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Abstract
Background: People with occupations that require them to spend time working outdoors in suitable tick
habitats are predicted to be at an increased risk for tick-borne diseases (TBDs). However, few studies
have assessed the risks of outdoor employees.

Methods: We conducted a cross-sectional survey to collect data on exposure to ticks and TBD infections
among U.S. Forest Service employees in a high TBD incidence region of northern Wisconsin, and to
examine employee knowledge, attitudes, and practices (KAPs) regarding TBDs to help guide future
education and prevention programs. Chi-square contingency tables, calculations of odds ratios, and
logistic regression models were used to identify associations among self-reported employee factors, and
the proportion of correctly answered knowledge questions, their ranked concern for TBDs, practicing
preventive behaviors, and willingness to pay for protective measures. 

Results: Ninety-�ve employees completed the survey. Nearly all respondents (97%) reported recent tick
exposure, with 27% reporting encountering 10 or more ticks per week during peak tick season. Employee
knowledge of TBD was high (median score: 80% correct). Fifty-nine percent of respondents had high
concern for TBDs, and there was high adherence to conducting body checks for ticks (83% reported
always doing them), but only moderate use of tick repellents (24% reported always and 60% reported
occasionally using). High concern (OR = 3.4 [1.33- 8.91]) and a history of TBD (OR = 4.66 [1.21 – 17.89])
were positively associated with high practice adherence. Respondents suggested they would be willing to
pay for personal protective methods and get a hypothetical vaccine for Lyme disease, but not community-
wide efforts to control ticks. 

Conclusions: Our study provides evidence that U.S. Forest Service employees in Wisconsin represent a
high risk group for TBD, and despite relatively high TBD knowledge and engagement in tick protection
activities, efforts are needed to reduce their risks for tick bites. More generally, our �ndings suggest that
studies to better understand the factors related to the adoption and effectiveness of public health
interventions are needed. 

Background
Incidence of tick-borne diseases (TBD) are rising in North America, with Lyme disease (LD), caused by the
bacterium Borrelia burgdorferi, currently ranking as one of the highest nationally noti�able diseases in the
U.S. More than 30,000 annual con�rmed or probable cases of the disease have been reported to the U.S.
Centers for Disease Control and Prevention in recent years (1), with potentially ten times more unreported
cases occurring each year (2, 3). LD often manifests as a red, expanding rash known as erythema
migrans in 70-80% of cases (4, 5). Other symptoms of the disease may include fever, arthralgia, myalgia,
fatigue, malaise, and headache. If left untreated, infected individuals may develop late-stage symptoms
affecting the musculoskeletal, neurologic, or cardiac systems (6, 7). Persistent symptoms of fatigue,
muscle and joint achiness, nonspeci�c neurologic symptoms, and the feeling of altered cognition
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following antibiotic treatment also have been recognized in some patients in a condition termed Post-
Treatment Lyme disease Syndrome, though the causal mechanisms for the condition have not been
identi�ed (8). With increasing incidence rates and the potential for long-term health impacts, the disease
can have high personal and societal economic costs (9, 10).

Wisconsin is one of 14 high incidence LD states in the U.S., which account for about 95% of reported
cases, and where the reported incidence is ≥ 10 annual cases per 100,000 people (5). In these high
incidence states, B. burgdorferi is spread by Ixodes scapularis, the black-legged or deer tick. The tick can
transmit other pathogens that cause disease in humans, including the bacteria Anaplasma
phagocytophilum and Ehrlichia muriseauclairensis, the parasite Babesia microti, and the Powassan virus
(11). Between 1996 and 2015, the number of counties reporting established I. scapularis populations in
four of the Upper Midwest states (Minnesota, Wisconsin, Michigan, and Illinois) expanded by 330%. For
Wisconsin, the increase was 176% and it is believed that the tick is now established in all counties in the
state with suitable habitat (12, 13). Population densities of I. scapularis in the Midwest are positively
associated with deciduous, dry to mesic forests, with well-draining soils (14, 15); although, they may
occur in many different types of habitats, including lawns (13, 16, 17). In addition to I. scapularis,
Amblyomma americanum (the lone star tick) populations are emerging in the state. This tick is
responsible for the transmission of Ehrlichia chaffeensis (18).

