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Abstract

Background Lyme borreliosis (LB) is the most common tick-borne disease in Europe. Although there are indicators
that disease risk is higher in the west of Ireland than other areas of Ireland, regional incidence data to confirm this, and
to drive effective risk communication is sparse. Professions (e.g. farming, forestry) or recreational activities (e.g. hiking,
trail running) that require spending time in tick habitats increase the risk of exposure. The present study is designed to
provide baseline information on the perceptions, knowledge, and training of at-risk groups in Ireland relating to LB.

Methods The study used an online questionnaire to gather data on perceived risk, disease-related knowledge, and
the receipt of training by at-risk individuals (n=443) in Ireland. Data were analysed using IBM SPSS Statistics version
29.0.1.0.

Results The study found a median perceived risk of 3/5 (i.e. moderate). There was no difference geographically

in perceived risk, despite regional differences in environmental risk factors and cumulative neuroborreliosis rates.
The majority (77%) of respondents identified woodlands/scrub as habitats carrying highest LB risk. Fewer than half
(48%) of respondents mentioned or described the pathognomonic erythema migrans rash when asked to describe
symptoms of LB, and 37% listed erythema migrans plus at least one flu-like symptom. As respondents’ perception of
risk increased, so did their ability to identify woodland/scrub as risk habitats, and early LB symptoms. However, when
asked to rate the amount of training they had received on a 5-point scale (1 indicates no training and 5 indicates
maximum training) respondents in at-risk professions indicated a minimal amount of training (median=2/5) on

tick bite and LB prevention, and people engaging in leisure activities gave a response which indicated no training
(median=1/5). Greater levels of training were associated with greater proportions of respondents indicating
woodland/scrub habitats as high-risk habitats (p=0.003, T=8.876), and describing erythema migrans as a LB
symptom (p=0.08, T=7.007).

Conclusions These findings identify the need for more robust risk communication in Ireland, more training for at-risk
groups, and the use of targeted awareness campaigns to address knowledge gaps. The implications of the study
findings for international research are also discussed.
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Introduction

Lyme borreliosis (LB), caused by the spirochaete Bor-
relia burgdorferi sensu lato, is the most common tick-
borne disease in Europe [1]. The incidence of LB varies
between regions and countries of Europe, with an aver-
age population-weighted European disease incidence of
22.05/100,000 person-years [2].

Disease in humans occurs in three stages [3, 4]. Early
LB is characterized by flu-like symptoms and a charac-
teristic erythema migrans lesion in 70 to 95% of cases.
Erythema migrans is defined as an expanding rash of
over 5 cm in diameter, with or without central clearing
[4]. Early disseminated infection may produce a range
of symptoms depending on the B. burgdorferi genotype
present and the system affected. Late disseminated dis-
ease is characterized by symptoms such as Lyme arthri-
tis and acrodermatitis chronicum atrophicans (3, 4]. Of
note, disseminated infection may result in Lyme neu-
roborreliosis, which is defined by involvement of the cen-
tral or peripheral nervous system [3]. The reporting of
cases of neuroborreliosis is mandatory within the Euro-
pean Union [5]. In some jurisdictions across Europe this
is the only centralized reporting system in place, while
in other countries there is still no routine centralised
reporting system [6].

At the individual level, two important factors with
respect to LB transmission risk and ultimately illness risk
include; (a) human behaviour and awareness in relation
to the ability to identify and mitigate environmental risks
[7, 8], (b) the ability to identify symptoms of the disease
and to access prompt treatment [9]. Certain groups of
individuals, e.g. those who work in an outdoor setting
or use the outdoors regularly for recreational purposes,
are considered to be more at risk than others [8, 10, 11],
with woodland habitats posing the highest risk of LB [12]
to such individuals. These include professional outdoor
workers such as foresters, farmers, local government
workers, outdoor guides, wildlife management/survey-
ors [13], and recreationists, which includes people who
engage in leisure activities outdoors, such as hikers, trail
runners, mountain bikers [14] etc. A recent Irish report
indicates that 60% surveyed individuals now visit a wood-
land more regularly than they did before the pandemic,
and that 75% of individuals wish to have more woodlands
in their area [15]. As such, it is particularly important
that such groups are aware of their risk, so that they can
employ disease mitigation strategies such as the wear-
ing of protective clothing (long sleeves, trousers tucked
into socks), performing a self-check for ticks upon return
from the outdoor setting, and the prompt and correct
removal of any ticks that are found [5, 10, 13]. It is also
important that people who are at increased risk are able
to identify early symptoms of infection and to access early
treatment, which is vital to ensure complete recovery and
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avoid the development of further symptoms [16, 17].
Most (70-95%) early LB cases are marked by the pathog-
nomonic erythema migrans lesion [2, 4], and at-risk indi-
viduals who can recognise this lesion are enabled to seek
medical treatment [9]. To increase disease knowledge
and awareness levels, awareness campaigns are regularly
run in various jurisdictions across Europe to remind the
public of the risks of LB in outdoor settings [5].

While various jurisdictions employ different levels of
surveillance to quantify the risk of LB in an area, there
is currently no active or passive surveillance of tick bite
risk in Ireland [18]. Neuroborreliosis alone is reportable
under Irish guidelines, with a reported incidence of 0.3
per 100,000 population per annum in 2020 and of 0.08
per 100,000 in 2021 (2022 figures are not available at the
time of writing) [19]. This is in comparison with an aver-
age incidence of 0.46 per 100,000 across the European
Union in 2020 and 0.39/100,000 in 2021 [20]. While data
on seropositivity for LB is not collected at national level, a
single-centre study published in 2018 [21] analysed blood
samples received by a hospital laboratory in the West of
Ireland. The study estimated an average LB incidence in
the west of Ireland of 2 per 100,000 per year, based on
laboratory-confirmed cases, during the study period of
2010-2014, a figure which was below the European aver-
age but above the 25th centile [2]. Of note, the incidence
varied widely between localities within the catchment
area of the laboratory, with the incidence in the Conne-
mara region (43/100,000 per year) being above the 75th
centile for Europe [2]. Without national data of this kind,
it is difficult to make an assertion on the true incidence of
LB in Ireland.

