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Abstract

Personal protection measures to prevent human tick encounters from resulting in bites are

widely recommended as the first line of defense against health impacts associated with ticks.
This includes using repellents, wearing untreated or permethrin-treated protective clothing, and
conducting tick checks after coming inside, aided by removing outdoor clothing articles and
running them in a dryer on high heat (to kill undetected ticks) and taking a shower/bath (to aid

in detecting ticks on the skin). These measures have the benefit of incurring no or low cost,

but they need to be used consistently to be most effective. In this paper, | review the level of

use (acceptability combined with behavior) of the above-mentioned personal protection measures
and their effectiveness to prevent tick bites and tick-borne disease. Studies on the level of use

of personal protection measures to prevent tick bites have used different recruitment strategies,
focused on different types of respondent populations, employed variable phrasings of survey
questions relating to a given personal protection measure, and presented results based on variable
frequencies of taking action. This complicates the synthesis of the findings, but the studies
collectively indicate that members of the public commonly take action to prevent tick bites, most
frequently by wearing untreated protective clothing or conducting tick checks (done routinely

by 30 to 70% of respondents in most studies of the public), followed by showering/bathing

after being outdoors or using repellents on skin/clothing (15 to 40% range), and with permethrin-
treated clothing being the least frequently used tick bite prevention method (<5 to 20% range).

A suite of experimental studies have shown that applying repellents or permethrin to coveralls

or uniform-style clothing can result in decreased numbers of tick bites, but similar studies are
lacking for members of the public wearing summer-weight clothing during normal daily activities.
Moreover, a set of case-control and cross-sectional studies have explored associations between
use of different personal protection measures to prevent tick bites and Lyme disease or other tick-
borne infections. The results are mixed for each personal protection measure, with some studies
indicating that regular use of the measure is associated with a reduction in tick-borne disease
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while other studies found no similar protective effect. One possible interpretation is that these
personal protection measures can protect against tick-borne infection but the information gathered
to date has not been sufficiently detailed to clarify the circumstances under which protection is
achieved, especially with regards to frequency of use, parts of the body being protected, and use
of combinations of two or more potentially protective measures. In conclusion, personal protection
measures to prevent tick bites are used by the public and merit further study to better understand
how they need to be used to have the greatest public health impact.
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1. Background

Hard ticks and their associated human health impacts are negatively influencing the quality
of life in the United States. Humans are bitten by a suite of North American generalist

tick species for which at least one life stage quests for hosts openly in the environment:
these include Amblyomma americanum (lone star tick), Amblyomma maculatum (Gulf
Coast tick), Dermacentor andersoni (Rocky Mountain wood tick), Dermacentor occidentalis
(Pacific Coast tick), Dermacentor variabilis (American dog tick), Haemaphysalis longicornis
(Asian longhorned tick), /xodes pacificus (western blacklegged tick), and /xodes scapularis
(blacklegged tick) (Merten and Durden, 2000; Guglielmone and Robbins, 2018). Additional
human bites are associated with a specialist tick species, RhAijpicephalus sanguineus sensu
lato (brown dog tick), primarily infesting dogs and thus readily coming into contact

with humans (Guglielmone and Robbins, 2018). Human bites can also be associated

with cryptic /xodes species with more limited potential for contacting humans due to

their host preference and questing behavior (Merten and Durden, 2000; Guglielmone and
Robbins, 2018). Negative effects on humans resulting from tick bites include infection

with viral, bacterial, and parasitic disease agents (Eisen et al., 2017b; Rosenberg et al.,
2018). Human pathogens transmitted by the above-mentioned tick species include, among
others: Anaplasma phagocytophilum causing anaplasmosis (/. pacificus and /. scapularis),
Babesia microti causing babesiosis (/. scapularis); Borrelia burgdorferi sensu stricto causing
Lyme disease (LD) (/. pacificus and I. scapularis); Ehrlichia chaffeensis and Ehrlichia
ewingii causing ehrlichiosis (A. americanum); Rickettsia parkeri causing spotted fever group
rickettsiosis (A. maculatum); and Rickettsia rickettsif causing Rocky Mountain spotted fever
(D. andersoni, D. variabilis, and R. sanguineuss.l.) (Eisen and Paddock, 2021). Additional
health impacts associated with tick bites include tick paralysis and Alpha-gal syndrome/red
meat allergy (Edlow and McGillicuddy, 2008; Mitchell et al., 2020a; Young et al., 2021).

The difficulty in countering the increasing problem with hard ticks and their associated
human health impacts in the United States has been addressed in numerous reviews and
perspectives over the years (see Eisen 2021 for a comprehensive list of these publications).
Recent overviews focusing on how to counter the ongoing increase in human tick bites
and tick-borne disease (TBD) cases have addressed vaccine-based solutions (vaccines to
protect against tick-borne pathogens in humans, domestic animals, or natural reservoirs;

Ticks Tick Borne Dis. Author manuscript; available in PMC 2024 February 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eisen

Page 3

and anti-tick vaccines intended for use in humans, domestic animals, or wildlife) and
environmentally-based tick management approaches targeting ticks off-host or on-host
(Eisen and Dolan, 2016; de la Fuente et al., 2017; Stafford et al., 2017; Eisen and Eisen,
2018; White and Gaff, 2018; Rego et al., 2019; Gomes-Solecki et al., 2020; Eisen, 2021;
Eisen and Stafford, 2021). Other recent papers have addressed spatial and temporal risk
patterns for exposure to human biting ticks and their associated pathogens at different spatial
scales in the United States, based on collection of host-seeking ticks or recovery of ticks
from human hosts, to facilitate avoidance of high risk areas during the times of year when
host-seeking ticks are most active (Eisen et al., 2017b; Nieto et al., 2018; Jordan and Egizi,
2019; Little et al., 2019; Porter et al., 2019; Salkeld et al., 2019; Xu et al., 2019; Fleshman et
al., 2021; Lehane et al., 2021). However, one topic has received insufficient attention despite
its importance as a first line of defense against health impacts associated with ticks: personal
protection measures to prevent human tick encounters from resulting in bites or to shorten
the duration a biting tick is allowed to stay attached. Despite a weak evidence base for the
effectiveness of commonly recommended personal protection measures to prevent tick bites
and tick-borne infections (as noted by Mead 2011, Eisen and Gray 2016, Eisen and Mead
2020, Lantos et al. 2021), this topic has been addressed only in a cursory fashion in recent
papers broadly discussing prevention of TBDs. Since the review on education, behavior
change, and other non-pharmaceutical measures to prevent LD and other TBDs presented
by Mead in 2011, numerous new research studies on these topics have been published.
Previous reviews also have been lacking in considering personal protection measures from
the perspective of dealing with a suite of human biting tick species with variable behaviors
both while questing for hosts and when attempting to locate a suitable bite site on a host.

The present paper therefore aims to summarize the state of the science and explore
knowledge gaps, challenges, and opportunities relating to personal protection measures
focused on preventing human tick encounters from resulting in bites. Section 2 provides an
overview of personal protection measures to prevent human tick bites; Section 3 addresses
the level of use (acceptability combined with behavior) for different personal protection
measures; Section 4 focuses on the evidence base for the effectiveness of these personal
protection measures to prevent human tick bites and TBD; and Section 5 summarizes
knowledge gaps and challenges and opportunities for moving forward. Published literature
was queried by searching the Scopus database using combinations of the key words
“personal protection”, “clothing”, “repellent”, “permethrin”, or “tick check” together with
“tick”, “tick bite”, “tickborne disease” or “Lyme disease”. The snowball technique, which
identifies additional publications based on referenced materials, was then employed to
identify additional publications of interest. For discussion of personal protection measures
either preceding the human tick encounter (e.g., avoidance of high-risk habitats for tick
exposure) or occurring after a tick is detected and removed (e.g., antibiotic prophylaxis), |
refer to previous overviews of these topics (Eisen and Eisen, 2016; Eisen and Mead, 2020;
Lantos et al., 2021).
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2. Overview of personal protection measures to prevent human tick
encounters from resulting in bites or reducing tick attachment time

The personal protection measures outlined below and summarized in Table 1 focus on the
chain of events from when human tick contact first occurs to when an attached tick is
detected and removed, or when an undetected tick detaches naturally when the blood meal
is complete. These measures can be broadly classified as actions that: (i) prevent a human
tick encounter from resulting in a bite (see Sections 2.1 and 2.2); (ii) shorten the duration of
time before an attached tick is detected and removed (Section 2.3); and (iii) disrupt feeding
by ticks that go undetected (Section 2.4).

2.1. Preventing a human tick encounter from resulting in a bite

Several types of actions can prevent a tick having made contact with a human from reaching
a suitable location on the skin to bite (Table 1). The most basic action is to conduct regular
tick checks on clothing and exposed skin while outside in tick habitat and to remove
crawling ticks before they have a chance to bite. Two additional commonly recommended
no-cost protection measures may aid in detecting crawling ticks on clothing when outside:
(i) wearing light-colored clothing to provide contrast with dark-colored ticks and making
them easier to spot during a quick, cursory scan in the field; and (ii) wearing long pants
tucked into socks and a long-sleeved shirt tucked into the pants, to maximize the distance
ticks are forced to walk on clothing before reaching skin and thus increase the chance they
are detected while still on the clothing. It should be noted here that one study from Europe
(Stjernberg and Berglund, 2005) found a similar likelihood of detecting experimentally
introduced /xodes ricinus (castor bean tick) on light-colored and dark-colored clothing.
However, this finding was based on two persons thoroughly examining a subject which they
knew to have ticks present on the clothing. This scenario is not representative of how a
quick, cursory tick check of clothing is likely to be conducted by a member of the public
while outdoors, for example doing a quick scan of clothing while walking without certain
knowledge that ticks are present on the clothing. The study by Stjernberg and Berglund
(2005) also recorded larger numbers of ticks from subjects walking through vegetation
wearing light-colored compared to dark-colored clothing, and the authors speculated that the
ticks may have been more attracted to light-colored clothing. A biological rationale for such
a phenomenon is elusive as /. ricinus ticks would not perceive clothing color as light or dark
until after they made contract with the textile, and then would need to preferentially dislodge
from dark clothing, presumably due to dark-colored clothing lacking some characteristic
found in a natural host animal.

Additional protection from ticks while outdoors can be achieved by applying a United
States Environmental Protection Agency (EPA)-approved tick repellent product to skin and
clothing, treating clothing with an EPA-approved permethrin-based product acting as a
contact irritant for ticks, or purchasing pre-treated permethrin-impregnated clothing. EPA
provides an online search tool for approved tick repellent products to use on skin and
clothing, with search filters for active ingredient (2-undecanone, citronella, DEET, IR3535,
oil of lemon eucalyptus, picaridin, and p-menthane-3,8-diol) and protection time (<4, 5-8,
9-12, or 13-16 h) to help the user select an acceptable and appropriate product (EPA, 2021).
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There is also an increasing number of marketed tick repellent products that are based on
other active ingredients, including various botanical oils, and not registered by the EPA; the
efficacy of these products to repel ticks is unclear and merits further investigation. Use of
tick repellents can be considered a low-cost personal protection method. In contrast to the
suite of repellent active ingredients outlined above, which can be formulated into products
applied to skin as well as clothing, the synthetic pyrethroid, permethrin is used to impregnate
shoes and clothing articles for protection against ticks but should never be applied directly
to skin. Impregnation with permethrin can be achieved at low cost with do-it-yourself spray
products. A more convenient but also substantially more costly alternative is to purchase
pre-treated permethrin-impregnated clothing articles, which are available in the form of
socks, long pants, shorts, short-sleeved shirts, long-sleeved shirts, and outerwear.

After returning inside, additional actions can be taken to further reduce the risk of a human
tick encounter resulting in a bite. Removing the clothing worn outdoors and running it (dry)
in a dryer on high heat has the three-fold benefit of removing clothing on which ticks may
still be crawling, exposing skin to reveal potentially crawling ticks, and killing ticks still
present on the clothes by means of high, dry heat in the dryer (Carroll, 2003; Nelson et

al., 2016). Showering or bathing when coming indoors could similarly lead to a change

of potentially tick-infested clothing and increased probability of detecting crawling ticks
previously hidden under the clothing, and contact with water could perhaps cause ticks to
lose contact with the skin if they are still moving toward a suitable bite site (Mead, 2011).
These actions can be part of conducting a thorough tick check, which is recommended when
coming indoors after spending time in tick habitat. Additionally, there is need for awareness
of the potential for transfer of crawling ticks from pets having been outdoors to household
residents (Jones et al., 2018; de Wet et al., 2020). For information on tick bite prevention
measures for companion animals, | refer to Stafford (2017).

Initial contact of a host-seeking tick with a person

The details of the initial contact a host-seeking tick makes with a person remains a
knowledge gap across human biting tick species. Data for specific bite sites on the bodies

of human hosts are available for /. ricinusin Europe (Berglund et al., 1995; Hugli et al.,
2009; Wilhelmsson et al., 2013; Cull et al., 2020) and a suite of human biting tick species

in North America (Falco and Fish, 1988; Falco et al., 1996; Felz and Durden, 1999; Gleim
et al., 2016; Slaff and Newton, 1993; Xu et al., 2016, 2019; Jordan and Egizi, 2019). Some
general patterns are evident after a review of the North American publications: (i) bites by
all tick species were distributed across the human body; (ii) A. americanum and 1. scapularis
females tended to more frequently be found biting on the upper part of the body compared
with nymphs; and (iii) D. variabilis females were commonly found biting on the head.
Factors underlying these observed patterns include tick questing height on natural vegetation
(Goddard, 1992; Mejlon and Jaenson, 1997; Tsunoda and Mori, 2000; Goddard et al., 2011),
types of human activity and clothing worn (Carroll and Kramer, 2001; Lane et al., 2004;
Wierzbicka et al., 2016), and differences in mobility across tick species and life stages.
Consequently, it should not be assumed that the most frequent bite sites on the human body
for a given tick species and life stage necessarily reflect where on the body initial tick
contact most often occurs.
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Taking the vegetation height in the frequented area and the type of planned outdoor activity
into consideration when deciding on the specifics of application of repellents and use of
permethrin-treatment garments could help to ensure that an adequate portion of the body is
protected. Walking through short vegetation should result in ticks making contact primarily
with shoes and the lower parts of the legs whereas walking through taller vegetation or
engaging in activities that involve kneeling down or handling things on the ground (such as
yardwork or backyard play) will present risk for ticks making contact with a much wider
range of portions of the body. The initial contact of a host-seeking tick with a person

may involve the tick encountering untreated skin, untreated clothing, skin treated with a
repellent, or clothing treated with a repellent or an acaricide (permethrin). These scenarios
are considered in detail in Sections 2.2.1 to 2.2.2.

