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A B S T R A C T   

Lyme disease and other tick-borne diseases are a major public health threat in the Upper Midwestern United 
States, including Michigan, Minnesota, and Wisconsin. To prevent tick bites and tick-borne diseases, public 
health officials commonly recommend personal protective measures and property management techniques. 
Adoption of tick-borne disease prevention behaviors and practices by individuals are, however, highly variable. 
We aimed to characterize current tick-borne disease knowledge, attitudes, and prevention behaviors (KAB) 
practiced by the public in these states, as well as their willingness to use specific tick control methods. We 
conducted a population-based survey in summer 2019 in 48 high-risk counties (those having a five-year average 
(2013–2017) Lyme disease incidence of ≥ 10 cases per 100,000 persons per year), in Michigan, Minnesota, and 
Wisconsin. A total of 2713 surveys were analyzed; survey weights were used to account for household selection 
probability and post-stratified to match county-level joint age and sex population distributions in population- 
level inference. An estimated 98% of the population had heard of Lyme disease, with most perceiving it as 
very or extremely serious (91%); however, only an estimated 25% perceived tick-borne diseases as very or 
extremely common in their community. Among those who spent time in places with ticks from April through 
October, an estimated 68% check themselves thoroughly for ticks most of the time or always and 43% use bug 
repellent on skin or clothing most of the time or always. An estimated 13% of the population had ever treated 
their property with a pesticide to kill ticks, and 3% had ever used devices that apply pesticide to rodents to kill 
ticks on their property. Willingness to practice tick bite prevention behaviors, however, was estimated to be 
much higher; with 82% being willing to perform tick checks at least once a day, and more than 60% willing to 
use bug repellent, tick control products on pets, or to bathe within two hours of being outdoors. We found that 
residents would likely be willing to support a county-wide tick control program to reduce the risk of tick-borne 
disease in their community (81%) or to apply tick control products to their property to reduce the risk of tick- 
borne disease in their household (79%). Tick checks were more likely to be practiced among participants who 
perceived tick-borne diseases to be highly prevalent in their community, if they or a household member had been 
previously diagnosed with a tick-borne disease?, or if they perceived tick exposure to be likely around their 
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home, cabin, or vacation home. In addition, property-based tick control methods were associated with perceived 
risk of encountering ticks around the home, cabin, or vacation home. Participants who had seen information 
from state health departments were also more likely to practice preventive measures. The most common reported 
barriers to using any of these methods were forgetfulness, safety concerns, and lack of awareness. Our survey 
findings shed light on how residents from these Upper Midwest states may adopt tick control and tick bite 
prevention measures and how public health outreach may be most effective for this population.   

1. Introduction 

Lyme disease and other tick-borne diseases are a major public health 
problem in select areas of the United States, including in the Upper 
Midwest states of Michigan, Minnesota, and Wisconsin (Fleshman et al., 
2021; Kugeler et al., 2021; Rosenberg et al., 2018). Lyme disease, caused 
by Borrelia burgdorferi sensu stricto or Borrelia mayonii, is transmitted 
through the bite of Ixodes scapularis (blacklegged) ticks in the eastern 
and upper midwestern United States and represents the overwhelming 
majority of national tick-borne disease cases (Rosenberg et al., 2018). 
Pathogens that cause anaplasmosis, babesiosis, hard tick relapsing fever 
(a.k.a. Borrelia miyamotoi disease), Powassan virus disease, and ehr-
lichiosis associated with Ehrlichia muris eauclairensis are also transmitted 
by blacklegged ticks (Eisen and Eisen, 2018; Rosenberg et al., 2018). In 
addition, while diseases spread by other tick species are rare in this 
region, Dermacentor variabilis can transmit pathogens that cause tula-
remia and Rocky Mountain spotted fever, and Amblyomma americanum 
can transmit pathogens that cause tularemia and ehrlichiosis (Minne-
sota Department of Health, 2019; University of Wisconsin-Madison, 
2021). 

Prevention of tick bites and tick-borne disease relies primarily on 
personal protection measures. The most common public health recom-
mendations include daily tick checks, showering or bathing as soon as 
possible after being in or around tick habitat, and using tick repellent 
products registered by the United States Environmental Protection 
Agency (EPA) (Eisen and Dolan, 2016; Eisen and Stafford, 2021). 
Although these methods can be highly effective for preventing tick 
attachment and removing ticks in a timely fashion, adoption of these 
behaviors is variable (Butler et al., 2016; Corapi et al., 2007; Hook et al., 
2015; Niesobecki et al., 2019). In addition, a vaccine to prevent Lyme 
disease was available beginning in 1998 but has not been used since 
2002, when the manufacturer voluntarily withdrew it from the market 
(Hanson and Edelman, 2003; Shen et al., 2011). Currently, no vaccine is 
available for people in the United States to prevent Lyme disease, 
although research is ongoing for a new Lyme disease vaccine (Gomes--
Solecki et al., 2020). Property management techniques are recom-
mended by public health officials to reduce tick densities and include 
landscaping to reduce tick habitat, applying acaricidal treatments 
directly to vegetation or small mammal hosts, and maintaining trails 
(Eisen and Dolan, 2016). Unfortunately, large-scale tick-borne disease 
prevention efforts using these methods are often not feasible due to 
financial, environmental, or logistical concerns (Eisen, 2021; Eisen and 
Eisen, 2018). Further research is needed to quantify the rates of adop-
tion of personal and residential property-based protective behaviors, 
identify factors that drive these decisions and barriers to their imple-
mentation, and develop public health messaging that is the most effec-
tive at motivating behavioral change (Bron et al., 2020; Butler et al., 
2016; Hornbostel et al., 2021). Information regarding tick bite preven-
tion behaviors is especially needed to inform public health outreach 
efforts in high-incidence and emerging Lyme disease areas of the Upper 
Midwest. 

Although the Upper Midwest accounts for some of the earliest 
documented cases of disease caused by B. burgdorferi sensu lato (Scri-
menti, 1970) and B. mayonii (Pritt et al., 2016), as well as other 
tick-borne pathogens such as Anaplasma phagocytophilum (Bakken and 
Dumler, 2006) and E. muris eauclairensis (Pritt et al., 2017), to date very 
few studies regarding tick-borne disease prevention in this area have 

been published (Bron et al., 2020; Hook et al., 2015; Kianersi et al., 
2020; Schotthoefer et al., 2020). Most available information on knowl-
edge, attitudes, and behaviors regarding tick bite prevention and 
tick-borne diseases is from the Northeast and Mid-Atlantic states (Gupta 
et al., 2018; Niesobecki et al., 2019). However, many factors make the 
Upper Midwest unique and findings across other geographic regions 
may or may not be comparable. For example, “cabin culture” is common 
in the Upper Midwest, with residents frequently visiting vacation and 
secondary properties throughout the summer, which can result in high 
but sporadic risk for tick exposure (Minnesota Department of Health 
unpublished). In addition, I. scapularis is still emerging across the 
landscape in parts of the Upper Midwest (Eisen et al., 2016), creating 
pockets of unfamiliarity and misinformation about ticks and tick-borne 
diseases. As a result, knowledge of tick bite prevention methods and tick 
control products may be very different from state to state and even from 
town to town. These factors have made it difficult for public health of-
ficials and health care professionals to communicate tick-borne disease 
risk within and across the region adequately, while instilling the 
appropriate level of awareness and education among residents and vis-
itors (Nesgos et al., 2021). 

Bridging from work previously done in the Northeast and Mid- 
Atlantic (Niesobecki et al., 2019), the overall objective of this study 
was to characterize current tick-borne disease knowledge, attitudes, and 
prevention behaviors (KAB) practiced by the public in three states of the 
Upper Midwest, including their willingness to use specific tick control 
methods. Collection of baseline KAB data will aid in assessing what 
methods are most feasible and acceptable by the public in the Upper 
Midwest. 