Previous studies have indicated that, when the public
are aware of the incidence of LB in an area, they are more
likely to adopt risk-mitigation behaviours [22, 23], and
that a person’s disease knowledge and level of perceived
risk determines their risk-mitigation behaviours [5].
However, even in endemic areas, adoption of risk mitiga-
tion behaviours is often low [7, 24]. Recent research has
assessed the knowledge of LB and mitigation behaviours
amongst 76 farmers in Ireland by means of a survey [25].
While 98.5% of respondents had heard of ‘Lyme disease,
only 43% displayed ‘adequate’ disease knowledge — which
was defined as answering 5 of 6 questions relating to
basic knowledge about ticks and LB correctly [25]. This
contrasts with a similar study conducted with woodland
owners in Maine (USA), which is a highly endemic area,
wherein 7 of the 9 knowledge assessment questions were
answered correctly by a majority of the study population
(69.5% or above) [26]. Aside from the abovementioned
study [25], to the authors’ knowledge, no research has
been published to date on the risk perceptions or knowl-
edge of LB in at-risk groups in Ireland.
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In the wider literature, there is evidence to show that
those who have access to information around LB are
more likely to be aware of their risk of LB [11]. A study
which compared risk perceptions in a region of Canada
where LB is relatively new, to a region of Switzerland
where LB has been endemic for many years, found the
number of respondents in Canada who perceived their
risk to be high was half that of Switzerland [27]. Of note,
the impact of any prior training on LB risk prevention
upon study participants was not assessed. Furthermore,
in France, following a national LB awareness campaign,
there was an increase following the campaign in the pro-
portion of survey respondents who felt they were well
informed on the topic of LB (29% in 2016 to 41% in 2019)
and who took measures to prevent illness from tick bites,
such as checking for ticks and tick removal after expo-
sure (47% in 2016 to 54% in 2019) [28].

The use of measures to prevent tick-bites is a popu-
lar question for LB knowledge and awareness studies
[7, 25-30]. However, European studies rarely report on
the objective ability of at-risk individuals to recognise
the symptoms of LB. A Polish study which elicited such
insight observed that 58.9% of the studied population
in an endemic area of Poland could identify erythema
migrans, while 25% incorrectly identified an illustration
of a tick [29]. Similarly, a North American study which
surveyed hikers on the Appalachian Trail (USA), used
photographs of the erythema migrans rash to assess hik-
ers’ ability to recognise this LB symptom. They found
that only 54% of this at-risk group in a disease risk area
were able to identify this pathognomonic symptom [9].
Another study, conducted on at-risk individuals in Can-
ada (n=137), asked respondents to describe symptoms
of LB. 11.7% described a rash or erythema migrans, and
only 35.8% described a rash/erythema migrans plus flu
like symptoms [8]. This outcome warrants further inves-
tigation and indicates that there are potentially at-risk
groups in other regions amongst whom there is a deficit
in the ability to recognise and act upon disease symp-
toms. In general, more studies which objectively measure
respondent’s LB disease knowledge are needed.

Given the current lack of data on LB demographics in
Ireland, and gaps in the literature pertaining to the study
of disease perceptions, knowledge and awareness, this
study aimed to collect and analyse data on the risk per-
ceptions, disease-related knowledge, and training levels
relating to LB amongst at-risk groups in Ireland. This
study sought to create a unique but easily replicable ques-
tionnaire that could be used to gather data on a range
of different at-risk groups such that the group with the
most pressing needs could be identified. Furthermore,
the study aimed to employ a methodology whereby data
on risk perceptions, awareness of environmental risks,
knowledge of disease symptoms, and access to training
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could all be gathered simultaneously from each respon-
dent. The results of this study will contribute to a road-
map for developing strategies to reduce disease incidence
nationally, and can be used to inform further interna-
tional research on LB awareness and knowledge.

Materials and methods

A knowledge and attitudes questionnaire was developed
for this study. Two versions of the same questionnaire
were rolled out - one for those who use the outdoors
regularly for recreation, and one for those who work out-
doors, with the same questions appearing in both ver-
sions, but with the wording varying slightly depending
on whether respondents were asked about their profes-
sion vs. their recreational activity (Additional File 1). The
questionnaire was fully anonymised, and distributed via
the online survey platform SurveyMonkey.

Questionnaire development
The questionnaire contained 15 questions, broken into
three question types:

1. Demographic information, relating to respondent
age and gender and information on type, location
(county, province), experience (i.e. years active) and
duration and frequency of risk activity (i.e. number
of hours per week and times per year activity was
undertaken).

2. Assessment of respondents’ perception regarding
the level of risk of LB they associated with their work
or leisure activity, and their opinions on the training
they have received (if any) on LB. Questions of this
type used a five point Likert scale (ranging from 1
to 5, with 1 equating to ‘none’ and 5 to ‘very high’).
Respondents were asked to rate the risk associated
with their activity, and (separately) with the location
they most often carried out their activity. Location-
based answers were analysed at county and province
level. An open-response field was also provided to
allow respondents to include information on the type
of training (if any) they had received. The responses
in this field were analysed for common themes and
grouped accordingly for data interpretation.

3. Assessment of respondent’s knowledge on LB risk.
One question gave a standard list of habitats found in
Ireland [31] and asked the respondent to select which
habitat(s) carry the highest risk of LB. Another asked
respondents to describe symptoms of LB, with space
for an open-format answer. These answers were then
analysed for early key LB symptoms as described on
the public information website of Ireland’s national
health service (Health Service Executive, (HSE)) [32].

All questions are given in Additional File 1.
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Both questionnaires received ethical approval from the
National University of Ireland, Galway (now University of
Galway) ethics committee.

Distribution methods and timescale

Both versions of the questionnaire were rolled out at
the same time, over a period of 18 months between
27/11/2020 and 15/07/2022. The questionnaire was made
available to respondents via emailed links to the Sur-
veyMonkey platform, where responses could be input-
ted online. All respondents gave their informed consent
before proceeding with the questionnaire. The question-
naire was disseminated to professionals who work in
outdoor settings by contacting ecological/engineering
consultancy agencies, local authorities, web sites and
interest groups for farmers, etc. The questionnaire was
disseminated to recreationists via societies and groups
such as mountaineering clubs, mountain biking clubs,
trail running clubs, gardening societies, etc. Care was
taken to ensure that a broad range of groups from vari-
ous regions of Ireland were contacted, using the pub-
licly available contact email address of 150 national
recreational or professional groups, employers, or
regional employers, agencies, or groups (see Additional
File Table 2.1-2.2 for breakdown of groups to whom invi-
tations to participate were sent).

Analysis

Questionnaire responses were analysed via IBM SPSS
Statistics version 29.0.1.0. Respondents were given an
open text box such that they could describe their profes-
sion or recreation type in their own words. The responses
were then grouped based on how they self-described. An
open-text response format was also used to allow respon-
dents to describe the training they had received on LB,
and responses to this question were also hand-analysed
and grouped thematically. Similarly, respondents were
asked to use their own words to describe symptoms of
LB. These responses were then analysed and coded as
dichotomous variables to identify whether respondents
had mentioned key symptoms of early LB [32]. Any

Table 1 Profession or recreational activity of all respondents
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mention of a rash was noted and coded as one dichoto-
mous variable. A second dichotomous variable was coded
to indicate use of the exact term “erythema migrans’,
“bullseye”, “target’, or any description of a circular or
ringlike rash. Answers were also analysed to identify
whether respondents had listed any flu-like symptoms as
described by the Health Service Executive (HSE) on their
LB information website page [32]. These flu-like symp-
toms include one or a combination of fever, muscle pains,
headache, and fatigue. Any wording relating to any one
of these symptoms was coded as a further dichotomous
variable.

