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Abstract

The high incidence of tick-borne diseases (particularly Lyme disease) and the challenges
associated with their serious health consequences motivated us to undertake research
aimed at developing robust protection against ticks. There is still no effective method for
preventing or treating Lyme disease, and humans who spend time outdoors—whether
for occupational or recreational purposes—remain unprotected. This paper presents an
innovative design of anti-tick textile bands intended for standalone use or integration
into protective trousers. The bands are designed to receive repellent-sprayed inserts and
provide a barrier layer separating the chemical from the user. In the research, the protective
performance of the bands was evaluated using a novel test stand specially constructed for
tick repellency testing. Experiments involving live ticks demonstrated the highest effective-
ness for bands incorporating an insert impregnated with 20% DEET. Two limitations were
noted: peak protection was achieved approx. 15 min after DEET application, and repellent
reapplication was required after three hours to maintain protection. These findings are
directly relevant to protective equipment design, offering a practical solution for high-risk
groups such as forestry workers. By providing an experimentally validated strategy for
tick bite prevention, this work addresses an urgent need in occupational and public health.

Keywords: Lyme disease; prevention of tick-borne diseases; Ixodes ricinus; Dermacentor
reticulatus; Personal Protective Equipment; protective clothing; repellents

1. Introduction

Reports from recent years attest to a dynamic increase in the number of tick-borne
disease cases worldwide [1-7]. According to data published by scientists and government
institutions, the incidence of tick-borne diseases in Europe (including Poland) has increased
nearly 2-3 fold over the past decade [1,3,8]. In Europe the most popular tick-borne diseases
are tick-borne encephalitis (TBE) and Lyme disease (less common: babesiosis, anaplasmosis,
ehrlichiosis and Crimean—-Congo hemorrhagic fever). These diseases are often difficult
to diagnose; for instance, TBE, caused by a virus in the Flaviviridae family, presents with
symptoms that typically appear 7 to 14 days after a tick bite and resemble the common
flu. After several days of apparent recovery, the disease may progress to a second stage,
affecting the central nervous system and manifesting as cognitive impairment, coma, or
limb paralysis. The consequences of the disease can be severe, including muscle weakness
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or atrophy, impaired concentration, depression, and, in some cases, even death. The most
widely recognized preventive measure is vaccination, specifically with inactivated vaccines
against TBE [8].

Another tick-borne disease is Lyme disease, caused by spirochetes of the Borrelia
burgdorferi sensu lato complex, which poses a risk of irreversible health consequences and
can often be fatal to both humans and animals [5,8,9]. This disease is also difficult to detect,
as it is often characterized by prolonged dormancy without symptoms. Currently, no phar-
macological measures are available to protect against Lyme disease, and no prophylactic
vaccines have been developed [10,11].

To date, no effective methods for the prevention and treatment of tick-borne diseases
have been developed. Therefore, any form of protection against the consequences of
tick bites represents an important improvement in safety for many people, especially
those working in forestry and agriculture. Richardson and colleagues [11], who reviewed
16 prevention methods, found only 5 of them to be effective. These include the use of
protective clothing, national strategies (including landscape modification and chemical
control), education, vaccination, and educational programs. A well-known form of tick
prevention is the use of pesticides (mainly permethrin) and repellents (DEET), usually in
the form of sprays and lotions. However, pesticides may have adverse effects on human
health; their use on clothing or direct application to the skin can be hazardous, especially
with prolonged exposure [9,10].

As part of the national strategy, information campaigns are organized to promote the
use of clothing that covers the entire body. Preventive programs conducted by governmen-
tal agencies, both in Europe and the USA, include guidelines on how to dress properly.
They primarily target high-risk occupational groups, such as foresters, gamekeepers, log-
gers, and farmers. They are advised to wear long sleeves and trousers tucked into boots, as
well as closed, high-cut footwear (e.g., rubber boots). This form of tick prevention aims
to protect the wearer by creating a barrier against ticks by means of clothing, including
trousers. However, work trousers and protective trousers typically connect to the footwear
only via an elastomeric strap [11,12].