2. Materials and methods 

2.1. Survey design 

Using a cross-sectional design, a population-based survey was con-
ducted in the summer of 2019 in select counties of Michigan, Minnesota, 
and Wisconsin. In each of the three states, recruitment efforts targeted 
“high risk” counties, defined as those having a five-year average 
(2013–2017) Lyme disease incidence of ≥ 10 cases per 100,000 persons 
per year. In 2018, Minnesota and Wisconsin were two of 16 states with 
“high incidence” of confirmed Lyme disease cases reporting 17 and 19 
confirmed cases per 100,000 persons, respectively (Centers for Disease 
Control and Prevention, 2019). Michigan is currently classified as a “low 
incidence” state with two confirmed cases per 100,000 persons reported 
in 2018, although high incidence counties exist in focal areas of the 
western Lower and Upper Peninsulas, and geographic expansion of 
I. scapularis and Lyme disease in this state has raised concern about in-
creases in tick-borne diseases (Lantos et al., 2017). The number of 
counties targeted per state totaled 59 of 72 (82%) counties in Wisconsin, 
49 of 87 (56%) counties in Minnesota, and 8 of 83 (10%) counties in 
Michigan (Appendix A). A total of 13,300 addresses per state were 
mailed invitations to undertake the survey to achieve a minimum sam-
ple size of 659 participants per state, or 1977 participants total. Sample 
size was calculated based on an expected 50% of participants that would 
be willing to regularly use any method to prevent tick bites and 
tick-borne diseases, with a 99% confidence interval, an acceptable error 
rate of +/- 5%, and a conservatively estimated 5% response rate. A 
random sample of addresses proportional to the number of residential 
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addresses in each county was obtained from a marketing service com-
pany that used permanent registered postal addresses on record with the 
United States Postal Service (Marketing Systems Group, Horsham, PA, 
USA). Addresses categorized as seasonal residences, educational resi-
dences, drop sites, vacant properties, and Post Office (PO) Boxes were 
excluded from the sampling frame. 

Invitations to take the survey were mailed in early July 2019, coin-
ciding with the peak of tick-borne disease cases known to occur in the 
Upper Midwest (Hamer et al., 2012; Michigan Department of Health and 
Human Services, 2015; Minnesota Department of Health, 2020; 
Schwartz et al., 2017; Wisconsin Department of Health Services, 2019). 
Participants were required to be at least 18 years of age and the adult in 
the household with the most recent birthday, with the latter criterion 
used to approximate random sampling. Participants were asked to 
complete a web-based survey of approximately five to 10 min duration 
that was available in English only. They could request to take the survey 
by phone, administered by study investigators. Data were collected 
using Research Electronic Data Capture (REDCap) software (Vanderbilt 
University, Nashville, TN, USA) hosted at the Minnesota Department of 
Health. Access to the survey was available for one month or until a quota 
of 1000 survey participants per state was reached. A reminder postcard 
invitation was mailed two weeks after the initial survey invitation to 
Wisconsin residents only. After completion of the survey, participants 
were sent a thank-you letter with a $10 gift card to a retail store either by 
mail or e-mail, according to participant preference. 

The survey consisted of five sections and included questions on the 
following: actual and perceived risk of tick bites and knowledge of tick- 
borne diseases (Section 1); current use of tick-borne disease prevention 
behaviors and barriers to performing them (Section 2); willingness to 
perform tick-borne disease prevention behaviors, to use environmental 
tick control methods, and to support and pay for a community-based tick 
control program (Section 3); educational outreach preferences (Section 
4); and demographic characteristics about the participant and their 
household (Section 5). Questions consisted of a mixture of binary, 
multiple choice, check-all-that-apply, open-ended, and 5-category Likert 
scale formats (Appendix B). The study protocol was reviewed and 
approved by Institutional Review Boards and ethics committees at the 
Centers for Disease Control and Prevention, Michigan Department of 
Health and Human Services, Michigan State University, Minnesota 
Department of Health, and the University of Wisconsin-Madison. 

2.2. Data analysis 

Survey weights were created to account for household selection 
probability and were calculated by multiplying the inverse of the 
number of households surveyed per county by the total number of 
households in the county according to American Community Survey 
2018 five-year estimates (United States Census Bureau, 2021). The 
survey weights were calibrated using post-stratification to match 
county-level joint age and sex population distributions. Survey re-
sponses lacking a Federal Information Processing Standards (FIPS) code, 
age, or sex were removed to allow for post-stratification. Any 
county-level joint age and sex categories that did not contain any survey 
participants were also removed in the post-stratification calibration. All 
analyses incorporated the weights; unweighted frequencies pertaining 
to the survey sample are reported in the text while inferential statements 
to the population of interest (weighted percentages) are reported 
parenthetically. 

Statistical analyses of survey responses were conducted using SAS v. 
9.4 (SAS Inc., Cary, NC, USA), and all analyses incorporated the survey 
design (stratum option for FIPS code) and weighting. Ordinal survey 
responses were condensed to two variables (e.g., five categories from 
“not at all likely” to “extremely likely” became “not at all/slightly/ 
somewhat likely” and “very/extremely likely”). In the results section, to 
improve readability, the combined categories are described using the 
more conservative measures (e.g., very likely is used for very/ 

extremely), unless stated otherwise. These recategorizations were cho-
sen based on previous literature (Niesobecki et al., 2019) as well as on 
natural breaks and low frequencies in the data. Similarly, for compa-
rability to previous literature (Niesobecki et al., 2019), age was cate-
gorized to 18–49 years and ≥50 years while annual household income 
was categorized to ≤$100,000 or >$100,000. Risk differences with 
corresponding confidence intervals were used to compare proportions. 
Chi-square tests without survey weights were used to analyze differ-
ences in demographic variables (age, sex, education, and annual in-
come) among survey participants by state. Univariate logistic regression 
was used to identify variables associated with the outcomes of interest. 
Any variables significant at p < 0.20 were retained for multivariable 
regression. Missing responses for covariates of interest (i.e., age, sex, 
education, income, perceived prevalence of tick-borne diseases, 
perceived seriousness of Lyme disease, likelihood of contracting 
tick-borne disease, likelihood of encountering ticks on property, previ-
ous tick-borne disease diagnosis, and state) as well as missing responses 
for outcome variables (i.e., participant tick checks, bug repellent use, 
property pesticide use, and rodent device use) were excluded for 
completeness of data for each regression model. All regression models 
included an effect for state to recognize and adjust for differences in 
urbanicity and other factors (e.g., socioeconomic variables) across the 
three states. Self-reported occupation was described based on the United 
States Bureau of Labor Statistics 2018 Standard Occupational Classifi-
cation System (U.S. Bureau of Labor Statistics, 2020). 

3. Results 

3.1. Survey sample 

From the 116 “high risk” counties targeted, a total of 2878 partici-
pants from 111 counties submitted responses to the survey (7% response 
rate; range 0–17%) (Appendix A). Nine surveys were excluded due to 
ineligibility and 33 were excluded due to incomplete surveys that only 
answered eligibility questions, leaving 2836 completed survey sub-
missions (n = 1000 in Wisconsin, n = 947 in Minnesota, and n = 889 in 
Michigan). Another 123 surveys (4%) were removed due to missing 
variables required for post-stratification, resulting in 2713 surveys 
included in the analyses (n = 925 in Minnesota, n = 922 in Wisconsin, 
and n = 866 in Michigan). There were no statistically significant dif-
ferences with respect to age, sex, or outcomes of interest between Wis-
consin participants who received a survey reminder (n = 216) as 
compared to participants from Wisconsin who did not (n = 784). Par-
ticipants who took the survey by phone (n = 158) were significantly 
older, less likely to have a college degree or higher, and less likely to 
have an annual household income >$100,000 compared to participants 
who took the web-based survey (n = 2555). Given the small sample size, 
phone participants were pooled with online participants for analyses. No 
significant differences were found among states by study participant sex, 
although participants from Michigan were more likely to be >50 years 
of age (p < 0.001) and participants from Minnesota were more likely to 
have received some college education (p < 0.001) and earn an annual 
income >$100,000 (p < 0.0001). 