Mann-Whitney U and Kruskal-Wallis tests were used
to test for differences between groups (e.g. differences
between professions, gender) when the dependent vari-
able was ordinal (answers pertaining to Likert ranking
e.g. perceived risk). Where differences were found using
the Kruskal-Wallis test, a post-hoc analysis was under-
taken using the Dunn’s test with Bonferroni adjust-
ment. A series of Cochrane Armitage tests were run to
identify any correlation between ordinal factors such as
age bracket, and the frequency of outdoor activity, and
ordinal dependent variables, such as respondents’ level
of perceived risk associated with their activity or geo-
graphic area. The Pearson Chi-Square test was used to
test whether there was a difference between groups in
their ability to identify risk habitats and symptoms of LB
(dichotomous outcomes). In all cases, a p-value of 0.05 or
lower was considered significant.

Results

Description of population surveyed

A total of 443 respondents completed the questionnaires
including 166 (37%) outdoor professionals and 277 (63%)
recreationists (see Table 1 for profession/recreational
activity breakdown). The questionnaires took an average
of 11 min to complete. A breakdown of all respondents
(recreationist and outdoor-professionals) by age and by
location can be found in Additional File Tables 2.3-2.4
and Fig. 2.1. Overall, almost 52% and just over 43% of
respondents identified as female and male respectively

Profession Percentage Recreational activity Percentage
Ecologist 56 Birdwatching or Wildlife Photography 8
Educator 8 Climbing 10
Engineer or other scientist 15 Gardening/Farming 1
Environmental Scientist 10 Hiking 156
Farmer 15 Mountain Biking 15
Forester 47 Orienteering 24
Other Profession* 15 Trail running/running 25

Walking 11

Other Hobby* 17

*More information on these groups can be found in Additional File 2.5-2.6
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with the remaining respondents either identifying as
“other” (<0.5%) or giving no answer (<5%).

Perception of risk of LB

Perception of risk of LB in respondents’ profession/
recreational activity

Overall, there was a median perceived risk of 3 (medium
risk), with no difference between the professionals and
recreationists (median=3 for both, p=0.052, z=-1.942,
Mann-Whitney U test). 6.7% and 27.4% of professionals
chose a risk ranking of 1 and 2 respectively, versus 9.4%
and 33.0% of recreationists. The professions with the
highest perceived risk of LB were foresters (median risk
rating=4 (n=47)). There were differences between pro-
fessionals in their perceived risk (p =0.025, x*(3) = 14.486,
Kruskal-Wallis test) with foresters perceiving a greater
risk than the ‘other’ professionals group (median risk
rating=2.5, n=14, p=0.028, Additional File 2.7). Trail
runners or runners (median=4 (n=25)), orienteers
(median=4 (n=24)), and hikers (median=3 (n=156))
had the highest perceived risk of all recreationists. The
lowest perceived risk was amongst birdwatchers/wildlife
photographers (median=2 (n=8)). However, post-hoc
comparisons between recreationist groups with adjust-
ment for multiple testing did not reach significance (see
Additional File 2.8). The associations between age, gen-
der, years of experience (i.e. years active at the reported
hobby/profession), frequency of outdoor activity, and
risk perceptions are summarised in Table 2. There was
an inverse relationship between respondent age and
the risk they perceived to be associated with their rec-
reational activity/profession, with increasing age band
being associated with decreased perceived risk (p=0.005,
T=-2.776, Cochrane Armitage test of trends).

Geography and risk perception

Overall, respondents (professionals and recreationists
combined) did not differ by geography in their perceived
risk of LB. This was the case when geographic data were
analysed at province level (p=0.536, x*(3) = 3.130, Krus-
kal-Wallis test), and when data were compared at county
level (p=0.460, x*(3) =25.041, Kruskal-Wallis test) (See
Additional File Fig. 2.2). It was also the case when anal-
ysed in terms of counties in the west, east, or midlands of
Ireland (i.e. counties with a coastline bordering the Atlan-
tic Ocean vs. the Irish Sea vs. non-coastal) (p=0.627,
X*(3) =0.933, Kruskal-Wallis test). This remained the case

Table 2 Respondent demographics and risk perceptions
Variable T p-value

Age bracket -2.78 0.005 (Somer’s D test)
Years of experience 0.017 0.986 (Somer’s D test)
Frequency of outdoor activity 0.980 0.327 (Somer's D test)
Gender 6.307 0.098 (Kruskal-Wallis test)
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when answers from professionals and recreationists were
analysed separately at county level (p=0.24 T =26.280,
and p=0.363 x*(3)=22.643 respectively, Kruskal-Wallis
test).

Assessment of disease-related knowledge
Assessment of habitat-specific risk
Seventy-seven percent of respondents identified wood-
land and scrub habitats as LB risk habitats, (82% of pro-
fessionals and 74% of recreationists). This was followed
by the selection (both groups combined) of grasslands
& marshes (73%), heathlands (62%), bogs & fens (49%),
areas near rivers/lakes/swamps (32%), cultivated areas
gardens and parks (13%), rocky areas (5%), coastal areas
(3%), and any other areas (9%) (Fig. 1). There was a dif-
ference between professional groups who selected wood-
land/scrub habitats as risk habitats, with the percentage
of foresters (96%) being higher than the percentage
of farmers (53%) who selected this answer (p=0.009,
T =17.154, Pearson Chi-Square test and post-hoc Z-test
with Bonferroni correction). There was no difference
between recreationist groups who selected woodlands/
scrub, (p=0.115, T =13.034, Pearson Chi-Square test).
There was no association between age (p=0.094,
T=10.808, Cochrane Armitage test of trends), years of
experience (p=0.977, T=0.807 Cochrane Armitage test
of trends), or frequency of outdoor activity (p=0.421,
T =3.891, Cochrane Armitage test of trends) and whether
or not respondents selected woodland/scrub as risk habi-
tats. There was an association between perceived risk and
ability to identify woodland/scrub as risk habitats for LB
(p<0.001, T =21.386, Cochrane Armitage test of trends).

Objective and perceived familiarity with symptoms of LB
Objective familiarity with symptoms of LB Of the 383
respondents who answered this question, 65% described
any sort of rash, 48% named or described the erythema
migrans lesion, 60% described fatigue, 55% mentioned
any flu-like symptom other than fatigue. 37% of respon-
dents mentioned erythema migrans as well as any flu-like
symptom.