2.2.1. Initial contact with untreated skin or clothing—The worst-case scenario for
a human tick encounter is that the tick makes initial contact with untreated skin or clothing
and then continues to move without being impeded by either skin repellents or treated
clothing before it locates a suitable bite site. This could for example include ticks that make
initial contact with skin on the legs of a person wearing shorts and then proceed up the

legs, under the shorts, to bite in the groin area. Here, spotting the crawling tick before it
bites is the only purposeful action that can prevent a bite. An alternative scenario is that
ticks make initial contact with untreated skin or clothing but then encounter repellent-treated
skin or clothing. In this case, the ticks can: (i) retreat and attempt to find another route to

an optimal bite site without being impeded by a repellent, for example if only one side of
an arm or shirt-sleeve is treated; (ii) retreat and settle for a suboptimal, more exposed bite
site on untreated skin; or (iii) make an attempt to cross the repellent-treated surface. Ticks
approaching a repellent-treated surface, including human skin, often stop moving as they
reach the edge of the treated surface and sense the repellent, and then change movement
direction (Carroll et al., 1989, 2005; Dautel et al., 1999; Carroll, 2008; Biichel et al., 2015;
Foster et al., 2020).

The first two (i, ii) tick response actions outlined above would result in longer time spent
crawling on clothing and skin, in turn leading to increased risk of accidentally losing contact
with the host or being spotted and removed before biting. It also should be noted that

the behavior upon encountering a repellent may differ among tick species: A. americanum
nymphs were noted to more frequently dislodge from a vertically oriented surface after
approaching a repellent compared to /. scapularis nymphs, which tended to retreat but
remain on the untreated portion of the vertical surface (Carroll et al., 2010). Ticks that
instead choose to attempt to cross a repellent-treated surface (response action iii) can either
fail in doing so, leading them to retreat to untreated skin/clothing or to dislodge from the
host due to the repellent, or succeed in moving through the treated area to reach an untreated
surface. Based on results from experimental studies, there are differences between North
American human biting tick species in their willingness to move onto repellent-treated
substrates, including for treated skin (Schreck et al., 1995; Carroll et al., 2004, 2007, 2010,
2016; Bissinger et al., 2009; Zhang et al., 2009). The likelihood of a tick successfully
crossing a stretch of repellent-treated skin or clothing depends on multiple factors, including
the inherent sensitivity of a given tick species and life stage to the repellent active ingredient,
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the speed at which the tick is traveling combined with the length of the treated surface (i.e.,
the time it will remain in contact with the repellent), and characteristics of the repellent
product and its application, including the concentration of active ingredient and the amount
of time elapsed since the repellent was applied. One reasonable assumption is that more
mobile, fast-moving ticks are more likely to be able to cross repellent-treated surfaces
compared with slower moving ticks. In the case where a tick is successful in crossing a
repellent-treated surface to reach untreated skin, the impact of the physical contact with the
repellent-treated surface on the willingness and ability of the tick to bite and feed at different
points after contacting the repellent remains unknown.

The final scenario is when ticks make initial contact with untreated clothing or skin but
thereafter encounter permethrin-treated clothing before reaching a bite site. As they reach
the edge of a permethrin-treated clothing surface, ticks tend to continue moving due to

the weak non-contact repellency of permethrin and then dislodge from the clothing as they
start to experience the contact irritancy caused by the permethrin (Eisen et al., 2017a). As
for repellents, the impact of permethrin-treated clothing varies across different tick species
and life stages. For example, Prose et al. (2018) found that shorter exposure times on
permethrin-treated textile are required to incapacitate nymphs versus adults of either A.
americanumor 1. scapularis, nymphs of /. scapularis versus A. americanum; and females of
1. scapularisversus A. americanum or D. variabilis. Ticks that remain alive on the host after
exposure to permethrin-treated clothing may display reduced willingness or ability to bite
(Eisen et al., 2017a; Prose et al., 2018; Connally et al., 2019) or perish in the early stages of
their blood meal due to more slowly developing toxic effects (Miller et al., 2011).

2.2.2. Initial contact with repellent-treated skin, repellent-treated clothing, or
permethrin-treated clothing—The best-case scenario for a human tick encounter is
when ticks make initial contact with repellent-treated skin or clothing, or with permethrin-
treated clothing. Ticks actively moving toward a stationary person could conceivably sense a
repellent as they attempt to ascend onto a repellent-treated surface and abort the attempt. In
contrast, ticks that quest from a stationary position in leaf litter or from vegetation and then
make contact with a human brushing by are unlikely to be able to sense a repellent before
the physical contact is made. However, ticks making initial contact with vertically oriented
repellent-treated skin or clothing (such as on a leg) are likely to actively dislodge from that
surface and fall off the person (Schreck et al., 1986). Ticks instead making initial contact
with permethrin-treated clothing likewise will attempt to actively dislodge from the surface
as they start to experience contact irritancy (Prose et al., 2018), and if failing to dislodge
before losing the ability to move they will most likely perish from extended permethrin
exposure (Schreck et al., 1982a, 1986; Lane and Anderson, 1984; Lane, 1989; Evans et al.,
1990; Miller et al., 2011).

The likelihood of ticks making initial contact with a surface treated with repellent or
permethrin to succeed in moving across the surface until they reach untreated skin or
clothing, and still be physiologically capable of biting, depends on the inherent sensitivity
of the tick species and life stage to the repellent or permethrin and the speed at which

the tick is traveling combined with the length of the treated surface (i.e., the time it

will remain in contact with the repellent or permethrin). As a practical example, wearing
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permethrin-treated shoes and/or ankle socks but not protecting any other part of the body
can be assumed to provide less effective tick bite protection compared with also wearing
permethrin-treated pants because: (i) ticks are more likely to make initial contact above a
treated shoe or ankle sock compared to above the waist of a treated pair of pants based

on their typical questing heights in the vegetation (Goddard, 1992; Mejlon and Jaenson,
1997; Tsunoda and Mori, 2000; Goddard et al., 2011); and (ii) ticks making initial contact
with a treated shoe or ankle sock are more likely to reach untreated skin and survive to
bite if the person is not also wearing treated pants. Increasing the length of time a moving
tick is forced to stay in contact with permethrin-treated clothing before reaching untreated
clothing or skin is important because the proportions of ticks either dislodging from a
vertically oriented treated surface (mimicking a pant leg) or becoming incapacitated due to
the permethrin contact increases with exposure time (Eisen et al., 2017a; Prose et al., 2018).

2.3. Shortening the duration of time before an attached tick is detected and removed

If a tick bite occurs, it is beneficial to take action to shorten the duration of time the tick
remains attached before it is detected and removed. Viral pathogens may be transmitted

as soon as the tick attaches and starts to inject saliva (Alekseev et al., 1996; Ebel and
Kramer, 2004) but the probability of transmission of many, albeit not all (Levin et al., 2020),
bacterial or parasitic pathogens increases with the amount of time an infected, feeding tick is
allowed to remain attached, especially during the first 1-3 days of its blood meal (see Eisen
2018). Conducting daily, thorough tick checks after spending time in tick habitat, and for
several days thereafter, is therefore recommended to increase the likelihood of detecting and
removing infected ticks before they have a chance to transmit disease agents (CDC, 2021a).
The difficulty in detecting attached ticks is underscored by that comparisons of self-assessed
durations of attachment by /xodes ticks and attachment durations based on tick engorgement
indices indicate that people consistently underestimate the actual duration of time ticks were
attached prior to being discovered (Sood et al., 1997; Logar et al., 2002; Wilhelmsson et

al., 2013). The probability of detecting a biting tick is influenced by a variety of factors,
including the location of the bite site on the human body, the sensitivity of the bitten person
to tick bites, the size of the tick, the duration of time required to complete the blood meal,
and potentially also factors such as tick species-specific salivary components to reduce host
inflammatory responses. Biting ticks should be removed as soon as possible after being
discovered using recommended tick removal techniques (CDC, 2021b), which are supported
by empirical data (Needham, 1985; de Boer and van den Bogaard, 1993; Stewart et al.,
1998; Piesman and Dolan, 2002; Akin Belli et al., 2016; Coleman and Coleman, 2017;
Huygelen et al., 2017).

2.4. Disrupting feeding by ticks that go undetected

Some ticks biting humans do remain undetected throughout their blood meal. Of the tick life
stages, it stands to reason that adult females are most likely to be detected while attached

as they are much larger, especially when partially or fully engorged, and feed for a longer
duration of time (=1 wk) compared to immatures. /xodes scapularis nymphs are assumed

to be responsible for the majority of bites in the 30-50% of LD cases in the United States
where the patient had no knowledge of a tick bite prior to symptom onset (see review

by Eisen and Eisen 2016). Future emergence of products capable of disrupting feeding by
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ticks that go undetected could therefore be of great value to complement existing personal
protection measures. A pathogen transmission-blocking anti-tick vaccine, ideally impacting
a broad range of tick vector species, is one promising approach to achieve this, but despite
identification of numerous potential targets, it has proven difficult to move the field from
discovery and basic research to translation into products capable of preventing pathogen
transmission (de la Fuente et al., 2017; Rego et al., 2019; Gomes-Solecki et al., 2020;
Narasimhan et al., 2020, 2021). Another possible approach to disrupt feeding by ticks that
go undetected is a skin lotion or shower soap containing an active ingredient that is feasible
to apply to human skin but also has acaricidal properties, such as nootkatone (Panella et al.,
2005; Dolan and Panella, 2011; Evolva, 2021).

3. Evidence base for level of use (acceptability combined with behavior)

of personal protection measures intended to prevent tick bites

Numerous studies have presented data on the level of use of personal protection measures
taken by the public or outdoor workers to prevent tick bites (Table 2). These studies have
included populations at the geographical scales of the United States (4 studies); states, or
local areas within states, where LD and other /xodes-associated infections predominate
(28 studies); and states where tick-borne infections associated with Amblyomma or
Dermacentorticks are of greatest concern (5 studies). The frequent use of LD endemicity
or incidence to define geographical study areas stems from the prominence of this disease
among tick-borne infections in the United States (Rosenberg et al., 2018). In the specific
case of tick bite prevention, it is worth considering the full range of human biting tick
species, rather than only /xodes spp. vectors of LD spirochetes, when selecting extents

of geographical areas to include in a survey or use for data presentation broken down by
sub-areas of the overall study area. Some geographical areas in the United States present risk
for a single commonly human biting tick species (e.g., D. variabilis in the northern parts of
the Great Plains, D. andersoniin the Rocky Mountain region, or R. sanguineuss.l. in parts
of the arid Southwest), whereas other areas present risk for bites by two commonly human
biting tick species (e.g., D. occidentalis and /1. pacificus in California, and D. variabilis and
1. scapularis in parts of the Northeast and Upper Midwest) or three or more such tick species
(e.g., A. americanum, D. variabilis, and I. scapularis in the Mid-Atlantic region; and A.
americanum, A. maculatum, D. variabilis, and the adult stage of /. scapularis in parts of
the Southeast). Based on variable habitat preferences and seasonal activity patterns across
human biting tick species, areas with multiple species present can include a broader range
of habitat types with elevated risk for tick encounters as well as a longer period of the

year when ticks are seeking hosts. Both factors may influence the level of use of personal
protection measures against tick bites.

National surveys that include information on use of tick bite prevention measures
(Herrington, 2004; Hook et al., 2015; Beck et al., 2021; Nawrocki and Hinckley, 2021) used
variable breakdowns for presentation of results at sub-national scale. As these studies are
featured prominently in Sections 3.1-3.6, their respective sub-national scale geographical
breakdowns in relation to the presence of human biting tick species are worth outlining here.
The study by Hook et al. (2015) used geographical regions defined in 2010 by the United
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States Census Bureau (USCB, 2021). From east to west these include: New England, Mid-
Atlantic, and South Atlantic along the Eastern Seaboard; East North Central and East South
Central; West North Central and West South Central; Mountain; and Pacific. However, these
regions only partly align with key human biting tick species in the eastern United States.
For example, /. scapularis is highly abundant in most of the New England and Mid-Atlantic
regions, but only in limited portions of the East North Central region (primarily Wisconsin)
and West North Central region (primarily Minnesota). Likewise, A. americanum is highly
abundant across the South Atlantic and East South Central regions, and in most of the West
South Central region, but only in the southernmost parts of the Mid-Atlantic, East North
Central, and West North Central regions.

The other national surveys (Herrington, 2004; Beck et al., 2021; Nawrocki and Hinckley,
2021) used state level LD incidence for the sub-national breakdown but approached

this differently. As detailed in Table 3, Herrington (2004) used two groupings of states
representing high and low LD incidence states, whereas the other two studies (Beck et al.,
2021; Nawrocki and Hinckley, 2021) used three groupings of states representing high LD
incidence states, neighboring states with low LD incidence but sharing a border with a high
LD incidence state, and low LD incidence states (not sharing a border with a high LD
incidence state). Both approaches share the problem that the low LD incidence groupings
(including the neighboring states grouping) consist of a combination of states where human
biting tick species other than /xodes vectors of LD spirochetes are ubiquitous and abundant
(e.g., in the South Atlantic and East South Central regions) versus less abundant near
human population centers (e.g., in the Mountain and Pacific regions). As a case in point,
personal protection measures against tick bites were routinely used less frequently in the
Mountain and Pacific regions, where 65—-76% of respondents reported taking no action to
prevent tick bites, compared to the South Atlantic and East South Central regions where

the percentage of respondents taking no action to prevent tick bites (34-45%) was similar
to the LD endemic Mid-Atlantic and New England regions (36-45%) (Hook et al., 2015).
Moreover, the neighboring states grouping include states in the Great Plains (North Dakota
and South Dakota) where, rather than /. scapularis, D. variabilis is the dominant human
biting tick and states in the southeast (Kentucky, Tennessee, and North Carolina) where A.
americanum is the dominant human biting tick. One additional study (Kopsco and Mather,
2021) included participants across the United States but the majority of responses came from
northeastern and Mid-Atlantic states, and the results are therefore most representative of
areas where /xodes-associated diseases predominate. This study included two distinct groups
of respondents: public users of TickSpotters (https://web.uri.edu/tickencounter/tickspotters/)
and outdoor workers represented by master gardeners.

Comparisons across studies for use of specific personal protection measures to prevent
tick bites are further complicated by changes in local risk for exposure to ticks and

TBD agents over time in some areas, as well as variable survey participant recruitment
strategies, respondent sample sizes, and context of survey questions. Over the 30-yr period
covered by the studies summarized in this Section, several human biting tick species have
expanded their ranges in the United States (Sonen-shine, 2018; Molaei et al., 2019; Eisen
and Paddock, 2020) and the previously most prominent local human biting tick species has
been supplanted by another species in some areas (Jordan and Egizi, 2019). The public’s
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level of knowledge about the risk for tick bites and actions that can be taken to prevent this
from happening likely have increased over time in areas where tick species established and
then proliferated, and perhaps also in response to more ready access to information via the
internet from local, state, and national public health agencies or other sources (Journault et
al., 2020). These factors complicate comparisons of older and more recent studies.

