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Abstract

Aims and Methods: In the United States, blacklegged /xodes spp. ticks are the primary vector
of Lyme disease. Minnesota is among the states with the highest reported incidence of Lyme
disease, having an average of 1857 cases reported annually during 2011-2019. In contrast to the
Northeast and mid-Atlantic United States where exposure to ticks predominately occurs around
the home, the circumstances regarding risk for exposure to blacklegged ticks in Minnesota are not
well understood, and risk is thought to be highest in rural areas where people often participate

in recreational activities (e.g. hiking, visiting cabins). We analysed enhanced surveillance data
collected by the Minnesota Department of Health during 2011-2019 to describe epidemiologic
and tick exposure characteristics among people with reported Lyme disease.

Results: We found that younger age, male gender, residence in a county with lower Lyme disease
risk, residence in the Minneapolis-St. Paul metropolitan area, and an illness onset date later in the
year were independently associated with higher odds of reporting tick exposures away from the
home. We also describe the range of activities associated with tick exposure away from the home,
including both recreational and occupational activities.

Conclusions: These findings refine our understanding of Lyme disease risk in Minnesota and
highlight the need for heterogeneous public health prevention messaging, including an increased
focus on peridomestic prevention measures among older individuals living in high-risk rural areas
and recreational and occupational prevention measures among younger individuals living in the
Minneapolis-St. Paul metropolitan area.
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1| INTRODUCTION

Blacklegged /xodes spp. ticks are important disease vectors in the United States (Eisen &
Eisen, 2018). The most common disease transmitted by these ticks is Lyme disease, caused
by Borrelia burgdorferi sensu stricto and Borrelia mayonii. Lyme disease occurs focally,
with most human disease reported from states in the Northeast, mid-Atlantic, and upper-
Midwest, including Minnesota — where an average of 1857 confirmed and probable cases
were reported annually during 2011-2019 (Mead, 2022; Schwartz et al., 2017). A majority
of Minnesota counties have established blacklegged tick populations with the exception of
the southwestern-most counties, which are dominated by agricultural rather than forested
lands (Centers for Disease Control and Prevention, n.d.; Johnson et al., 2018; Robinson

et al., 2015). Cases of Lyme disease are reported by county of residence (not exposure);
nearly half of all cases in Minnesota are reported among residents of the seven-county
Minneapolis-St. Paul metropolitan area alone (Minnesota Department of Health, 2023).

Several factors are known to be associated with risk for Lyme disease. It occurs more
frequently among males and has a bimodal age distribution, with incidence peaking in both
children and older adults (Kugeler et al., 2022). Geographic risk is dependent on both the
distribution of infected ticks in a particular area, which is influenced by various ecological
and environmental factors, and on how humans interact with their environment (Johnson et
al., 2018; Orloski et al., 1998; Rand et al., 2003; Robinson et al., 2015). In the Northeast
and mid-Atlantic United States, exposure to blacklegged ticks predominates in suburban
areas in the peridomestic setting, largely due to the proximity of human development in

or near wooded areas that provide ideal habitat for blacklegged ticks (Falco & Fish, 1988;
Maupin et al., 1991; Mead et al., 2018; Moon et al., 2019; Smith et al., 2001). Evidence
related to exposure risk in Minnesota is more limited; although infected blacklegged ticks
are common in rural forested settings in the northern part of the state, more than half of the
population resides further south in the Minneapolis-St. Paul metropolitan area, suggesting
that recreational or other activities away from the home in these more northern areas may
play a significant role in exposure risk (Mead, 2022; Neitzel & Kemperman, 2012).

During 2011-2019, the Minnesota Department of Health (MDH) conducted enhanced
surveillance to obtain more detailed data on patients with Lyme disease and their tick
exposure histories. Here, we summarize the epidemiologic and exposure patterns among
reported Lyme disease cases in Minnesota.