3.2. Participant characteristics 

There were 1635 female participants in the survey population (54%) 
and 1009 participants were 18–49 years of age (52%). Participants 
identified predominately as non-Hispanic (99%) and white (91%). The 
majority had received some education at a college level or higher (89%) 
and reported an annual household income ≤$100,000 (67%). Compared 
to census estimates for the counties surveyed, KAB participants had 
generally higher levels of education. There were slightly more female 
survey participants than represented by census data, and Hispanic par-
ticipants as well as Asian and Black or African American participants 
were underrepresented (Table 1). 
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Among 2698 participants who reported self-defined type of resi-
dence, the most common type was suburban or urban, followed by rural 
and town (Table 2). The majority of participants from Michigan reported 
rural, while participants from Minnesota and Wisconsin reported more 
suburban residences. Of 2656 participants who spent any time between 
April through October in places with ticks (98%; 95% CI 97–99), 2411 
participants (91%; 95% CI 89–92) reported being likely to encounter 
ticks in recreational areas around their community; 2215 participants 
(75%; 95% CI 72–78) reported being likely to encounter ticks around 
their home; 1065 participants (42%; 95% CI 39–45) being likely to 
encounter ticks around their cabin or vacation home; and 465 partici-
pants (16%; 95% CI 14–18) reported being likely to encounter ticks 
while at work (Table 3). Of those who reported likely tick exposure at 
work, reported occupations varied greatly, with the most common cat-
egories including “Building and Grounds Cleaning and Maintenance” 
and “Educational Instruction and Library.” While potential exposure to 

ticks at cabins and vacation homes were only applicable to 49% of 2656 
survey participants who spent time from April through October in places 
with ticks, a higher proportion of these participants reported their 
likelihood of encountering ticks as very likely compared to tick en-
counters around home (57% vs 17%), demonstrating a higher perceived 
risk of tick bites for cabin-goers. On average, 1032 participants (37%; 
95% CI 35–39) spent time weekly in places where they perceived ticks to 
be present between the months of April through October, and 858 spent 
time in these places daily (27%; 95% CI 26–29). 

Almost all participants had heard of Lyme disease (n = 2657; 98%; 
95% CI 97–99), and of these participants, most perceived Lyme disease 
as very serious (n = 2435, 91%; 95% CI 89–93) (Table 4). Only 852 
participants perceived tick-borne diseases as very common in their 
community (25%, 95% CI 22–27). Residents from Minnesota were 
significantly less likely than residents of Michigan or Wisconsin to report 
that tick-borne diseases were very common in their community (p <

Table 1 
Participant Demographics. Demographic characteristics of the Upper Midwest Knowledge, Attitudes, and Prevention Behaviors (KAB) survey participants, by state of 
residence (Michigan (MI), Minnesota (MN), or Wisconsin (WI); United States), compared to 2018 American Community Survey (ACS) 5-year census estimates 
(2014–2018) of recruited counties. Post-stratified weights were calculated based on age and sex by county using 2018 ACS 5-year estimates. Note that post-stratified 
KAB percentages do not match age and sex census percentages due to lack of survey participants for every joint age and sex stratum for the population.   

MI 
KAB 
(%) 

MI post- 
stratified 
KAB (%) 

MI 
census 
(%) 

MN 
KAB 
(%) 

MN post- 
stratified 
KAB (%) 

MN 
census 
(%) 

WI 
KAB 
(%) 

WI post- 
stratified 
KAB (%) 

WI 
census 
(%) 

Total 
KAB 
(%) 

Total post- 
stratified 
KAB (%) 

Total 
census 
(%) 

Age (n ¼ 2,713)             
18–54 40.5 52.1 55.4 48.2 63.8 63.5 48.3 59.7 60.0 45.8 61.8 61.8 
≥55 59.5 47.9 44.6 51.8 36.2 36.5 51.7 40.3 40.0 54.2 38.2 38.2 
Education (n ¼

2,683)*             
Some college or 

higher 
81.3 81.0 58.6 89.7 91.7 69.6 82.9 85.1 62.0 84.7 88.9 66.2 

High school 
diploma or less 

18.7 19.0 41.4 10.3 8.3 30.4 17.1 14.9 38.0 15.3 11.1 33.8 

Income (n ¼
2,194)             

≤$100,000** 83.4 82.0 82.4 67.3 62.5 67.0 77.0 73.1 74.4 75.7 67.0 70.6 
>$100,000 16.6 18.0 17.6 32.7 37.5 33.0 23.0 26.9 25.6 24.3 33.0 29.4 
Sex (n ¼ 2,713)             
Female 59.5 51.7 49.6 61.0 53.5 50.3 60.3 54.0 49.9 60.3 53.6 50.1 
Male 40.5 48.3 50.4 39.0 46.5 49.7 39.7 46.0 50.1 39.7 46.4 49.9 
Ethnicity (n ¼

2,545)             
Hispanic 1.0 1.1 3.7 1.0 1.0 5.1 1.0 0.9 4.3 1.0 1.0 4.7 
Non-Hispanic 99.0 98.9 96.3 99.0 99.0 94.9 99.0 99.1 95.7 99.0 99.0 95.3 
Race (n ¼

2,577)***             
White 96.2 95.3 88.0 95.4 93.6 84.7 97.7 97.5 93.2 96.5 95.0 88.2 
Black or African 

American 
2.8 3.7 9.8 2.1 2.5 8.2 0.6 0.8 2.6 1.8 2.0 6.0 

Asian 1.0 1.1 2.1 2.7 4.5 6.2 1.6 2.0 3.1 1.8 3.5 4.8 
American Indian 

and Alaska 
Native 

1.6 1.4 1.9 1.1 0.6 2.1 1.7 1.3 1.8 1.5 0.9 2.0 

Native Hawaiian 
and Other 
Pacific Islander 

0.4 0.3 0.1 0.1 0.2 0.1 0.0 0.0 0.1 0.2 0.1 0.1  

* Education corresponds to those 25 years of age or older; trade schools included in the “some college or higher” category. 
** Income category was ≤ $100,000 for KAB data and < $99,000 for census data. 
*** Participants could select multiple categories on the KAB survey; census data include the percentage of total population in a single category or in combination with 

one or more other races. 

Table 2 
Responses from survey participants regarding their self-reported urbanicity of residence (among those who reported residence; n = 15 missing).   

Urban Suburban Town Rural 

State n (%) 95% CI n (%) 95% CI n (%) 95% CI n (%) 95% CI 

Michigan (n ¼ 859) 40 5.1 3.3 7.0 112 15.9 12.6 19.1 274 33.3 29.0 37.6 433 45.7 41.5 49.8 
Minnesota (n ¼ 922) 194 27.5 23.7 31.3 405 51.6 47.5 55.6 119 9.9 7.6 12.2 204 11.0 9.3 12.7 
Wisconsin (n ¼ 917) 141 20.0 16.4 23.7 225 32.8 28.8 36.9 208 21.1 17.8 24.5 343 26.0 22.7 29.3 
Total (n ¼ 2,698) 375 23.8 21.2 26.5 742 43.4 40.5 46.2 601 14.9 13.1 16.8 980 17.9 16.3 19.5  
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0.0001). When participants were asked how likely it was that they or 
another person in their household would get a tick-borne disease in the 
coming year, 1939 reported either slightly or somewhat likely (67%; 
95% CI 64–70), and 161 (5%; 95% CI 3–6) reported very or extremely 
likely. Overall, 505 participants reported ever having been diagnosed by 
a health care provider with a tick-borne disease for either themselves or 
members of their households (18%; 95% CI 15–20). A total of 114 
participants reported an individual or household diagnosis in the past 
year (4%, 95% CI 3–5), 230 reported a diagnosis in the previous one to 
five years (8%, 95% CI 6–10), and 281 reported a diagnosis more than 
five years ago (9%, 95% CI 8–11). A majority (n = 2355) had removed a 
tick from their skin or clothing at least once in their life (84%; 95% CI 
81–86), with 1566 of these participants having done so within the 
previous year (n = 58%, 95% CI 55–61). 

