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Abstract

in eastern Bavaria.

Background: As the vector-borne diseases tick-borne encephalitis (TBE) and Lyme borreliosis (LB) are common in
Germany and transmitted by tick bites, the aim of this study was to assess differences in the number of tick bites in
various professions and regions across southern Germany to evaluate the differences in tick-associated risk.

Materials and methods: The analysis is based on three cross-sectional studies that were conducted in 2016 and
2017 in two real-life settings and in one medical setting in Bavaria. All participants filled in a paper-based question-
naire about their history with tick bites. Only adult participants (> 18years) were included in this study.

Results: Overall, 3503 individuals (mean age 50.8 + 15.2 years, median age 53.0 + 12.2 years, 54.0% female) were
included. Of these, 50% worked in an outdoor profession and 56% lived in environs. Around 70% of participants
reported at least one previous tick bite. In comparison to indoor workers, forestry workers (OR=2.50; 95% Cl: 1.10-
5.68) had the highest risk for a tick bite followed by farmers (OR=1.22; 95% Cl: 1.01-1.47). Furthermore, people living
in rural areas (OR=1.97, 95% Cl:1.49-2.59) and environs (OR=1.98, 95% Cl: 1.54-2.55) were twice as likely to have a
previous tick bite than people living in urban areas. In general, slightly more tick bites were reported by people living

Conclusion: Rising numbers of TBE and LB indicate the need for further prevention strategies, which should focus on
outdoor professions with a higher risk and people living in environs and rural areas.
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Background

In Europe, the most common vector-borne diseases are
Lyme borreliosis (LB) and tick-borne encephalitis (TBE),
both being transmitted by ticks of the species Ixodes
ricinus [1-3]. In Germany, TBE and LB are also wide-
spread, with the highest reported incidence of TBE being
in the two southern federal states of Bavaria and Baden-
Wauerttemberg. LB, however, is nearly equally distributed

*Correspondence: Alexanderzink@tum.de

! Department of Dermatology and Allergy, Technical University

of Munich, School of Medicine, Biedersteiner Strasse 29, 80802 Munich,
Germany

Full list of author information is available at the end of the article

B BMC

across Germany [2, 4, 5]. In 2020, a new peak of reported
cases of TBE and LB was recorded, indicating a continu-
ing need to improve prevention [4, 6]. Considering that
ticks are typically concentrated in areas with suitable cli-
mate conditions and presence of hosts, the typical habi-
tats of L ricinus tend to be lowland, humid biotopes like
unmanaged grasslands, heaths, forest edges, woodlands,
and broad-leaf forests [7, 8]. In central Europe, ticks are
usually active between March and November, with peak
activity in the warm and humid months of May, June,
and September. However, they can also be found during
warmer winter days, as ticks can be active in tempera-
tures close to the freezing point [9-11].
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Investigations in the last few years showed that in Ger-
many the prevalence of human-derived ticks infected
with LB fluctuates between 17.1-26.0% depending on the
area and that less than 1% of ticks carry the TBE-virus
[12, 13]. Those TBE infested ticks are not evenly distrib-
uted across the landscape but tend to be found in small
natural foci with a higher proportion of ticks carrying
the TBE virus, whereas outside of those focus areas the
number of TBE infected ticks can be close to zero [3, 14,
15]. After a bite, the associated risk of manifested Lyme
disease is assumed to be between 0.3—1.4%, whereas the
risk of manifested TBE cannot be estimated, as most
infections go unnoticed [16-18]. Therefore, the preva-
lence of both diseases is difficult to estimate correctly
and underlies small-scale fluctuations. Additionally, LB is
not a notifiable disease in all of Germany. For better risk
estimation, unconventional methodologies like Google
search volume analyses can help monitor disease distri-
bution or local outbreaks [19].

TBE and LB can cause severe long-term health issues.
TBE results in neurological complications in up to 58%
of cases and in death in 0.5-2.0% of cases. LB can pro-
gress into more severe forms like neuroborreliosis,
Lyme-arthritis or Lyme-carditis [20-22]. Highly effec-
tive vaccines are available to prevent TBE and its com-
plications and are recommended for inhabitants of risk
areas and workers of occupations with a higher risk for
infection, such as forestry workers, farmers, and exposed
laboratory staff [18, 23, 24]. Since there is no effective
vaccine for LB currently available, prevention strategies
and increasing awareness are of high importance [25].
Prevention measures should be adapted to the specific
needs and knowledge of high-risk groups and to local
geographic circumstances for effective implementa-
tion. Furthermore, it is necessary to identify regions or
people with a higher medical need for prevention. As a
complement to typical medical settings, real-life settings
can provide convenient access to healthcare and thereby
include a high number of individuals of a target popula-
tion. Thus, the study was conducted in two real-life set-
tings and one typical medical setting to examine the
history of tick bites in various professions and regions.

Methods

Data collection

This pooled-data analysis included data from three
cross-sectional studies. The first and largest study was
performed at the “Bavarian Central Agricultural Festi-
val” (Bayerisches Zentral-Landwirtschaftsfest [ZLF]),
which took place between 17 and 25 September 2016
[26, 27]. The ZLF takes place every four years as part
of the Munich Oktoberfest and has around 300,000
visitors from across Germany, especially from Bavaria.
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In cooperation with the German “Social Insurance for
Agricultural, Forestry and Horticulture (Sozialversi-
cherung fiir Landwirtschaft, Forsten und Gartenbau),
visitors were offered a free health examination on-site
[26, 28]. The second study was performed in the first
quarter of 2017 in rural areas of the Bavarian Forest
(the areas of Cham, Freyung-Grafenau, Passau, and
Regen) [29, 30]. Participants were recruited from 19
private practices that specialize in general medicine
(n=10), internal medicine (n=2), orthopedics (n=6),
or surgery (n=1). To reduce selection bias, both
patients and their accompanying person were included
in the study [30]. The third study was conducted at the
annual winter meeting of three hunting associations in
Bavaria (Wolfratshausen, Landsberg am Lech, and Fre-
ising) in December 2016 and at the international exhi-
bition for hunting and fishing in January 2017, which is
held annually in the greater Munich area [31].