2| METHODS

2.1| Data collection

Reports from clinicians and laboratories of possible Lyme disease cases were transmitted to
MDH during 2011-2019 in accordance with local disease reporting regulations. During this
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time, staff at MDH routinely followed-up on these to determine if the illness met criteria to
be classified as a confirmed or probable case of Lyme disease (Centers for Disease Control
and Prevention, n.d.). For enhanced surveillance activities, MDH staff also conducted
patient interviews via telephone using a standardized interview form. Interviews for a
particular calendar year generally began in October and continued through March of the
following year. Contact was attempted up to seven times over the course of several weeks
before deeming persons to be non-responders. Interviewees were asked about activities that
occurred 3—-30 days before onset of illness that may have been related to their exposure to
infected ticks, and were classified as having home exposure, nonhome exposure, or both,
based on their responses. Interviewees classified as having home exposure reported spending
time in wooded or brushy areas around the home, recalling tick bites that occurred at home,
and/or observing ticks on their property or inside their home. Interviewees classified as
having nonhome exposure reported spending time in wooded or brushy areas away from
home, including while visiting a private recreational property or cabin, performing common
outdoor recreational activities like hiking or backpacking, or as part of their occupation.
Interviewees reporting nonhome exposures were asked to further describe and provide the
geographic location of those nonhome activities, which the interviewer recorded as free text.
Questions included in the standardized questionnaire related to home and nonhome exposure
histories can be found in Appendix S1.

An interviewed patient could have been included in the dataset for more than one occurrence
of disease in a single year, and the exposure information for each occurrence of disease may
not have been unique. For the purposes of this analysis, we retained only the first interview
record for each person per year and considered subsequent interview entries in the same year
to be duplicate records (Figure 1).

Data analysis

We evaluated characteristics of patients with reported Lyme disease in Minnesota

during 2011-2019. Among the subset of these patients who were interviewed, we

describe demographic characteristics, as well as geographic and seasonal distributions of
reported home and nonhome opportunities for exposure to tick habitat. The demographic
characteristics of primary interest were age and gender. County of residence was categorized
in two ways. First, we considered median Lyme disease incidence per county during 2011—
2019 as an indicator of risk in each county; we divided all counties into four categories
(highest, high, medium, and low) based approximately on quartiles of median incidence.
Second, we categorized the urbanicity of each county based on presence or absence in the
Minneapolis-St. Paul metropolitan area, where more than half of the state population resides,
referred to here-after as ‘metro’ and ‘honmetro’ respectively (Census.gov, n.d.). County
classifications are found in Appendix S2.

Logistic regression was used to model the odds of reporting nonhome exposure among the
subset of cases with a single exposure setting (e.g. home or nonhome). Variables included

in the full multivariable model were purposefully selected based on univariate significance
of the odds of reporting a nonhome exposure, epidemiologic relevance, and assessments of
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collinearity and model fit. Variables in the full model were gender, age, race and ethnicity,
county risk category (treated as ordinal), county urbanicity, onset month, and year.

We also describe the breadth of activities in which people engaged away from home

in the 3-30 days before their illness onset. Nonhome exposure activities recorded as

free text were annotated with category labels. Because responses often listed multiple
potential tick exposures, we pre-processed text by splitting on commas and analysing
clauses as independent observations. After removing replicates, we used topic modelling

to cluster observations by their semantic similarity using the uncased Simple Contrastive
Learning of Sentence Embeddings (SimCSE) model, a sentence embedding model based on
Bidirectional Encoder Representations from Transformers (BERT) that has been trained on
sentences from English Wikipedia (Devlin et al., 2018; Gao et al., 2021). Using SimCSE,
each text observation was converted to a numerical vector, where texts with similar meaning
are closer together in the vector space. Cosine distance was calculated between embedding
vectors to evaluate semantic similarity, and observations were clustered using the Farthest
Point Algorithm. Clustered observations were manually reviewed and labelled, and each
observation could have multiple labels.