Most (n = 2119) participants had heard of Rocky Mountain spotted 
fever (73%; 95% CI 70–75), with 1575 of those participants indicating it 
was very serious (74%; 95% CI 71–77). Fewer had heard of the other 
tick-borne diseases, with 532 participants having heard of anaplasmosis 
(20%; 95% CI 18–23), of whom 384 indicated that it was very serious 
(68%; 95% CI 62–74). A total of 388 participants had heard of babesiosis 

(15%; 95% CI 13–17), with 277 (66%) indicating it was very serious. 
Similarly, 395 participants had heard of ehrlichiosis (15%; 95% CI 
12–17), with 288 of those participants indicating it was very serious 
(71%; 95% CI 63–78). Only 202 participants had heard of Powassan 
virus disease (8%, 95% CI 6–10), with 152 indicating it was very serious 
(74%, 95% CI 64–83). Ninety-two participants had heard of all the tick- 
borne diseases listed (4%; 95% CI 2–5). 

3.3. Frequency of current personal tick bite prevention behaviors and 
reported barriers 

Among participants who spent time in places with ticks from April 
through October (n = 2656), 1926 reported that they check themselves 
thoroughly for ticks most of the time after being outdoors in tick habitat 
(68%, 95% CI 65–71, Table 4). Among those who did not report always 
checking for ticks thoroughly (n = 1636), the most commonly reported 
barriers were forgetting to check (65%, 95% CI 62–69) and checking for 
ticks but not thoroughly (42%, 95% CI 38–46). A total of 1174 partici-
pants reported bug repellent use on skin or clothing most of the time 
when outdoors in areas with ticks (43%, 95% CI 40–46). Among those 

Table 3 
Responses from survey participants regarding their likelihood of getting ticks on themselves at various locations.   

Around home Around cabin or vacation home While at work Around recreational areas in community  

n (%) 95% CI n (%) 95% CI n (%) 95% CI n (%) 95% CI 

Very/extremely likely 683 17.3 15.3 19.2 712 27.7 25.0 30.5 114 2.6 1.8 3.4 848 24.9 22.4 27.4 
Slightly/somewhat likely 1532 57.5 54.5 60.5 353 13.9 11.9 15.9 351 13.5 11.4 15.7 1563 65.5 62.7 68.4 
Not at all likely 428 24.9 22.1 27.8 178 7.0 5.3 8.7 1329 60.4 57.6 63.3 145 7.3 5.4 9.2 
Not applicable 8 0.2 0.03 0.4 1374 50.3 47.3 53.4 828 22.5 20.3 24.8 71 1.5 0.9 2.1 
Missing 5 0.04 0.0 0.1 39 1.0 0.5 1.5 34 0.9 0.5 1.4 29 0.8 0.3 1.2  

Table 4 
Participant tick-borne disease experiences, attitudes, and use of preventative practices. Survey population characteristics by state: Michigan (MI), Minnesota 
(MN), and Wisconsin (WI), United States, 2019*. Rao-Scott chi-squared tests were used to assess associations across states for each variable, p-values are reported.   

MI MN WI Total   

(n = 866) (%) (n = 925) (%) (n = 922) (%) (n = 2,713) (%) p-values 

Tick-borne disease experiences and attitudes          
Perceived prevalence of tick-borne diseases          
Very/Extremely common 248 27.2 244 20.2 360 32.4 852 24.7  
Slightly/Somewhat common 570 67.2 615 69.5 525 63.3 1710 67.2  
Not at all common 44 5.6 62 10.3 32 4.3 138 8.0 <0.0001 
Perceived seriousness of Lyme disease          
Very/Extremely serious 766 90.9 836 90.8 833 91.6 2435 91.1  
Not at all/Slightly/Somewhat serious 64 7.0 64 8.5 66 7.9 194 8.2  
Don’t know 12 2.1 6 0.7 6 0.5 24 0.7 0.4957 
Perceived likelihood of contracting a tick-borne disease in the next year          
Very/Extremely likely 46 5.1 44 4.4 71 4.9 161 4.6  
Slightly/Somewhat likely 616 69.3 655 65.4 668 71.3 1939 67.6  
Not at all likely 200 25.6 223 30.2 179 23.8 602 27.8 0.0618 
Ever diagnosed with a tick-borne disease (self or household member)          
Yes 102 11.6 180 17.0 223 19.4 505 17.5  
No/Unknown 764 88.4 745 83.0 699 80.6 2208 82.5 0.1015 
Use of preventative practices          
Performing a tick check on oneself**          
Most of the time/Always 634 72.0 642 66.5 650 70.4 1926 68.1  
Never/Rarely/Sometimes 208 28.0 263 33.5 255 29.6 726 31.9 0.1552 
Applying bug repellent to oneself **          
Most of the time/Always 386 43.6 371 41.1 417 46.5 1174 43.1  
Never/Rarely/Sometimes 456 56.4 533 58.9 487 53.5 1476 56.9 0.0784 
Treating property with pesticide to kill ticks          
Yes 147 17.6 124 12.7 134 14.2 405 13.5  
No/Unknown 719 82.4 800 87.3 787 85.8 2306 86.5 0.2917 
Treating property with devices that kill ticks on rodents***          
Yes 23 2.7 28 2.7 39 4.0 90 3.1  
No/Unknown 842 97.3 893 97.3 878 96.0 2613 96.9 0.2254  

* Values are unweighted frequencies and weighted percentages, unless otherwise indicated. Totals exclude participants who preferred not to answer or those who 
skipped the question. 

** Only among participants who spent time in places with ticks from April through October. 
*** Devices that apply pesticides to rodents to kill ticks (e.g., Damminix or Thermacell tick tubes). 
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who did not report always using bug repellent while outdoors in places 
with ticks (n = 2273), commonly reported barriers were forgetting to 
use or bring bug repellent (58%, 95% CI 55–61), concern about the 
safety of bug repellent for themselves or family (36%, 95% CI 33–39), 
and general dislike of bug repellent (32%, 95% CI 29–34) (participants 
could select all that apply for barriers). 

Participants who said they were very likely to get ticks were signif-
icantly more likely to check for ticks most of the time or always 
compared to participants with a lower or unknown perceived likelihood 
of encountering ticks (p < 0.0001). In other words, of 1622 participants 
who reported they were very likely to get ticks on themselves, 1302 
(79%; 95% CI 75–82) reported tick check behavior most of the time; 
meanwhile of 1034 participants with a lower or unknown perceived 
likelihood for encountering ticks, 624 reported tick check behavior most 
of the time (55%; 95% CI 50–60) (risk difference of − 0.24; 95% CI 
− 0.29 to − 0.18). 