There was no association between profession (p=0.577,
T=4.746, Chi Square test) or recreational activity
type (p=0.946, T=2.807, Chi Square test) and abil-
ity to describe erythema migrans as well as any flu-like
symptom relating to early LB. There was an association
between increasing age band and respondents’ ability
to mention erythema migrans and flu-like symptoms
(p=0.005, T =20.504, Cochrane Armitage test of trends).
The same was not true of respondents’ level of experience
(p=0.860, T=1.919, Cochrane Armitage test of trends)
or frequency of outdoor activity (p=0.077, T =8.420,
Cochrane Armitage test of trends). There was a positive
association between respondents’ perceived risk level
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Fig. 1 Percentage of respondents who identified each habitat type as a risk area for Lyme borreliosis (1=441). The percentage of respondents who
identified each habitat type from a list of habitats in Ireland are broken down by professionals vs. recreationists

and their ability to describe erythema migrans plus any
flu-like symptoms as LB symptoms (p=0.003, T =9.087).

Perceived familiarity with symptoms of LB When
asked to rank their familiarity with the symptoms of LB,
the median response was a ranking of 3 (n=425), indi-
cating moderate familiarity. There was no difference
between professionals (median ranking=3, n=158) vs.
recreationists (median ranking =3, n=267) in the ranking
given (p=0.286, z = —-1.068, Mann Whitney U test), and
there was no difference between groups of profession-
als or recreationists in their ranking of their familiarity
with LB symptoms (p =0.386, x*(3) = 6.343, and p =0.376,
X*(3) = 8.616 respectively, Kruskal Wallis test).

In terms of the relationship between perceived and
objective familiarity with LB, there was a relationship
between increasing self-reported familiarity and (a)
ability to mention a rash (p<0.001, T =25.129), (b) abil-
ity to mention or describe erythema migrans (p<0.001,
T =26.693), (c) description of flu-like symptoms exclud-
ing fatigue (p<0.001, T=37.941), and (c) ability to
mention a rash plus any flu-like symptom (p<0.001,
T =38.224).

Level, type, and impact of training

Level of training and type of training

When asked to rank the level of training they had
received on prevention of tick bites and LB, respondents
(n=425) gave an overall median rank of 1. Recreationists
gave a median rank of 1, while professionals gave a differ-
ent median rank of 2 (p=0.032, Mann-Whitney U Test).

Of the professionals who ranked their training,
there was no difference between groups (p=0.124,
X2(3)=10.004, Kruskal-Wallis test,). Recreationists’ per-
ceptions of their training also did not differ between
groups. The percentage of respondents in each group
who selected each training rank is given in Fig. 2.

When training ranking was compared against geo-
graphic location, there was no difference (p=0.158,
X2(3) =32.010 for county, p=0.220 x*(3) =5.727 for prov-
ince, p=0.210 x*(3) = 3.118 for counties in the west, east,
or midlands of Ireland, Kruskal Wallis test). This indi-
cates that the location of a person within Ireland did not
affect their ability to access training on LB risk awareness.

Of those who specified a non-zero level of training, 183
answered the question on training type, and a further 5
respondents then specified in the open format box that
they had in fact received no formal training, bringing
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Lyme borreliosis training level of Professionals
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Fig.2 Lyme borreliosis training level of respondents (n=425). Self-reported level of training broken down by profession and by recreational activity type,
showing the percentage of respondents in each group who selected each training rank. A ranking of 1 indicates no training, and 5 indicates in-depth
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Fig. 4 Percentage of respondents per training rank who identified woodlands as an important tick habitat (n=425, professionals=158, recreation-
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bubbles indicates the number of participants who selected each training rank, indicating that most participants ranked their training as 1 (no training at
all) and only very few ranked their training as 4 or 5, indicating a high level of training

the responses to this question to 178. Figure 3 shows the
breakdown of training types reported.

There was a positive association between respon-
dents’ reported level of training and their ability to select
woodland/scrub habitats as carrying LB risk (p=0.003,
T =8.876 Cochrane Armitage test of trends, Fig. 4) i.e. the
proportion of those identifying woodland/scrub as risk
habitats increased as reported training level increased.

There was also a positive association between respon-
dents’ reported level of training and their ability to men-
tion/describe the erythema migrans rash (p=0.009,
T=6.802, Cochrane Armitage test of trends, Fig. 4).
There was a similar positive relationship between level
of training and ability to mention erythema migrans plus
any flu-like symptom (p=0.003, T=8.729, Cochrane
Armitage test of trends, Fig. 4). Finally, there was also an
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association between respondents’ reported level of train-
ing and their self-reported level of disease familiarity
(p=<0.001, T=7.003 Somers D).

Discussion
LB disease risk occurs when recreational or occupational
activities bring an individual into areas where they are
exposed to infected ticks [2, 8]. Effective risk mitigation
by an individual depends on disease awareness and the
perception of there being a risk to oneself [8, 22]. Knowl-
edge pertaining to the disease, and level of disease-related
concern are also factors determining the uptake of risk
mitigation behaviours [5]. However, the literature has
indicated several knowledge gaps relating to tick ecol-
ogy and LB amongst at-risk individuals in some endemic
areas [26]. Understanding the attitudes and behaviours
of people towards LB risk is of crucial importance to
designing awareness campaigns and national strategies
to reduce LB rates. This has been illustrated previously
by a US study which showed that the only factor that
was associated with high compliance with personal risk
mitigation strategies was the perception of a significant
prevalence of disease in the respondent’s area [33]. How-
ever, even in areas with high LB incidence, almost half
of respondents in the aforementioned study did not take
any risk mitigation measures. Similarly, in northern Italy,
risk mitigation methods are infrequently adopted, despite
an increase in LB incidence in the region [7]. It is impera-
tive that information on the risk of LB be communicated
to at-risk individuals so that they can make informed
decisions regarding LB risk and take action accordingly.

The present study found that the overall perception of
risk amongst the study population was 3 on a scale of 1
to 5, which translates to a perception of moderate risk.
There was an inverse relationship between respondent
age bracket and their perception of the risk associated
with their profession or recreational activity. This is in
contrast with previous research in France, Canada, and
Switzerland [27, 28, 30]. Furthermore, a study in Italy
found no association between age and the probability
of undertaking bite mitigation measures [7]. As such,
the reason behind this finding warrants further investi-
gation, as it may influence future awareness campaigns.
Nonetheless, overall, as respondents’ perception of risk
increased, so too did their ability to identify woodland/
scrub as risk habitats, and to mention early LB symp-
toms. Previous research in Canada and Switzerland has
also indicated that there is a relationship between an
increased level of disease-related knowledge and higher
levels of perceived risk amongst the study population
[27].