A Wilcoxon rank-sum test was used to compare age distributions between interviewed

and not interviewed patients. 2 tests and Cramer’s V/values were used to compare

gender, race and ethnicity, and county of residence characteristics. A p-value <0.05 was
considered statistically significant. We performed statistical analyses using SAS version 9.4
(SAS Institute, Cary, NC); nonhome exposure topic modelling was conducted using Python
version 3.7.8 (Python Software Foundation, Delaware, USA) with the transformers package.
This activity was reviewed by the Centers for Disease Control and Prevention (CDC),
deemed not research, and was conducted consistent with applicable federal law and CDC

policy.

RESULTS

During 2011-2019, 16,713 confirmed and probable cases of Lyme disease were reported

in Minnesota. After removing records for individuals with duplicative information (n=

34), 16,679 cases were included in analysis (Figure 1). Supplemental information collected
through patient interview was available for 6672 cases (40.0%); 6261 of these (93.8%) had
information on location and activities related to possible infected blacklegged tick exposure
(Figure 1).

Representativeness of patient interview data

Characteristics of interviewed patients were generally similar to characteristics of reported
cases overall. Median age of all patients was 46 years (range = 0-100, Table 1). Interviewed
patients were slightly older than those not interviewed (median 48 years vs. median 44
years, respectively; p=0.0008). Most patients were male (61.6%), with a slightly higher
proportion of females in the interviewed group compared to those not interviewed (39.9%
vs. 37.0%, p=0.0002; Cramer’s V/=0.0342); however, the low Cramer’s V/value suggests
that these proportions are likely comparable between the groups. White non-Hispanic people
comprised a higher proportion of the interviewed group (93.8% vs. 59.9%, p < 0.0001;
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Cramer’s VV=0.411); however, this is likely attributable to the substantial proportion of
unknown race and ethnicity for persons who were not interviewed, as interviews are often
how that information is obtained. Nonmetro residents made up a slightly smaller proportion
of those interviewed compared to the not interviewed group (54.3% vs. 60.4%, p < 0.0001;
Cramer’s V= 0.061); however, the low Cramer’s V/suggests the groups to be comparable. A
higher proportion of interviewed patients resided in counties in the high (37.8% interviewed
vs. 33.3% not interviewed), medium (37.2% interviewed vs. 33.7% not interviewed), and
low (2.7% interviewed vs. 2.3% not interviewed) risk categories (p = <0.0001; Cramer’s V/
= 0.09) compared to those not interviewed; however, these differences are unlikely to be
meaningful based on the low Cramer’s V/value.

Descriptive analysis

Among 6261 persons with available exposure history, 2650 (42.3%) reported both home and
nonhome exposure in the 3—30 days before their illness onset, 1572 (25.1%) reported only
home exposure, and 2039 (32.6%) reported only nonhome exposure (Table 2).

3.2.1| Age and sex—People reporting only home exposure were older: 32.9% were
=65 years old, whereas 12.9% of those reporting only nonhome exposure and 15.9% of
those reporting both home and nonhome exposure were =65 years old (Table 2). Those
reporting only nonhome exposure showed a more uniform age distribution than is typical for
Lyme disease, while cases associated with only home exposure exhibited a classic bimodal
age distribution with peaks in the very young and in older adults (Figure 2). Overall, a
greater proportion of people reporting any nonhome exposure (including those with both
home and nonhome exposure) were male (64.9% only nonhome and 63.4% both) compared
to those reporting only home exposure (47.9%, Table 2).

3.2.2| County of residence—A majority (57.9%) of Lyme disease cases occurred
among residents of counties outside the Minneapolis-St. Paul metropolitan area. Very few
cases (2.5%) occurred among residents of counties in the lowest risk category, whereas
frequency of reported cases was distributed more equally across counties in the other three
risk categories (Table 1). Patients living in counties with relatively lower risk reported

the highest frequency of nonhome exposure, whereas home exposure was more frequently
reported in persons living in counties with higher risk (Table 2, Figure 3). Most patients
reporting any home exposure lived in nonmetro area counties (72.4% only home and 59.7%
both), while most patients reporting only nonhome exposure lived in metro area counties
(66.7%, Table 2).