Survey participants who reported that tick-borne diseases were very 
common in their community were more likely to check for ticks most of 
the time as compared to those who reported tick-borne diseases were 
less common or unknown in their community (p < 0.0001). In other 
words, 704 of 844 participants (83%; 95% CI 79–87) with a higher 
perceived prevalence of tick-borne disease checked for ticks most of the 
time, while 1222 of 1812 participants (63%; 95% CI 60–67) of those 
with a lower perceived prevalence of tick-borne disease checked for 
ticks most of the time (risk difference of 0.20; 95% CI 0.15 to 0.25). Of 
819 participants who reported that tick-borne diseases were very com-
mon in their community and who also perceived Lyme disease as very 
serious, 684 (83%; 95% CI 80–87) were more likely to check for ticks 
most of the time. Meanwhile, 1242 of 1837 participants (63%; 95% CI 
60–67) checked for ticks but reported that tick-borne diseases were not 
common and/or Lyme disease was not very serious (risk difference of 
− 0.21 95% CI − 0.25 to − 0.15). There were no significant differences for 
bug repellent use based solely on perceived prevalence of tick-borne 
diseases (risk difference of 0.06; 95% CI − 0.005 to 0.13); however, 
those who perceived tick-borne diseases as very common in their com-
munity and also perceived Lyme disease as very serious were more likely 
to use bug repellent most of the time (49%; 95% CI 43–55), compared to 
those who thought tick-borne diseases were not common and/or Lyme 
disease was not very serious (41%; 95% CI 38–45) (risk difference of 
− 0.08; 95% CI − 0.14 to − 0.01). 

In addition, survey participants who thought it was very likely that 
they would get a tick-borne disease in the coming year were more likely 
to check for ticks compared to those with a lower or unknown perceived 
likelihood of getting a tick-borne disease (p = 0.02). In other words, 135 
of 158 participants (82%; 95% CI 72–92) who thought it was very likely 
that they would get a tick-borne disease in the coming year reported tick 
checks most of the time, while 1791 of 2498 participants (68%; 95% 
65–70) with a lower or unknown perceived likelihood for getting a tick- 
borne disease reported tick checks most of the time (risk difference of 
0.14; 95% CI 0.04 to 0.25). 

3.4. Frequency of current property-based tick control behaviors and 
reported barriers 

A smaller proportion of participants practiced tick control on their 
residential properties compared to personal protection measures against 
tick bites; with 405 participants reporting that they had ever treated 
their property, including either their home, cabin, or vacation home, 
with a pesticide to kill ticks (13%, 95% CI 11–15) (Table 4). Of those 
who had treated their property, 296 (65%; 95% CI 57–73) had exclu-
sively done so themselves while 95 (31%; 95% CI 23–38) exclusively 
hired a professional, with 10 participants reporting both types of 
treatment (4%; 95% CI 0.4–8) (n = 2 said ‘don’t know’ and n = 2 
missing). Among those who had never treated their property with a 
pesticide to kill ticks (n = 2172), the most commonly reported reasons 
for not doing so included concern about the health or safety of 

themselves, family, or the environment (41%, 95% CI 38–44), lack of 
awareness regarding the availability of pesticides to kill ticks on their 
properties (33%, 95% CI 30–36), lack of concern about ticks on their 
property (29%, 95% CI 25–32), or that participants did not own the 
property (19%, 95% CI 16–22). Of 1184 participants who thought it was 
very likely to encounter ticks on their property (either home, cabin, or 
vacation home), 232 (17%; 95% CI 14–21) reported treating their 
property with a pesticide to kill ticks; conversely, of 1472 participants 
who did not think it was very likely to encounter ticks on their property, 
169 (11%; 95% CI 8–13) reported treating their property with a pesti-
cide to kill ticks (risk difference of − 0.06; 95% CI − 0.11 to − 0.02). 

Use of devices that apply pesticide to rodents to kill ticks (e.g., 
Damminix Tick Tubes (Ecohealth Inc., Brookline, MA, USA) or Ther-
macell Tick Control Tubes (Thermacell Repellents, Inc., Bedford, MA, 
USA)) on residential property was only reported by 90 participants (3%, 
95% CI 2–4) (Table 4). Of these 90 participants, 64 (74%, 95% CI 62–87) 
exclusively had done so themselves while 19 (19%, 95% CI 7–30) hired a 
professional to do so, with six participants selecting both methods (7%; 
95% CI 1–13). Among those who had never treated their property with 
devices that apply pesticide to rodents to kill ticks (n = 2470), the most 
common reasons for not doing so included a lack of awareness (59%, 
95% CI 56–63), concern about health or safety of family or the envi-
ronment (24%, 95% CI 22–27), lack of concern about ticks on their 
property (20%, 95% CI 17–22), or that participants did not own the 
property (16%, 95% CI 13–18). Few participants reported concerns 
about cost for property-based pesticides to kill ticks (14%, 95% CI 
12–16) or devices that kill ticks on rodents (10%, 95% CI 8–12), and 
even fewer reported that treating their property with such pesticides 
(6%, 95% CI 4–7) or rodent devices (4%, 95% CI 2–5) seemed like too 
much work. 

3.5. Willingness to practice personal tick bite prevention behaviors 

Participants rated their willingness, before or after spending time in 
places with ticks, to practice various personal tick bite prevention 
methods. A majority of participants were willing to perform tick checks 
at least once a day (82%, 95% CI 80–85), to treat pet(s) with a product to 
prevent tick bites (64%, 95% CI 61–66), or to shower or bathe within 
two hours of being outdoors (62%, 95% CI 59–65), while fewer were 
willing to tumble-dry clothing or gear on high heat for at least 10 min 
(43%; 95% CI 40–46) or wear clothing that has been pretreated with a 
long-lasting bug repellent, like permethrin (36%; 95% CI 33–39) 
(Fig. 1). A total of 1084 participants were willing to use either natural 
bug repellent, such as oil of lemon eucalyptus, on skin or clothing or 
synthetic bug repellent, such as DEET (42%; 95% CI 39–45). There was a 
slight preference for natural over synthetic bug repellent products, with 
658 (24%; 95% CI 21–26) of participants preferring only natural bug 
repellent and 584 (19%; 95% CI 17–21) preferring only synthetic bug 
repellent. Overall, 387 participants were not willing to use either natural 
or synthetic bug repellent (16%; 95% CI 13–18). 

3.6. Willingness to practice property-based tick control behaviors 

A majority (n = 2160) of survey participants were willing to apply 
tick control products to their property based on a hypothetical scenario 
that would reduce the risk of a tick-borne disease in their household by 
half and the products would be safe and pose minimal risk to the envi-
ronment (79%; 95% CI 76–81). Of the 2160 participants who were 
willing to use such products, 1719 (78%; 95% CI 75–80) preferred to 
apply over-the-counter tick control products to the property themselves 
while 441 (23%; 95% CI 20–25) preferred to hire a pest control company 
to do the work. In addition, when a similar scenario was presented and 
participants were asked if they were willing to support a county-wide 
tick control program to halve the risk of tick-borne diseases in the 
county, 2095 participants (81%; 95% CI 78–83) would support the 
program with a $10 increase in household taxes per year. 
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3.7. Preferences for educational outreach 

When participants were asked if they had seen any information about 
ticks or the prevention of tick-borne diseases from their respective state 
health department (e.g., website, brochures, posters, or speakers) prior 
to taking part in the survey, 1315 reported “No” (48%; 95% CI 45–51), 
1080 reported “Yes” (39%; 95% CI 36–42), and 303 reported “Don’t 
know” (12%; 95% CI 10–14) (n = 15 did not respond). Among the 1063 
participants who had seen prevention messages from their state health 

department and spent time in places with ticks from April through 
October, 521 (49%; 95% CI 44-54) reported using bug repellent most of 
the time; as compared to 653 participants who reported using bug re-
pellent most of the time of 1593 who had not seen prevention messages 
(39%; 95% CI 35-43) (risk difference of − 0.10; 95% CI − 0.16 to − 0.04). 
This finding was similar for tick checks, as 843 of 1063 (75%; 95% CI 71- 
79) participants who had seen prevention messages reported currently 
checking for ticks most of the time compared to 1083 of 1593 (64%; 95% 
CI 60-67) participants who had not seen prevention messages (risk 

Fig. 1. Percent willing to participate in personal tick bite prevention methods before or after spending time in places with ticks, for combined surveys from Michigan, 
Minnesota, and Wisconsin, United States (n = 2,713). 