It is notable that geography seemed to have no bearing
on respondents’ perception of risk — respondents from
no one geographical area (County) of Ireland perceived
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the risk in their area to be higher than any other. This is
despite the fact that the west coast of Ireland has a higher
probability of tick presence than other areas of Ireland
[12] (Fig. 5). Moreover, the 7 year cumulative incidence
of neuroborreliosis also indicates a higher incidence in
the west and southwest of Ireland compared with the east
[34] (Fig. 5). A previous study in Canada found that per-
ceived risk did vary geographically with disease risk levels
in Québec [30]. The contrasting outcome in the current
study points to the need for more targeted risk communi-
cation in Ireland.

Two aspects of disease-related knowledge that are
important for at-risk groups are the ability to identify
where risk occurs (i.e. the source of risk), and to identify
symptoms of LB [13]. 77% of respondents in the current
study correctly identified woodland/scrub as amongst
the habitats that carry the highest risk of LB. This finding
is similar to that of a study conducted in France which
used semi-structured interviews, drawings, and ques-
tionnaires to assess LB risk perceptions in central France
[35]. The study found that those interviewed thought that
forests were areas associated with LB risk, and 80% of
respondents’ drawings also showed other types of vegeta-
tion cover. This points, perhaps, to the need for aware-
ness campaigns in Ireland to include reference to other
common tick habitats as well as woodlands and scrub,
particularly heathlands bogs and fens (as wetlands are
especially abundant habitats in the Atlantic climate of
Ireland), so that people are aware of the need to take mit-
igating action when undertaking work or leisure activi-
ties in these habitats also. The inclusion of photographs
of typical habitats of each of the above types would be
helpful. Of further note, our findings suggest that farm-
ers need to be targeted with communications relating
to woodland/scrub as risk habitats. This is particularly
important given the recent and growing policy interest
in agroforestry practices in Ireland [15]. Similarly, being
able to identify early symptoms of LB is of crucial impor-
tance to the mitigation of disease severity in a given indi-
vidual, as administration of early treatment for LB lowers
the risk of developing further symptoms [17]. A lack of
awareness of LB in the general public means that impor-
tant early symptoms of the disease may be neglected [2].
While only 35% of respondents in the current study were
unable to describe some sort of rash relating to early
LB, more than half (52%) overall were unable to cor-
rectly mention or describe the pathognomonic erythema
migrans rash, and 63% of respondents did not mention
any flu-like symptom as well as erythema migrans. It is
important that at-risk individuals be aware of the poten-
tial for LB to cause a spreading rash around the site of a
tick bite, so that they can seek medical treatment where
appropriate, thereby reducing the risk of the infection
progressing to a systemic infection with more serious
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Fig. 5 Indicators of regional risk and perceived risk of Lyme borreliosis in Ireland. A regional 7-year cumulative incidence of neuroborreliosis 2012-2018
- figure from HPSC, broken down by regional health service area [34] and B Probability of Ixodes ricinus presence — figure from Zintl et al. [12], com-
pared with C median perceived risk per county in Ireland as seen in the current study. There was no difference between counties in perceived risk of LB

(p=0460, X*(3)=25.041, Kruskal-Wallis test). D Median perceived risk per province in Ireland. There was no difference between provinces in perceived risk
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symptoms [2]. Of note, it was possible for respondents
to look up answers to these questions, or to potentially
answer both the professional and recreationist versions
of the survey, which was regarded as an unavoidable
limitation of the study format. Nonetheless, the reported
results reflected those of a survey of hikers of the Appala-
chian Trail in the United States of America, which found
that 46% of hikers were unable to accurately recognise
photographs of the erythema migrans rash [9]. Further-
more, in the present study, there was no relationship
between respondents’ frequency of outdoor activity and
years of experience and their ability to describe symp-
toms correctly. This outcome, which was also seen in a
study of outdoor workers in Québec [30], indicates that
further outreach is necessary.

Of the different professions and recreational activity
types, there was no difference in any group’s ability to
describe the symptoms of early LB, indicating that future
training on symptom recognition needs to be distrib-
uted across all at-risk groups. There was a relationship
between increased ability to describe early LB symptoms
and increasing age bracket, though the same was not seen
when respondent experience level or frequency of out-
door activity was analysed. This indicates that increased
life experience, but not job/recreational activity experi-
ence, is associated with better LB symptom awareness.
There was an association between self-rated familiarity
and ability to describe symptoms of LB, indicating that
respondents’ beliefs about their familiarity with disease
symptom were generally accurate. This outcome was sim-
ilar to that of studies in Canada [8] and France [35]. Pre-
vious research has also indicated that having experienced
a tick bite in the past is positively associated with the
uptake of tick bite mitigation measures [7, 22], and thus,
future research should now investigate whether such an
experience has an impact on disease knowledge in at-risk
groups in Ireland.

A critical outcome from the current study was the
finding that, asked to rank the level of training they
had received on prevention of tick bites and LB, 52% of
respondents indicated that they had received ‘no train-
ing’ Recreationists gave a median rank of one point,
equating to no training, and professionals gave a median
rank of two points, indicating minimal training. This
is despite the Health and Safety Authority (the agency
tasked with ensuring safety for the workforce in Ireland)
advising that at-risk workers should receive training from
their employer such that they know the symptoms and
sources of infection of LB [13]. The low level of training
reported in the current study is similar to that reported
by St. Pierre et al. [8], which stated that only 20% of pro-
fessionals and 6% of recreationists in the studied region
of Canada had received training on LB. The current study
asked what type of training respondents had received and
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conducting one’s own research was a popular answer.
This was a similar outcome to that seen in a study in
Maine, wherein 53% of woodland owners had cited the
internet as their mode of collecting information on LB,
and in 45.5% of cases it was a family member or friend
who had imparted information to them [26]. In the cur-
rent study, where training was given, it was associated
with increased disease knowledge on several counts:
there was a positive relationship between respondents’
level of training and their ability to identify woodlands
and scrub as risk habitats, as well as to symptoms of early
LB. Crucially, effective training on LB risk and symptom
awareness needs to be rolled out more fully across the
board to all professionals and recreationists in Ireland
whose job or recreational activity puts them at increased
risk of LB.

The authors note that the existing literature on LB risk
often focusses on individuals’ risk mitigation strategies, a
fact that has also been recently pointed out by Urcuqui-
Bustamante et al. [26]. Given the lack of insights into
awareness of LB in Ireland, and into LB training in the
wider literature, we have focused on this instead. Nev-
ertheless, excluding bite prevention strategies remains a
limitation of our study design, and future studies building
on this pilot should be expanded to cover this area.