Breaking down studies by type of sampling strategy and respondent population is useful but
not always straightforward. One important set of studies have used participant recruitment
strategies designed to survey a random sample of the public representing adults =18 years
of age at national level (Herrington, 2004; Hook et al., 2015; Nawrocki and Hinckley,

2021) or at state/local level either without consideration of TBD incidence (Jones et al.,
2002; Omodior et al., 2021a) or focusing on portions of states with elevated TBD incidence
(Niesobecki et al., 2019). It should be noted, however, that the surveys in some of these
studies were focused solely on TBD (Herrington, 2004; Niesobecki et al., 2019; Omodior

et al., 2021a), whereas in other studies the questions about TBD were part of broader
surveys (Jones et al., 2002; Hook et al., 2015; Nawrocki and Hinckley, 2021). This may have
influenced the composition of individuals electing to participate in the surveys and thus how
representative they were of the general population.

Another set of studies focusing on the public has specifically recruited participants
representing subsets of the population that are active outdoors (visitors to recreation areas;
Hallman et al., 1995; Bayles et al., 2013; Jones et al., 2015); may have a particular

interest in TBDs (convenience samples including health care seekers or users of information
resources relating to ticks and TBDs, or samples of residents in areas with community-wide
education campaigns; Gould et al., 2008; Butler et al., 2016; Gupta et al., 2018; Hu et al.,
2019; Bron et al., 2020; Kopsco and Mather, 2021); or reside in or visit islands along the
New England coast with a history as LD hot-spots, such as Martha’s Vineyard or Nantucket
Island (Shadick et al., 1997; Phillips et al., 2001; Finch et al., 2014; Valente et al., 2015).
The populations sampled in these studies may have greater motivation to take action to
prevent tick bites compared with a randomly selected sample of the overall population in the
same areas. Additional studies have focused entirely or partly on children <17 years of age
(Cartter et al., 1989; Valente et al., 2015; Omodior et al., 2021a); outdoor workers (Smith

et al., 1988; Goldstein et al., 1990; Parrott et al., 1993; Nolan and Mauer, 2006; Han et al.,
2014; Jones et al., 2015; Valente et al., 2015; Donohoe et al., 2018; Noden et al., 2020;
Schotthoefer et al., 2020; Kopsco and Mather, 2021); or subsets of the overall population
represented by Hispanic persons nationwide or at state level (Hu et al., 2019; Beck et al.,
2021), or a Brazilian immigrant population in Massachusetts (Heller et al., 2010). Finally,
information on use of tick bite prevention measures can also be found in studies on LD/TBD
case patients and matched control individuals (Orloski et al., 1998; Smith et al., 2001;
Vazquez et al., 2008; Connally et al., 2009), and in educational intervention studies focused
on children (Shadick et al., 2016), children and adults (Daltroy et al., 2007), or adults
(Malouin et al., 2003). Across these numerous studies, respondent sample sizes have been
highly variable, ranging from <100 to >30,000. Moreover, for use of a given personal
protection measure, some surveys have included questions, or presented results, based on

a Yes/No binary response (in some cases without clarifying the frequency of use but more
often based on terms such as regular, routine, or consistent use), whereas other surveys
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presented data to further qualify the frequency of taking action, such as Always / Most of the
time / Sometimes / Rarely / Never.

Bearing in mind these caveats, Sections 3.2—-3.6 summarize the results from surveys on use
of specific personal protection measures to prevent tick bites. The presentation is broken
down by (i) randomized surveys of the public conducted nationwide or at state/local level;
(i) surveys of populations representing the public at state/local level that can be expected

to have elevated interest in tick bite prevention (including control group participants in TBD
case-control studies or pre-intervention baseline surveys in educational intervention studies);
and (iii) state/local level surveys of outdoor workers. For LD/TBD case-control studies,

the presented data are restricted to the control groups. For educational intervention studies,
presented data are restricted to the control/comparison groups, using data from the first
survey instance if applicable, or pre-intervention baseline surveys if there was no control/
comparison group. The presentation is further broken down to separate studies conducted in
states where LD and other /xodes-associated infections are the primary concern versus states
where TBDs associated with Amblyomma or Dermacentorticks predominate. For all data
presented below, survey responses are assumed to refer to activities taking place in settings
where the respondents think that ticks may occur during times of year when ticks are active.

No use/routine use of personal protection measures

The proportion of individuals not taking any action to prevent tick bites, based on the
specific set of actions outlined in Sections 3.2-3.6, is difficult to discern from published
studies. The majority of studies include avoidance of tick habitat as an additional

personal protection measure, and other studies present data for not taking routine tick bite
prevention action versus never taking such action. However, results from national surveys
on lack of routine use of tick bite prevention measures are worth mentioning here. Two
national surveys (Hook et al., 2015; Nawrocki and Hinckley, 2021) found that 51-58% of
respondents in the United States take no routine action to prevent tick bites. A similar study
focusing specifically on the Hispanic population in the United States reported a similar level
(56%) of respondents taking no routine action to prevent tick bites (Beck et al., 2021).
Hook et al. (2015) further found that not taking routine tick bite prevention action was

least frequently (32—-36%) reported from the New England region (where D. variabilis and
1. scapularis are the dominant human biting ticks), West North Central region (D. variabilis
and /. scapularis, and A. americanum in the southernmost part), and East South Central
region (A. americanum, A. maculatum, D. variabilis, and the adult stage of /. scapularis);
and most frequently (65-76%) from the Mountain region (D. andersoni) and Pacific region
(D. occidentalis and I. pacificus). Moreover, Nawrocki and Hinckley (2021) reported that not
routinely taking tick bite prevention action was less frequently (47%) reported for high LD
incidence states compared with groupings of states that included low LD incidence states
(54-65%).

3.2. Untreated protective clothing

A total of 29 surveys include information relating to use of untreated protective clothing
to prevent tick bites (Table 2). Specific actions falling under use of untreated protective
clothing to prevent tick bites in these studies include wearing light-colored clothing, wearing
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long pants and long-sleeved shirts, and tucking pants into socks and shirts into pants. These
actions are presented individually in most studies but grouped as protective clothing in some
studies. The context of survey questions has been variable across studies, ranging from
broad (e.g., wearing light-colored clothing; wearing long pants/long-sleeved shirt) to more
specific by defining the frequency of wearing untreated protective clothing or the specific
circumstances when the clothing was worn (e.g., in the yard). Although survey questions
were specific to tick bite prevention, there is potential for untreated protective clothing

to be worn for other primary purposes, such as light-colored clothing being cooler than
dark-colored clothing in the summer and long pants/long-sleeved shirt being worn to protect
arms and legs during yardwork.

3.2.1. Randomized national surveys of the public—One national survey
(Herrington, 2004) included questions regarding use of untreated protective clothing to
prevent tick bites. Wearing long pants/long sleeves was reportedly done often by 12% of
respondents and at least some of the time by 23%. Tucking pants into socks or boots was
slightly less common as this action was taken often by 8% of respondents and at least some
of the time by 16%. Moreover, often wearing long pants/long sleeves was more commonly
reported by respondents in high LD incidence states versus low LD incidence states (19 and
11%, respectively), and the same was true for often tucking pants into socks or boots (15 and
7%, respectively).

3.2.2. Randomized state/local surveys of the public in areas where Ixodes-
associated TBDs predominate—Published studies are lacking.

3.2.3. Randomized state/local surveys of the public in areas where
Amblyomma/Dermacentor-associated TBDs predominate—Data are restricted to
a single survey from Indiana that included both adults and children (Omodior et al., 2021a).
Use of light-colored clothing to facilitate tick detection was reported for 55% of adults and
59% of children; and tucking shirt into pants and pants into socks for 52% of adults and 48%
of children. However, the frequency of taking these actions was not specified.

3.2.4. Targeted state/local surveys of subsets of the public with presumed
elevated concern about tick-borne illness in areas where Ixodes-associated
tick-borne diseases predominate—Data are available from 16 studies focusing on
visitors to recreation areas or including other respondent populations with potentially
elevated level of concern about TBDs (including control populations in LD case-control
studies or education intervention studies). One set of five studies, conducted in Connecticut,
Massachusetts, New Jersey, New York, Rhode Island, and Wisconsin, did not specify the
type of untreated protective clothing used (Phillips et al., 2001; Vazquez et al., 2008; Finch
etal., 2014; Butler et al., 2016; Bron et al., 2020). In these studies, which reported on
regular use (usually; always/most of the time; all of the time) of untreated protective clothing
or in one case (Bron et al., 2020) did not define the frequency of use, the proportion of
respondents taking action ranged from 44 to 58%. Another set of nine studies, conducted in
Connecticut, Delaware, Maryland, Massachusetts, New Jersey, or primarily in the Northeast/
Mid-Atlantic states, did specify the type of untreated protective clothing used (Shadick et
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al., 1997; Orloski et al., 1998; Gould et al., 2008; Connally et al., 2009; Heller et al., 2010;
Jones et al., 2015; Valente et al., 2015; Gupta et al., 2018; Kopsco and Mather, 2021). Three
of these studies (from Connecticut, Maryland, and Massachusetts) defined the frequency

of use as regular (usually; always/-most of the time), and recorded such use for 52—-71%

of respondents for light-colored clothing, 14-43% for wearing long pants/long sleeves, and
16-48% for tucking pants into socks (Orloski et al., 1998; Jones et al., 2015; Valente et al.,
2015). Studies from Delaware (Gupta et al., 2018) or primarily the Northeast/Mid-Atlantic
states (Kopsco and Mather, 2021) presented more detailed data for frequency of use. Gupta
et al. (2018) found that wearing light-colored clothing (specifically to facilitate detection of
ticks) or tucking pants into socks always or most of the time when outdoors was reported
by 17 and 7% of respondents, respectively, but this increased substantially to 48 and 26%,
respectively, when instead considering use half the time or more. Kopsco and Mather (2021)
found that wearing long pants when entering a tick-infested area, and tucking pants into
socks to keep ticks on the outside of clothes, was done always or most of the time by 67
and 28% of respondents, respectively, and this increased to 78 and 34%, respectively, when
instead considering use half the time or more. Categorizing use as always, sometimes, or
never, Gould et al. (2008) reported that roughly 60% of respondents in Connecticut always
wore long pants in wooded or brushy areas whereas only 20% always tucked pant legs into
socks. A unique study on a Brazilian immigrant population in Massachusetts found that 78%
of respondents, including both outdoor and indoor workers, always or usually wore long
pants when walking out in the woods or working outdoors (Heller et al., 2010).

Based on data from the control group in a LD case-control study, Connally et al. (2009)
reported high proportions of Connecticut respondents using light-colored clothing (90%)
and long pants (70%) at least on some occasion while in the yard in the month prior to
onset of symptoms in their matched case patients. Finally, Shadick et al. (1997) found that
30-40% of Massachusetts respondents wore long pants/long sleeves and tucked pants into
socks, but did not define the frequency of use. For studies on school-age children, 32%

of high school students in Connecticut reported always or often wearing long pants/long-
sleeved shirt when in wooded or grassy areas (Cartter et al., 1989), whereas approximately
50% of elementary school students in Massachusetts reported always or usually wearing
long pants just to keep ticks off (Shadick et al., 2016). In a few other relevant studies
presenting information on untreated protective clothing, data were not collected or presented
in a manner that allows for clear interpretation of the results (Hallman et al., 1995; Smith et
al., 2001).

3.2.5. Targeted state/local surveys of subsets of the public with presumed
elevated concern about tick-borne illness in areas where Amblyomma/
Dermacentor-associated TBDs predominate—Data are restricted to a single survey
of adults visiting recreational areas in Missouri (Bayles et al., 2013). Regular use (always
or most of the time) of light-colored clothing was reported by 34% of respondents, as
compared to 25% for wearing long pants/long sleeves and 17% for tucking pants into socks.

3.2.6. Targeted surveys of outdoor workers in areas where Ixodes-
associated TBDs predominate—Studies of outdoor workers, primarily employees
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in outdoor recreation areas, were conducted in Maryland, New Jersey, New York,
Pennsylvania, Wisconsin, or primarily the Northeast/Mid-Atlantic states (Smith et al., 1988;
Goldstein et al., 1990; Parrott et al., 1993; Han et al., 2014; Jones et al., 2015; Schotthoefer
et al., 2020; Kopsco and Mather, 2021). Of the seven studies presenting data for use

of untreated protective clothing, one presented multiple categories for frequency of use
(Kopsco and Mather, 2021) and four defined the frequency of use as always (Schotthoefer
et al., 2020) or always/usually (Goldstein et al., 1990; Han et al., 2014; Jones et al., 2015),
whereas no similar distinction for frequency of use was made in two studies (Smith et al.,
1988; Parrott et al., 1993). As results nevertheless were similar across all studies, they are
presented collectively below. While at work, the proportion of respondents that reported
regularly wearing long pants ranged from roughly 65-85%, whereas it was less common

to wear a long-sleeved shirt (10-28%) or tuck pants into socks (<5 to 38%). In the subset
of studies also reporting on wearing light-colored clothing, which may not be possible to
use for some groups due to uniform requirements, this action was taken by 10-30% of
respondents (Parrott et al., 1993; Han et al., 2014; Jones et al., 2015). Three studies (Smith
et al., 1988; Goldstein et al., 1990; Parrott et al., 1993) also included information for use

of untreated protective clothing while at work versus at leisure. Wearing long pants, long
sleeves, or tucking pants into socks was 1.5 to 3-fold less likely at leisure, compared to

at work, whereas wearing light-colored clothing was 2-fold more likely when at leisure. In
another relevant study presenting information on untreated protective clothing, data were not
collected and presented in a manner that allows for clear interpretation of the results (Nolan
and Mauer, 2006).

3.2.7. Targeted surveys of outdoor workers in areas where Amblyomma/
Dermacentor-associated TBDs predominate—Data are available from two studies in
Florida and Oklahoma. A survey of Florida Fish and Wildlife/Florida State Parks employees
found that 58% always wear long pants and long-sleeved shirts, 59% always tuck the shirt
into pants, and 25% always tuck pants into socks (Donohoe et al., 2018). A study on

beef producers in Oklahoma reported that 33% of respondents used untreated protective
clothing, such as wearing long pants/long-sleeved shirts and tucking pants into socks, but the
frequency of use was not defined (Noden et al., 2020).

3.2.8. Surveys from Canada and Europe—Surveys that include questions about use
of untreated protective clothing also have been conducted in Canada and Europe, with the
proportion of respondents regularly taking this action most often in the range of 30-65%
(Bartosik et al., 2008; Beaujean et al., 2013a, b; Mowbray et al., 2014; Aenishaenslin et al.,
2015, 2017; Zzoldi et al., 2017; Slunge and Boman, 2018; Buczek et al., 2020).