Table 5 
Correlation between individual characteristics and personal tick bite prevention methods. Reported personal tick bite prevention methods and their associ-
ations with other demographic variables and key characteristics. State and significant covariates (p < 0.20) based on univariate analyses were adjusted for in all 
multivariable models.   

Performing a tick check on oneself (n = 2,068) Applying bug repellent to oneself (n = 2,068) 

% uOR (95% CI) aOR (95% CI) % uOR (95% CI) aOR (95% CI) 

Age       
≥50 45.3 1.16 (0.87–1.54)  45.3 0.78 (0.59–1.02)* 0.76 

(0.58–0.99)** 18–49 (ref) 54.7 54.7 
Education       
College/Grad School# (ref) 90.0 1.12 (0.72–1.74)  90.0 0.91 (0.61–1.35)  
Elementary/Middle/High School 10.0 10.0 
Income       
>$100,000 33.5 1.13 (0.82–1.54)  33.6 1.01 (0.76–1.36)  
≤$100,000 (ref) 66.5 66.4 
Sex       
Female (ref) 53.4 0.90 (0.67–1.21)  53.4 0.85 (0.64–1.13)  
Male 46.6 46.6 
Perceived prevalence of tick-borne diseases       
Very/Extremely common 24.9 3.41 

(2.36–4.92)*** 
2.52 
(1.71–3.72)*** 

24.9 1.23 (0.91–1.66)*  
Not at all/Slightly/Somewhat common (ref) 75.1 75.1 
Perceived seriousness of Lyme disease       
Very/Extremely serious 91.6 2.69 

(1.63–4.47)*** 
2.52 
(1.47–4.32)*** 

91.5 1.77 
(1.05–2.99)** 

1.82 
(1.07–3.10)** Not at all/Slightly/Somewhat serious (ref) 8.4 8.5 

Perceived likelihood of contracting a tick-borne disease in the next 
year       

Very/Extremely likely 4.2 2.63 (1.15–6.04)**  4.3 0.63 (0.34–1.16)*  
Not at all/Slightly/Somewhat likely (ref) 95.8  95.8   
Perceived risk of encountering ticks around home, cabin, or 

vacation home       
Very/Extremely likely 38.9 2.31 

(1.69–3.16)*** 
1.94 
(1.40–2.67)*** 

38.9 1.28 (0.97–1.69)*  
Not at all likely/Slightly/Somewhat likely (ref) 61.1 61.1 
Ever diagnosed with a tick-borne disease (self or household)       
Yes 17.2 3.16 

(2.03–4.90)*** 
2.43 
(1.55–3.80)*** 

17.2 1.24 (0.88–1.76)  
No/Unknown (ref) 82.8 82.8 
State       
Michigan 4.7 1.37 (1.00–1.89)*  4.7 1.06 (0.81–1.40)  
Minnesota (ref) 61.8  61.8  
Wisconsin 33.5 1.24 (0.92–1.67)* 33.4 1.10 (0.83–1.46)  

# Responses for “some college” and trade schools were included as College/Grad school. 
* p < 0.2. 
** p value<0.05. 
*** p value<0.01. 
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difference of − 0.11; 95% CI − 0.17 to − 0.06). Those who had seen 
prevention messages were also more willing to shower or bathe within 
two hours of being outdoors to prevent tick bites (66% vs. 59%; risk 
difference of − 0.07; 95% CI − 0.13 to − 0.006) and wear clothing that 
has been pretreated with long-lasting bug repellent, like permethrin 
(41% vs. 33%; risk difference of − 0.08; 95% CI − 0.14 to − 0.02) as 
compared to those who had not seen prevention messages. Printable 
resources such as fact sheets, tick identification cards, or brochures were 
reported to be very helpful by 1222 participants (40%; 95% CI 37–43). 
Meanwhile, online resources such as websites, archived webinars, 
podcasts, or YouTube videos were reported to be very helpful by 1017 
participants (39%; 95% CI 36–42). Fewer participants (n = 893) found 
community resources such as billboards, posters, or signs to be very 
helpful (33%; 95% CI 30–35). Lastly, 607 participants (22%; 95% CI 
19–24) found a smartphone app to be very helpful. 

3.8. Correlating characteristics and behaviors 

Survey participants who perceived tick-borne diseases as very com-
mon in their community were more likely to perform tick checks most of 
the time as compared to participants who perceived tick-borne diseases 
as not at all, slightly, or somewhat common in their community 
(adjusted odds ratio [aOR]=2.5, 95% CI 1.7–3.7). Similarly, those who 
perceived Lyme disease as very serious were more likely to perform tick 

checks as compared to those who perceived Lyme disease as not at all, 
slightly, or somewhat serious (aOR=2.5, 95% CI 1.5–4.3) (Table 5). In 
addition, participants who reported a household member with a previ-
ous tick-borne disease diagnosis, including themselves, were more likely 
to report tick checks than participants who had responded “no” or left 
the response blank (aOR=2.4, 95% CI 1.6–3.8). Lastly, participants who 
reported that they were very likely to encounter ticks around their 
home, cabin, or vacation home were more likely to report tick checks 
most of the time, compared to participants with a lower or unknown 
likelihood for encountering ticks in these places (aOR=1.9, 95% CI 
1.4–2.7). 

Participants who perceived Lyme disease as very serious were more 
likely to report using bug repellent most of the time than those who 
perceived Lyme disease as not at all, slightly, or somewhat serious 
(aOR=1.8, 95% CI 1.1–3.1). Participants ≥50 years of age were less 
likely to report using bug repellent most of the time or always, compared 
to participants from 18 to 49 years of age (aOR 0.8; 95% CI 0.6–0.99). 

Participants who earned an annual household income >$100,000 
were more likely to report having ever treated their property (either 
home, cabin, or vacation home) with a pesticide to kill ticks, compared 
to participants with a household income ≤$100,000 (aOR=1.6, 95% CI 
1.1–2.5) (Table 6). Those who perceived tick-borne diseases as very 
common in their community were also more likely to report having ever 
treated their property compared to participants who perceived tick- 

Table 6 
Correlation between individual characteristics and property-based tick control methods. Reported property-based tick control methods and their associations 
with other demographic variables and key characteristics. State and significant covariates (p < 0.20) based on univariate analyses were adjusted for in all multivariable 
models.   