Aside from living in or travelling to a high incidence region for TBDs, where the density of infected ticks
may be high, individual-level factors associated with increased exposure to ticks and TBD pathogens are
still poorly understood (19, 20). Because of the increased amount of time spent in suitable tick habitats, it
is believed that people in outdoor occupations may be at increased risk for TBD (21). Seroprevalence
studies suggest this may be particularly true for those who work in forestry (22-25); however, risks
associated with outdoor workers in the U.S. have not been adequately explored. Forests cover about 17
million acres, or approximately 46% of Wisconsin’s land cover, with about 9% of the forest in the
Chequamegon-Nicolet National Forest (CNNF) located in the northern regions of the state where reported
incidence rates for LD are highest (26, 27). Anecdotal evidence provided to us suggested employees of
CNNF have high tick exposure, and therefore, may be at increased risks for LD and other TBDs. To begin
understanding the actual risks to this population of outdoor workers in Wisconsin, we conducted a cross-
sectional survey to assess the knowledge, attitudes, and self-reported practices (KAP) regarding ticks and
TBD. The results of this survey will help to identify opportunities for future education and initiatives to
encourage workers with outdoor occupations to use effective measures to protect themselves from ticks
and TBDs. Moreover, understanding how to improve adherence to protective measures in an at-risk group,
may be applied more generally to public health efforts to encourage the adoption of TBD interventions.

Methods
Study Participants
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All 260 full- and part-time U.S. Forest Service employees of the CNNF in northern Wisconsin were eligible
to participate in the study. An invitation to complete the KAP survey was disseminated to all employees
by email in September 2016. Employees had been noti�ed prior to the invitation that the survey study
would be occurring. They had until the end of November 2016 to complete the survey, and two reminder
emails were sent while the survey was open. The survey was administered online through Qualtrics (28),
and the responses were stored anonymously. The study protocol and survey instrument were reviewed
and approved by the Institutional Review Boards at the University of Minnesota and Marsh�eld Clinic
Research Institute. 

Survey Design

Questions were designed to capture participants’ knowledge of TBDs in terms of the disease life cycles
and how they are transmitted to humans (Table S1). We used information as provided to the public, such
as on the CDC and Wisconsin Division of Health websites (29, 30), to determine correct and incorrect
answers to Knowledge questions. Questions also assessed participants’ attitudes regarding the potential
implementation of various prevention methods (Table S2), including their willingness to pay for
prevention methods, and their current use of personal protective practices (Table S3). Attitudes and
practices associated with both personal and community-wide prevention methods were considered.
Personal prevention methods include activities that are under individual control, such as use of tick
repellents and conducting body checks for ticks, as well as making landscape modi�cations to reduce
tick populations on personal properties. Community-wide prevention methods would be administered by
local or regional community or municipality groups, and would include activities aimed at controlling tick
populations, such as by broad-scale, environmental applications of acaricides, or reducing deer
populations (31). The survey instrument also collected demographic information, work history and
environment, TBD history, and measures of potential tick exposure from respondents, including tick
exposure at work and while doing other outdoor and recreational activities (Tables S4 and S5). Questions
included True/False, multiple-choice, and free response style questions to measure KAP.

Analysis of Survey Responses

Frequency distributions were used to summarize the characteristics of the respondent population and
their answers to individual questions. We then created dichotomous variables by collapsing particular
response categories or the Likert-scales used for questions to examine associations among respondent
factors and outcomes that summarized KAPs, as described in the following sections. The respondent
factors that we examined as potential explanatory variables in our analyses included sex (male, female),
age (< 46 years, ≥ 46 years), length of employment in current position (≤ 10 years, > 10 years), hours
working outdoors per week (≤ 20 hours, > 20 hours), reported history of at least one TBD diagnosis (yes,
no), and estimates of tick exposure (low, high). For the latter, respondents that reported that they found
ticks on themselves “always” or “most of the time” while working outdoors were categorized as reporting
high tick exposure and respondents that reported �nding ticks “sometimes,” or “never” were categorized
as reporting low tick exposure at work.
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Knowledge.  From the questions in this survey section (Table S1), a knowledge score was computed for
each respondent using the True/False items, LD vector photo identi�cation items, and the multiple-choice
items on tick life stage and LD transmission. The scores were tallied with one point for each correct
answer and zero points for incorrect answers for a total possible score of 15 points. Missing answers in
this section of the survey (n=4) were treated as incorrect and assigned zero points. Mean, median, and
ranges for the scores were calculated and then knowledge scores were dichotomized such that
participants with scores ≥ the median score were classi�ed as having HIGH KNOWLEDGE, and
participants with scores < the median were classi�ed as having LOW KNOWLEDGE.

For the photo identi�cation section, the question asked participants to select “yes” if they believed the
arthropod was capable of transmitting LD to humans in Wisconsin/Minnesota, or “no” if they believed it
was not. The images were presented to participants in random order. 