Of note, a 2019 report [5] prepared by The Health
Protection Surveillance Centre (HPSC) indicated that
international approaches to ensuring an adequate level
of awareness of LB in the community were varied, but
included school-based education programs, annual
media campaigns, e-health initiatives (including the use
of phone applications), citizen science studies, and the
placing of signage at the entrance to risk habitats. The
same report gave an overview of the present provisions
by the HPSC to ensure awareness of LB in Ireland. These
include factsheets for use by the general public on the
prevention of tick bites, as well as factsheets for under-
standing and recognising LB, and explaining the process
for serological testing for LB. These cover most of the
knowledge gaps highlighted in the current study. While
these factsheets are useful tools, the present study’s
findings regarding the low levels of training and gaps in
disease knowledge amongst at-risk groups shows that
such tools are not being used effectively to target at-risk
groups. A concerted effort is needed at national level
to encourage employers and recreational clubs/societ-
ies to provide training for employees/members, making
use of the existing HPSC tools. For example, the avail-
ability of statistics around regional incidence of LB on
different island areas of Scotland, has allowed policy-
makers to evaluate the need for targeted awareness cam-
paigns to decrease incidence in the Outer Hebrides — a
highly affected area [36]. The campaign involved the use
of lesson plans and information packs for schools and
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Table 3 Table of recommendations
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Gap Identified Significance

Recommendation

No difference geographically in perceived risk despite
regional differences in environmental risk factors and
cumulative neuroborreliosis rates in Ireland.

23% of respondents were unable to identify woodlands
and scrub, 26% were unable to identify grassland, 38%
were unable to identify heathland, and 51% were unable
to identify bog as risk habitats.

Fewer than half (48%) of respondents mentioned or
described the erythema migrans rash when asked to
describe symptoms of LB, and only 37% listed a flu-like
symptoms as well as erythema migrans.

52% of respondents overall indicated that they had

received no training on LB. groups.

A lack of perceived risk translates to a
lower likelihood of mitigation strategies
being implemented by at-risk individuals.
Individuals failing to identify risk habitats
will be less likely to take protective mea-
sures when entering such habitats.

Inability of at-risk individuals to identify
symptoms of LB and seek help puts them
at risk for disease progression and re-
duces the chance of complete recovery.

There is a clear lack of training for at-risk

Target known high-risk areas with awareness
campaigns.

Ensure that communication on risk habitats is
included in future awareness campaigns, in-
cluding images to help individuals recognise
these habitats. Farmers should be amongst
the first professional groups to be targeted.
Future awareness campaigns should focus
more heavily on symptoms and timeline of
early LB, including rash description as well as
other common symptoms.

The provision of training courses should be
required by employers and registered clubs/
societies.

nurseries, distribution of information to general practi-
tioners (GPs), local businesses, and community halls, and
information stalls at events, and resulted in an increase
in presentations to GPs and hospitals with erythema
migrans [36]. By contrast, such a targeted response would
be difficult in Ireland as data on the regional incidence
rates of LB are sparse (other than cumulative 7 year crude
incidence data on neuroborreliosis) [34]. Therefore, in
the absence of campaigns targeted towards higher-risk
areas in Ireland, we suggest that the results of the current
study can be used to target at-risk groups instead. Table 3
provides a list of recommendations that have been syn-
thesised from the current study.

Conclusion

The data collected by this study provide novel informa-
tion on awareness levels of LB in Ireland, and percep-
tions of the disease among at risk-groups. The results
indicate important knowledge gaps amongst at-risk indi-
viduals relating to the symptoms of LB, affecting their
potential ability to seek medical treatment. Furthermore,
respondents reported a perception of moderate risk to
themselves, but a markedly low level of training on LB,
indicating that current training and awareness strategies
must be improved. The study ultimately provides infor-
mation which could guide the implementation of aware-
ness campaigns. Any future awareness campaign on LB
should target the groups identified in this study, and
should ensure that communication on risk habitats and
early symptoms of LB are included. This study provides
baseline data against which the effectiveness of such
an awareness campaign or other intervention aimed at
increasing the level of LB awareness/knowledge can be
measured. It also provides a methodology for the col-
lection of granular data on perceptions and knowledge
around LB amongst at-risk groups, that can be replicated
by future research internationally.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512889-025-23604-4.

Supplementary Material 1.

Supplementary Material 2.

Acknowledgements

The authors would like to acknowledge the advice and expertise given

by Prof. Annetta Zintl which was of great help in the current study, and
instrumental to the PhD research of which this study forms a part. The
authors would also like to acknowledge the contribution of Liam Sheil to the
administration component of survey distribution.

Authors’ contributions

R.W. - Conceptualisation, Data curation, Formal analysis, Funding
Acquisition, Investigation, Methodology, Project Administration, WritingM.G.
- Conceptualisation, Methodology, Funding Acquisition, SupervisionC.W.

- Methodology, Formal Analysis, SupervisionC. C. - Conceptualisation,
Methodology, Funding Acquisition, Validation, Supervision.

Funding

The PhD candidateship of which this investigation is a part was funded by The
School of Natural Sciences Scholarship, University of Galway (2020-2021) and
the Irish Research Council Government of Ireland Scholarship (2020-2022),
and fees-only funding has also been provided by the Atlantic Technological
University, Sligo (2023-2024).

Data availability
The dataset for this study can be obtained from the corresponding author on
request.

Declarations

Ethics approval and consent to participate

Ethical approval of the experimental protocol presented in this paper was
given by the University of Galway (formally National University of Ireland,
Galway) ethics committee, reference number 20-Mar-14. Informed consent
was obtained from all subjects.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 12 January 2024 / Accepted: 13 June 2025


https://doi.org/10.1186/s12889-025-23604-4
https://doi.org/10.1186/s12889-025-23604-4

Walsh et al. BMC Public Health

(2025) 25:3160

Published online: 30 September 2025

References

1.

Vandekerckhove O, De Buck E, Van Wijngaerden E. Lyme disease in Western
europe: an emerging problem? A systematic review. Acta Clin Belg.
2021;76(3):244-52. https://doi.org/10.1080/17843286.2019.1694293.

Sykes RA, Makiello P. An estimate of Lyme borreliosis incidence in Western
Europe. J Public Health (Oxf). 2017;39(1):74-81. https://doi.org/10.1093/pub
med/fdw017.

Hildenbrand P, Craven DE, Jones R, Nemeskal P. Lyme neuroborreliosis:
manifestations of a rapidly emerging zoonosis. AJNR Am J Neuroradiol.
2009;30(6):1079-87. https://doi.org/10.3174/ajnr.A1579. Epub 20090403.
Cardenas-de la Garza JA, De la Cruz-Valadez E, Ocampo-Candiani J, Welsh

O. Clinical spectrum of Lyme disease. Eur J Clin Microbiol Infect Dis.
2019;38(2):201-8. https://doi.org/10.1007/510096-018-3417-1.