3.2.9. Conclusions and future directions—Use of untreated protective clothing to
prevent tick bites has been omitted from recent national surveys of the public in the United
States, but data from state or local surveys conducted over the last decade indicate regular
use by half or more of the respondents in some areas (Bayles et al., 2013; Jones et al.,

2015; Valente et al., 2015; Butler et al., 2016; Gupta et al., 2018; Kopsco and Mather, 2021).
However, quantifying the use of untreated protective clothing is complicated by that data
are presented broadly as untreated protective clothing in some studies, whereas other studies
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break down different types of untreated protective clothing but without making it clear
which proportion of the overall respondent population used at least one type of untreated
protective clothing. It would be useful in future surveys to collect data for the frequency of
use of untreated protective clothing, as well as which specific actions falling under use of
untreated protective clothing (light-colored clothing, long pants, long-sleeved shirt, tucking
shirt into pants, and tucking pant legs into socks) are used by individual respondents. As
wearing a long-sleeved shirt tucked into long pants, in turn tucked into socks, may not

be pleasant during outdoor activities in warm weather, it also would be useful in future
surveys to clarify which specific outdoor activities, weather conditions or other factors cause
respondents to forgo this low-cost, non-chemical personal protection measure against tick
bites.

3.3. Repellents for skin and clothing

A total of 32 surveys include information relating to use of repellents that can be applied

to both skin and clothing to prevent tick bites (Table 2). The context of survey questions

has been variable across studies, ranging from broad (e.g., using an insect repellent on

your skin or clothes) to more specific (e.g., distinguishing between repellent use on skin
versus clothing, defining where the activity prompting the use of repellent took place, or
defining the frequency of repellent use). The emergence of natural product-based repellents
during the latter part of the time period when data for repellent use were reported may have
contributed to variable results across older and more recent studies, as natural product-based
repellents may be acceptable for use by some individuals who are hesitant to use synthetic
repellents. Although survey questions were specific to tick bite prevention, there is potential
for use of repellents to primarily protect against mosquitoes depending on the time of day
the outdoor activity took place.

3.3.1. Randomized national surveys of the public—Four national surveys have
included questions regarding use of skin/clothing repellents to prevent tick bites. Herrington
(2004) reported repellents to be used often by 5% of respondents on skin and 4% on
clothing, and this increased to 13% of respondents for skin and 12% for clothing when
considering application at least some of the time. The proportions of respondents wearing
repellent often on skin or clothing was similar for high LD incidence states (5-6%)
compared to low LD incidence states (4-5%). More recent surveys have reported that 20—
21% of respondents in the United States routinely use skin/clothing repellents to prevent
tick bites (Hook et al., 2015; Nawrocki and Hinckley, 2021), and a similar study focusing
specifically on the Hispanic population in the United States showed a higher level (28%)

of respondents routinely using repellents (Beck et al., 2021). Moreover, Hook et al. (2015)
reported lower routine repellent use to prevent tick bites for respondents in the Mountain and
Pacific regions (6—12%) compared with the rest of the United States (21-30%). Nawrocki
and Hinckley (2021) reported routine repellent use for 25% of respondents in high LD
incidence states compared to 17-24% for groupings of states that included low LD incidence
states.

3.3.2. Randomized state/local surveys of the public in areas where Ixodes-
associated TBDs predominate—Data are restricted to a single survey of adults in parts
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of Connecticut and Maryland with elevated LD incidence (Niesobecki et al., 2019). In both
states, 31% of respondents applied repellents always or most of the time when outdoors in
places where you could get ticks.

3.3.3. Randomized state/local surveys of the public in areas where
Amblyomma/Dermacentor-associated TBDs predominate—Data are available
from two studies in Tennessee and Indiana that included both adults and children. Jones

et al. (2002) reported that 29% of respondents in Tennessee always use repellent in tick-
infested areas, and this increased to 40% for using repellent always or usually. Omodior et
al., 2021a reported use of repellents on exposed skin for 78% of adults and 90% of children
when outdoors during summer months in Indiana, but the frequency of taking this action
was not specified. For clothing, the survey question in the Indiana study was phrased so
that answers may have included treatment of clothing with either skin/clothing repellents or
permethrin.

3.3.4. Targeted state/local surveys of subsets of the public with presumed
elevated concern about tick-borne illness in areas where Ixodes-associated
TBDs predominate—Data are available from 17 studies focusing on visitors to recreation
areas or including other respondent populations with potentially elevated level of concern
about TBDs (including control populations in LD case-control studies or education
intervention studies). Eight of these studies reported on consistent repellent use (e.qg.,
usually, regularly, routinely, or always/most of the time), which ranged from 10 to 20%
among respondents in studies from New Jersey, Massachusetts, and Rhode Island (Orloski
et al., 1998; Phillips et al., 2001; Finch et al., 2014; Valente et al., 2015) to 30-40% in
studies from Connecticut, Maryland, and Maryland/Virginia (Vazquez et al., 2008; Jones
et al., 2015; Butler et al., 2016; Hu et al., 2019). Studies from Delaware (Gupta et al.,
2018) or primarily the Northeast/Mid-Atlantic states (Kopsco and Mather, 2021) presented
more detailed data for frequency of use. Applying repellents to skin always or more

than half of the time when outdoors during the summer months was reported by 22% of
respondents in Delaware, and this increased to 56% for doing so half the time or more.
Application of repellents to clothing in this study by Gupta et al. (2018) is not considered
here because the survey question was phrased as to potentially include both application

of skin/clothing repellents and permethrin to clothing. For the study primarily including
Northeast/Mid-Atlantic states (Kopsco and Mather, 2021), applying repellents with DEET to
exposed skin before working or playing in tick habitat always or more than half of the time
was reported by 26% of respondents, and this increased to 37% for doing so half the time
or more. Categorizing use as always, sometimes, or never, another study from Connecticut
reported that roughly 25% of respondents always used repellents (Gould et al., 2008). A
unique study on a Brazilian immigrant population in Massachusetts found that 12% of
respondents, including both outdoor and indoor workers, always or usually wore repellents
when walking out in the woods or working outdoors (Heller et al., 2010).

Based on data from the control group in a LD case-control study, Connally et al. (2009)
reported that 41% of Connecticut respondents wore repellent on at least some occasion
while in the yard in the month prior to onset of symptoms in their matched case patients.
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Two other studies did not define the frequency of using repellent: in these surveys the
proportions of respondents taking this action ranged from 15% in Maryland (Malouin et al.,
2003) to 50-60% in New Jersey/New York and Wisconsin (Bron et al., 2020). For the single
study on school-age children, 17% of high school students in Connecticut reported always or
often wearing repellent on skin and clothes when at risk for tick bites (Cartter et al., 1989).

It also should be noted that Smith et al. (2001) reported more frequent use of repellents by
Pennsylvania respondents during recreational activities or outdoor work away from home
compared to during yardwork at home (44% and 22% of respondents, respectively); and that
Jones et al. (2015) found a similar level of application of repellents to skin and clothing
(33% and 31% of respondents, respectively) for park visitors in Maryland. In a few other
relevant studies presenting information on repellent use, data were not collected or presented
in a manner that allows for clear interpretation of the results (Hallman et al., 1995; Shadick
etal., 1997).

3.3.5. Targeted state/local surveys of subsets of the public with presumed
elevated concern about tick-borne illness in areas where Amblyomma/
Dermacentor-associated TBDs predominate—Data are restricted to a single survey
of adult visitors to recreational areas in Missouri (Bayles et al., 2013). Regular use (always
or most of the time) of skin/clothing repellents for tick bite prevention was reported by
43% of the respondents, with 35% using repellents containing DEET and 8% using organic
repellents.

3.3.6. Targeted surveys of outdoor workers in areas where Ixodes-
associated TBDs predominate—Studies of outdoor workers, primarily employees in
outdoor recreation areas, were conducted in Maryland, Massachusetts, New Jersey, New
York, Pennsylvania, or primarily the Northeast/Mid-Atlantic states (Smith et al., 1988;
Goldstein et al., 1990; Parrott et al., 1993; Han et al., 2014; Jones et al., 2015; Valente et
al., 2015; Kopsco and Mather, 2021). Of the seven studies presenting data, one presented
multiple categories for frequency of use (Kopsco and Mather, 2021) and four defined the
frequency of using repellents as regularly or always/usually (Goldstein et al., 1990; Han et
al., 2014; Jones et al., 2015; Valente et al., 2015), whereas no such distinction for frequency
of use was made in two studies (Smith et al., 1988; Parrott et al., 1993). The proportion

of respondents always/usually wearing repellent ranged from 10 to 38% for application

to skin and 19-47% for application to clothing for studies from Maryland, New Jersey,
Pennsylvania, or primarily the Northeast/Mid-Atlantic states (Goldstein et al., 1990; Han et
al., 2014; Jones et al., 2015; Kopsco and Mather, 2021). Valente et al. (2015) reported that
8% of respondents in Massachusetts regularly used repellent but did not distinguish between
use on skin versus clothing. For the studies where frequency of use was not defined, Smith
et al. (1988) reported equal percentages (21%) for use of repellents on skin versus clothing
in New York, whereas Parrott et al. (1993) reported larger proportions of respondents using
repellents on skin (73%) or clothing (59%) in Maryland. Use of repellents while at work
versus at leisure was similar in two studies (Smith et al., 1988; Goldstein et al., 1990) but
roughly 1.5-fold more common at work in another study (Parrott et al., 1993).
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3.3.7. Targeted surveys of outdoor workers in areas where Amblyomma/
Dermacentor-associated TBDs predominate—Data are restricted to a single survey
of Florida Fish and Wildlife/Florida State Parks employees, which found that 47% of
respondents always apply repellent when at risk for tick bites (Donohoe et al., 2018).

3.3.8. Surveys from Canada and Europe—Surveys that include questions about use
of repellents for skin and clothing also have been conducted in Canada and Europe, with the
proportion of respondents regularly taking this action ranging from 6 to 47% (Bartosik et
al., 2008; Beaujean et al., 2013a, b; Mowbray et al., 2014; Aenishaenslin et al., 2015, 2017,
Zoldi et al., 2017; Slunge and Boman, 2018; Buczek et al., 2020).

3.3.9. Conclusions and future directions—Regular use of skin/clothing repellents
to prevent tick bites has been reported by 15-40% of respondents in most studies of the
public in the United States conducted over the last decade. Assessing factors underlying
change in the level of repellent use over the last three decades is complicated by an increase
over time in options for repellent active ingredients, including the more recent emergence of
natural product-based repellents. In addition to some studies failing to define the critically
important frequency of repellent use, not a single study has spec-ified which portions of the
body, or types of clothing, most commonly are treated with repellents. In future surveys,

it would be useful to: (i) separate out the use of permethrin treatment on clothing from

use of skin/clothing repellents applied to clothing; (ii) define the frequency of repellent

use; (iii) distinguish between use of repellents with synthetic chemical active ingredients
versus natural product-based active ingredients; and (iv) clarify which type of skin surfaces
(e.g., legs, hands, arms, and neck) and clothing articles (e.g., shoes, socks, pants, shorts,
short-sleeved shirts, and long-sleeved shirts) are treated.

3.4. Permethrin-treated clothing

Information regarding use of permethrin-treated clothing to prevent tick bites has been
included in 10 surveys (Table 2). Two additional surveys included permethrin treatment of
clothing but the questions were phrased so that answers also may have included treatment of
clothing with skin/clothing repellents (Table 2; Gupta et al., 2018; Omodior et al., 2021a).
The context of survey questions has been variable across studies, ranging from broad (e.g.,
wearing permethrin-treated clothing) to more specific by defining the frequency of use.
Although survey questions were specific to tick bite prevention, there is potential for use of
permethrin-treated clothing to primarily protect against mosquitoes depending on the time of
day the outdoor activity took place.

3.4.1. Randomized national surveys of the public—Two national surveys have
included data on use of permethrin-treated clothing to prevent tick bites. Nawrocki and
Hinckley (2021) reported that 3% of respondents routinely used permethrin-treated clothing
to prevent tick bites, with slightly higher levels of use for high LD incidence states (4%)
compared to groupings of states that included low LD incidence states (1-2%). Beck et al.
(2021) reported a similar level (3%) of routine use of permethrin-treated clothing for the
Hispanic population in the United States.
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3.4.2. Randomized state/local surveys of the public in areas where Ixodes-
associated TBDs predominate—Published studies are lacking.

3.4.3. Randomized state/local surveys of the public in areas where
Amblyomma/Dermacentor-associated TBDs predominate—The study by Omodior
et al., 2021a in Indiana included a survey question mentioning treatment of clothing with
permethrin but with a phrasing (insect repellent, e.g., permethrin) that likely led to responses
also including treatment with skin/clothing repellents such as DEET. Bearing this in mind,
use of treated clothing was reported for 48% of adults, without defining the frequency of
taking this action.

3.4.4. Targeted state/local surveys of subsets of the public with presumed
elevated concern about tick-borne illness in areas where Ixodes-associated
TBDs predominate—Data are available from seven studies focusing on visitors to
recreation areas or including other respondent populations with potentially elevated level

of concern about TBDs (including control populations in LD case-control studies and
education intervention studies). A study of visitors in a recreational area in Maryland

found 3% of respondents to always or usually wear permethrin-treated clothing while
spending time in the park (Jones et al., 2015). A similar level of routine use (<5%) of
permethrin-treated clothing was reported by respondents from Maryland/Virginia (Hu et al.,
2019). A recent study conducted primarily in the Northeast/Mid-Atlantic states (Kopsco and
Mather, 2021) presented more detailed data for frequency of use: wearing permethrin-treated
clothing always or more than half of the time was reported by 19% of respondents, and

this increased to 29% for doing so half the time or more. In this study, using at-home
permethrin clothing treatment was twice as common as purchasing and wearing pre-treated
permethrin clothing. Two additional studies reported on use of permethrin-treated clothing
without defining the frequency of use. A low level of use (2%) was reported from Maryland
(Malouin et al., 2003), whereas a higher level of use (10-15%) was reported from New
Jersey/New York and Wisconsin (Bron et al., 2020). Based on data from the control

group in a LD case-control study, Connally et al. (2009) reported a low proportion (<1%)

of Connecticut respondents wearing permethrin-treated clothing in the yard on at least
some occasion in the month prior to onset of symptoms in their matched case patients.
Finally, the study by Gupta et al. (2018) in Delaware included a survey question phrased

as follows: How often do you treat your outdoor clothing with special bug spray (insect
repellants) made for clothing (such as permethrin)? Bearing in mind that this likely includes
answers relating to treatment of clothing with skin/clothing repellents rather than only with
permethrin, 12% of respondents reported taking this action always or more than half of the
time.