Treated property with pesticide (n = 2,013) Treated property with rodent devices (n = 1,992) 

% uOR (95% CI) aOR (95% CI) % uOR (95% CI) aOR (95% CI) 

Age       
≥50 46.3 0.82 (0.55–1.21)  46.9 0.52 (0.28–0.96)** 0.51 (0.27–0.95)** 
18–49 (ref) 53.7 53.1 
Education       
College/Grad School# (ref) 89.8 0.86 (0.47–1.56)  89.9 1.33 (0.50–3.56)  
Elementary/Middle/High School 10.2 10.1 
Income       
>$100,000 33.9 1.68 (1.11–2.53)** 1.62 (1.05–2.49)** 34.1 1.34 (0.65–2.75)  
≤$100,000 (ref) 66.1 65.9 
Sex       
Female (ref) 53.6 1.25 (0.84–1.86)  53.4 1.18 (0.61–2.28)  
Male 46.4 46.6 
Perceived prevalence of tick-borne diseases       
Very/Extremely common 24.9 2.09 

(1.39–3.16)*** 
1.85 
(1.18–2.89)*** 

24.4 2.08 (1.10–3.96)**  
Not at all/Slightly/Somewhat common (ref) 75.1 75.6 
Perceived seriousness of Lyme disease       
Very/Extremely serious 91.5 1.54 (0.67–3.54)  91.4 1.22 (0.31–4.79)  
Not at all/Slightly/Somewhat serious (ref) 8.5 8.6 
Perceived likelihood of contracting a tick-borne disease in the 

next year       
Very/Extremely likely 4.5 2.62 (1.14–6.03)**  4.4 4.01 

(1.56–10.30)*** 
3.15 (1.20–8.28)** 

Not at all/Slightly/Somewhat likely (ref) 95.5  95.6   
Perceived risk of encountering ticks around home, cabin, or 

vacation home       
Very/Extremely likely 38.9 1.83 

(1.22–2.73)*** 
1.55 (1.02–2.38)** 38.9 3.74 (1.90–7.36)*** 3.28 

(1.65–6.52)*** 
Not at all likely/Slightly/Somewhat likely (ref) 61.1   61.1   
Ever been diagnosed with a tick-borne disease (self or 

household)       
Yes 17.7 1.04 (0.65–1.64)  17.4 1.40 (0.67–2.93)  
No/Unknown (ref) 82.3 82.6 
State       
Michigan 4.7 1.52 (1.04–2.20)** 1.58 (1.07–2.32)** 4.7 0.97 (0.46–2.04)  
Minnesota (ref) 62.0   62.3  
Wisconsin 33.3 1.07 (0.72–1.61) 1.02 (0.67–1.55) 32.9 1.39 (0.72–2.70)  

# Responses for ’some college’ and trade schools were included as College/Grad school. 
* p < 0.2. 
** p value<0.05. 
*** p value<0.01. 
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borne diseases as not at all, slightly, or somewhat common (aOR=1.9, 
95% CI 1.2–2.9). Residents in Michigan were more likely to have treated 
their property with a pesticide to kill ticks than residents from Minne-
sota or Wisconsin (aOR=1.6, 95% CI 1.1–2.3). In addition, participants 
who reported that they were very likely to encounter ticks around their 
home, cabin, or vacation home were more likely to report ever having 
treated their property with a pesticide to kill ticks, compared to par-
ticipants with a lower or unknown likelihood for encountering ticks in 
these places (aOR=1.6, 95% CI 1.0–2.4). 

Participants who were ≥50 years of age were less likely to report 
having ever treated their property with devices that apply pesticide to 
rodents to kill ticks, compared to those 18 to 49 years of age (aOR= 0.5, 
95% CI 0.3–0.95) (Table 6). Participants who reported that they or 
someone in their household were very likely to get a tick-borne disease 
in the coming year were more likely to report having ever treated their 
property with such rodent devices, compared to those who responded 
not at all, slightly, or somewhat likely for getting a tick-borne disease 
(aOR=3.2, 95% CI 1.2–8.3). Lastly, participants who reported that they 
were very likely to encounter ticks around their home, cabin, or vacation 
home were more likely to report having ever treated their property with 
a pesticide to kill ticks, compared to participants with a lower or un-
known likelihood for encountering ticks in these places (aOR=3.3, 95% 
CI 1.7–6.5). 

4. Discussion 

The results from this KAB survey provide new insights regarding 
awareness and perceived risk of tick-borne diseases as well as practices 
for tick bite prevention and tick control in high-incidence counties 
within the Upper Midwest. We collected information in all three tar-
geted states and used weighting to improve the likelihood that sum-
marized findings were representative of the population sampled. Lyme 
disease awareness was high and most perceived it as a serious illness. 
Familiarity with other tick-borne diseases was somewhat lower, though 
perceived severity of those diseases among those who did recognize 
them was still relatively high. An estimated nearly three out of four 
persons perceived some risk of contracting a tick-borne disease in the 
coming year. Not surprisingly, our results show an overall high rate of 
adoption of tick bite prevention measures with an even higher willing-
ness to practice and support various behaviors. Perceived risk of tick 
exposure among participants was high, particularly around cabins or 
vacation homes, with over three quarters of the estimated population 
regularly practicing tick checks. Furthermore, tick checks were more 
likely to be practiced among those who perceived tick-borne diseases to 
be common in their area, to be serious, or when tick exposure was 
considered to be likely around their home, cabin, or vacation home. Less 
than half of the estimated population used bug repellent to prevent tick 
bites. Most participants did not report using any property-based 
methods of tick control. Among those who did, most indicated a pref-
erence for self-application with over-the-counter products versus com-
mercial application by pest control firms. Overall, willingness to practice 
prevention behaviors was high, with an estimated 80% of the population 
willing to perform tick checks and over 60% willing to treat pet(s) with a 
tick control product or to shower or bathe within two hours of being 
outdoors. Our results also show an overall willingness for residents in 
these Upper Midwest states to support county-wide tick control pro-
grams. Reported barriers to practicing prevention behaviors most 
commonly included lack of awareness, concerns about health and safety, 
and forgetfulness. Opportunities to minimize the gaps between actual 
use and willingness to do so include public health outreach targeting 
these barriers and research for more widely acceptable and practical tick 
bite prevention methods or products. 

Some unexpected results are worth highlighting. First, participants 
from Minnesota perceived tick-borne diseases to be less common within 
their community compared to participants from Michigan and Wiscon-
sin. One possible explanation for this finding is that participants from 

Minnesota were more likely to report living in urban and suburban 
areas, where risk may be lower than in rural areas. Second, participants 
from Michigan were significantly more likely to treat their property with 
a pesticide to kill ticks compared to participants from Minnesota and 
Wisconsin. One possible explanation is that the counties that were 
recruited for study in Michigan were much fewer in number and more 
rural compared to the recruited counties in Minnesota and Wisconsin. 
Agricultural use of pesticides is common in rural communities, so par-
ticipants from these areas may be more comfortable with and knowl-
edgeable about property-based pesticide treatments. Given that this was 
a self-assigned geographic designation, it is also possible that there may 
be different interpretations of urban, suburban, town and rural in 
different communities or states. 

Our survey tool and methods were largely developed based on a 
previous KAB study conducted during 2016 and 2017 in the highest 
Lyme disease incidence counties in Connecticut and Maryland (Nieso-
becki et al., 2019). That study revealed that perceived prevalence and 
severity of Lyme disease, and perceived likelihood of contracting a 
tick-borne disease, were significantly associated with performing tick 
checks, while only perceived prevalence of Lyme disease was signifi-
cantly associated with bug repellent use. In our study, perceived prev-
alence and severity of Lyme disease were also associated with propensity 
of doing tick checks. Compared to the Connecticut/Maryland survey, we 
found higher estimated percentages of the population checking for ticks 
thoroughly (70% versus 58%) or using bug repellent (43% versus 31%) 
after being outdoors in areas with ticks. Yet, of the Upper Midwest KAB 
population, only an estimated 13% ever treated their property with a 
pesticide to kill ticks. This percentage is lower than Con-
necticut/Maryland survey participants, where 23% reported using a 
chemical pesticide and 15% reported using a natural pesticide on their 
yards. Similarly, devices that apply pesticide to rodents to kill ticks were 
used by estimated 3% of the Upper Midwest population, which was 
much lower than 17% of Connecticut/Maryland survey participants who 
reported using such devices for tick control (Niesobecki et al., 2019). 
This echoes findings from Bron et al. (2020) who found that more par-
ticipants from the Northeast reported application of environmental 
pesticides than participants from the Midwest. Bron et al. (2020) also 
found that the use of personal protective behaviors was generally higher 
for Midwest participants than Northeast participants, with a slightly 
higher proportion of Midwest participants reporting checking them-
selves for ticks and bug repellent use than in this study (Bron et al., 
2020). While difficult to directly compare survey results due to differ-
ences in wording, survey weighting, or response options, several other 
studies have been performed within Lyme disease endemic states in the 
New England and Mid-Atlantic regions to assess use of tick-borne disease 
prevention practices. Overall, these studies have typically found rela-
tively low but highly variable adoption of personal prevention behaviors 
such as performing tick checks (22–80%), showering/bathing within 
two hours of being outside (12–59%), and applying bug repellent 
(11–47%) in surveyed populations (Bayles et al., 2013; Butler et al., 
2016; Gould et al., 2008; Gupta et al., 2018; Hook et al., 2015; Nawrocki 
and Hinckley, 2021; Phillips et al., 2001). In a nationwide survey of the 
public conducted in 2011, Hook et al. (2015) found that 38% of par-
ticipants in the East North Central and West North Central regions, 
encompassing Minnesota, Wisconsin, and Michigan, practiced tick 
checks and 27% used bug repellent to prevent tick bites when the 
weather was warm (Hook et al., 2015). A similar national survey 
repeated in 2013 and 2014 found that 29% of the public in states with a 
high incidence of Lyme disease performed tick checks daily and 25% 
routinely used bug repellent (Nawrocki and Hinckley, 2021). Therefore, 
our study generally showed a similar or higher rate of adoption of these 
particular tick bite prevention measures. 