Attitudes.We dichotomized the Likert-scale responses to questions that related to perceptions about TBD
risk, LD vaccination, and willingness to pay for protection measures (Table S2). Participants that
responded that TBDs are “very serious” were classi�ed as having HIGH CONCERN, whereas participants
that responded as “somewhat serious,” “not much of,” and “not a problem at all” were classi�ed as LOW
CONCERN. Likelihood of getting a LD vaccine, should one become available in the future, was also
grouped into two categories: HIGH VACCINE if participants selected that “I would de�nitely get the
vaccine” or “highly likely” and LOW VACCINE if they selected “maybe,” “unlikely,” or “I would not get the
vaccine.” The willingness to pay for personal and community-based prevention measures was examined
by collapsing responses into three categories. Respondents that selected “I am not willing to pay for any
such efforts” were grouped as ZERO PAY, responders that selected that they would be willing to pay a
maximum of “$5” or “$20”per year were grouped as TWENTY PAY, and respondents that selected a
maximum of “$50,” “$100,” or “>$100” per year were grouped as FIFTY PAY. 

Practices. Employees responded to a series of items asking how often they performed certain protective
measures against ticks when working or doing recreational activities in tick habitats (Table S3). From the
items that assessed the use of protective measures that are under individual control, a protective practice
score was computed for each respondent. A score of zero was assigned for a “never” response, 0.5 for
“occasionally”, and one for “always”; a total score of 7 points was possible (Table S3). A dichotomous
practice outcome was assigned to each respondent as HIGH PRACTICE if the score was ≥ the median
and LOW PRACTICE if the score was < the median. 

Statistical Methods

Chi-square contingency tables, logistic regression, and the calculation of odds ratios (ORs) were used to
analyze univariate associations among respondent factors and the dichotomized KAP outcome variables
(32). A p-value of ≤ 0.05 was used to evaluate signi�cance in these tests. To explore possible
multivariate associations among our respondent factors and HIGH KNOWLEDGE, HIGH CONCERN, and
HIGH PRACTICE, we used backward stepwise logistic regression and reduced the models to include only
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those that had p ≤ 0.10. Goodness-of-�t statistics were used to evaluate the models (32). All analyses
were performed using SAS 9.4.

Results
Ninety-seven employees initiated the survey, however, two individuals only completed the demographic
section and therefore were excluded; thus, we considered responses from 95 employees in our analysis,
which corresponded to a 36.5% response rate. Sixty-�ve percent (61/95) of the respondents were male
and 57% (54/95) were under 46 years old (18-25 years: 1%, 26-35 years: 25%, 36-45 years: 30%, and 46-65
years: 43%). The majority of respondents (74%, 70/95) had been in their current position for 10 years or
more, and nearly all (98%, 93/95) reported that they worked outdoors, with 48% (46/95) working outdoors
greater than 20 hours per week (Table 1). Reported job titles included foresters, civil engineers or
technicians, recreation technicians, administrators, and other positions related to biology, ecology, and
natural resources.

Tick Exposure. Only three respondents reported that they had not found a tick on themselves within the
last two years of the survey, whereas about 76% (71/94) of respondents reported they had “frequently”
found ticks on themselves within that time period; 35% (25/71) of the latter reported �nding 10 or more
ticks per week during peak tick season. The majority of respondents that reported frequent tick exposure
reported �nding ticks on themselves both at work and during outdoor recreation activities (80%, 57/71)
such as hiking, gardening, camping, and hunting (Table 1, Table S5). When asked about their tick
exposure while engaging in speci�c activities, 70% of respondents (63/91) reported that they found ticks
on themselves “always” or “most of the time” while working outdoors; these individuals were categorized
as reporting high tick exposure at work. Of the remaining respondents, 26% reported �nding ticks
“sometimes,” and 3% reported “never” �nding ticks while working outdoors and were categorized as
reporting low tick exposure at work (Table S5).

Disease History.  Twenty-six percent (25/95) of respondents reported a history of TBD. All of these
respondents reported they were diagnosed with LD by a medical provider, with 28% (7/25) of them
reporting a history of LD and another TBD (Table 2). Forty-four percent (11/25) of the TBD respondents
reported a single TBD diagnosis, whereas the remaining respondents reported either more than one
separate diagnosis event (11/25), or possible diagnoses for coinfections (3/25). Among those who
reported a history of at least one TBD diagnosis, 88% (22/25) reported that the diagnosis occurred while
working at their current job, though our survey did not ask whether they thought infection was attributable
to their work. Five percent of respondents (5/93) were currently being treated for a TBD at the time of the
survey (Table 2). 