HPSC. Primary Prevention and Surveillance of Lyme Borreliosis in Ireland.
Health Protection and Surveillance Centre. https://www.hpsc.ie/a-z/vectorbo
rne/lymedisease/informationforhealthcareprofessionals/Primary%20Preventi
0n%_20and%20Surveillance%200f%20Lyme%20Borreliosis%20in%20Ireland.p
df (2019). Accessed 05/09/2024.

Blanchard L, Jones-Diette J, Lorenc T, Sutcliffe K, Sowden A, Thomas

J. Comparison of National surveillance systems for Lyme disease in

humans in Europe and North america: a policy review. BMC Public Health.
2022;22(1):1307. https://doi.org/10.1186/512889-022-13669-w. Epub
20220707.

Garcia-Vozmediano A, Giglio G, Ramassa E, Nobili F, Rossi L, Tomassone L.
Low risk perception about ticks and Tick-Borne diseases in an area recently
invaded by ticks in Northwestern Italy. Veterinary Sci. 2021,8(7). https://doi.or
9/10.3390/vetsci8070131.

St Pierre SE, Gould ON, Lloyd V. Knowledge and knowledge needs about
lyme disease among occupational and recreational users of the outdoors. Int
J Environ Res Public Health. 2020;17(1). Epub 20200105. https://doi.org/10.33
90/ijerph17010355

Knoll JM, Ridgeway AC, Boogaerts CM, Burket GA 3rd. Appalachian trail hikers'
ability to recognize Lyme disease by visual stimulus photographs. Wilderness
Environ Med. 2014;25(1545-1534 Electronic):24-8. https://doi.org/10.1016/j.
wem.2013.09.009.

HPSC. Lyme disease: Health Protection Surveillance Centre. 2019. https://ww
w.hpsc.ie/a-z/vectorborne/lymedisease/factsheet/ Accessed 27/07/2023.
Fang R, Li S, LyuY,Yang X, Wang T, Li S. Behavioral and cognitive factors influ-
encing tick-borne disease risk in Northeast china: implications for prevention
and control strategies. One Health. 2024;18:100736. https://doi.org/10.1016/j.
onehlt.2024.100736.

Zintl A, Zaid T, McKiernan F, Naranjo-Lucena A, Gray J, Brosnan S, et al.
Update on the presence of Ixodes ricinus at the Western limit of its range
and the prevalence of Borrelia burgdorferi sensu Lato. Ticks Tick Borne Dis.
2020;11(6):101518. https://doi.org/10.1016/j.ttbdis.2020.101518.

HSA. Lyme Disease: Health and Safety Authority. 2023. https://www.hsa.ie/en
g/topics/biological_agents/specific_biological_agents_diseases/lyme_disea
se/. Accessed 27/07/2023.

DuPrey KM. Lyme disease in athletes. Curr Sports Med Rep. 2015;14(1):51-5. h
ttps://doi.org/10.1249/jsr.0000000000000118.

DAFM. Summary report of the results of the public consultation in the
context of the communication on developing a shared vision for the role

of trees and forests and a national forest strategy for Ireland. Department

of Agriculture, Food and the Marine. 2023. file:///C:/Users/Riona/Down-
loads/233827_ad8fd157-e25e-4513-97e2-f962d8293bdd-3.pdf. Accessed
05/05/2024.

Cairns V, Wallenhorst C, Rietbrock S, Martinez C. Incidence of Lyme disease in
the UK: a population-based cohort study. BMJ Open. 2019,9(7):025916. http
s://doi.org/10.1136/bmjopen-2018-025916.

NICE. Lyme Disease - Recommendations. 2018. https://www.nice.org.uk/guid
ance/ng95/chapter/Recommendations#diagnosis. Accessed 23/04/2023.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

Page 13 of 13

ECDC. T ick surveillance effort over 2015-2019: European Centre for Disease
Prevention and Control. 2021. https://www.ecdc.europa.eu/en/publications
-data/tick-surveillance-effort-2015-2019. Accessed: 27/07/2023.

HPSC. Lyme Disease. Health Protection Surveillance Centre. 2022. https://ww
w.hpsc.ie/a-z/vectorborne/lymedisease. Accessed 27/07/2023.

ECDC. Surveillence Atlas of Infectious Diseases. European Centre for Disease
Prevention and Control. 2022. https://www.ecdc.europa.eu/en/surveillance-a
tlas-infectious-diseases . Accessed 27/07/2023.9.

Vellinga A, Kilkelly H, Cullinan J, Hanahoe B, Cormican M. Geographic distribu-
tion and incidence of Lyme borreliosis in the West of Ireland. Ir J Med Sci.
2018;187(2):435-40. https://doi.org/10.1007/511845-017-1700-2.

Stjernberg L, Berglund J. Tick prevention in a population living in a highly
endemic area. Scand J Public Health. 2005;33(6):432-8. https://doi.org/10.108
0/14034940510005932.

Niesobecki S, Hansen A, Rutz H, Mehta S, Feldman K, Meek J, et al. Knowl-
edge, attitudes, and behaviors regarding tick-borne disease prevention in
endemic areas. Ticks Tick Borne Dis. 2019;10(6):101264. https://doi.org/10.101
6/].ttbdis.2019.07.008.

Jones TF, Garman RL, LaFleur B, Stephan SJ, Schaffner W. Risk factors for tick
exposure and suboptimal adherence to preventive recommendations. Am J
Prev Med. 2002,;23(1):47-50. https://doi.org/10.1016/50749-3797(02)00440-3.
Coffey S. An investigation of Tick-Borne disease awareness and prevention
among an At-risk group in Ireland. Connaught: Galway-Mayo Institute of
Technology; 2021.

Urcuqui-Bustamante AM, Perry KC, Leahy J, Sponarski C, Gardner A. Factors
influencing private woodland owners'land management decisions on Lyme
disease mitigation in Maine. Trees Forests People. 2024;100603. https://doi.or
9/10.1016/j.tfp.2024.100603.

Aenishaenslin C, Michel P, Ravel A, Gern L, Milord F, Waaub J-P, et al. Factors
associated with preventive behaviors regarding Lyme disease in Canada and
switzerland: a comparative study. BMC Public Health. 2015;15(1):185. https://
doi.org/10.1186/512889-015-1539-2.

Septfons A, Figoni J, Gautier A, Soullier N, de Valk H, Desenclos JC. BMC Public
Health. 2021,8(1). https://doi.org/10.1186/512889-021-11850-1.

Wozinska M, Toczylowski K, Lewandowski D, Bojkiewicz E, Sulik A. Knowledge,
attitudes, and behaviors regarding Lyme borreliosis prevention in the
endemic area of Northeastern Poland. Vaccines (Basel). 2022;10(12). https://d
0i.0rg/10.3390/vaccines10122163.