3.2.3| Month of onset—IlIness onset occurred in all months of the year. The peak
month of illness onset for each exposure type was July; though, a larger proportion of those
reporting only home exposure had an illness onset date in June (33.7%) compared to those
reporting any nonhome exposure (25.6% only nonhome and 24.2% both, Figure 4).

3.2.4| Reported nonhome exposure activities—In total, results from the analysis
of free text interview fields containing descriptions of nonhome exposure activities
show 4689 patients reported 6698 nonhome exposure activities in one or more of 19
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exposure categories (Table 3). The most commonly reported activity was visiting a cabin

or other property (42.3%) followed by recreational activities (25.0%) including hiking,
biking, backpacking, walking and running. Camping, water-related activities (e.g. fishing
at a lake or river) and occupational activities were also commonly reported (Table 3).
Diverse occupational activities included forestry, logging, farming, and groundskeeping and
landscaping, among many others.

Among 3402 geographic locations associated with reported nonhome exposure activities,
2694 (79.2%) occurred in nonmetro counties, primarily those in the northern half of the state
(Figure 5). The counties in the Minneapolis-St. Paul metropolitan area where the greatest
number of nonhome exposure activities were reported were Hennepin and Washington
counties (Figure 5).

Multivariable analysis

Although more than 40% of all persons reported engaging in both home and nonhome
activities that put them at risk for Lyme disease in the month prior to their illness, we
focused on the nearly 60% of patients who reported a single exposure type to explore
differences in patient characteristics. After controlling for potential confounding effects
among these variables and odds of nonhome exposure, the odds of reporting only nonhome
exposure were higher in younger people (0-18 years old, adjusted odds ratio (aOR) = 1.53,
95% CI [1.21, 1.92]; 19-44 years old, aOR = 2.96, 95% CI [2.31, 3.79]) and lower in older
people (65+ years, aOR = 0.45, 95% CI [0.36-0.57]) compared to those 45-64 years old
(Table 4). Additionally, males were shown to have higher odds of only honhome exposure
compared to females (aOR = 1.54, 95% CI [1.29, 1.83]; Table 4). The odds of only nonhome
exposure were substantially lower in counties with higher relative Lyme disease risk (aOR =
0.27, 95% CI [0.24, 0.31]), and higher in those living in metro area counties (aOR = 2.25,
95% CI [1.86, 2.72]; Table 4). Patients with illness onset in July—October had higher odds of
reporting only nonhome exposure compared to those with illness onset in June (Table 4).

DISCUSSION

In Minnesota during 2011-2019, 40% of more than 16,500 patients with a reported case

of Lyme disease were interviewed by health department staff to ascertain factors likely
related to tick exposure. We examined these enhanced surveillance data to identify patterns
in epidemiologic characteristics of patients and their associated self-reported exposure
locations and activities. Younger age, male gender, residence in a county with lower Lyme
disease risk, residence in the Minneapolis-St. Paul metropolitan area, and illness onset later
in the year were all independently associated with higher odds of reporting only nonhome
exposure to blacklegged ticks. These geographic, demographic and seasonal differences in
exposure types broaden the understanding of Lyme disease risk in Minnesota and may be
useful when refining public health education and other prevention strategies to target at-risk
groups.

Geographic patterns in exposure types highlight that risk for exposure to infected
blacklegged ticks in Minnesota is not one-dimensional, with both peridomestic and travel-
associated risks. First, the counties where home exposure was more frequently reported are
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primarily in the northern half of Minnesota, where the density of ideal forested habitat for
blacklegged ticks is greatest (Figures 3b and 5) (Johnson et al., 2018; Robinson et al., 2015).
This relative geographic concentration of home exposure suggests that risk for exposure