A higher proportion of employees that had been at their job for more than 10 years reported a history of a
TBD diagnosis (31% versus 12%; p-value = 0.058); and, respondents that reported a high level of tick
exposure at work were more likely to report a history of TBD diagnosis (35% versus 7%; p-value = 0.007,
OR = 6.7 [1.45-30.99]).
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Knowledge. Sixty percent (57/95) of respondents correctly answered all True/False items (Figure 1, Table
A1). All respondents (95/95) correctly answered “False” to the statements “The best way to remove an
attached tick is to burn it off” and “I only have to worry about tick exposure when I’m in the woods.” The
most commonly missed items were “Both ticks and mosquitoes can pass Lyme disease on to people”
and “Deer are the main carriers of Lyme disease” (Figure 1). For the two multiple choice knowledge
questions, the majority of respondents (59%, 56/95) correctly identi�ed the nymph as the tick stage most
likely to infect people with a TBD, whereas only 28% correctly selected summer as the season when ticks
were most likely to transmit infections to humans; 66% incorrectly selected spring (Table S1).

Ninety-three percent (87/94) and 94% (89/95) of respondents correctly identi�ed the photos of the adult
female of I. scapularis and the nymph stage of I. scapularis as LD vectors, respectively (Figure 2), but
only 19% (18/94) correctly identi�ed them exclusively. The most common incorrect responses included
indicating that adult females of A. americanus (54%, 51/95) transmit LD. More than half of respondents
(54%, 51/95) correctly identi�ed that the adult female of D. variabilis is not a LD vector (Figure 2).

The majority of participants (86%, 80/93) correctly selected the photo of the adult female I. scapularis as
a LD vector and also responded “True” to the statement “The ticks most commonly associated with
transmitting diseases to people in Wisconsin are known as black-legged ticks (also known as deer ticks;
scienti�c name: Ixodes scapularis).” Seven percent (7/93) correctly identi�ed the adult LD vector by name
but not by photo, and 6% (6/93) correctly identi�ed it by photo but not by name. No respondents missed
both items. Of the 56 (59%) respondents who correctly answered the nymph life stage as the tick most
likely to infect humans with a TBD, 95% (53/56) also selected the nymph by photo as a LD vector. Of the
38 (40%) respondents who incorrectly answered that the adult ticks were most likely to transmit a TBD to
humans, 92% (35/38) still identi�ed the nymph photo as a LD vector. Correctly, no respondents reported
the larval stage ticks to be most likely to transmit TBDs to humans.

The computed knowledge scores (n = 95) had a mean of 11.6 (sd = 1.57), median of 12, and a range of 8-
15. Sixty-eight percent (65/95) of respondents had a score ≥ median and were classi�ed as HIGH
KNOWLEDGE. The remaining 30 were classi�ed as LOW KNOWLEDGE. Analyses did not reveal any
statistically signi�cant associations between knowledge level and sex, age category, years at job, hours
per week worked outdoors, tick exposure, history of TBD diagnosis, TBD concern level, vaccination
interest, or practice adherence level (all p > 0.05).

Attitudes. For 59% (56/95) of the respondents, TBDs were of HIGH CONCERN. No one indicated TBDs
were “not a problem at all.” When asked about their likelihood of getting a hypothetical LD vaccine, 75%
of the respondents (70/93) selected that they would “de�nitely” or be “highly likely” to get one, placing
them in the HIGH VACCINE category. Eighteen percent said they would “maybe” get a vaccine (17/93),
and about 6% said they would be “unlikely” or that they “would not get the vaccine” (6/93), for the LOW
VACCINE category. 

In general, respondents indicated that they were willing to pay $20 per year for personal protective items,
such as insecticides or protective clothing, but not for community-based interventions, such as applying
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insecticides to the environment or modifying habitats to control tick populations (Figure 3). When given
choices for the maximum amounts per year they would be willing to pay for personal tick control, the
most frequent response was $50 (32%, 30/93). Twenty-�ve percent (23/93) reported a willingness to
spend $100 or more per year; however, 12 respondents (13%) reported they would not be willing to pay
any amount. By contrast, for community-level tick control efforts, the most popular response (49%,
45/92) was “not willing to pay any amount,” and 10% (9/92) reported they would be willing to pay $100
or more per year.

Employees who were < 46 years old had a greater odds of being classi�ed in the HIGH VACCINE category
compared with older employees (p-value = 0.046, OR = 2.63 [1.00 – 6.93]). Respondents that selected
maximum amounts of $50 or more also were more likely to be classi�ed in the HIGH VACCINE category
than respondents that selected amounts <$50 amounts (p=0.023). Women were signi�cantly more likely
to report that they would be willing to pay for personal protection items, with 69% versus 50% of men
selecting that they would be willing to pay $50 or more each year (p =0.021), and none of the women
selected that they would not be willing to pay for personal protections versus 20% of the men. 