In all three studies, participants were asked to fill in
a paper-based questionnaire including questions on
general data (gender, age, place of residence, and pro-
fession), average time spent outdoors in summer and
winter, and the number of prior tick bites. According
to the questionnaire, participants were classified as
farmers, forestry workers, horticulturists, other out-
door workers (e.g. construction worker, council worker
viniculturist, hunter, fully qualified groom and riding
instructor, mailman), or indoor workers. If a partici-
pant indicated to have several professions, participants
were classified according to the first stated profession.

To examine whether there were regional differences
among participants living in Germany, the reported
postal code was used to establish three area types. The
area types were divided into: (1) urban areas (cities with
at least 100,000 inhabitants); (2) environs (urban areas
with at least 50% of the population living in medium-
sized towns [20,000-99,999 inhabitants] or areas
with at least 150 inhabitants/km?); and (3) rural areas
(sparsely populated areas with less than 50% of the
population living in medium-sized towns or less than
100 inhabitants/km?). These categories were selected
according to the criteria from the German Federal
Institute for Research on Building, Urban Affairs and
Spatial Development and because they were previ-
ously used in one of the partial studies of this pooled
study [27, 29]. Individuals had to be 18years or older
and provide written informed consent to participate in
this study. Individuals who did not report hours spent
outdoors or did not live in Germany were excluded
from the pooled-data analysis. All three studies were
approved by the ethics committee of the Medical Fac-
ulty of the Technical University of Munich (Reference:
385/165s [27]; 584/16s [30]; 405/15s [31]).
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Statistical analyses

Descriptive data were generated for all variables. To
assess differences in the study population, Kruskal-Wal-
lis-Tests were applied with Mann-Whitney-U post hoc
tests. For each area with at least 30 participants, the pro-
portion of people who were affected by one or more tick
bites were estimated and 95% Bootstrap confidence inter-
vals (CI) were calculated (1000 samples). To assess factors
that influence the likelihood of tick bites, univariate and
multiple logistic regression models were applied. In this
analysis, area type (urban, environs, or rural), age groups
(18—34years, 35-44years, 45-54years, 55-64years,
or > 65 years), gender, profession (farmer, forestry worker,
horticulturist, other outdoor worker, or indoor worker),
and time spend outside during summer and winter (<1h,
1-3h, >3-6h, >6h) were selected as explanatory variables.
Each variable that was significant in the univariate model
was added to the multiple logistic regression model via
the enter method. The adjusted odds ratios (ORs) were
calculated with 95% CI. For selected factors, a multiple
imputation method generated a total of five imputations
to account for missing data. IBM SPSS 26 was used for
data management and statistical analyses. Spatial analy-
ses were performed using a geographic information sys-
tem (QGIS 2.14.22; QGIS.ORG, Griit, Switzerland) and
geodata from the German Federal Agency for Cartogra-
phy and Geodesy [32] that describe the administrative
boundaries.

Results

A total of 3503 participants were included in the analysis.
The participant mean age was 50.8+15.2years (median
53.0+£12.2years, range 18-90years) and the propor-
tion of women (54.0%) was slightly higher than that of
men (45.7%). Participants lived in 160 different districts
across Germany, with the vast majority (94.0%) located
in the federal state of Bavaria. Based on the reported
postal codes, most individuals lived in environs (56.0%)
followed by rural areas (32.0%) and urban areas (9.8%).
With 1741 (49.8%) participants having an outdoor pro-
fession (farmer, forestry worker, horticulturist, and other
outdoor worker), the proportion of outdoor workers
was higher than that of indoor workers (38.5%, p <0.001,
Table 1).

Comparison regarding the probability of tick bites

Overall, 70.4% of participants reported at least one pre-
vious tick bite, with no significant difference regarding
gender (female: 70.5% vs. male: 70.3%, p =0.878) and
age groups (p =0.485). Forestry workers not only had
the highest proportion of people with a previous tick bite
(85.7%) but also the highest proportion of individuals
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with more than 10 previous tick bites (23.8%). With
73.6%, farmers were the second most affected profes-
sion followed by other outdoor workers (66.3%). The
multivariate analysis revealed that people living in envi-
rons (OR=1.98, 95% CI: 1.54-2.55) and people living in
rural areas (OR=1.97, 95% CI: 1.49; 2.59) were twice
as likely to have a previous tick bite than people living
in urban areas. Furthermore, farmers (OR=1.22, 95%
CI: 1.01; 1.46) and forestry workers had a significantly
higher risk (OR=2.50, 95% CI: 1.10; 5.68) than indoor
workers, whereas horticulturists (OR=0.89, 95% CI:
0.63-1.26) and other outdoor workers (OR=0.92, 95%
CI: 0.56; 1.51) showed a smaller risk in comparison to
indoor workers. The probability of a tick bite was also
influenced by the amount of time that participants spent
outside during summer. In comparison to people who
spend less than one hour outside, people spending one to
three hours outside were twice as likely to have a tick bite
(OR=1.93, 95% CI: 1.43-2.60, Table 2).

Regional differences

Considering the areas in which more than 30 participants
lived (n=39) showed that the proportion of participants
reporting at least one tick bite ranged from 48.3% in the
area Landsberg am Lech (Bootstrap 95% CI: 37.0-60.0%)
to 96.9% in the area Amberg-Sulzbach (Bootstrap 95%
CI: 91.0-100%). In Munich, the only urban area consid-
ered in this analysis, 59.7% of people were affected. In the
environs, the proportion ranged from 48.3 to 87.3%, with
a mean of 70.2%. In rural areas, between 61.0 and 96.9%
of people were affected, with a mean of 74.9%. Figure 1
shows that the proportion of affected people was slightly
higher in eastern Bavaria apart from the areas of Ansbach
and Neustadt a.d. Aisch - Bad Windsheim.

Discussion

The aim of the study was to assess the prevalence of tick
bites in various professions and regions in Bavaria. With
a risk twice as high as that of indoor workers, forestry
workers had the highest risk to have a previous tick bite
followed by farmers. Furthermore, the highest propor-
tion of affected people was found for residents of rural
areas.