for residents in this part of the state may be similar to the northeastern and mid-Atlantic
United States, where risk is highest in peridomestic, forested, nonurban settings. Conversely,
nonhome activities were most commonly reported by residents of the Minneapolis-St. Paul
metropolitan area (Table 2, Figure 3c), most of whom reported being exposed in the same
high-risk northern counties, highlighting the risk for travel-associated exposure (Figure 5).
Open text descriptions of nonhome activities demonstrate the breadth of activities that can
put people at risk for exposure to blacklegged ticks, from simply visiting family or friends
to actively engaging in recreational activities to occupation (Table 3). In general, these
geographic trends reflect what occurs on the national scale in the United States: in lower-risk
regions, cases of Lyme disease are more likely to be travel-associated, while locally acquired
infection predominates among those who live in higher-risk settings (Forrester et al., 2015;
Mead, 2022). It should be noted that many interviewed patients reported both home and
nonhome opportunities for exposure to infected blacklegged ticks (Table 2, Appendix S3),
so geographic location is not a strict determinant of exposure risk. However, 58% of
interviewees reported a single exposure type (i.e. either home or nonhome), allowing us

to identify clear patterns useful for informing targeted prevention messaging across the state.

Demographic differences between those reporting only home or nonhome opportunities for
exposure may be attributable to different behaviours across groups. For example, younger
adults may be more likely to participate in recreational activities associated with nonhome
exposure (e.g. hiking), while older adults may more frequently engage in peridomestic
activities such as gardening or landscaping. A study in Canada highlighted that risk factors
such as working outside, doing outdoor activities, or travelling to a high-risk region were
not distributed evenly across age groups; specifically, older adults were more likely to report
working outside, while younger adults were more likely to visit a high-risk region, patterns
that are similar to what we found in Minnesota (Aenishaenslin et al., 2017). Younger adults
may also be more likely to have a physically demanding outdoor occupation that would

put them at risk for exposure such as construction, logging, or forestry, each of which

were reported by patients with nonhome exposure activities. Occupation may also partially
explain the male predominance among those reporting nonhome exposure activities. Finally,
the later peak of illness onset in patients reporting nonhome exposure suggests that travel-
associated, recreational exposure risk may be higher later in the year. This later peak may
be associated with weather patterns (e.g. colder temperatures, later snow melt) that affect
accessibility or desire to visit recreational areas in northern Minnesota earlier in the season
or could reflect that persons working around their home may do so earlier than recreational
activities begin to occur with substantial frequency.

The results of this study are subject to several limitations. First, all interview information
was self-reported by patients and interviews were not typically conducted during the peak
of tick season. Therefore, patients may have been interviewed months after their initial
exposure and illness onset, subjecting the results to recall bias. Furthermore, people often

do not recall a bite by a blacklegged tick, limiting our ability to generalize about specific
activities that place persons at higher risk for Lyme disease (Nadelman et al., 1996; Nigrovic
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etal., 2019). Nevertheless, we have no reason to suspect that recall of different exposure
types (home vs. nonhome) may differ according to geography, patient age or gender, and
thus believe that a non-differential misclassification may influence findings towards the null.
Second, socioeconomic variables (e.g. employment status, education, income) that could
drive how individuals interact with the environment around them were not assessed, but
controlling for county of residence in multivariable models might minimize this effect on

an ecological level. Third, county-level Lyme disease risk was measured on a relative scale
using median incidence derived from traditional passive surveillance data. This measure is a
proxy for true risk of acquiring the disease through exposure in that county. Given that cases
reported through surveillance are based on county of residence and not county of exposure,
these categories may not accurately reflect relative risk of acquiring Lyme disease in one
county versus another. We treated this proxy as an ordinal rather than absolute measure

to minimize overinterpretation. Fourth, interview data were available for less than half of

all Lyme disease cases reported in Minnesota during 2011-2019. This and underreporting,
which has been documented in high-incidence states including Minnesota (Schiffman et

al., 2018; White et al., 2018), may limit the generalizability of these results to the entire
state population. However, the comparable characteristics between the interviewed and not
interviewed cases suggest the findings are not demonstrably impacted by any selection bias.