Reporting HIGH CONCERN for TBDs was signi�cantly associated with working for more than 10 years at
the job (p-value = 0.0014, OR =4.6 [1.74 – 12.36]). In the multivariate logistic regression analysis for the
HIGH versus LOW CONCERN outcome, however, only the constructed dichotomous practice variable was
retained in the model. Respondents classi�ed in the HIGH PRACTICE category had a 3.42 greater odds of
having HIGH versus LOW CONCERN (p-value = 0.009, OR= 3.42 [1.37- 8.55]).

Practices. Most respondents (89%, 83/93) reported they always wear closed-toe shoes and more than
half (66%, 61/93) reported they always wear long pants. About 24% and 60% of respondents reported
that they “always” or “occasionally” apply an acaricide (synthetic or natural), respectively, to their skin or
clothing. The majority of respondents also reported that they “always” search their bodies for ticks after
being outdoors at work (83%, 78/94), and no employees reported that they “never” do tick checks (Figure
4). In contrast, nearly all respondents reported that they “never” work in an acaricide-treated environment
(99%, 92/93), “never” avoid woody areas (90%, 85/94), and “never” limit their time outdoors (89%, 82/94)
(Figure 4).

When we looked at factors related to the use of speci�c personal protective practices, we found that
being in the younger age group (< 46 years old) was positively associated with the use of acaricides (p-
value = 0.011, OR= 4.49 [1.31 – 15.39]), with no statistically signi�cant differences in other practices by
age. Being classi�ed in the high tick exposure category was positively associated with “always”
conducting a body check for ticks (p-value = 0.049, OR= 3.0 [0.97-9.33]), and although not statistically
signi�cant, respondents that reported a TBD diagnosis also tended to be more likely to report acaricide
use (p-value 0.068, OR = 5.75 [0.71 - 46.30]). 

The computed practice scores (n = 94) had a mean of 3.57 (sd = 0.78), median of 3.5, and a range of 1.5-
6.0. Sixty-four percent (60/94) of respondents were classi�ed as HIGH PRACTICE. Respondents that
reported a TBD diagnosis were more likely to be classi�ed in the HIGH PRACTICE category (p-value =
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0.016, OR= 3.94 [1.22-12.68]). Concern level and history of TBD were the only factors retained in the
multivariate model for HIGH versus LOW PRACTICE as the outcome. Respondents with high concern (OR
= 3.4 [1.33- 8.91]) and respondents with a history of TBD (OR = 4.66 [1.21 – 17.89]) were more likely to be
in the HIGH PRACTICE category.

Discussion
Efforts to better understand where people are and the activities that they are engaged in when they are
most likely to encounter infected ticks are needed to improve targeted interventions for controlling TBDs
(19). Although it is expected that people with outdoor occupations in high endemic areas will have an
increased risk of TBD, studies to assess this assumption are largely lacking. In this study, we conducted a
cross-sectional, KAP survey on U.S. Forest Service employees from a high incidence LD region. Our
results corroborated anecdotal evidence that the employees in this region frequently come into contact
with ticks, with nearly all respondents (97%) acknowledging �nding at least one tick on themselves within
two years of the survey. In addition, respondents reported that frequent tick exposure was most
commonly associated with working outdoors, rather than engaging in other outdoor activities for
recreation or home maintenance. More than two-thirds of respondents indicated that they encounter ticks
“always” or “most of the time” while working outdoors, whereas “sometimes” was most frequently
selected for rating tick exposure during the other outdoor activities inquired about on the survey (Table
S5). Respondents also reported a high rate of TBD; 25 (26%) reported a history of LD, including 7
individuals who also reported a diagnosis with at least one other TBD and 14 that reported more than one
LD diagnoses or TBD illness events. Reporting high tick exposure while at work and working in their job
for 10 years or more were positively associated with reporting a history of TBD. Although not directly
comparable, these �ndings were consistent with other studies that detected a high seroprevalence of LD
in forestry workers in Europe (22, 33). The reported rate of LD diagnosis in our study population; however,
was similar to those reported in a recent survey of the general population in Connecticut and Maryland,
two other high endemic states in the U.S. (34), such that it is unclear if the U.S. Forest Service employees
that responded to our survey were at greater risk than the general population in our study region of
northern Wisconsin, as the risk in the region is predicted to be high (35, 36). 