The study showed that certain outdoor workers had
a higher risk compared to indoor workers. In line with
these findings, prior studies also indicated a high preva-
lence of tick bites among forestry workers. It was found
that forestry workers had a high seroprevalence of LB and
other tick-borne diseases (TBD) as well as a background
of high tick exposure at work and a self-reported history
of TBD [33-36]. Since ticks are not only common in for-
ests, the slightly lower risk for farmers could be attrib-
uted to modern agricultural methods with tall machinery
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Table 1 Baseline characteristics of participants separated by the number of tick bites
Total Tick bite < 5 bites 5-10 bites > 10 bites Missing
(n=3503) (n =2466) (n=1319) (n =435) (n=347) (n =365)
Gender
Female 1892 (54.0%) 1334 (70.5%) 739 (56.0%) 238 (54.7%) 161 (46.4%) 196 (53.7%)
Male 1601 (45.7%) 1125 (70.3%) 574 (43.5%) 196 (45.1%) 186 (53.6%) 169 (46.3%)
Missing 10(0.3%) 7 (70,0%) 6(0.5%) 1(0.2%) 0(0.0%) 0(0.0%)
Age
18-34years 629 (18.0%) 443 (70.4%) 294 (22.3%) 81 (18.6%) 31 (8.9%) 37 (10.1%)
35-44 years 386 (11.0%) 258 (66.8%) 60 (12.1%) 48 (11.0%) 7 (7.8%) 23 (6.3%)
45-54years 859 (24.5%) 615 (71.6.%) 335 (25.4%) 113 (26.0%) 95 (27.4%) 72 (19.7%)
55-64 years 944 (26.9%) 659 (69.8%) 300 (22.7%) 116 (26.7%) 122 (35.2%) 121 (33.2%)
> 65years 635 (18.1%) 454 (71.5%) 3(16.1%) 74 (17.0%) 71 (20.5%) 96 (26.3%)
Missing 50(1.4%) 37 (74.0%) 17 (73%) 3(0.7%) 1(0.3%) 16 (4.4%)
Profession
Farmer 1452 (41.5%) 1068 (73.6%) 502 (38.1%) 184 (42.3%) 177 (51.0%) 205 (56.2%)
Forest worker 49 (1.4%) 42 (85.7%) 15 (1.1%) 12 (2.8%) 10 (2.9%) 5 (1.4%)
Horticulturist 160 (4.6%) 96 (60.0%) 57 (4.3%) 15 (3.4%) 7 (2.0%) 7 (4.7%)
Other type of outdoor 80 (2.3%) 53 (66.3%) 24 (1.8%) 15 (3.4%) 10 (2.9%) 4(1.1%)
worker
Indoor worker 1350 (38.5%) 891 (66.0%) 521 (39.5%) 135 (31.0%) 104 (30.0%) 131 (35.9%)
Not reported 412 (11.8%) 316 (76.7%) 200 (15.2%) 74(17.0%) 39(11.2%) 3(0.8%)
Hours spent outside (summer)
<1h 240 (6.9%) 36 (56.7%) 76 (5.8%) 21 (4.8%) 16 (4.6%) 23 (6.3%)
1-3h 862 (21.6%) 620 (71.9%) 371 (28.1%) 115 (26.4%) 66 (19.0%) 68 (18.6%)
>3-6h 1159 (33.1%) 825 (71.2%) 438 (33.2%) 143 (32.9%) 128 (36.9%) 116 (31.8%)
>6h 1242 (35.5%) 885 (71.3%) 434 (32.9%) 156 (35.9%) 137 (39.5%) 158 (43.3%)
Hours spent outside (winter)
<1h 534 (15.2%) 363 (68.0%) 217 (16.5%) 66 (15.2%) 35(10.1%) 45 (12.3%)
1-3h 1522 (43.4%) 1068 (70.2%) 600 (45.5%) 190 (43.7%) 146 (42.1%) 132 (36.2%)
>3-6h 841 (24.0%) 602 (71.6%) 309 (23.4%) 106 (24.4%) 89 (25.6%) 98 (26.8%)
>6h 511 (14.6%) 364 (71.2%) 165 (12.5%) 64 (14.7%) 65 (18.7%) 70 (19,2%)
Not reported 95(2.7%) 69 (72.6%) 28 (2.1%) 9(2.1%) 12 (3.5%) 20 (5.5%)
Area types
Urban area 342 (9.8%) 185 (54.1%) 120 (9.1%) 29 (6.7%) 13 (3.7%) 23 (6.3%)
Environs 1961 (56.0%) 1417 (72.3%) 722 (54.7%) 274 (63.0%) 216 (62.2%) 205 (56.2%)
Rural areas 1121 (32.0%) 812 (72.4%) 447 (33.9%) 127 (29.2%) 109 (31.4%) 129 (35.3%)

that lead to less encounters with ticks attached to crops.
Additionally, insecticides usage in agriculture might pre-
vent farmers from receiving tick bites [37]. The lower risk
of horticulturist could be explained by specific landscape
management in gardens and thus, horticulturists ‘work-
space, since the presence of ticks is limited by specific
habitat requirements. Reduced tree canopy and resi-
dential lawns create poor environments for ticks as well
as measurements such as leaf litter removal and>1m
boarder between lawn and tick infested areas, and there-
for decreasing the tick associated risk [7, 38].

The study results indicated that people from environs
and rural areas are at an increased risk for tick bites.

Proximity to nature in environs and rural areas may
explain this increased risk. Several studies showed that
tick-associated risk of LB or TBE was associated with
close proximity to forests, a habitat abundant in L ricinus
[39—44]. Nevertheless, these findings are limited by miss-
ing information about leisure activities, personal protec-
tive measurements, and details about living conditions.
In this study, we found that the tick-associated risk was
influenced by the time people spend outdoors.