While substantial research has been devoted to understanding risk factors for Lyme disease
in the Northeast and mid-Atlantic United States, far less is known about risk factors in the
upper-Midwest. This summary highlights the nuance in who, where and when people in
Minnesota are most at risk for exposure to infected blacklegged ticks and demonstrates
potential need for targeted public health prevention messaging in different regions of

the state. An increased emphasis on peridomestic prevention in high-risk areas may be
especially warranted, as previous studies assessing attitudes and behaviours related to
tickborne disease show that the use of peridomestic interventions is uncommon among
residents of Minnesota and other midwestern states (Beck et al., 2022; Bron et al., 2020).

In contrast, targeting persons in the Minneapolis-St. Paul metropolitan area to highlight the
importance of tick prevention during recreational and occupational activities in high-risk
areas may reach the audience most likely to have nonhome exposure to infected blacklegged
ticks. In conclusion, these observed geographic, demographic, and seasonal differences
between patients reporting home and nonhome opportunities for infected blacklegged tick
exposure will help local public health authorities better target individuals most at risk for
Lyme disease and other blacklegged tick-transmitted diseases in Minnesota and may inform
future research in other states in the Upper Midwest.
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Impacts

. Interview data from persons with reported Lyme disease in Minnesota
improves understanding about geographic, seasonal, and demographic
patterns of risk.

. Peridomestic risk predominates in non-metropolitan counties in Minnesota,
similar to what has been observed in the Northeast and mid-Atlantic United
States; in contrast, recreational or other non-peridomestic activities contribute
to risk for a substantial portion of people living in the Minneapolis-St. Paul
metropolitan area.

. Lyme disease prevention messaging in Minnesota tailored according to
geography, seasonality, and age is warranted.
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FIGURE 1.

interviewees

6,672

6,261 with
exposure
information

Subset of total reported Lyme disease cases with interview data available for analysis —

Minnesota, 2011-2019.
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FIGURE 2.
Age of patients with Lyme disease according to self-reported home or nonhome exposure to

blacklegged ticks — Minnesota, 2011-2019.
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FIGURE 3.
Minnesota counties categorized according to: (a) Lyme disease risk level based on median

Lyme disease incidence during 2011-2019; (b) Percentage of exposures by county of
residence that were reported as only home exposures; (c) Percentage of exposures by county
of residence that were reported as only honhome exposures.
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FIGURE 4.
Number of home and nonhome exposures to blacklegged ticks by month of illness onset

among cases of Lyme disease — Minnesota, 2011-2019.
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FIGURE 5.
Frequency of activities associated with nonhome exposure to blacklegged ticks that occurred

in each county — Minnesota, 2011-2019.
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Frequency of exposure type by gender, age and county of residence among persons with reported Lyme
disease and available exposure information — Minnesota, 2011-2019.

Reported Exposure Type

Home (n =1,572)

Nonhome (n = 2,039)

Both (n = 2,650)

n % n % n %

Gender

Male 753 47.9 1,323 64.9 1,680 63.4

Female 816 51.9 708 34.7 962 36.3

Unknown 3 0.2 8 0.4 8 0.3
Age (years)

0-18 326 20.7 493 242 711 26.8

19-44 185 11.8 645 31.6 520 19.6

45-64 544 34.6 638 31.3 999 37.7

65+ 517 32.9 263 129 420 159
County of Residence Risk Level

Highest Incidence 594 37.8 124 6.1 676 255

High Incidence 711 45.2 572 28.1 1,097 414

Medium Incidence 254 16.2 1,257 61.6 809 30.5

Low Incidence 13 0.8 86 4.2 68 2.6
County of Residence Urbanicity*

Metro 434 27.6 1,360 66.7 1,067 40.3

Nonmetro 1,138 724 679 33.3 1,583 59.7

aRisk categories for county of residence were determined using median Lyme disease incidence in the county during 2011-2019 as a proxy for

Lyme disease risk. Appendix S2 provides a detailed breakdown of county of residence categories.

Urbanicity category was based on a county’s presence or absence in the Minneapolis-St. Paul metropolitan area. ‘“Metro’ includes seven counties
in the greater Minneapolis-St. Paul metropolitan area, and ‘nonmetro’ includes all other counties in Minnesota. Appendix S2 provides a detailed
breakdown of county of residence categories.
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