Fellin E, Varin M, Millien V. Outdoor worker knowledge of ticks and Lyme
disease in Québec. Zoonoses Public Health. 2024. https://doi.org/10.1111/zp
h.13167.

Fossitt J. A guide to habitats in Ireland. Heritage Council; 2000.

HSE. Lyme Disease. Health Service Executive. 2021. https://www?2.hse.ie/cond
itions/lyme-disease. Accessed 27/07/2023.

Nawrocki CC, Hinckley AF. Experiences with tick exposure, Lyme disease, and
use of personal prevention methods for tick bites among members of the
U.S. Population, 2013-2015. Ticks Tick-borne Dis. 2021;12(1):101605. https://d
0i.org/10.1016/j.ttbdis.2020.101605.

HPSC. Annual Reports on Lyme Disease. Health Protection Surveillance
Centre. 2020. https://www.hpsc.ie/a-z/vectorborne/lymedisease/epidemiolo
gicaldata. Accessed: 27/07/2023.

Dernat S, Johany F. Tick bite risk as a Socio-Spatial Representation—An
exploratory study in Massif central, France. Land. 2019;8(3). https://doi.org/10.
3390/1and8030046.

NHS. The tick challenge - raising awareness of Lyme disease in the Outer
Hebrides. NHS Western Isles. 2020. https://www.promotionswi.scot.nhs.uk/w
p-content/uploads/2018/04/A0-Template-ticks.pdf. Accessed 21/01/2025.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1080/17843286.2019.1694293
https://doi.org/10.1093/pubmed/fdw017
https://doi.org/10.1093/pubmed/fdw017
https://doi.org/10.3174/ajnr.A1579
https://doi.org/10.1007/s10096-018-3417-1
https://www.hpsc.ie/a-z/vectorborne/lymedisease/informationforhealthcareprofessionals/Primary%20Prevention%20and%20Surveillance%20of%20Lyme%20Borreliosis%20in%20Ireland.pdf
https://www.hpsc.ie/a-z/vectorborne/lymedisease/informationforhealthcareprofessionals/Primary%20Prevention%20and%20Surveillance%20of%20Lyme%20Borreliosis%20in%20Ireland.pdf
https://www.hpsc.ie/a-z/vectorborne/lymedisease/informationforhealthcareprofessionals/Primary%20Prevention%20and%20Surveillance%20of%20Lyme%20Borreliosis%20in%20Ireland.pdf
https://www.hpsc.ie/a-z/vectorborne/lymedisease/informationforhealthcareprofessionals/Primary%20Prevention%20and%20Surveillance%20of%20Lyme%20Borreliosis%20in%20Ireland.pdf
https://doi.org/10.1186/s12889-022-13669-w
https://doi.org/10.3390/vetsci8070131
https://doi.org/10.3390/vetsci8070131
https://doi.org/10.3390/ijerph17010355
https://doi.org/10.3390/ijerph17010355
https://doi.org/10.1016/j.wem.2013.09.009
https://doi.org/10.1016/j.wem.2013.09.009
https://www.hpsc.ie/a-z/vectorborne/lymedisease/factsheet/
https://www.hpsc.ie/a-z/vectorborne/lymedisease/factsheet/
https://doi.org/10.1016/j.onehlt.2024.100736
https://doi.org/10.1016/j.onehlt.2024.100736
https://doi.org/10.1016/j.ttbdis.2020.101518
https://www.hsa.ie/eng/topics/biological_agents/specific_biological_agents_diseases/lyme_disease
https://www.hsa.ie/eng/topics/biological_agents/specific_biological_agents_diseases/lyme_disease
https://www.hsa.ie/eng/topics/biological_agents/specific_biological_agents_diseases/lyme_disease
https://doi.org/10.1249/jsr.0000000000000118
https://doi.org/10.1249/jsr.0000000000000118
https://doi.org/10.1136/bmjopen-2018-025916
https://doi.org/10.1136/bmjopen-2018-025916
https://www.nice.org.uk/guidance/ng95/chapter/Recommendations#diagnosis
https://www.nice.org.uk/guidance/ng95/chapter/Recommendations#diagnosis
https://www.ecdc.europa.eu/en/publications-data/tick-surveillance-effort-2015-2019
https://www.ecdc.europa.eu/en/publications-data/tick-surveillance-effort-2015-2019
https://www.hpsc.ie/a-z/vectorborne/lymedisease
https://www.hpsc.ie/a-z/vectorborne/lymedisease
https://www.ecdc.europa.eu/en/surveillance-atlas-infectious-diseases
https://www.ecdc.europa.eu/en/surveillance-atlas-infectious-diseases
https://doi.org/10.1007/s11845-017-1700-2
https://doi.org/10.1080/14034940510005932
https://doi.org/10.1080/14034940510005932
https://doi.org/10.1016/j.ttbdis.2019.07.008
https://doi.org/10.1016/j.ttbdis.2019.07.008
https://doi.org/10.1016/s0749-3797(02)00440-3
https://doi.org/10.1016/j.tfp.2024.100603
https://doi.org/10.1016/j.tfp.2024.100603
https://doi.org/10.1186/s12889-015-1539-2
https://doi.org/10.1186/s12889-015-1539-2
https://doi.org/10.1186/s12889-021-11850-1
https://doi.org/10.3390/vaccines10122163
https://doi.org/10.3390/vaccines10122163
https://doi.org/10.1111/zph.13167
https://doi.org/10.1111/zph.13167
https://www2.hse.ie/conditions/lyme-disease
https://www2.hse.ie/conditions/lyme-disease
https://doi.org/10.1016/j.ttbdis.2020.101605
https://doi.org/10.1016/j.ttbdis.2020.101605
https://www.hpsc.ie/a-z/vectorborne/lymedisease/epidemiologicaldata
https://www.hpsc.ie/a-z/vectorborne/lymedisease/epidemiologicaldata
https://doi.org/10.3390/land8030046
https://doi.org/10.3390/land8030046
https://www.promotionswi.scot.nhs.uk/wp-content/uploads/2018/04/A0-Template-ticks.pdf
https://www.promotionswi.scot.nhs.uk/wp-content/uploads/2018/04/A0-Template-ticks.pdf

	﻿Lyme borreliosis risk perceptions, disease knowledge, and training among at-risk groups
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Questionnaire development
	﻿Distribution methods and timescale
	﻿Analysis

	﻿Results
	﻿Description of population surveyed
	﻿Perception of risk of LB
	﻿Perception of risk of LB in respondents’ profession/recreational activity
	﻿Geography and risk perception


	﻿Assessment of disease-related knowledge
	﻿Assessment of habitat-specific risk
	﻿Objective and perceived familiarity with symptoms of LB

	﻿Level, type, and impact of training
	﻿Level of training and type of training

	﻿Discussion
	﻿Conclusion
	﻿References