It was found that there was a slight increase in the pro-
portion of affected people from south-western to east-
ern Bavaria. A similar pattern in TBE or LB cases was
reported by the Robert Koch Institute and Bohmer et al.
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Table 2 Results of the univariate and multivariate logistic regression model, that assess the difference in tick associated risk of multiple

variables
Variables Univariate Regression Multivariate Regression
95% Cl 95% CI
Sig. OR LB uB Sig. OR LB uB

Region

Reference Urban Areas
Environs <0.001 2.192 1.736 2.768 <0.001 1979 1.538 2.547
Rural Areas <0.001 2.195 1.710 2818 <0.001 1.965 1492 2589

Age

Reference 18-34years
35-44years 0.254 0.854 0.651 1.120 - - - -
45-54years 0.632 1.057 0.843 1.326 - - - -
55-64years 0.833 0.977 0.784 1.216 - - - -
>65years 0.645 1.059 0.830 1.350 - - - -

Gender

Reference Female 0.907 0.991 0.857 1.147 - - - -
Male

Profession

Reference Farmer <0.001 1.371 1173 1.604 0.037 1219 1.012 1.468
Forestry worker 0.016 2.729 1.205 6.179 0.030 2495 1.095 5.682
Horticulturist 0.119 0.770 0.554 1.070 0497 0.887 0.626 1.255
Other Outdoor worker 0.940 1.019 0.628 1.652 0.737 0919 0.559 1.510
Indoor worker

Time spent outside

Summer

Reference <1h
1-3h <0.001 1.959 1458 2632 <0.001 1.929 1429 2.603
>3-6h <0.001 1.889 1420 2.512 0.002 1.595 1.184 2.147
>6h <0.001 1.896 1.428 2517 0.006 1.552 1.137 2119

Winter
<1h
1-3h 0.343 1.108 0.896 1.370 - - - -
>3-6h 0.155 1.187 0.938 1.502 - - - -
>6h 0.253 1.166 0.896 1.519 - - - -

Sig Significance, OR Odds ratio, LB Lower bound, UB Upper bound, C/ Confidence interval

[6, 18]. This may be due to higher percentages of wood-
land areas, like the Bavarian Forest, in eastern parts of
Bavaria [29, 45]. In addition, the highest number of pre-
vious tick bites from participant was found in Amberg-
Sulzbach (96.6%), which was reported to be one of
Bavarians TBE hotspots [4].

Since the analyses examined the tick bite prevalence
only in areas with at least 30 inhabitants, findings are
limited by the lack of data collected from northern
Bavaria, where forested areas occupy larger stretches
of land compared to in southern areas (pre-alpine areas
not considered, as ticks are rare at altitudes greater
than 450 m) [46, 47]. However, as 92 of the 96 Bavarian

areas were declared risk areas for TBE, precautions
such as education on prevention strategies and vacci-
nations are necessities in all parts of Bavaria. Preven-
tion can include personal protection such as avoiding
tick infested areas like high grasslands and areas of tree
canopy, wearing protective clothes and repellants, and
checking oneself for tick bites after returning inside and
prompt removing of all found ticks. In parks and front
yards, the risk can be decreased with lawn mowing and
leaf litter removal [7]. Vaccinations are especially rec-
ommended for inhabitants of endemic areas, members
of exposed occupation groups, and individuals in close
contact with nature [18]. As vaccination rates have
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Percentage of tick bites
[]48.3-60.0%
[]60.1-73.0%
[ 73.1-85.0%
Il 85.1-96.9%

Fig. 1 Percentage of people with previous tick bites in Bavaria in areas with 30 or more participants. The areas outlined in light grey represent
Bavarian areas that were not included in the geographical analyses due to a low number of participants

remained low over the last years, there may be lack of
awareness of the importance of vaccinations for the
prevention of the tick-borne disease TBE [48]. As ticks
are dependent on the presence of appropriate hosts like
deer and rodents, tick-associated risk can further be
reduced by tick host management, through the use of
controlled burnings and acaricides, which are also toxic
for other potentially beneficial insects and mites [7].
While these methods were proven to be effective, they
are less practical than vaccinations or personal protec-
tion strategies, of which the latter is critical for preven-
tion of other tick-borne diseases like the bacterial LB.
There are some study limitations. As the largest study
was performed at the ZLF, there was potential for a
selection bias. Older, sick, or disabled people may have
been less likely to attend the festival. Women were also
slightly overrepresented, which similarly was the case
for the study conducted in private practices in 2017.
As self-administered questionnaires were used, desir-
ability bias and recall bias are possible. Accordingly, the

actual number of tick bites might have been over- or
underestimated.

Although a large population was assessed, the general-
izability is somewhat limited. For example, the mean age
in this study is higher than the German average, as peo-
ple had to be >18years to participate [49]. Especially the
proportion of middle-aged individuals aged 45—-64years
was overrepresented compared to in the general popula-
tion [50]. To evaluate the differences between residential
areas, only areas with more than 30 participants were
considered. Therefore, the low numbers of participants in
some areas might have led to over- or underestimations.
Bootstrap 95% CI was calculated to partly address this
problem in areas included in our analysis.

Conclusion

Despite these limitations, the large study population
of 3503 participants demonstrates differences in risks
for tick bites between various professions and residen-
tial areas. Prevention strategies need to be expanded, as
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reported numbers of TBE and LB cases are increasing
in Germany, vaccination coverage remains on steadily
low levels, and climate change supports environmental
conditions in which I ricinus thrives. Further studies
focusing on personal protection strategies and aware-
ness about the individual risk related to high-risk occu-
pations and at-risk residential and geographic areas can
be instrumental in strengthening primary and secondary
prevention.

Abbreviations

LB: Lyme borreliosis; TBE: Tick-borne encephalitis; OR: Odds ratio; Cl: Confi-
dence interval; ZLF: Bayerisches Zentral-Landwirtschaftsfest (Bavarian Central
Agricultural Festival); TBD: Tick-borne diseases.

Acknowledgements

We want to thank the ‘Sozialversicherung fur Landwirtschaft, Forst und
Gartenbau'for organizing the health check-up and the office-based physicians
for recruiting participants.

Conflict of interests
The authors have no conflict of interest.

Authors’ contributions

Conceptualization, project administration: LT, TB, AZ; data collection: LT, TB, AZ;
data preparation and analysis: LS, LT; writing original draft: LS, LT; supervi-

sion, review, and editing: LS, LT, TB, AZ. All authors read and approved the
manuscript.