3.4.5. Targeted state/local surveys of subsets of the public with presumed
elevated concern about tick-borne illness in areas where Amblyomma/
Dermacentor-associated TBDs predominate—Data are available from a single
survey of adult visitors to recreational areas in Missouri, where 8% of respondents reported
using permethrin to repel ticks, presumably by treating clothing, always or most of the time
(Bayles et al., 2013).
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3.4.6. Targeted surveys of outdoor workers in areas where Ixodes-
associated TBDs predominate—Data are available from three surveys. In an early
study, Parrot et al. (1993) reported that 5% of outdoor workers in a Maryland recreation

area used permethrin-treated clothing but the frequency of use was not defined. A later study
(Jones et al., 2015) from another recreation area in Maryland found that permethrin-treated
clothing was used routinely (always or usually) by 22% of outdoor workers. The most recent
study, conducted primarily in the Northeast/Mid-Atlantic states (Kopsco and Mather, 2021),
found that wearing permethrin-treated clothing always or more than half of the time was
reported by 23% of master gardeners, and this increased to 32% for doing so half the time or
more.

3.4.7. Targeted surveys of outdoor workers in areas where Amblyomma/
Dermacentor-associated TBDs predominate—Published studies are lacking

3.4.8. Surveys from Canada and Europe—Published studies are lacking.

3.4.9. Conclusions and future directions—Regular use of permethrin-treated
clothing to prevent tick bites has been reported by <5 to 20% of respondents in studies

of the public conducted over the last decade, making permethrin-treated clothing the

least commonly used personal protection measure to prevent tick bites. Assessing factors
underlying change in the level of use of permethrin-treated clothing over the last three
decades is complicated by the recent emergence of pre-treated permethrin-impregnated
clothing articles as an alternative to do-it-yourself permethrin spray-on treatment. In future
surveys, it would be useful to: (i) separate out the use of skin/clothing repellents applied to
clothing from use of permethrin treatment on clothing; (ii) make the distinction between do-
it-yourself treatment of clothing with permethrin spray versus purchasing clothing articles
already impregnated with permethrin; (iii) define the frequency of use of permethrin-treated
clothing; and (iv) clarify which type of clothing articles (e.g., shoes, socks, pants, shorts,
short-sleeved shirts, and long-sleeved shirts) are treated.

3.5. Tick checks

A total of 35 surveys include information relating to use of tick checks to prevent tick

bites and reduce the duration of attachment for biting ticks (Table 2). The context of

survey questions has been variable across studies, ranging from broad (e.g., performing tick
checks after being outdoors; checking the body for ticks when coming in) to more specific
(e.g., distinguishing between tick checks done while outdoors versus when coming inside;
specifying an outdoor environment related to the tick checks, such as after spending time

in the yard; checking for ticks on skin versus clothing; or defining how commonly tick
checks are performed after being outdoors). Of the personal protection measures described
in Section 3, this is the only one without another potential primary purpose.

3.5.1. Randomized national surveys of the public—Three national surveys have
presented data for tick checks. Hook et al. (2015) reported that 31% of respondents routinely
checked their bodies for ticks when coming inside during the warm part of the year, whereas
Nawrocki and Hinckley (2021) reported that 19% of respondents routinely checked their
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bodies for ticks daily. The discrepancy in the level of use of tick checks between these
studies may in part have resulted from variable phrasing of survey questions, including the
mention of daily tick checks in the latter survey. A similar study focusing specifically on

the Hispanic population in the United States showed a lower level (12%) of respondents
routinely conducting daily tick checks (Beck et al., 2021). Moreover, Hook et al. (2015)
reported the highest routine use of tick checks when coming inside from the New England,
East South Central, and West North Central regions (43—-48%); and the lowest routine use of
tick checks in the West South Central, Mountain, and Pacific regions (12—-26%). NawrocKi
and Hinckley (2021) reported higher routine use of daily tick checks for high LD incidence
states (29%) compared to groupings including low LD incidence states (13-23%).

3.5.2. Randomized state/local surveys of the public in areas where Ixodes-
associated TBDs predominate—Data are restricted to a single survey of adults in
parts of Connecticut and Maryland with elevated LD incidence (Niesobecki et al., 2019).
Conducting tick checks always or most of the time after being outdoors in places where you
could get ticks was reported by 55% of respondents in Maryland and 62% in Connecticut.

3.5.3. Randomized state/local surveys of the public in areas where
Amblyomma/Dermacentor-associated TBDs predominate—Data are available
from two studies in Tennessee and Indiana that included both adults and children. Jones et
al. (2002) reported that 54% of respondents in Tennessee always check their bodies carefully
for ticks after being in tick-infested areas. Omodior et al., 2021a reported that a thorough
check of clothing and the body for ticks after returning from the outdoors was done by 81%
of adults and for 85% of children in Indiana, but the frequency of taking this action was not
specified.

3.5.4. Targeted state/local surveys of subsets of the public with presumed
elevated concern about tick-borne illness in areas where Ixodes-associated
TBDs predominate—Data are available from 21 studies focusing on visitors to recreation
areas or including other respondent populations with potentially elevated level of concern
about TBDs (including control populations in LD case-control studies or education
intervention studies). Nine of these studies reported on consistent use of tick checks (e.g.,
usually, regularly, always/most of the time, daily, or every day or most days), which

ranged from 25 to 45% for respondents in Maryland, Maryland/Virginia, and Massachusetts
(Daltroy et al., 2007; Valente et al., 2015; Hu et al., 2019), 50-60% for park visitors in
Maryland and respondents in Rhode Island (Finch et al., 2014; Jones et al., 2015), and
68-79% for respondents in Connecticut, Massachusetts, and New Jersey (Orloski et al.,
1998; Phillips et al., 2001; Vazquez et al., 2008; Butler et al., 2016). Studies from Delaware
(Gupta et al., 2018) or primarily the Northeast/Mid-Atlantic states (Kopsco and Mather,
2021) presented more detailed data for frequency of use. Conducting tick checks always or
more than half of the time when returning from outdoors was reported by 22% of Delaware
respondents, and this increased to 53% for doing so half the time or more (Gupta et al.,
2018). In contrast, conducting tick checks always or more than half of the time after being
outdoors was reported by 77% of respondents residing primarily the Northeast/Mid-Atlantic
states, and this increased to 87% for doing so half the time or more (Kopsco and Mather,
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2021). Categorizing use as always, sometimes, or never, another study from Connecticut
reported that roughly 50% of respondents always conducted tick checks (Gould et al., 2008).
A unique study on a Brazilian immigrant population in Massachusetts found that 28% of
respondents, including both outdoor and indoor workers, always or usually checked for ticks
after walking out in the woods or working outdoors (Heller et al., 2010).

Based on data from the control group in a LD case-control study, Connally et al. (2009)
reported that 65% of Connecticut respondents performed tick checks within 36 h after
spending time in the yard on at least some occasion in the month prior to onset of symptoms
in their matched case patients. Three other studies conducted in Maryland, Massachusetts,
New Jersey/New York, and Wisconsin did not define the frequency of checking for ticks:

in these surveys the proportions of respondents taking this action ranged from 66 to 85%
(Shadick et al., 1997; Malouin et al., 2003; Bron et al., 2020). For studies on high school
students, 48% of Connecticut students reported always or often doing tick checks after
walking in wooded areas or grass (Cartter et al., 1989), whereas 30% of students in
Massachusetts checked their skin for tick most of the time (Valente et al., 2015). In another
study from Massachusetts on elementary school students, 34% reported always or usually
checking themselves for ticks (Shadick et al., 2016). In a final study presenting information
on tick checks, data were not collected or presented in a manner that allows for clear
interpretation of the results (Hallman et al., 1995).

Some studies provided additional notable information about tick checks. With regards to
conducting tick checks outdoors versus after coming inside, Smith et al. (2001) found that
Pennsylvania respondents most commonly did both (54%), followed by checking for ticks
only when coming inside (44%) and rarely reporting checking for ticks only while outdoors
(2%). Malouin et al. (2003) reported that similar proportions of respondents checked for
ticks at home (65%) and away from home (59%), and noted that 13% of respondents used
a handheld mirror to check for ticks. Shadick et al. (1997) found that of the respondents
conducting tick checks, approximately 60% reported examining the entire body whereas
40% conducted more cursory tick checks focusing on feet and legs or exposed skin. Finally,
Jones et al. (2015) reported that park visitors in Maryland more commonly checked for ticks
on the body (61%) than on clothing (51%).

3.5.5. Targeted state/local surveys of subsets of the public with presumed
elevated concern about tick-borne illness in areas where Amblyomma/
Dermacentor-associated TBDs predominate—Data are restricted to a single survey
of adult visitors to recreational areas in Missouri, where 52% of respondents reported
checking for ticks regularly (always or most of the time) after spending time in the
recreational area (Bayles et al., 2013).

3.5.6. Targeted surveys of outdoor workers in areas where Ixodes-
associated TBDs predominate—Of the seven studies of outdoor workers, primarily
employees in outdoor recreation areas, one presented multiple categories for frequency of
use (Kopsco and Mather, 2021) and four defined the frequency of checking for ticks as
always (Schotthoefer et al., 2020) or always/usually (Goldstein et al., 1990; Han et al., 2014;
Jones et al., 2015), whereas the other two studies did not define the frequency of use (Smith
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et al., 1988; Nolan and Mauer, 2006). As results nevertheless were similar across all studies,
they are presented collectively below. While at work, the proportion of respondents that
reported regularly checking for ticks on their clothes and body ranged from roughly 70 to
90%. Tick checks focusing on the body were slightly more common than checks focusing
on clothing (Han et al., 2014; Jones et al., 2015). Three studies also included information for
tick checks while at work versus at leisure: Smith et al. (1988) reported similar proportions
of respondents checking for ticks at work and at leisure, whereas Goldstein et al. (1990)
found checking for ticks to be slightly more likely at work and Nolan and Mauer (2006)
reported tick checks being slightly more common at leisure.

3.5.7. Targeted surveys of outdoor workers in areas where Amblyomma/
Dermacentor-associated TBDs predominate—Data are available from two studies in
Florida and Oklahoma. A survey of Florida Fish and Wildlife/Florida State Parks employees
found that 73% always check for ticks on their skin (Donohoe et al., 2018). A study on beef
producers in Oklahoma similarly reported that 67% of respondents check their body for ticks
when leaving the field (Noden et al., 2020).

3.5.8. Surveys from Canada and Europe—Surveys that include questions about tick
checks also have been conducted in Canada and Europe, with the proportion of respondents
regularly taking this action most often in the range of 30-70% (Bartosik et al., 2008;
Beaujean et al., 2013a, b; Mowbray et al., 2014; Aenishaenslin et al., 2015, 2017; Antonise-
Kamp et al., 2017; Z6ldi et al., 2017; Slunge and Boman, 2018; Buczek et al., 2020).

3.5.9. Conclusions and future directions—Regular use of tick checks has been
reported by 30-70% of respondents in most studies of the public in the United States
conducted over the last decade. One complication is that recent surveys tend to focus solely
on (thorough) tick checks conducted when coming indoors rather than also considering
(quick and cursory) checks of clothing and skin for ticks while still outdoors in tick habitat.
This could be addressed in future surveys. As a thorough tick check is difficult to conduct,
it also would be useful in future surveys to clarify the details of how such checks typically
are conducted for children of different age groups and adults (for example if clothes are
removed and which parts of the body are examined). It stands to reason that tick checks
would be most effective when conducted for small children, for example while they are
taking a daily bath. Finally, as for all other personal protection measures, it would be useful
in future surveys to consistently evaluate and present data for how frequently tick checks are
conducted.

3.6. Showering/bathing after coming indoors

Showering/bathing after spending time outdoors has been included in 11 surveys (Table 2).
The context of survey questions has been variable across studies, including for the definition
of the time period after coming indoors when the shower/bath took place (e.g., immediately;
soon; within 2 h of being outdoors), the specific purpose of the shower/bath (e.g., shower
soon after coming indoors; shower or bathe to remove ticks; shower immediately after
returning from the outdoors, specifically because of concern for ticks), or the spatial scope
of the outdoor activity (e.g., in the yard; outdoors). Although survey questions were specific
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to tick bite prevention, showering/bathing after spending time outdoors is also routinely
done to clean off sweat, grime, sunscreen, and repellent.

3.6.1. Randomized national surveys of the public—Three national surveys have
presented data for showering/bathing to prevent tick bites. Two of these studies (Hook et
al., 2015; Nawrocki and Hinckley, 2021) reported that 15-16% of respondents routinely
shower/bathe soon after coming inside to prevent tick bites, whereas the third study (Beck
et al., 2021) focusing specifically on the Hispanic population in the United States showed
a slightly lower level (11%) of respondents routinely showering/bathing soon after coming
inside to prevent tick bites. In the studies focusing broadly on the population of the United
States, variation in routine use of showering/bathing to prevent tick bites was recorded
across geographical regions (ranging from 6 to 7% in the Mountain and Pacific regions to
19-27% in the South Atlantic, Mid-Atlantic, East South Central, and West North Central
regions) but not for groupings of high LD incidence states (16%) versus groupings that
included low incidence states (14-18%).

3.6.2. Randomized state/local surveys of the public in areas where Ixodes-
associated TBDs predominate—Data are restricted to a single survey of adults in
parts of Connecticut and Maryland with elevated LD incidence (Niesobecki et al., 2019).
Showering/bathing within 2 h always or most of the time after being outdoors in places
where you could get ticks was reported by 40% of respondents in Connecticut and 43% in
Maryland.

3.6.3. Randomized state/local surveys of the public in areas where
Amblyomma/Dermacentor- associated TBDs predominate—Data are restricted to
a single survey from Indiana that included both adults and children (Omodior et al., 2021a).
Taking showers immediately after returning from the outdoors (specifically because of
concern for ticks) was reported by 62% of adults and for 67% of children, but the frequency
of taking this action was not specified.

3.6.4. Targeted state/local surveys of subsets of the public with presumed
elevated concern about tick-borne illness in areas where Ixodes-associated
TBDs predominate—Data are available from six studies focusing on visitors to
recreation areas or including other respondent populations with potentially elevated level
of concern about TBDs (including control populations in LD case-control studies). Three
of these studies reported on regular/consistent practice (routinely; or always or usually)

of showering/bathing when coming indoors: proportions of respondents taking this action
ranged from roughly 30% for respondents in a Maryland/Virginia study (Hu et al., 2019) to
53% for day visitors to a recreational area in Maryland (Jones et al., 2015) and 59% for a
study from Connecticut (Butler et al., 2016). A study from Delaware that included all age
groups presented more detailed data for frequency of use (Gupta et al., 2018). Showering
always or more than half of the time immediately after returning indoors was reported

by 40% of respondents, and this increased to 74% for doing so half the time or more.