Reports of high tick exposure and LD diagnoses are concerning given the other results from our survey
that suggested that U.S. Forest Service employees in Wisconsin have high knowledge, concern, and
practice adherence for tick protection practices and TBD, which would be expected to reduce risks to tick
bites. Over half of the respondents (60%) correctly answered all the knowledge True/False items, and 65%
had a computed knowledge score that corresponded to 80% or more of all knowledge questions
answered correctly. Though not directly comparable to KAPs surveys conducted on other populations,
these results are generally higher than those reported for other groups. For instance, Valente et al. (37)
reported an average percentage of 43.5% of correct knowledge questions on a survey conducted on
residents and visitors to Martha’s Vineyard, a highly LD endemic island off the coast of Massachusetts,
and the majority of immigrant outdoor workers surveyed on the island reported that they had never heard
of the disease or that they were not certain they could recognize the symptoms (38). Employees of CNNF
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do receive some base level of tick and TBD education in the form of a presentation provided during
safety meetings and they are provided with a tick identi�cation card and Tick Fact Sheet that includes
information about reporting tick bites, which may partially explain the high level of knowledge detected in
our survey. 

Personal protective measures that are recommended to prevent tick bites include wearing light-colored,
long-sleeved shirts and long pants, tucking pant legs into socks, using a tick repellent on skin or clothing,
and conducting checks for ticks following activities outdoors (8, 39). All respondents reported engaging
in one or more of these prevention practices. In particular, the majority of respondents reported always
wearing pants, closed-toe shoes, and conducting body searches for ticks after working outdoors.
Although most respondents (84%) indicated that they sprayed themselves or their clothing with an
acaricide prior to working outdoors at least some of the time, only 24% reported that they always used an
acaricide. Other TBD KAP surveys have found similar results with tick checks having a generally higher
adherence than the use of tick repellents (34, 40). Though our survey did not speci�cally address reasons
for non-compliance, respondents reported using synthetic acaricides more frequently than natural
acaricides (77% versus 38%), and only 7 individuals (7%) reported that they would use natural acaricides,
but never used synthetic products, suggesting that non-adherence to always using an acaricide may not
primarily be due to not trusting or wanting to use chemicals on their bodies or clothes. 

We found that age and gender generally were not factors that in�uenced our respondents’ KAP toward
TBD, though speci�c practices and attitudes did appear to be related to these factors. The younger age
group, < 46 years old, was more likely to report using acaricides (92% versus 73%), whereas respondents
older than 46 reported tucking their socks into their shoes more frequently (56% versus 28%). The
younger age group also were more likely to state that they would de�nitely or be highly likely to get a LD
vaccine (83% versus 65%). These results are encouraging for the younger age group; however, since LD is
reported to be more common in older people (5), future efforts should attempt to better understand the
perceived risks and bene�ts associated with speci�c practices in different age groups.

In addition to personal protection practices that are recommended to help prevent or reduce the likelihood
of TBD, broader-scale changes to the environment that help to control tick populations or reduce the
natural transmission of TBD pathogens are recommended to homeowners for reducing the risks of TBDs
on their properties (41). Such changes are also being explored as measures that may be applied on a
community-wide scale to reduce the public health threats of TBDs. These measures include, broadly
applying acaricides to the environment, removing shrubs or understory vegetation to reduce the suitability
of habitats for ticks and reservoir hosts, or treating deer or mice with acaricides (31, 41). Few respondents
in our survey reported using insecticides in the environment to reduce tick populations or avoiding certain
habitats to reduce their risks of tick exposure, as might be expected given that the nature of their work
probably would not permit these actions; however, willingness to pay for such environmental control
measures also was generally low. It is unclear if the latter is indicative of an unawareness that such
measures have had some success at reducing tick populations (41, 42), or to more general perceptions
that alterations to the environment are unacceptable (43). Although studies are still needed to
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demonstrate the effectiveness of environmental control efforts for reducing tick populations or TBDs;
e.g., (44), a better understanding of the perceived acceptability of such efforts may also be needed to
identify those that are likely to have a high uptake by people at risk (43).