Funding

Open Access funding enabled and organized by Projekt DEAL. This work was
supported by an unrestricted research grant from Beiersdorf Dermo Medical
GmbH and Novartis Pharma GmbH.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All three studies were approved by the ethics committee of the Medical
Faculty of the Technical University of Munich (Reference: 385/165; 584/16s;
405/15). All methods were carried out in accordance with the guidelines

and regulations of the Declarations of Helsinki. All Individuals were 18years or
older and provide written informed consent prior to participating in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Dermatology and Allergy, Technical University of Munich,
School of Medicine, Biedersteiner Strasse 29, 80802 Munich, Germany. 2Divi-
sion of Dermatology and Venereology, Department of Medicine Solna, Karolin-
ska Institutet, Stockholm, Sweden.

Received: 12 October 2021 Accepted: 21 December 2021
Published online: 04 February 2022

Page 7 of 8

References

1. Lindquist L, Vapalahti O. Tick-borne encephalitis. Lancet. 2008;371:1861—
71. https://doi.org/10.1016/5S0140-6736(08)60800-4 .

2. Enkelmann J, Bohmer M, Fingerle V, Siffczyk C, Werber D, Littmann M,
et al. Incidence of notified Lyme borreliosis in Germany, 2013-2017. Sci
Rep. 2018;8:14976. https://doi.org/10.1038/541598-018-33136-0 .

3. Zubrikové D, Wittmann M, Honig V, Svec P, Vichové B, Essbauer S, et al.
Prevalence of tick-borne encephalitis virus and Borrelia burgdorferi
sensu lato in Ixodes ricinus ticks in Lower Bavaria and Upper Palatinate.
Germany Ticks Tick Borne Dis. 2020;11:101375. https://doi.org/10.1016/j.
ttbdis.2020.101375 .

4. Robert Koch Institute. Meldedaten nach Infektionsschutzgesetz. 2021.
https://survstat.rki.de/. Accessed 7 Mar 2021.

5. Akmatov MK, Holstiege J, Dammertz L, Kohring C, Heuer J, Bdtzing J.
Bundesweite und kleinrdumige Kennzahlen zur Morbiditét von Lyme-
Borreliose in Deutschland anhand vertragsarztlicher Abrechnungsdaten,
2010 bis 2019: Zentralinstitut fUr die kassendrztliche Versorgung in
Deutschland (Zi); 2021. doi:https://doi.org/10.20364/VA-21.06 .

6. Bohmer MM, Ens K, BShm S, Heinzinger S, Fingerle V. Epidemiological
Surveillance of Lyme Borreliosis in Bavaria, Germany, 2013-2020. Microor-
ganisms. 2021. https://doi.org/10.3390/microorganisms9091872 .

7. Cerny J, Lynn G, Hrnkova J, Golovchenko M, Rudenko N, Grubhoffer L.
Management Options for Ixodes ricinus-Associated Pathogens: A Review
of Prevention Strategies. Int J Environ Res Public Health. 2020;17:1830.
https://doi.org/10.3390/ijerph 17061830 .

8. Ehrmann'S, Liira J, Gértner S, Hansen K, Brunet J, Cousins SAO, et al.
Environmental drivers of Ixodes ricinus abundance in forest fragments
of rural European landscapes. BMC Ecol. 2017;17:31. https://doi.org/10.
1186/512898-017-0141-0..

9. Cayol C, Koskela E, Mappes T, Siukkola A, Kallio ER. Temporal dynamics of
the tick Ixodes ricinus in northern Europe: epidemiological implications.
Parasit Vectors. 2017;10:166. https://doi.org/10.1186/513071-017-2112-x .

10. Schulz M, Mahling M, Pfister K. Abundance and seasonal activity of quest-
ing Ixodes ricinus ticks in their natural habitats in southern Germany in
2011. J Vector Ecol. 2014;39:56-65. https://doi.org/10.1111/.1948-7134.
2014.12070x .

11. Furness RW, Furness EN. Ixodes ricinus parasitism of birds increases at
higher winter temperatures. J Vector Ecol. 2018;43:59-62. https://doi.org/
10.1111/jvec.12283 .

12. Springer A, Raulf M-K, Fingerle V, Strube C. Borrelia prevalence and spe-
cies distribution in ticks removed from humans in Germany, 2013-2017.
Ticks Tick Borne Dis. 2020;11:101363. https://doi.org/10.1016/j.ttbdis.2019.
101363.

13. Hellenbrand W, Kreusch T, Bohmer MM, Wagner-Wiening C, Dobler G,
Wichmann O, et al. Epidemiology of Tick-Borne Encephalitis (TBE) in
Germany, 2001-2018. Pathogens. 2019;29,8:42. https://doi.org/10.3390/
pathogens8020042 .

14. Dobler G, Hufert F, Pfeffer M, Essbauer S. Tick-Borne Encephalitis: From
Microfocus to Human Disease. In: Mehlhorn H, editor. Progress in Para-
sitology. Berlin, Heidelberg: Springer Berlin Heidelberg; 2011. p. 323-31.
https://doi.org/10.1007/978-3-642-21396-0_17 .

15. Suss J, Schrader C, Abel U, Voigt WP, Schosser R. Annual and seasonal
variation of tick-borne encephalitis virus (TBEV) prevalence in ticks in
selected hot spot areas in Germany using a nRT-PCR: Results from 1997
and 1998. Zentralblatt fur Bakteriologie. 1999;289:564-78. https://doi.org/
10.1016/50934-8840(99)80010-3 .

16. Paul H, Gerth H-J, Ackermann R. Infectiousness for humans of Ixodes
ricinus containing Borrelia burgdorferi. Zentralbl Bakteriol Mikrobiol Hyg
A. 1987;263:473-6. https://doi.org/10.1016/50176-6724(87)80113-x .

17. Heininger U, Zimmermann T, Schoerner C, Brade V, Stehr K. Tick bite and
Lyme borreliosis. An epidemiologic study in the Erlangen area. Monatss-
chrKinderheilkd. 1993:874-7.

18. Koch-Institut R. FSME: Risikogebiete in Deutschland (Stand: Januar 2021);
2021. https://doi.org/10.25646/8079 .

19. Scheerer C, Rith M, Tizek L, Koberle M, Biedermann T, Zink A. Googling
for Ticks and Borreliosis in Germany: Nationwide Google Search Analysis
From 2015 to 2018. J Med Internet Res. 2020;22:¢18581. https://doi.org/
10.2196/18581 .