As presented here, the survey question (from Appendix A in Gupta et al. 2018) used the
phrase shower immediately after returning indoors whereas the publication used the phrase
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shower within 2 h after returning indoors. Bron et al. (2020) reported that roughly 40-50%
of respondents in New Jersey/New York and Wisconsin shower/bathe to remove ticks, but
did not define the frequency of use. Finally, based on data from the control group ina LD
case-control study, Connally et al. (2009) reported a high proportion (85%) of Connecticut
respondents bathing within 2 h after spending time in the yard on at least some occasion in
the month prior to onset of symptoms in their matched case patients.

3.6.5. Targeted state/local surveys of subsets of the public with presumed
elevated concern about tick-borne illness in areas where Amblyomma/
Dermacentor-associated TBDs predominate—Published studies are lacking.

3.6.6. Targeted surveys of outdoor workers in areas where Ixodes-
associated TBDs predominate—Data are available from one study of outdoor workers
in a Maryland recreation area, where 38% of respondents reported showering/bathing within
2 h after coming indoors (Jones et al., 2015).

3.6.7. Targeted surveys of outdoor workers in areas where Amblyomma/
Dermacentor-associated TBDs predominate—Published studies are lacking.

3.6.8. Surveys from Canada and Europe—A national survey from Canada
(Aenishaenslin et al., 2017) found that 36-53% of respondents across provinces take a
shower or bath after activities occurring in a wooded area where ticks may occur.

3.6.9. Conclusions and future directions—Regular use of showering/bathing after
coming indoors to prevent tick bites has been reported by 15-40% of respondents in most
studies of the public in the United States conducted over the last decade. Part of the observed
variation could have resulted from variable context of survey questions, such as defining
different limits of time for when the shower/bath took place after coming indoors and more
or less clearly defining the specific purpose of why the respondent took a shower/bath. The
action of showering/bathing in the context of preventing tick bites may also be difficult to
separate from a tick check if removing outdoor clothing and showering/bathing are part of
a thorough tick check of the skin. As for the other personal protection measures, it would
be useful in future surveys to consistently evaluate and present data for how frequently
respondents shower/bathe to prevent tick bites or detect attached ticks. It also would be
beneficial to better understand how removed clothing is handled as part of the showering/
bathing activity, such as being run in a dryer at high heat to kill ticks still on the clothing or
immediately washed and then placed in the dryer when being removed versus simply being
placed in a laundry hamper until the next load of laundry is due.

3.7. Comparison across personal protection measures

Studies on the level of use of different personal protection measures to prevent tick

bites have used different recruitment strategies, focused on different types of respondent
populations, employed variable phrasings of survey questions relating to a given personal
protection measure, and presented results based on variable frequencies of taking action.
Although this complicates the synthesis of the findings, the studies collectively indicate
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that members of the public commonly take action to prevent tick bites, most frequently by
wearing untreated protective clothing or conducting tick checks (done routinely by 30-70%
of respondents in most studies of the public), followed by showering/bathing after being
outdoors or using repellents on skin/clothing (15-40% range), and with permethrin-treated
clothing being the least frequently used tick bite prevention method (<5 to 20%). In the
majority of individual studies focusing on the public and evaluating routine use of multiple
personal prevention measures, the level of use is greater for the non-chemical approaches
of wearing untreated protective clothing or conducting tick checks compared to applying
repellents (Orloski et al., 1998; Phillips et al., 2001; Smith et al., 2001; Jones et al., 2002;
Herrington, 2004; Gould et al., 2008; VVazquez et al., 2008; Connally et al., 2009; Finch et
al., 2014; Hook et al., 2015; Jones et al., 2015; Valente et al., 2015; Butler et al., 2016;
Niesobecki et al., 2019; Kopsco and Mather, 2021). Notable exceptions include the study by
Gupta et al. (2018) in Delaware, a study focusing on visitors to recreation areas in Missouri
(Bayles et al., 2013), and three recent surveys that introduced the phrase “check for ticks
daily/check my body for ticks daily” for tick checks but used the less specific phrase “wear
repellent” for application of repellent (Hu et al., 2019; Beck et al., 2021; Nawrocki and
Hinckley, 2021).

4. Evidence base for the effectiveness of personal protection measures to

prevent human tick bites and TBD

As shown in Section 3, widely recommended personal protection measures for tick bite
prevention are used by the public. However, the evidence base for the effectiveness of these
measures to prevent tick bites and TBD is weak (Mead, 2011; Eisen and Gray, 2016; Eisen
and Mead, 2020; Lantos et al., 2021). Sections 4.1 to 4.5 provide an overview of studies
from the United States on associations between use of specific personal protection measures
and the frequency of tick bites or occurrence of TBD cases. Data for impact of personal
protection measures on the frequency of tick bites come from a set of experimental field

or semi-field studies (Schreck et al., 1980, 1982a, 1982b, 1986; Mount and Snoddy, 1983;
Lane and Anderson, 1984; Lane, 1989; Evans et al., 1990; Vaughn and Meshnick, 2011;
Jordan et al., 2012; Vaughn et al., 2014; Richards et al., 2015; Mitchell et al., 2020b) and
one cross-sectional study (Mead et al., 2018). Data for impact on occurrence of cases of

LD and other TBDs come from a set of 13 case-control studies or cross-sectional studies
focused on outdoor workers or the public (Table 4). Only five of these studies presented
statistical analyses accounting for frequency of use of personal protection measures, defined
as regular (Orloski et al., 1998; Finch et al., 2014), routine (Vézquez et al., 2008), always/
usually (Phillips et al., 2001), or broken down by percentage classes of time used (Ley et al.,
1995). Another potential issue is that the strength of the association between use of a single
personal protection measure aiming to prevent tick bites and infection with TBD may be
confounded by use of one or several other actions also serving the purpose of preventing tick
bites. Analyses taking into account the full range of personal protection measures to prevent
tick bites taken by each surveyed individual are lacking from the published literature. Terms
written as abbreviations in Sections 4.1-4.5 include Odds Ratio (OR), Relative Risk (RR)
and Confidence Interval (CI).
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Untreated protective clothing

No prospective experimental study in the United States has evaluated the protective effect
against tick bites or tick-borne infections of wearing untreated protective clothing (light-
colored clothing; long pants/long-sleeved shirt; shirt tucked into pants/pants tucked into
socks). However, data for use of this personal protection measure collected as part of 12
case-control or cross-sectional studies (Table 4) provide insights into the potential to prevent
tick-borne infections, including LD. The context of survey questions has been variable
across studies, ranging from general without qualifiers for circumstance or frequency of

use (wearing protective clothing; wearing light-colored clothing; wearing long pants/long-
sleeved shirt; tucking pants into socks) to more specific by defining the circumstance of use
(e.g., working or playing in your yard; while in yard; during work or recreation outdoors
away from home) or the frequency of use (e.g., untreated protective clothing used 0-5, 6-50,
51-90, or 91-100% of the time when outside).

Of the 12 studies presenting data on associations between use of untreated protective
clothing and TBD, nine found no significant beneficial effect of wearing untreated protective
clothing on the probability of acquiring LD or another TBD for outdoor workers (Smith et
al., 1988) or the public (Lane et al., 1992; Klein et al., 1996; Orloski et al., 1998; Armstrong
et al., 2001; Phillips et al., 2001; Smith et al., 2001; Connally et al., 2009; Kianersi et

al., 2020). However, only two of these studies (Orloski et al., 1998; Phillips et al., 2001)
included analyses that took the frequency of wearing untreated protective clothing into
account. Four studies focusing on the public did show a protective (7= 3) or borderline
protective (n= 1) effect and these deserve further mention. Ley et al. (1995) found that
wearing long pants <5% of the time when outdoors, compared to 91-100% of the time,

was associated with increased risk for LD, based on physician-diagnosed erythema migrans,
for a set of participants living primarily in north coastal California (OR = 4.8; 95% CI =
1.0-22.4). Less frequent use of long pants (6-50 or 51-90%) was not protective compared
to use <5% of the time. No significant differences were recorded across use frequency
classes for wearing light-colored clothing, long-sleeved shirts, or tucking pant legs into
socks (Ley et al., 1995). Vazquez et al. (2008) found routine use of protective clothing while
outdoors to reduce the risk of definite physician-diagnosed LD in Connecticut (OR = 0.6;
95% CI = 0.5-0.7). Finch et al. (2014) reported that regular use of protective clothing was
associated with reduced probability of being seropositive for LD in Rhode Island (OR =

0.5; 95% CI = 0.3-0.8). Finally, Orloski et al. (1998) reported borderline protective effects
against physician-diagnosed LD for members of the public in New Jersey reporting regularly
wearing light-colored clothing (OR = 0.4; 95% CI = 0.2-1.1) or tucking pant legs into socks
(OR =0.3; 95% CI = 0.1-1.2), but not for those wearing long pants.

The overall results are contradictory for all types of untreated protective clothing, with

a few studies indicating a protective effect against TBDs but most studies failing to find
such an effect. However, it is worth noting that studies assessing the protective effect of
regular/routine use appear more likely to show a protective or borderline protective effect of
wearing different types of untreated protective clothing against TBD compared with studies
where the frequency of use was not defined in the publication. It would be beneficial in
future studies to: (i) explore the impact of frequency of use of untreated protective clothing
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on the level of protection against TBD; (ii) include an analysis for a composite of untreated
protective clothing (as attempted by Lane et al. 1992) in addition to analyzing each subtype
of untreated protective clothing separately; and (iii) account for the potentially confounding
effect of repellent use on exposed skin, when wearing shorts and a short-sleeved shirt, as

a means to avoid wearing warm, uncomfortable untreated protective clothing but still be
protected against tick bites. These types of analyses could help to define the circumstances
under which untreated protective clothing fail or succeed to protect against TBD.

Repellents for skin and clothing

There are several excellent reviews on active ingredients used in tick repellents, including
those based on natural products, as well as the benefits and drawbacks of different laboratory
bioassays used to quantify the efficacy of active ingredients or commercial repellent
formulations against ticks (Dautel et al., 1999, 2013; Bissinger and Roe, 2010; Carroll et

al., 2011; Dolan and Panella, 2011; Pages et al., 2014; Benelli et al., 2016; Adenubi et al.,
2018; Nwanade et al., 2020). These topics will not be discussed further here; the following
Sections will focus on use of repellents to protect humans from tick bites and tick-borne
infections in natural settings.

4.2.1. Experimental field studies to evaluate the impact of repellents on the
frequency of human tick encounters or tick bites—A suite of experimental field
studies have assessed protection afforded by repellents applied to clothing against different
human biting tick species, including for DEET against A. americanum (Schreck et al., 1980;
Mount and Snoddy, 1983; Evans et al., 1990), D. variabilis (Mount and Snoddy, 1983;
Evans et al., 1990), and /. scapularis (Schreck et al., 1986; Evans et al., 1990); and for
plant-derived compounds against A. americanumand /. scapularis (Jordan et al., 2012). All
studies focused on use of repellent-treated coveralls or military uniforms, thus covering a
very large portion of the body, and were limited by small (7= 3-6) participant sample sizes
and inclusion of experimental field activities rather than normal daily outdoor activities.
Use of DEET-treated clothing, compared to similar but untreated clothing, was found to
reduce the frequency of finding crawling or attached ticks on the subjects by 50-90%
across studies for A. americanum nymphs and adults, by 50-95% for D. variabilis adults,
and by 80-100% for /. scapularis nymphs and adults. Coverall treatments with solutions
containing plant-based active ingredients (nootkatone or a mixture of rosemary, cinnamon
leaf, lemongrass oils, and geraniol) also were found to provide a high level of protection
(>90% reduction in numbers of crawling ticks) against A. americanum and /. scapularis
nymphs up to 3 d after treatment (Jordan et al., 2012).

Although these studies clearly demonstrate the value of repellents for personal protection
against human biting ticks, there is a lack of prospective experimental studies from the
United States to evaluate the protective effect of repellents against tick bites and tick-borne
infections when applied by members of the public to skin or summer-weight clothing
during normal daily activities. One example of such a study comes from Sweden, where a
cross-over field trial demonstrated a 3-fold reduction in /. ricinus bites for use of a lemon
eucalyptus-based repellent formulation, compared with no repellent use, in members of the
public engaging in various outdoor activities (Gardulf et al., 2004). Another notable finding
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was that application of repellent only to the lower extremities resulted in 5.6-fold reduction
in tick bites located below the waist but only 1.5-fold reduction in tick bites located above
the waist, underscoring the importance not only of using repellents but also how they are
applied across the body.

4.2.2. Studies on associations between repellent use and TBDs—Data for

use of repellents collected as part of 12 case-control or cross-sectional studies (Table 4)
provide additional insights into the potential to prevent tick-borne infections, including LD.
The context of survey questions has been variable across studies, ranging from general
without qualifiers for circumstance or frequency of use (use of repellent) to more specific
by defining the circumstance of use (e.g., in the yard versus elsewhere), or how the repellent
was applied (e.g., to skin versus clothing).

Of the 12 studies presenting data on associations between use of repellents and TBD,
eight found no significant beneficial effect of applying repellents to skin or clothing on
the probability of acquiring LD or other TBDs for outdoor workers (Smith et al., 1988)

or the public (Ley et al., al.,1995; Klein et al., 1996; Orloski et al., 1998; Armstrong et

al., 2001; Phillips et al., 2001; Connally et al., 2009; Finch et al., 2014). However, only
four of these studies (Ley et al., 1995; Orloski et al., 1998; Phillips et al., 2001; Finch et
al., 2014) included analyses that took the frequency of using repellents into account. Six
studies involving outdoor workers or the public did show a protective (/7= 4) or borderline
protective (1= 2) effect. Schwartz and Goldstein (1990) reported that outdoor workers in
New Jersey choosing to not use repellents were at increased risk for acquiring LD, based
on serological evidence, compared to those who wore repellent at some undefined level of
frequency (Adjusted OR = 2.0; 95% CI = 1.0-4.0). Moreover, although the results were
not statistically significant, a similar study on outdoor workers in New York (Smith et

al., 1988) showed a tendency toward increased risk for acquiring LD for those choosing
not to apply repellents to clothing at work or at leisure (RR = 3.3; 95% CI = 0.9-12.2;

and RR =4.5; 95% CI = 0.8-26.2, respectively) compared to those using repellents at
some undefined level of frequency. Focusing on the public in Pennsylvania, Smith et al.
(2001) found use of repellents (without defining the frequency of use) to be protective
against physician-diagnosed LD for recreation away from the home (OR =0.7; 90% CI =
0.56-0.95) but not for activities taking place in the yard. In Connecticut, Vazquez et al.
(2008) found routine use of repellents to reduce the risk of definite physician-diagnosed
LD (OR =0.8; 95% CI = 0.6-0.9), and Connally et al. (2009) found wearing repellent
while in the yard (at least on some occasion in the month prior to onset of symptoms for
case patients, or during the same time period for their matched controls) to be borderline
protective against physician-diagnosed LD (OR = 0.7; 95% CI = 0.5-1.02). Finally, Kianersi
et al. (2020) found use of repellent on exposed skin (without defining the frequency of use)
to be protective against self-reported TBD in Indiana (Doubly Robust Adjusted OR = 0.6;
95% CIl = 0.4-0.9).