Preventive recommendations include the application of tick-repellent products di-
rectly to clothing prior to potential exposure [13,14]. There are also commercially available
clothing items treated with chemical tick repellents, such as socks and gaiters. However,
direct contact with repellents may adversely affect users [11,12]. Furthermore, such prod-
ucts are not very reliable, as their effectiveness tends to deteriorate significantly during
use, particularly after washing [15,16]. It is also difficult to determine their performance
level at a given time [17] or monitor their decline, as they are not typically tested in this
respect. Such studies would require recreating real-life conditions and conducting tests
with live ticks.

As part of its research task, the Department of Personal Protective Equipment, Central
Institute for Labour Protection—National Research Institute in Poland, developed a protec-
tive textile band as well as a model of trousers designed to protect against tick bites, which
was granted protection rights in 2022. The objective of the research project was to develop
a user-safe, tick-repellent solution that retains its effectiveness after washing.

The aim of this study is to present a universal tick-repellent band and the design
of protective trousers with such bands integrated. The textile band, as a component of
protective clothing, provides effective protection for individuals working outdoors. When
used as part of everyday clothing, it can offer protection for both children and adults
during excursions, sports activities, and other forms of recreation. The study also presents a
method for evaluating its effectiveness under real-life conditions. The tests were conducted
in Department of Microbiology, Faculty of Pharmaceutical Sciences in Sosnowiec using a
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specially constructed test stand by Department of Personal Protective Equipment, Central
Institute for Labour Protection—National Research Institute. The results presented in this
work have a significant impact on improving the safety of individuals at risk of tick bites,
especially workers in the forestry and agricultural sectors.

2. Materials and Methods
2.1. Research Material

The main objective of the study was to develop an effective solution for protection
against ticks that would be safe for users and enable unrestricted washing. To this end, we
designed a textile band functioning as a pocket for inserts treated with tick repellents or
acaricidal agents. The outer side of the pocket features a knitted polyester mesh, enabling
the free release of the agent. The sorptive inserts are made of a composite material consisting
of hydrophobic foam and a barrier layer that prevents the chemical agent from coming
into contact with the user’s skin. An illustration of the designed band for inserts with
tick-repellent agents is presented in Figure 1.

@)

(b)

Figure 1. Protective band design: (a) design schematic with (1) knitted mesh and (2) textile velcro;
(b) actual view.

The sorptive insert is replaceable and can be easily removed and treated with a
repellent agent. It consists of several layers designed to isolate the user’s skin from the
harmful substance while facilitating the release of the agent to the exterior. The construction
of the insert used in the protective band packet is shown in Figure 2.
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Figure 2. Design of sorptive insert-a replaceable carrier of tick-repellent agents: (a) triple-layer design
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and (b) actual view of the layers.
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The application of barrier materials, preventing the direct contact of the skin with
the textile material carrying repellents or pesticides, in a triple-layer design, resulted in a
product that is entirely safe to use.

The band can be used independently as an accessory worn over everyday or pro-
tective clothing, or it can be integrated into the design of protective trousers. Trousers
with integrated bands are recommended for occupational use (meet the Regulation (EU)
2016/425 [18] and the EN 13688 standard [19] requirements), as this solution prevents
the bands from slipping off or being lost during occupational activities. The developed
protective trousers were granted utility model protection no. Ru.072702. The design of
trousers preventing tick bites is presented in Figure 3.

5
[ [ T [ ] [
4
1
3
6
(b)
oL _ 8
6 / // 7

'\

/A
L
(0)

Figure 3. Design of protective trousers preventing tick bites: (a) trouser legs with pockets for sorptive
inserts; (b) pocket with elements securing a sorptive insert; (c) three-layer sorptive insert; (1) trousers
legs; (2) the lower part of the pocket for insert; (3) the upper part of the pocket; (4) the middle part of
the upper part of the pocket; (5) and (6) textile hook-and-loop fasteners; (7) spacer layer of the insert;
(8) absorbent layer of the insert; (9) barrier layer of the insert.

