

Sit/place  
of work

Stage of tick

TotalFemales  
Ni/Ne (%), a

Males  
Ni/Ne (%), a

Nymphs  
Ni/Ne (%), a

Acquisition 
of timber

14/50 (28.0%), 
a =2.5

7/24 (29.2%), 
a= 4.5

6/108 (5.5%), 
a= 35.0

27/182 (14.8%), 
a=42

Growing  
of forest

2/5 (40.0%),  
a= 4.33

5/7 (71.4%),  
a =1.17

4/8 (50.0%) 
a= 2.5

11/20 (55.0%), 
a=8.0

Forest 
cultivation

25/87 (28.7%), 
a =29.5

29/112
(25.9%), a= 2.5

27/127
(21.2%), a= 3.0

81/326
(24.8%), a= 35

Forest 
protection

1/2 (50.0%), 
a= 4.0

2/10
(20.0%), a= 4.0

20/101
(19.8%), a= 29.0

23/113
(20.3%), a=37

Total
42/144 
(29.2%), 
a=40.3

43/153 
(28.1%), 
a=12.2

57/344 (16.6%). 
a=69.5

142/641
(22.1%), 
a=122.0

Ni – No. infected; Ne – No. examined; a – activity.
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and between growing of forest and forest cultivation sites 
(p=0.049).

Results of the Spearman test for correlation showed a lack 
of significant relationship between the ticks’ activity and 
the infection of ticks with Borrelia burgdorferi at individual 
places and sites of work of forestry workers.

DISCUSSION

The status, distribution and abundance of the main tick 
vector species are an implicit requirements for the risk 
assessment of tick-borne pathogens (especially Borrelia 
burgdorferi spirochetes) infection in humans [10, 18, 24, 
26, 27].

In 2009, a scale for the threat in the areas of municipal 
parks according to ticks’ activity was developed by Supergan 
and Karbowiak [27]. Into the areas of the highest activity of 
ticks they classified the sites where ticks’ activity was over 
50, followed by areas of high risk – within the range 26-50, 
mediocre risk – 11-25, limited risk – 4-10, and low risk – 1-3. 
The researchers defined as safe the areas were the presence 
of ticks was not observed.

Referring the results of own studies to the above-mentioned 
scale, it may be presumed that in the environment of forest 
exploitation a high risk of exposure to potentially infected 
Ixodes ricinus ticks occurred at the place of timber acquisition, 
cultivation and protection of forest.

The ticks’ activity evaluated in the presented study was 
comparable with that observed by Bartosik et al. [22] in 9 
different regions of Świętokrzyskie province (south-central 
Poland), where the mean ticks’ density varied from 2.0-42.0. 
The cited authors did not confirm any correlation between 
the mean number of ticks collected and borreliosis incidence 
in a particular area [22].

Although the relative ticks’ density in the presented study 
differed at individual sites and workplaces where various 
biotopes were observed, the differences between these 
sites were not statistically significant, although a general 
variability for all sites was found by χ2 test.

Studies of the activity of I. ricinus ticks with relation to the 
biotope have been conducted in many scientific centres [1, 29, 
30, 31, 32, 33, 34, 35, 36, 37, 38, 39]. In the Czech Republic, 
Hubalek et al. [30] indicated that the activity of adult forms of 
these ticks in a forest with rich undergrowth was close to the 
activity of ticks at the site of timber acquisition, as observed in 
own studies, and was: 45.0 and 42.0, respectively. For nymphs, 
these values were, respectively, 26.0 in the Czech studies, and 
35.0 in own studies. In turn, the above-mentioned researchers 
evaluated the scope of activity of ticks in the areas with poor 
undergrowth as 19.6 – 34.5 for nymphs, and 0.9-27 for adult 
ticks. These scopes were significantly higher than the values 
obtained in own studies on the activity of ticks at the site of 
forest breeding (poor undergrowth) which were, respectively, 
2.5 for nymphs and 4.33 for females. The differences which 
occurred in the activity of ticks in the forest environment 
without undergrowth, and in poor undergrowth recorded in 
own and in Czech studies, may be explained, among other 
things, by the very high humidity in this environment in own 
studies (once ticks were collected after rainfall).

The percentage of ticks infected with Borrelia burgdorferi 
sensu lato (collected at 4 workplaces in the presented study) 
was 22.1%, and remained within the scope of the results of 

studies conducted in the last decade in various European 
countries [2, 20, 28, 34, 35, 37, 40, 41].

In 1997, studies of the relationship between the activity 
of. I.  ricinus and their infection rate with B.  burgdorferi 
spirochetes were conducted in Poland by Petko et al. [26]. In 
these studies it was found that ticks collected at 9 different 
sites from south-eastern Poland did not show any correlation 
between infection with spirochetes Borrelia burgdorferi and 
their activity. The lack of relationship between the relative 
activity of ticks from eastern Poland and the degree of 
their infection with Borrelia burgdorferi and Anaplasma 
phagocytophilum was also showed by Wójcik-Fatla et al. [28].

Similarly, Nazzi et al. [3] did not find any correlation 
between the prevalence of. B.  burgdorferi in nymphal 
I. ricinus and their density, and between the incidences of 
Lyme borreliosis and Borrelia prevalence in nymphal stages 
of Ixodes ricinus in northeast Italy.

On the contrary, Estrada–Pena et al. found a correlation 
between climatic traits, such as temperature, vegetation 
stress and their seasonal changes, and Borrelia burgdorferi 
prevalence in questing ticks in the Western Palearctic region 
[35].

The own studies conducted in 2001 showed that there is a 
relationship between seroprevalence of specific antibodies 
against Borrelia burgdorferi among the employees of forestry 
and farmers, and the activity of Ixodes ricinus ticks occurring 
at workplaces of these workers and, moreover, based on the 
activity of I. ricinus tick in a given environment, it is also 
possible to estimate the degree of infection with B. burgdorferi 
among people performing work in this environment [18].

Taking into account the results of ticks’ activity and their 
infection with B.  burgdorferi spirochetes obtained in the 
present study, it can be concluded that forestry workers 
performing work on such working stands as timber 
acquisition, growing of forest, forest cultivation and forest 
protection are nearly at the same risk of Borrelia burgdorferi 
infections and contracting Lyme disease.
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