The overall results for repellents are contradictory, with a mix of studies indicating a
protective or borderline protective effect against TBD but other studies failing to find such
an effect. It would be beneficial in future studies to: (i) better define the impact of frequency
of use of repellents on the level of protection against TBD; (ii) include an analysis for
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overall use of repellents (on skin and clothing) in addition to analyzing repellent application
to skin and clothing separately; (iii) account for which body parts or pieces of clothing
typically are treated with repellents, which may be relevant to the questing behavior of
different tick species and life stages; (iv) account for whether or not the repellent products
used are registered by the EPA and thus known to be effective against ticks; and (iv)
determine whether individuals choosing not to use repellents instead are using untreated
protective clothing or permethrin-treated clothing for tick bite prevention. These types of
analyses could help to define the circumstances under which use of repellents fail or succeed
to protect against TBD.

4.3. Permethrin-treated clothing

Different types of laboratory bioassays for testing the efficacy of permethrin-treated textiles
against human biting ticks were reviewed previously (Eisen et al., 2017a). This topic will
not be discussed further here; the following Sections will focus on use of permethrin-treated
clothing to protect humans from tick bites and tick-borne infections in natural settings.

4.3.1. Experimental field or semi-field studies to evaluate the impact of
permethrin-treated clothing on the frequency of human tick encounters or
tick bites—A suite of experimental field studies in the United States have assessed the
protective effect of permethrin-treated clothing against human biting tick species, including
A. americanum (Schreck et al., 1980, 1982a, b; Mount and Snoddy, 1983; Evans et al., 1990;
Vaughn and Meshnick, 2011; Jordan et al., 2012; Vaughn et al., 2014; Richards et al., 2015),
D. occidentalis (Lane and Anderson, 1984), D. variabilis (Mount and Snoddy, 1983; Evans
et al., 1990), /. pacificus (Lane, 1989), and /. scapularis (Schreck et al., 1986; Evans et al.,
1990; Jordan et al., 2012; Mitchell et al., 2020b). The majority of these studies focused on
use of permethrin-treated coveralls or military uniforms, thus covering a very large portion
of the body, and were limited by small (n7= 2-10) participant sample sizes and inclusion of
experimental field activities rather than normal daily outdoor activities (Schreck et al., 1980,
1982a, b, 1986; Mount and Snoddy, 1983; Lane and Anderson, 1984; Lane, 1989; Evans

et al., 1990; Jordan et al., 2012). One important finding in the early studies, from 1982 to
1990, was that ticks removed from permethrin-treated clothing at the conclusion of the field
activity periods, as well as ticks purposefully placed on the clothing and forced to stay in
contact with the permethrin-treated textile for a short period of time (<5 min), frequently
were impacted by the permethrin to the point of being incapable of normal movement. As
ticks start to become impacted by the permethrin and loose the capacity for coordinated
movement, they may become trapped in the fibers of the textile rather than being able to
actively disengage or passively fall off the textile. Simply counting the number of ticks
present on permethrin-treated clothing without also assessing their vigor therefore is likely
to underestimate the protective effect of the clothing. This also presents a challenge when
comparing results across studies where some only recorded the numbers of ticks recovered
from permethrin-treated clothing whereas others also account for the vigor of the collected
ticks.

Considering only studies that accounted for both the number of ticks collected from
clothing or skin and the vigor of the ticks, the protection against tick bites for subjects
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wearing permethrin-treated coveralls or military uniforms, compared to similar but untreated
clothing, was estimated to be: 65-100% for D. variabilis adults (Mount and Snoddy, 1983;
Evans et al., 1990); 85-100% for A. americanum adults (Schreck et al., 1982a, b; Mount
and Snoddy, 1983; Evans et al., 1990); 95-100% for A. americanum nymphs (Schreck et
al., 1982a, b; Mount and Snoddy, 1983; Evans et al., 1990); and to approach 100% for

1. scapularis nymphs and adults (Schreck et al., 1986; Evans et al., 1990) and /. pacificus
adults (Lane, 1989). A similar pattern with greater impact of brief (1-2 min) exposures to
permethrin-treated textile for /. scapularis nymphs, /. scapularis adults, and A. americanum
nymphs, compared to D. variabilis adults and A. americanum adults, was later observed in a
laboratory bioassay (Prose et al., 2018). Moreover, a comparable level of protection to that
seen for /. pacificusand /. scapularis (>95%) was recorded also for the closely related /.
ricinus in field evaluations of the protective efficacy of permethrin-treated military uniforms
in Germany (Faulde et al., 2008, 2014).

More recent prospective studies in the United States aimed to evaluate the protective effect
against tick bites of permethrin-treated clothing worn by outdoor workers during their
normal daily activities: these include two pilot studies with smaller numbers (17 = 16-34)

of total participants conducted in geographical areas where A. americanum is the dominant
human biting tick (Vaughn and Meshnick, 2011; Richards et al., 2015), and two larger-
scale randomized-controlled trials involving 80 to 160 total participants in areas where

the dominant human biting tick is A. americanum (Maughn et al., 2014) or /. scapularis
(Mitchell et al., 2020b). In all four studies, articles of work clothing worn by the participants
were sent to Insect Shield, LLC (Greensboro, NC, USA) for permethrin-impregnation (and
sham-impregnation in those studies where treatment versus control was blinded to the
participants). Of the two pilot studies, one showed a dramatic (93%) reduction in work-
related tick bite incidence for subjects in the treatment group (Vaughn and Meshnick, 2011)
whereas the other study found no protective effect of permethrin-treated clothing against
tick bites (Richards et al., 2015). Factors potentially impacting the outcomes of these pilot
studies include that the study demonstrating protection against tick bites: (i) focused on a
study population with more homogenous work duties conducted within a more restricted
geographical area; (ii) included permethrin-treatment not only for pants and shirts but also
for boots and socks; and (iii) made a clear distinction between tick bites perceived to be
associated with work versus non-work activities.

Both larger-scale studies demonstrated protective effects of wearing permethrin-treated work
clothing, with reductions in perceived work-related tick bite incidence ranging from 50 to
65% across two study years in the area where /. scapularisis the dominant human biting tick
(Mitchell et al., 2020b) to 34-82% across two study years in the area where A. americanum
is the dominant human biting tick (Vaughn et al., 2014). The level of tick bite protection
decreased from the first to the second year in both studies, possibly due to greater adherence
in wearing the treated clothing during the first year. It is also worth noting here that a

recent study from Korea (Han et al., 2021) focusing on members of the public in rural

areas evaluated the protective effect against tick bites of wearing permethrin-treated socks.
With the treated clothing limited to socks, overall tick bite rates were found to be similar

for the treatment group and a control group wearing untreated socks, although there was a
reduction in tick bite rates specifically for the lower extremities for the treatment group. As
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tick species was not determined in the study, it is not possible to relate this outcome to tick
host-seeking behavior.

Another point worth considering is that using biting ticks (attached to human skin) as the
outcome measure may underestimate the protective effect of permethrin-treated clothing.

A semi-field trial where volunteers were experimentally exposed to /. scapularis nymphs
(Miller et al., 2011) indicated that temporary exposure to summer-weight permethrin-treated
clothing prior to a bite resulted in most nymphs dying within hours of their attachment.
Moreover, wearing permethrin-treated versus untreated summer-weight clothing articles
(sneakers, socks, shorts, and T-shirt) resulted in a 3-fold reduction in the number of
laboratory-reared nymphs that attached after being introduced onto shoes or skin on the

legs or arms of the human volunteers (Miller et al., 2011). Prospective experimental studies
on tick bite protection for members of the public associated with wearing permethrin-treated
summer-weight clothing articles during normal daily activities are still lacking.

4.3.2. Studies on associations between use of permethrin-treated clothing
and TBDs—A single LD case-control study conducted in Connecticut (Connally et al.,
2009) has attempted to evaluate the association between use of permethrin-treated clothing
and tick-borne infection. There was no difference in the proportions of cases (0.7%) and
controls (0.7%) using permethrin-treated clothing, but it should be noted that very few study
participants used this personal protection measure, and that use was defined as wearing
permethrin-treated clothing at least on some occasion while in the yard in the month prior
to onset of symptoms for case patients or during the same time period for their matched
controls. A cross-sectional study in Indiana (Kianersi et al., 2020) also included permethrin-
treated clothing but it is not clear from the publication if permethrin-treated clothing was
grouped with clothing treated with skin/clothing repellents in the data presentation for
associations with self-reported TBD. The strong results from studies with tick bites as

the primary outcome measure (see Section 4.3.1) merit additional efforts to evaluate the
protective effect of permethrin-treated clothing also for TBDs. It would be beneficial in such
studies to: (i) better define the impact of frequency of use of permethrin-treated clothing

on the level of protection against TBD; (ii) account for which pieces of worn clothing
(including shoes, socks, long pants, shorts, long-sleeved shirts, and short-sleeved shirts)
typically are treated with permethrin, which may be relevant to the questing behavior of
different tick species and life stages; and (iii) determine whether individuals choosing not to
use permethrin-treated clothing instead are using untreated protective clothing or repellents
applied to clothing for tick bite prevention. These types of analyses could help to define

the circumstances under which use of permethrin-treated clothing fail or succeed to protect
against TBD.

4.4. Tick checks

No prospective experimental study in the United States has evaluated the protective effect
against tick bites or tick-borne infections of conducting tick checks. However, data for use
of this personal protection measure collected as part of 11 case-control or cross-sectional
studies (Table 4) provide insights into the potential to prevent tick-borne infections,
including LD. The context of survey questions has been variable across studies, ranging
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from general without qualifiers for circumstance or frequency of use (e.g., perform tick
check; check body for ticks) to more specific by defining the circumstance of use (e.g., in
the yard versus elsewhere) or other aspects of use (e.g., while outdoors versus after coming
inside).

Of the 11 studies presenting data on associations between tick checks and TBD, eight found
no significant beneficial effect of performing tick checks on the probability of acquiring

LD or other TBDs for outdoor workers (Smith et al., 1988) or the public (Ley et al., 1995;
Klein et al., 1996; Orloski et al., 1998; Armstrong et al., 2001; Phillips et al., 2001; Vazquez
et al., 2008; Finch et al., 2014). Five of these studies (Ley et al., 1995; Orloski et al.,

1998; Phillips et al., 2001; Vazquez et al., 2008; Finch et al., 2014) included analyses that
took the frequency of performing tick checks into account. Four studies focusing on the
public did show a protective (7= 3) or borderline protective (n7= 1) effect. Smith et al.
(2001) found tick checks (without defining the frequency of use) to be protective against
physician-diagnosed LD in Pennsylvania when performed during outdoor activities (OR =
0.6; 90% CI = 0.5-0.7) but not when done after outdoor activities. Connally et al. (2009)
found that performing tick checks within 36 h after spending time in the yard (at least on
some occasion in the month prior to onset of symptoms for case patients, or during the
same time period for their matched controls) was protective against physician-diagnosed
LD in Connecticut (OR = 0.6; 95% CI = 0.4-0.9). Kianersi et al. (2020) found a thorough
body/clothes tick check after being outdoors to be protective against self-reported TBD in
Indiana (Doubly Robust Adjusted OR = 0.4; 95% CI = 0.2-0.7). Moreover, Orloski et al.
(1998) reported borderline protective effects against physician-diagnosed LD for members
of the public in New Jersey performing regular tick checks (OR = 0.5; 95% CI = 0.2-1.1).

The overall results for tick checks are contradictory, with some studies indicating a
protective or borderline protective effect against TBD but other studies failing to find

such an effect. The finding by Smith et al. (2001) that tick checks were protective against
LD when performed during but not after outdoor activities underscores the importance of
evaluating tick checks under each of these circumstances rather than focusing only on tick
checks when coming indoors. This finding may be most relevant to /xodes nymphs, which
are small and notoriously diffi-cult to detect while biting, and it therefore is important to
conduct regular tick checks while outside to maximize the likelihood of detecting them
while still crawling. Moreover, a recent study from the Upper Midwest using tick specimens
embedded in resin blocks showed that <60% of respondents recognized /. scapularis nymphs
as ticks, whereas >75% recognized adults of A. americanum, D. variabilis, and 1. scapularis
as ticks (Bron et al., 2021). It would be useful to better understand how quick, cursory tick
checks conducted while outside, versus more thorough tick checks conducted when coming
back inside, perform against different tick species and life stages with variable size and
movement speed while on clothing or skin. In future studies, it would be beneficial to: (i)
explore the impact of frequency of conducting tick checks on the level of protection against
TBD; (ii) include analysis for a composite of conducting tick checks while outside and when
coming inside in addition to analyzing each of these actions separately; (iii) account for
variable thoroughness of conducting tick checks when coming inside (e.g., portions of the
body examined and whether clothing was removed to facilitate detection of ticks crawling
on or attached to the skin); (iv) account for tick checks done separately from versus part of
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the process of showering/bathing; and (v) account for use of untreated protective clothing,
repellents, and permethrin-treated clothing as taking these actions may modify the likelihood
of doing a tick check or the thoroughness of the tick check. It also may be beneficial to
address tick checks in a broader context including actions relating to handling of clothing
worn outdoors when returning inside. These types of analyses could help to define the
circumstances under which tick checks fail or succeed to protect against TBD.

4.5. Showering/bathing after coming indoors

Four studies have evaluated associations between showering or bathing after coming indoors
and outcomes related to tick detection or occurrence of tick-borne infection. Mead et al.
(2018) reported an increased probability (OR = 3.7; 95% CI = 1.3-10.3) for Connecticut
residents to find a tick on them on days when they took a shower or bath, which should lead
to fewer ticks attaching if they were discovered before biting or shortened feeding durations
prior to tick removal if they had already attached. Moreover, Connally et al. (2009) reported
a protective effect of bathing within 2 h after spending time in the yard (at least on some
occasion in the month prior to onset of symptoms for case patients, or during the same time
period for their matched controls) against physician-diagnosed LD in Connecticut (OR =
0.6; 95% CI = 0.4-0.96). However, Kianersi et al. (2020) found no similar beneficial effect
of showering immediately after being outdoors on self-reported TBD in Indiana residents
(Doubly Robust Adjusted OR = 1.2; 95% CI = 0.7-2.1). In an older LD case-control study
of children, Klein et al. (1996) found no significant association between the frequency of
children bathing and physician-diagnosed LD (no further details about the analysis were
given). In future studies, it would be beneficial to: (i) explore the impact of the frequency
of showering/bathing on the protective effect against TBD; and (ii) define a biologically
justified time period after coming indoors for which showering/bathing is considered to be
most effective to prevent tick bites. It also may be beneficial to address showering/bathing
in a broader context including actions relating to handling of clothing worn outdoors when
returning inside and tick checks done separately from those conducted as part of showering/
bathing.