20. Bogovic P, Lotric-Furlan S, Strle F. What tick-borne encephalitis may look
like: clinical signs and symptoms. Travel Med Infect Dis. 2010;8:246-50.
https://doi.org/10.1016/j.tmaid.2010.05.011 .


https://doi.org/10.1016/S0140-6736(08)60800-4
https://doi.org/10.1038/s41598-018-33136-0
https://doi.org/10.1016/j.ttbdis.2020.101375
https://doi.org/10.1016/j.ttbdis.2020.101375
https://survstat.rki.de/
https://doi.org/10.20364/VA-21.06
https://doi.org/10.3390/microorganisms9091872
https://doi.org/10.3390/ijerph17061830
https://doi.org/10.1186/s12898-017-0141-0
https://doi.org/10.1186/s12898-017-0141-0
https://doi.org/10.1186/s13071-017-2112-x
https://doi.org/10.1111/j.1948-7134.2014.12070.x
https://doi.org/10.1111/j.1948-7134.2014.12070.x
https://doi.org/10.1111/jvec.12283
https://doi.org/10.1111/jvec.12283
https://doi.org/10.1016/j.ttbdis.2019.101363
https://doi.org/10.1016/j.ttbdis.2019.101363
https://doi.org/10.3390/pathogens8020042
https://doi.org/10.3390/pathogens8020042
https://doi.org/10.1007/978-3-642-21396-0_17
https://doi.org/10.1016/s0934-8840(99)80010-3
https://doi.org/10.1016/s0934-8840(99)80010-3
https://doi.org/10.1016/s0176-6724(87)80113-x
https://doi.org/10.25646/8079
https://doi.org/10.2196/18581
https://doi.org/10.2196/18581
https://doi.org/10.1016/j.tmaid.2010.05.011

Schielein et al. BMC Public Health

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

(2022) 22:234

Haglund M, Gunther G. Tick-borne encephalitis—pathogenesis, clinical
course and long-term follow-up. Vaccine. 2003;21:511-8. https://doi.org/
10.1016/50264-410X(02)00811-3 .

Steere AC, Strle F, Wormser GP, Hu LT, Branda JA, Hovius JWR, et al. Lyme
borreliosis. Nat Rev Dis Primers. 2016,2:16090. https://doi.org/10.1038/
nrdp.2016.90 .

Smit R, Postma MJ. Review of tick-borne encephalitis and vaccines: clini-
cal and economical aspects. Expert Rev Vaccines. 2015;14:737-47. https.//
doi.org/10.1586/14760584.2015.985661 .

WHQO. Vaccines against tick-borne encephalitis: WHO position paper. WER
2011.https://www.who.int/publications/i/item/vaccines-against-tick-
borne-encephalitis-who-position-paper Accessed 26 March 2021.
Comstedt P, Schiler W, Meinke A, Lundberg U. The novel Lyme borreliosis
vaccine VLA15 shows broad protection against Borrelia species express-
ing six different OspA serotypes. PLoS One. 2017;12:e0184357. https://doi.
org/10.1371/journalpone.0184357 .

Tizek L, Schielein MC, Seifert F, Biedermann T, Bohner A, Zink A. Skin
diseases are more common than we think: screening results of an
unreferred population at the Munich Oktoberfest. J Eur Acad Dermatol
Venereol. 2019;33:1421-8. https://doi.org/10.1111/jdv.15494 .

Tizek L, Schielein MC, Berger U, Seifert F, Biedermann T, Bohner A, et al.
Regional differences in medical needs and care for skin cancer across
Bavaria: confronting the gap. Eur J Dermatol. 2020. https://doi.org/10.
1684/€jd.2020.3752 .

Tizek L, Schielein M, Spinner CD, Watzele R, Kratzer P, Bohner A, et al. Neue
Perspektiven zur Gesundheitspravention : Pravalenz von Hypertonie,
Hypakusis und Gleichgewichtsstérungen beim Minchner Oktoberfest.
[New perspectives on health prevention. Prevalence of hypertension,
hypacusis and balance disorders at the Munich Oktoberfest 2016]. MMW
Fortschr Med. 2019;161:9-14. https://doi.org/10.1007/515006-019-0288-z

Federal Institute for Research on Building, Urban Affairs and Spatial
Development. Siedlungsstrukturelle Kreistypen -Laufende Raumbeo-
bachtung - Raumabgrenzungen 2018. https://wwwbbsrbundde/BBSR/
DE/forschung/raumbeobachtung/Raumabgrenzungen/deutschland/
kreise/siedlungsstrukturelle-kreistypen/kreistypenhtml. Accessed 15 Mar
2021.

Ziehfreund S, Krause J, Rotter M, Biedermann T, Zink A. Primar-

und Sekundéarprévention von Hautkrebs in landlichen Regionen :
Querschnittstudie im Bayerischen Wald. [Primary and secondary preven-
tion of skin cancer in rural areas : A cross-sectional study in the Bavarian
Forest]. Hautarzt. 2020;71:365-73. https://doi.org/10.1007/500105-020-
04566-7 .

Zink A, Schuster B, Winkler J, Eyerich K, Darsow U, Brockow K, et al. Allergy
and sensitization to Hymenoptera venoms in unreferred adults with

a high risk of sting exposure. World Allergy Organ J. 2019;12:100039.
https://doi.org/10.1016/j.waojou.2019.100039 .

Federal Agency for Cartography and Geodesy. Administrative areas.
http://www.geodatenzentrum.de/geodaten/gdz_rahmen.gdz_div?gdz_
spr=deu&gdz_akt_zeile=5&gdz_anz_zeile=1&gdz_unt_zeile=0&gdz_
user_id=0. Accessed 3 May 2021.

Schotthoefer A, Stinebaugh K, Martin M, Munoz-Zanzi C. Tickborne
disease awareness and protective practices among U.S. Forest Ser-

vice employees from the upper Midwest, USA. BMC Public Health.
2020;20:1575. https://doi.org/10.1186/512889-020-09629-x .