Despite demonstrating a moderate to high level of knowledge about LD, our survey detected one area that
may be improved among employees with continued education. Although most respondents generally
were able to visually differentiate ticks from other arthropods, few were able to identify photographs of I.
scapularis ticks exclusively from other species of ticks: 19% selected only female and nymph I. scapularis
as vectors of LD, and 27% selected female, nymph, and male I. scapularis only. In fact, following the latter,
the most common combination of selected answers for the photograph section was answering “yes” to
all of the photographs of ticks, regardless of species, and “no” to the two images of other arthropods
(27% of respondents). Given that most respondents demonstrated an understanding that I. scapularis, or
blacklegged ticks, were the vectors for LD in the True/False and multiple choice knowledge sections,
failure to select them exclusively from the photographs displayed in the survey suggests that efforts to
educate employees on the physical characteristics of I. scapularis ticks and how to differentiate them
from other tick species may be needed. Although reducing exposure to all tick species may be a
reasonable public health goal, having the knowledge to identify different species of ticks would be
bene�cial for employees because they may then be better equipped to assess their own personal risks for
TBD after encountering or �nding an attached tick. Ixodes scapularis and A. americanum ticks are known
vectors of TBDs, whereas D. variabilis ticks are commonly encountered in Wisconsin, but are not known
to transmit infections to humans. If there is an assumption that people use personal protective measures
in response to their perceived risks of TBDs (40), as in�uenced by their personal experiences of picking up
ticks, we think it would be important to know if their perceived risk is associated with encountering I.
scapularis speci�cally or any ticks.Tick identi�cation cards are commonly provided by public health and
other agencies interested in educating the public about TBDs. If tick identi�cation is viewed as a tool that
may be used to help control TBDs, then evaluation of how the ability to identify ticks corresponds to
adoption of personal protection measures should be investigated. Moreover, the ability to correctly
distinguish species from each other would improve the reliability of any studies that are designed to
speci�cally measure self-reported I. scapularis tick exposure rates. As such, in our study, although
employees reported a high rate of encountering ticks, we are unable to know which species of ticks
employees most frequently encounter. 

Of interest from our survey also was that about two-thirds of respondents selected spring (March—May)
as the season when ticks are most likely to transmit infections to humans. We determined this answer to
be incorrect because summer (June—August) is the time of year associated with the highest infection
rates in Wisconsin (30), and is generally reported as the riskest time of year on public health websites (29,
30). Following administration of the survey, we learned that employees more frequently report
encountering ticks in the spring compared to the summer and fall (M. Martin, personal communication);
however, it is unclear which stage, or species, of ticks employees are frequently encountering in the spring
to fully understand the response to the question. The life cycle of I. scapularis is such that the adults may
be the stage of tick most active in the early spring (March—May) (45). If employees are frequently
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encountering adults in the spring, which are larger and more noticeable than the smaller nymphs, their
perceptions of infection risk may be in�uenced by the fact that adults are easier to detect than nymphs.
The nymph is the stage of I. scapularis most likely to transmit infections to humans, and they tend to
become active in late spring, which may include late May (45, 46). Employees may have selected spring
because that answer included the month of May. Moreover, it is possible that employees are more
frequently encountering nymphs in the spring than the general population, as most outdoor activity for
the general population may occur later in the year when weather improves (June-August). Further
investigations are needed to fully understand the seasonal risks to people that work outdoors and how
these risks may differ from the general public.

Limitations of our study include a fairly low response rate with the possibility that our results were biased
towards those employees that were most interested in or concerned about TBDs. Though all employees
were invited to complete the survey while they were at work, completion of the survey was voluntary and
required employees to take their own initiative to complete it. Any future efforts to learn more about TBD
KAPs among U.S. Forest Service employees may consider using more direct methods of engagement
with employees, such as point-of-contact interviews, offering a small incentive to employees for
completing surveys, or allowing for a longer window of time to complete the survey to improve the
response rates. The self-reporting nature of the survey also does not allow for independent validation of
the respondents’ answers, especially with regards to TBD diagnosis history. Despite these limitations, our
results were consistent with previous reports of high tick and TBD exposure from the employees.
Furthermore, the associations that we detected among the outcomes examined were consistent with the
Health Belief Model (HBM), which has been used as the basis for other TBD KAP surveys (38, 40). This
model predicts that those that have a high perceived risk or have personal experience with a threat,
respond best to education and tend to be more likely to adhere to protective practices. The U.S. Forest
Service employees we surveyed had high exposure to ticks while working, and therefore, as would be
expected based on the HBM had an overall high level of knowledge and concern about TBDs, as well as
high adherence to personal protection practices. However, we did not question employees directly on their
beliefs with regards to the e�cacy of various protection practices, or their perceived barriers to using
them, and therefore, additional research is needed to better understand the factors that were important in
employee decisions. Another limitation of our study was that it was not designed to determine if the
employees are at a higher risk for TBD because of their occupation compared to others that do not work
outdoors; therefore, though employees suggested that they more frequently encountered ticks while
working compared to engaging in other outdoor activities, efforts are needed to measure risks associated
with speci�c activities and where they occur to speci�cally de�ne occupational versus recreational and
peridomestic (e.g., yard work and gardening) risks associated with TBDs. Such knowledge would improve
the allocation of limited public health resources to help prevent TBD infections.