5. Knowledge gaps, challenges, and opportunities for personal protection

measures to prevent human tick bites

Despite well-documented use by the public of commonly recommended personal protection
measures to prevent tick bites (see Section 3), there are major knowledge gaps for the
effectiveness of these measures to prevent tick bites and tick-borne infections when they
are used by the public in their daily lives (see Section 4). This stems in part from lack of
prospective experimental studies to evaluate the impact of these measures. There also has
been a disconnect between the complexity of how personal protection measures may impact
human tick encounters (see Section 2.2) and how these measures have been addressed

in LD/TBD case-control or cross-sectional studies (Sections 4.1-4.5). To some extent,

this results from personal protection measures to prevent tick bites being part of broader
surveys rather than being the main focus in case-control or cross-sectional studies, which
has limited the amount of information reasonable to pursue for this particular sub-topic in
the broader survey. The mixed results for evaluations of the ability of different personal

Ticks Tick Borne Dis. Author manuscript; available in PMC 2024 February 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eisen

Page 36

protection measures to protect against TBD outlined in Section 4 suggest (from an optimistic
perspective) that they can be protective, but the information gathered to date has not been
sufficient to clarify the circumstances under which protection is achieved. It is also worth
noting that the effectiveness of the two most commonly used tick bite prevention measures

— wearing untreated protective clothing and conducting tick checks — to prevent TBD were
evaluated in 11 case-control or cross-sectional studies published from 1988 to 2009, but only
in two studies from 2010 to present time (see Table 4).

Future studies need to generate more detailed information about how personal protection
measures to prevent tick bites are used, especially for critically important information on the
frequency of use and extent of the body included in the protective action, to better define the
circumstances under which a given action, or combination of actions, are ineffective versus
protective. Such analyses should be based on information from each study participant on

the full range of personal protection measures to avoid the pitfall for assessments of single
measures that individuals not taking a given protective action (such as wearing long pants
tucked into socks and a long-sleeved shirt tucked into the pants) chose to do so because

they took another action (in this case, applying repellent to exposed skin on the arms and
legs) with the same purpose. Slunge and Boman (2018) found that while a large share of
respondents in Sweden stated that they always or often used untreated protective clothing
(64%) or checked their body for ticks after being outdoors in areas with ticks (63%),
considerably fewer respondents (45%) reported using both of these complementary methods
to prevent tick bites. A similar finding was reported for use of repellent or tick checks,
versus both, from Tennessee (Jones et al., 2002). Moreover, Butler et al. (2016) found that
while 82% of respondents in Connecticut consistently used one of four personal protection
measures (wearing untreated protective clothing, using repellent, performing a tick check, or
bathing/showering within two hours of coming indoors), this fell to 66% for use of at least
two of these complementary actions.

The overview of information on the level of use of personal protection measures by the
public, presented in Section 3, underscores the difficulty in interpreting results across studies
conducted over a long time period and where data were generated for different types of
human populations and based on variable context for circumstance and frequency of use.

In particular, comparing results across studies that did not define the frequency of taking a
given protective action and other studies using variable frequency classification schemes

for doing so is problematic. Studies presenting data based on well-defined frequency
classification schemes (e.g., Gupta et al., 2018; Kopsco and Mather, 2021) illustrate how

the percentage of respondents reporting taking a given action may change based on how a
survey question defined, or did not define, how commonly the personal protection measure
is used. For example, conducting tick checks when returning from the outdoors was reported
by 78% of respondents when classified as being done at least rarely, whereas this fell to
53% for conducting tick checks at least half of the time and 22% for more than half of

the time (Gupta et al., 2018). To be most informative, future studies should present clear
usage frequency classification schemes for actions to prevent tick bites, such as Always /
Frequently (more than half the time) / Sometimes (half the time) / Rarely (less than half

the time) / Never. However, always (100% of the time) is perhaps not the best classification
term if it is interpreted strictly by the respondents, and the combination of always/more than
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half of the time does not provide a breakdown of frequency of use above 51%. Another
alternative is a breakdown based on percentage of occasions presenting risk for tick bites
when the action is taken, such as 0%, 1-25%, 26-50%, 51-75%, or >75%. At present, it

is not clear which of these options are most likely to capture a frequency of use potentially
translating into protection against tick-borne infection. Other areas for survey improvement
could include to focus on the most relevant time periods of the year for protective actions
based on the seasonality of human biting tick species/life stages present in the target area,
clarify which parts of the body typically are protected when using repellents or permethrin-
treated clothing, and elucidate details of how tick checks are conducted.

The no-cost, non-chemical personal protection measures represented by untreated protective
clothing and tick checks (including when showering/bathing) are intended to facilitate
detection of ticks crawling on clothing and skin before they have a chance to bite. Although
not evaluated experimentally, it stands to reason that these measures will be most effective in
facilitating detection of adults of large Amblyomma and Dermacentor species, less effective
against the smaller adults of /xodes species, and least effective against the even smaller
nymphal and larval life stages for those tick species where the immatures quest in such a
manner that they encounter humans. Field observations on how ticks of different species and
life stages behave when coming into contact with persons wearing untreated summer-weight
protective clothing are lacking from the published literature.

Skin/clothing repellents and permethrin-treated clothing provide additional protection
against tick bites as these measures do not rely on detection of crawling ticks. With the
exception of purchasing factory-impregnated permethrin-treated clothing, these personal
protection measures also carry low cost which is an important factor determining the

level of use by the public or outdoor workers (Gould et al., 2008; Schotthoefer et al.,

2020; Niesobecki et al., 2022). However, field or semi-field observations on how ticks of
different species and life stages behave when coming into contact with persons wearing skin
repellents or summer-weight clothing treated with repellents or permethrin are very scarce
(Miller et al., 2011). Efforts to detect and promptly remove biting ticks is the last resort for
the suite of actions addressed in this paper to primarily prevent tick bites and secondarily
reduce the risk of pathogen transmission from biting ticks. This is another no-cost action
but there is no question that it can be very challenging to conduct a thorough check for
attached ticks, and information is very scarce for the details of how such checks typically are
conducted by members of the public (Shadick et al., 1997).

In addition to improving the knowledge of the details of how personal protection measures
are used and to what extent they reduce tick bites and TBDs, achieving an increase in the
public’s use of personal protection measures proven to be effective is a main challenge
going forward. An in-depth discussion of different models to promote behavioral change
and elucidate drivers for use of personal protection measures to prevent tick bites is beyond
the scope of this paper. These topics, together with the outcomes of education interventions
to promote the practice of tick bite prevention, are addressed in a set of previous reviews
(Corapi et al., 2007; Mowbray et al., 2012; Richardson et al., 2019; Coderre-Ball et al.,
2021; Nesgos et al., 2021).
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Factors associated with increased use of personal protection measures to prevent tick bites
have been addressed in numerous studies from the United States (for example, Cartter et
al., 1989; Herrington et al., 1997; Shadick et al., 1997; McKenna et al., 2004; Bayles et al.,
2013; Valente et al., 2015; Niesobecki et al., 2019; Omodior et al., 2020, Omodior et al.,
2021b). A few key findings are worth mentioning here. Not surprisingly, commonly reported
predictors for taking action to prevent tick bites include previous tick bites, especially if
they are numerous, and a history of TBD for the respondent or a family member. However,
even for these seemingly obvious factors some studies failed to find significant positive
associations with use of tick bite prevention measures. This may result from geographical
variation in the level of familiarity with ticks and TBDs, whether or not risk for tick bites
occur in the peridomestic environment in the study area, the specific respondent population
(such as outdoor workers versus members of the public), and other unknown factors.

Education intervention studies in the United States aiming to improve knowledge of tick bite
prevention measures and increase the use of such actions have focused on outdoor workers
(Jones et al., 2015) and the public, including children (Lawless et al., 1997; Malouin et

al., 2003; Daltroy et al., 2007; Gould et al., 2008; Shadick et al., 2016; Hornbostel et

al., 2021). Similar studies have targeted the general public in Canada (Aenishaenslin et

al., 2016) and children or adults in Europe (Beaujean et al., 2016a, b). These education
interventions universally led to increased knowledge of personal protection measures against
tick bites. For the studies in the United States, corresponding increases in the practice of
tick bite prevention measures after education interventions were reported for adult subjects
conducting tick checks when coming indoors and using repellents and permethrin-treated
clothing (Malouin et al., 2003), and for adults and children =14 years of age conducting tick
checks (Daltroy et al., 2007). Another education intervention study focusing on elementary
school children (7 to 11 years of age) reported a small but significant improvement in the
practice of checking for ticks but not for wearing untreated protective clothing (Shadick et
al., 2016). However, three other studies focusing on outdoor workers or the public found

no or only borderline significant improvement for subjects participating in educational
interventions to take increased action to prevent tick bites (Lawless et al., 1997; Jones et

al., 2015; Hornbostel et al., 2021). In the case with borderline significant improvement
(Hornbostel et al., 2021), it was noted that a high proportion (88%) of respondents reported
using personal protective measures before the education intervention, so there was little
room for improvement. Other specific reasons for educational interventions failing to result
in improved tick bite prevention practice by children or adults may include low confidence
in the ability of the actions to prevent tick bites, unwillingness to take the same action (e.g.,
conducting a tick check) day after day, and hesitancy to use some prevention measures (i.e.,
using repellents or wearing permethrin-treated clothing). It also remains to be determined
how long increased motivation for taking action to prevent tick bites will persist after an
education intervention (Lawless et al., 1997). One final notable study (Gould et al., 2008)
assessed the impact of a community-wide education intervention in Connecticut, rather than
education focusing on individual subjects. Results were mixed, with significantly increased
levels of use for always performing tick checks and always using repellents in one study
community but not in another study community, whereas there was no increase in use of
untreated protective clothing in either community.
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6. Moving forward

Numerous studies have provided information on the level of use of personal protection
measures to prevent tick bites and the impact of taking such measures on tick bites and
tick-borne infections. In the majority of these studies, however, personal protection measures
to prevent tick bites were part of a broader scope of topics rather than the main focus of

the research. Consequently, the information gathered specifically for personal protection
measures to prevent tick bites has not included the level of detail needed to understand

why results are so variable across studies. To better understand how personal protection
measures to prevent tick bites need to be used to have the greatest public health impact, there
is a need for additional, more detailed studies that account for frequency of use, parts of

the body being protected, and use of single protective actions versus combinations of two

or more protective actions. Accomplishing this should be straightforward for case-control
and cross-sectional studies, by generating more detailed information for use of personal
protection measures in study surveys, but challenging for prospective experimental studies
as this ideally would require the inclusion of control groups where the subjects refrain from
taking actions widely recommended for protection against tick bites and with some evidence
of being protective against TBDs. The current situation, where the effectiveness of widely
recommended personal protection measures to reduce tick bites and TBD remains unclear, is
not acceptable.
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Table 1

Characteristics of personal protection measures to prevent human tick encounters from resulting in bites or to
shorten the duration a biting tick stays attached.

Type of action

Per sonal protection measure

Rationale(s) for use

Action taken while outdoors in
tick habitat

Action taken soon after coming
back indoors

Action to shorten the duration

of time before detected attached
ticks are removed

Action to disrupt feeding by
attached ticks that go undetected?

Wear light-colored clothing

Wear untreated clothing covering
skin on feet, legs, torso, and arms
(physical barrier)

Apply repellent to skin/clothing
(synthetic or natural product)

Wear permethrin-treated clothing
(pre-impregnated or sprayed with
permethrin)

Perform regular cursory checks
for crawling ticks

Perform a thorough check for
crawling and attached ticks

Change clothes and run the
clothes worn outdoors in dryer on
high heat

Take a shower/bath

Promptly remove detected
attached ticks

Receive anti-tick vaccine to
disrupt tick feeding?

Apply acaricidal skin product to
disrupt tick feeding?

Ingest oral acaricidal product to
disrupt tick feeding?

Creates contrast with dark-colored ticks, to facilitate spotting them
crawling on clothing during a quick, cursory tick check

Forces ticks that make first contact with untreated clothing to move
a longer distance before reaching skin, thereby increasing the chance
of ticks falling off clothing or being detected while crawling prior to
reaching skin

Prevents ticks that make contact with treated skin from continuing to
crawl and reach a bite site on untreated skin; Prevents ticks that make
contact with treated clothing from continuing to crawl to reach skin

Prevents ticks that make contact with treated clothing from
continuing to crawl to reach skin

Improves the likelihood of spotting ticks crawling on clothing or skin
before they can bite

Improves the likelihood of spotting ticks crawling on clothing or skin
before they can bite; Facilitates prompt removal of attached ticks

Prevents bites by ticks still remaining on outdoor clothing by
changing clothes; Kills ticks by drying outdoor clothing at high heat;
Improves the likelihood of spotting ticks that were crawling on skin
under clothing or are biting

Improves the likelihood of spotting ticks that were crawling on
skin under clothing or are biting; Potential for crawling ticks to be
dislodged while showering/bathing

Overall risk of pathogen transmission by attached infected ticks
increases with duration of attachment

Overall risk of pathogen transmission by attached infected ticks
increases with duration of attachment

Overall risk of pathogen transmission by attached infected ticks
increases with duration of attachment

Overall risk of pathogen transmission by attached infected ticks
increases with duration of attachment

a .
Potential future approach.
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Breakdown of states included as high incidence states for Lyme disease, or states neighboring high incidence
states, for national surveys on level of use of personal protection measures intended to prevent tick bites in the

United States.

Surveys High incidence states for Lyme disease Neighboring states L ow incidence states for
Lyme disease
Herrington et al. (2004)2 Connecticut, Delaware, New Jersey, New Not included The remaining 42

York, Pennsylvania, Rhode Island

Beck et al. (2021)17Nawrocki Connecticut, Delaware, Maine, Maryland, Illinois, Indiana, lowa,
. b Massachusetts, Minnesota, New Kentucky, Michigan, North
and Hinckley (2021) Hampshire, New Jersey, New York, Carolina, North Dakota, Ohio,
Pennsylvania, Rhode Island, Vermont, South Dakota, Tennessee, West
Virginia, Wisconsin Virginia, District of Columbia

contiguous states and the
District of Columbia

The remaining 23
contiguous states

aHigh Lyme disease incidence states defined as having 210 reported cases per 100,000 persons per year from 1992 to 1998. Low Lyme disease

incidence states defined as having <10 reported cases per 100,000 persons per year from 1992 to 1998.

bHigh Lyme disease incidence states defined as having =10 reported confirmed cases per 100,000 persons per year from 2008 to 2015. Neighboring
states defined as having <10 reported confirmed cases per 100,000 persons per year from 2008 to 2015 but sharing a border with a high Lyme
disease incidence state. Low incidence states defined as having <10 reported confirmed cases per 100,000 persons per year from 2008 to 2015 and

not sharing any border with a high Lyme disease incidence state.
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