De KM, Robert A, Luyasu V, Kabamba B, Vanwambeke SO. Seroprevalence
of Borrelia burgdorferi in Belgian forestry workers and associated risk
factors. Parasit Vectors. 2018;11:277. https://doi.org/10.1186/513071-018-
2860-2.

Cisak E, Zajac V, Wojcik-Fatla A, Dutkiewicz J. Risk of tick-borne diseases

in various categories of employment among forestry workers in eastern
Poland. Ann Agric Environ Med. 2012;19:469-74.

Rigaud E, Jaulhac B, Garcia-Bonnet N, Hunfeld K-P, Féménia F, Huet

D, et al. Seroprevalence of seven pathogens transmitted by the

Ixodes ricinus tick in forestry workers in France. Clin Microbiol Infect.
2016;22(735):e1-9. https://doi.org/10.1016/j.cmi.2016.05.014 .

Sumilo D, Bormane A, Asokliene L, Vasilenko V, Golovljova I, Avsic-Zupanc
T, et al. Socio-economic factors in the differential upsurge of tick-borne
encephalitis in Central and Eastern Europe. Rev Med Virol. 2008;18:81-95.
https://doi.org/10.1002/rmv.566 .

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 8 of 8

Lerman SB, D’Amico V. Lawn mowing frequency in suburban areas has
no detectable effect on Borrelia spp. vector Ixodes scapularis (Acari:
Ixodidae). PLoS One. 2019;14:e0214615. https://doi.org/10.1371/journal.
pone.0214615 .

Kjeer LJ, Soleng A, Edgar KS, Lindstedt HEH, Paulsen KM, Andreassen AK,
et al. Predicting and mapping human risk of exposure to Ixodes ricinus
nymphs using climatic and environmental data, Denmark, Norway and
Sweden, 2016. Euro Surveill. 2019;24:1800101. https://doi.org/10.2807/
1560-7917.£5.2019.24.9.1800101 .

Jackson LE, Hilborn ED, Thomas JC. Towards landscape design guidelines
for reducing Lyme disease risk. Int J Epidemiol. 2006;35:315-22. https://
doi.org/10.1093/ije/dyi284 .

Glass GE, Schwartz BS, Morgan JM, Johnson DT, Noy PM, Israel E. Environ-
mental risk factors for Lyme disease identified with geographic informa-
tion systems. Am J Public Health. 1995;85:944-8. https://doi.org/10.2105/
ajph.85.7.944 .

Eisen RJ, Lane RS, Fritz CL, Eisen L. Spatial patterns of Lyme disease risk in
California based on disease incidence data and modeling of vector-tick
exposure. Am J Trop Med Hyg. 2006;75:669-76.

Lindstrom A, Jaenson TGT. Distribution of the common tick, Ixodes ricinus
(Acari: Ixodidae), in different vegetation types in southern Sweden. J Med
Entomol. 2003;40:375-8. https://doi.org/10.1603/0022-2585-40.4.375 .
Horobik V, Keesing F, Ostfeld RS. Abundance and Borrelia burgdorferi-
infection Prevalence of Nymphal Ixodes scapularis Ticks along Forest—
Field Edges. EcoHealth. 2007;3:262-8. https://doi.org/10.1007/s10393-
006-0065-1 .

Berliner Morgenpost. Zeckenatlas 2021. 2021 https://interaktivmorge
npostde/zecken-atlas-deutschland/. Accessed 15 Mar 2021.

Bayrische Landesanstalt fir Wald und Forstwirtschaft. Waldflache und
Waldstruktur. 2021. https://www.lwf.bayern.de/mam/cms04/service/
dateien/w49_waldflaeche_und_waldstruktur_gesch.pdf. Accessed 15
Mar 2021.

Jore S, Viljugrein H, Hofshagen M, Brun-Hansen H, Kristoffersen AB,
Nygard K, et al. Multi-source analysis reveals latitudinal and altitudinal
shifts in range of Ixodes ricinus at its northern distribution limit. Parasit
Vectors. 2011;4:84. https://doi.org/10.1186/1756-3305-4-84 .

Randolph SE, Green RM, Peacey MF, Rogers DJ. Seasonal synchrony: the
key to tick-borne encephalitis foci identified by satellite data. Parasitol-
ogy. 2000;121(Pt 1):15-23. https://doi.org/10.1017/50031182099006083 .
Statisitche Amter des Bundes und der Lander. Regionaldatenbank
Deutschland 2019. Available at: https://www.regionalstatistik.de/genes
is/online/data;sid=76B5D8A3A4F6A5D29D8101735542F7F8.reg1?0pera
tion=abruftabelleBearbeiten&levelindex=28&levelid=1568900863868&
auswahloperation=abruftabelleAuspraegung-Auswaehlen&auswahlver
zeichnis=ordnungsstruktur&auswahlziel=werteabruf&selectionname=
12411-07-01-4&auswahltext=&werteabruf=Werte-abruf. Accessed 3
May 2021.