Conclusions
Incidence of LD and other TBDs have continued to rise and expand geographically. Though living or
working in habitats where densities of infected ticks are high are known risk factors, there is a need for a
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better understanding of where and how humans come into contact with infected ticks and the factors
that relate to adherence to personal protective practices. Understanding occupational risks and how to
most effectively apply interventions to protect people while they are working outdoors, in particular, are
needed. Our study, supported assumptions that people spending long hours working outdoors in high risk
areas frequently encounter ticks and may have a high risk for TBD. Though efforts to educate employees
about ticks and TBD appear to be fairly successful, further training may be needed in the areas of tick
identi�cation and disease transmission processes. Wearing protective clothing and performing tick
checks had high compliance, though application of tick repellents was reported to be less consistently
used. Most employees were concerned about TBD and reported a willingness to pay for products that
confer personal protection from ticks suggesting that intervention efforts targeting improved uptake of
such practices would be bene�cial. 
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Tables

Table 1. Work and tick exposure histories reported among U.S. Forest Service employees 
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Item n Response Frequency

(%)

Years in current job 95 < 1 year

1 - < 5 years

5 - 10 years

> 10 years/My whole life

 

5 (5)

8 (8)

12 (13)

70 (74)

Required to work

outdoors

 

95 No

Yes

5 (5)

90 (95)

Hours/week working

outdoors

95 Does not apply to me

< 5 hours

5 - 10 hours

10 - 20 hours

> 20 hours

 

2 (2)

21 (22)

15 (16)

11 (12)

46 (48)

Tick exposure during last

2 years

94

 

 

 

71

 

0 ticks

< 10 ticks

> 10 ticks

 

If > 10 in last 2 years, how many during

peak tick season?

3 (3)

20 (21)

71 (76)
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71

1 - 5 ticks/week

6 - 10 ticks/week

> 10 ticks/week

I cannot give a reliable answer

 

If > 10 in last 2 years, where do you

typically find them?

 

Work only

Leisure/recreation only

Both work and leisure/recreation

Don’t know

35 (49)

10 (14)

25 (35)

1 (1)

 

 

 

 

5 (7)

1 (1)

57 (80)

8 (11)

Note: Variation in sample sizes for the first four items is due to non-responses by some

respondents. The fifth and sixth items were only presented to those who reported seeing >

10 ticks on themselves in the last 2 years.

 

 

 

 

 
Table 2. Reported tick-borne disease history among U.S. Forest Service employees.  
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Item n Response Frequency

(%)

Ever diagnosed with a TBD

by a medical provider?

95 Yes

No

25 (26)

70 (74)

  25 If “Yes”, which diseases? *  

    Lyme disease 25 (100)

    Anaplasmosis 3 (3)

    Ehrlichiosis 5 (5)

    Babesiosis 2 (2)

    Other 1 (1)

  25 If “Yes”, about how many separate

diagnoses?

 

    1 14 (56)

    2 9 (36)

    3-4 0 (0)

    5+ 2 (8)

  25 If “Yes,” did you receive this diagnosis

while employed at your current

occupation?

 

    Yes 22 (88)

    No 3 (12)

Are you currently being

treated for TBD?

93 Yes

No

5 (5)

88 (95)

Note:  Variation in sample sizes is due to non-responses by some respondents.

*Respondents that answered “Yes” to the first item were presented with the list of diseases
as shown and were able to select more than one; the Other response was a free response,
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for which the one respondent entered Bartonellosis.  Of note in Wisconsin, anaplasmosis is
still commonly called ehrlichiosis, as it was originally named (48), which may account for
the higher number of reported cases of ehrlichiosis than anaplasmosis.

Figures

Figure 1

U.S. Forest Service employee responses to the True/False knowledge section of the survey (Table S1). All
items were completed by 95 respondents except the second item, which was completed by 94
respondents.
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Figure 2

U.S. Forest Service employee responses to the LD vector identi�cation section of the knowledge survey.
Two other images not included here were an image of an adult bug (Hemiptera) and a spider; 95% of
respondents correctly identi�ed these latter two pictures as not being LD vectors. An answer was selected
by 95 respondents for all, except the female I. scapularis and the spider pictures, which were answered by
94. * We considered “yes” as the incorrect answer for male I. scapularis because they are not known to
feed for very long, and therefore, are not expected to transmit LD (47); however, we are unaware of any
experiments that have speci�cally examined transmission potential by males.
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Figure 3

U.S. Forest Service employee responses to the willingness to pay for tick protection measures in the
attitudes section of the survey. Participants responded to the question “Please rate your willingness to
pay $20 or more per year for the following tick protection measures.” The sample size for the �rst three
items was 93, and the sample size for the last two items was 92.
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Figure 4

Tick protection practices reported by Forest Service employees. Participants responded to the question
“Please provide information about the practices you may or may not engage in at work to protect yourself
from ticks” Sample sizes for all items were 94, except for the �fth and ninth items, which were answered
by 93 respondents.
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