Public health outreach with the goal of increasing tick bite preven-
tion may benefit greatly from the information gathered with this survey. 
First, as with other published studies, these results indicate potential for 
educational efforts to be associated with tick-borne disease prevention 
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behaviors. Given the cross-sectional study design, we cannot be sure if 
the educational efforts are positively influencing behaviors or if partic-
ipants with higher perceived risk are more likely to seek out the infor-
mation. A greater estimated percentage of the population who had 
previously seen tick-borne disease information from their respective 
health department used bug repellent and did tick checks than those 
who had not. Those who had seen information from their health 
department were also more willing to use permethrin-treated clothing 
and to shower or bathe after being outdoors to prevent tick bites. Our 
observations of participant willingness to use permethrin-treated 
clothing and shower after being outdoors were consistent with find-
ings from Bron et al. (2020) and are encouraging, given the low usage 
rates in previous literature from the Northeast (Niesobecki et al., 2019), 
and this may indicate the potential for wider uptake through outreach 
and education. Educational efforts may also be more effective when 
combined with messaging to increase knowledge of the perceived 
severity and prevalence of Lyme disease in high incidence communities. 
Second, while most participants indicated a preference for online or 
printable resources, only an estimated 39% of the population saw any 
information about ticks or the prevention of tick-borne diseases from 
their respective state department of health. Partnerships between public 
health agencies, universities, health care providers, and vector control 
associations may offer an opportunity to broadcast a unified and trust-
worthy message across a variety of platforms, thereby maximizing its 
uptake by the community. Third, results from our survey indicate a need 
for broader tick-borne disease education that covers illnesses in addition 
to Lyme disease. While an estimated 98% of the population had heard of 
Lyme disease and 74% had heard of Rocky Mountain spotted fever, only 
an estimated 20% had heard of anaplasmosis and 8% had heard of 
Powassan virus disease. In addition, an estimated 91% thought that 
Lyme disease was very serious while a much lower proportion thought 
that Rocky Mountain spotted fever or Powassan virus disease were very 
serious (74% each). Yet, the latter two diseases are some of the deadliest 
tick-borne diseases in North America. Raising awareness for less com-
mon but equally important tick-borne diseases may not only help reduce 
misconceptions but also help increase perceived risks associated with 
tick bites. And fourth, health communication efforts should be strategic 
by taking into account the barriers that participants reported in our 
survey. For instance, the most commonly reported reason for not 
checking for ticks thoroughly after being outdoors or using bug repellent 
was forgetting to do so while an estimated one third of the population 
was concerned about the safety of bug repellent. Regarding tick control 
methods for residential properties, concern about health or safety as 
well as a lack of awareness regarding their availability was expressed. 
Thus, education targeting the availability and safety of EPA-registered 
tick repellents, including both natural and synthetic products, as well 
as permethrin-treated clothing should be emphasized and reiterated to 
consumers (Banks et al., 2014; Diaz, 2016). Additional barriers to the 
use of property-based treatments mentioned in participants’ open-ended 
replies included the perceived impracticality of treating large properties, 
skepticism of their effectiveness, and a reported inability to directly 
make property-based decisions. While these factors are difficult to 
overcome with education and outreach alone, they are important to 
consider. Research is also needed for the development of safe, effective, 
and cost-effective tick control products, both for use on residential 
properties and for large-scale community use, that can become widely 
available across geographic regions, universally accepted by commu-
nities, and broadly recommended as best practices by public health of-
ficials (Eisen and Eisen, 2018). 

There are some limitations inherent to the study design and analysis 
that may affect interpretation and generalizability of results. First, there 
were some demographic differences between survey participants and 
census demographic data for the counties sampled (Table 1). Survey 
participants were generally older, with a larger proportion aged ≥55 
years, which may have impacted certain variables such as proportion of 
property owners or those previously diagnosed with a tick-borne 

disease. Females were slightly overrepresented, and minorities were 
vastly underrepresented in the survey, and the survey population also 
had higher levels of education as compared to census data for each state. 
Because the survey was only available in English, we did not capture 
participants in these regions who spoke other languages. This includes 
an estimated 5–7% of residents in these three states who speak Spanish 
or an Asian and Pacific Islander or Indo-European language (ACS, 2021). 
Although we used post-stratification by age and sex to provide correc-
tion for these differential sampling rates, there were a few joint age and 
sex strata that did not have survey participants. As with any survey with 
non-response and self-selected participation, even after statistical 
correction, responses may not be broadly generalizable to the pop-
ulations sampled. In addition, a large proportion of survey participants 
reported their type of residence as suburban (43%); however, this 
finding varied greatly by state of residence. Regression analyses 
included participant state of residence to account for this, yet overall 
results may be skewed to reflect KAB of suburban homeowners. Second, 
because the participants removed during post-stratification were likely 
to be missing other demographic data, it was not possible to determine if 
this group was different compared to participants included for analyses. 
However, the number of survey responses removed because of this was 
small and thus unlikely to significantly bias results. Third, while the 
sample size for each state was capped at 1000 responses, the overall low 
response rate (though typical for these types of studies) may have 
impacted the generalizability of results. Fourth, there were slight dif-
ferences in the wording for select questions and response options be-
tween this survey and the (Niesobecki et al., 2019) survey in 
Connecticut/Maryland, as well as other literature cited, that may ac-
count for some of the differences reported between our study and others. 
Fifth, as with all cross-sectional study designs, reverse causality may be 
an issue with respect to interpretation of results. For example, survey 
participants who previously treated their property with a pesticide 
might, in turn, perceive a lower likelihood for encountering ticks on 
their property, as opposed to perception of encountering ticks influ-
encing pesticide-use behaviors. Lastly, number of household members 
was not asked about in the survey, so we were unable to include an 
individual selection probability in the creation of the survey weights and 
only household selection probability was used. 

Overall, results from this KAB survey provide critical information 
regarding risk perceptions, current use of personal and property-based 
tick-borne disease prevention methods, willingness to participate in 
prevention behaviors, and barriers to implementation in high-incidence 
areas of the Upper Midwest. Future analyses are needed to examine 
these data further and in relation to other socioeconomic or ecologic 
factors as well as population density and Lyme disease incidence. Taken 
together, these results can be used to optimize public health resources 
and outreach as well as inform future prevention research in this hard- 
hit region. 
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