Bundesinstitut fur Bevolkerungsforschung. Bevolkerungsentwicklung.
2021. https://www.bib.bund.de/DE/Fakten/Fakt/B23-Altersgruppen-
1871-Vorausberechnung.html?nn=9991378. Accessed 30 Apr 2021.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/s0264-410X(02)00811-3
https://doi.org/10.1016/s0264-410X(02)00811-3
https://doi.org/10.1038/nrdp.2016.90
https://doi.org/10.1038/nrdp.2016.90
https://doi.org/10.1586/14760584.2015.985661
https://doi.org/10.1586/14760584.2015.985661
https://www.who.int/publications/i/item/vaccines-against-tick-borne-encephalitis-who-position-paper%20%20%20%20
https://www.who.int/publications/i/item/vaccines-against-tick-borne-encephalitis-who-position-paper%20%20%20%20
https://doi.org/10.1371/journal.pone.0184357
https://doi.org/10.1371/journal.pone.0184357
https://doi.org/10.1111/jdv.15494
https://doi.org/10.1684/ejd.2020.3752
https://doi.org/10.1684/ejd.2020.3752
https://doi.org/10.1007/s15006-019-0288-z
https://www.bbsr.bund.de/BBSR/DE/forschung/raumbeobachtung/Raumabgrenzungen/deutschland/kreise/siedlungsstrukturelle-kreistypen/kreistypen.html
https://www.bbsr.bund.de/BBSR/DE/forschung/raumbeobachtung/Raumabgrenzungen/deutschland/kreise/siedlungsstrukturelle-kreistypen/kreistypen.html
https://www.bbsr.bund.de/BBSR/DE/forschung/raumbeobachtung/Raumabgrenzungen/deutschland/kreise/siedlungsstrukturelle-kreistypen/kreistypen.html
https://doi.org/10.1007/s00105-020-04566-7
https://doi.org/10.1007/s00105-020-04566-7
https://doi.org/10.1016/j.waojou.2019.100039
http://www.geodatenzentrum.de/geodaten/gdz_rahmen.gdz_div?gdz_spr=deu&gdz_akt_zeile=5&gdz_anz_zeile=1&gdz_unt_zeile=0&gdz_user_id=0
http://www.geodatenzentrum.de/geodaten/gdz_rahmen.gdz_div?gdz_spr=deu&gdz_akt_zeile=5&gdz_anz_zeile=1&gdz_unt_zeile=0&gdz_user_id=0
http://www.geodatenzentrum.de/geodaten/gdz_rahmen.gdz_div?gdz_spr=deu&gdz_akt_zeile=5&gdz_anz_zeile=1&gdz_unt_zeile=0&gdz_user_id=0
https://doi.org/10.1186/s12889-020-09629-x
https://doi.org/10.1186/s13071-018-2860-2
https://doi.org/10.1186/s13071-018-2860-2
https://doi.org/10.1016/j.cmi.2016.05.014
https://doi.org/10.1002/rmv.566
https://doi.org/10.1371/journal.pone.0214615
https://doi.org/10.1371/journal.pone.0214615
https://doi.org/10.2807/1560-7917.ES.2019.24.9.1800101
https://doi.org/10.2807/1560-7917.ES.2019.24.9.1800101
https://doi.org/10.1093/ije/dyi284
https://doi.org/10.1093/ije/dyi284
https://doi.org/10.2105/ajph.85.7.944
https://doi.org/10.2105/ajph.85.7.944
https://doi.org/10.1603/0022-2585-40.4.375
https://doi.org/10.1007/s10393-006-0065-1
https://doi.org/10.1007/s10393-006-0065-1
https://interaktiv.morgenpost.de/zecken-atlas-deutschland/
https://interaktiv.morgenpost.de/zecken-atlas-deutschland/
https://www.lwf.bayern.de/mam/cms04/service/dateien/w49_waldflaeche_und_waldstruktur_gesch.pdf
https://www.lwf.bayern.de/mam/cms04/service/dateien/w49_waldflaeche_und_waldstruktur_gesch.pdf
https://doi.org/10.1186/1756-3305-4-84
https://doi.org/10.1017/s0031182099006083
https://www.regionalstatistik.de/genesis/online/data;sid=76B5D8A3A4F6A5D29D8101735542F7F8.reg1?operation=abruftabelleBearbeiten&levelindex=2&levelid=1568900863868&auswahloperation=abruftabelleAuspraegung-Auswaehlen&auswahlverzeichnis=ordnungsstruktur&auswahlziel=werteabruf&selectionname=12411–07–01-4&auswahltext=&werteabruf=Werte-abruf
https://www.regionalstatistik.de/genesis/online/data;sid=76B5D8A3A4F6A5D29D8101735542F7F8.reg1?operation=abruftabelleBearbeiten&levelindex=2&levelid=1568900863868&auswahloperation=abruftabelleAuspraegung-Auswaehlen&auswahlverzeichnis=ordnungsstruktur&auswahlziel=werteabruf&selectionname=12411–07–01-4&auswahltext=&werteabruf=Werte-abruf
https://www.regionalstatistik.de/genesis/online/data;sid=76B5D8A3A4F6A5D29D8101735542F7F8.reg1?operation=abruftabelleBearbeiten&levelindex=2&levelid=1568900863868&auswahloperation=abruftabelleAuspraegung-Auswaehlen&auswahlverzeichnis=ordnungsstruktur&auswahlziel=werteabruf&selectionname=12411–07–01-4&auswahltext=&werteabruf=Werte-abruf
https://www.regionalstatistik.de/genesis/online/data;sid=76B5D8A3A4F6A5D29D8101735542F7F8.reg1?operation=abruftabelleBearbeiten&levelindex=2&levelid=1568900863868&auswahloperation=abruftabelleAuspraegung-Auswaehlen&auswahlverzeichnis=ordnungsstruktur&auswahlziel=werteabruf&selectionname=12411–07–01-4&auswahltext=&werteabruf=Werte-abruf
https://www.regionalstatistik.de/genesis/online/data;sid=76B5D8A3A4F6A5D29D8101735542F7F8.reg1?operation=abruftabelleBearbeiten&levelindex=2&levelid=1568900863868&auswahloperation=abruftabelleAuspraegung-Auswaehlen&auswahlverzeichnis=ordnungsstruktur&auswahlziel=werteabruf&selectionname=12411–07–01-4&auswahltext=&werteabruf=Werte-abruf
https://www.regionalstatistik.de/genesis/online/data;sid=76B5D8A3A4F6A5D29D8101735542F7F8.reg1?operation=abruftabelleBearbeiten&levelindex=2&levelid=1568900863868&auswahloperation=abruftabelleAuspraegung-Auswaehlen&auswahlverzeichnis=ordnungsstruktur&auswahlziel=werteabruf&selectionname=12411–07–01-4&auswahltext=&werteabruf=Werte-abruf
https://www.bib.bund.de/DE/Fakten/Fakt/B23-Altersgruppen-1871-Vorausberechnung.html?nn=9991378
https://www.bib.bund.de/DE/Fakten/Fakt/B23-Altersgruppen-1871-Vorausberechnung.html?nn=9991378

	Tick bites in different professions and regions: pooled cross-sectional study in the focus area Bavaria, Germany
	Abstract 
	Background: 
	Materials and methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Data collection
	Statistical analyses

	Results
	Comparison regarding the probability of tick bites
	Regional differences

	Discussion
	Conclusion
	Acknowledgements
	References