The protective trousers are equipped with four insert pockets (2) permanently attached
to the trouser legs (1) along the entire circumference of the legs, both below and above the
knee. The lower part of the pockets (2) is made of polyester fabric with a surface weight
of 170 g/m?, while the middle part (4) is made of knitted textile mesh. The upper part
of the pockets (3) is secured with textile hook-and-loop fasteners (5) spaced out along
the perimeter. The pockets also contain fasteners securing the sorptive inserts (6) to the
trouser legs.

The sorptive inserts consist of three layers: a barrier layer (9), an absorbent layer (8),
and a spacer layer (7). The spacer layer is made of 1 mm thick polyester spacer knit fabric;
the absorbent layer is from 2.5 mm thick hydrophilic polyurethane foam, serving as a
carrier for the repellent. The barrier layer is made of polypropylene film, preventing the
repellent from coming into contact with the user’s skin. The textile mesh (4) protects the
sorptive insert from external factors. The special design of the pockets facilitates the release
of the repellent to the outside. An illustration of the protective trousers designed to prevent
tick bites is presented in Figure 4.
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Figure 4. Protective trousers preventing tick bites with pockets (1) for absorbent inserts: (a) design

schematic; (b) actual view.

2.2. Test Stand and Methodology

As mentioned in the introduction, there are many commercially available anti-tick
products treated with repellents or pesticides. However, there is a lack of objective methods
for verifying the effectiveness of tick repellents applied onto or integrated into cloth-
ing items.

The design of the test stand with a lower leg model was inspired by Dautel et al. [20,21],
who developed a laboratory model called the moving object bioassay (MOB) for investi-
gating the mechanism of tick invasion, incorporating a host body temperature attractant.
The model consisted of a thermostated cylinder heated to 35-36 °C, containing absorbent
tissues soaked with the test repellent solution. The test involved observing the movement
of ticks toward the cylinder. An advantage of that method is the ability to measure the
distance over which the repellent exerts its effect.

Due to the potentially harmful effects of repellents and pesticides on human skin and
the associated risk of tick-borne diseases, studies involving human participants would be
ethically problematic and are generally not permissible.

The effectiveness of the designed protective bands was confirmed using a newly
developed test method. The method involves placing adult ticks in a chamber that simulates
optimal conditions for their invasion, together with a protective band containing an insert
treated with a repellent. The test evaluated how the ticks responded to the repellent-treated
clothing. Their response was used to infer the effectiveness of the developed barrier against
tick invasion. The repellent used in the tests was DEET (N,N-diethyl-m-toluamide). A view
of the test stand is presented in Figure 5.

The test stand consists of a cylindrical chamber measuring 100 cm in diameter and
80 cm in height, with adjustable humidity and temperature to create optimal conditions for
tick habitation and parasitic invasion, simulating their natural environment. The apparatus
features a lower leg model (1) equipped with a zonal thermostatic system (2) with settings
of 25 °C, 30 °C, and 37 °C, which represent the temperature of the naked human skin and
the clothed leg.
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(b)
Protecti
rotective 5 cm (1) leg model
band (2) thermostatic system
15 cm (3) humidification system

(4) nylon tights
(5) system of funs

(6) protective band

E |

(7) plastic collar
(c)
Figure 5. Test stand for evaluating the effectiveness of clothing materials treated with repellents:
(a) schematic diagram of the test stand; (b) photograph of the actual test stand; (c) photograph of the
lower leg model fitted with a tick-repellent band and a protective collar prepared for testing.

During the experiments, air humidity in the test chamber was maintained between
70% and 90% using a humidification system (3). The leg model was fitted with nylon
tights (4) made from 92% polyamide and 8% elastane, which served as a textile carrier for
host-mimicking scent substances, known as attractants.

In experiments involving Ixodes ricinus ticks, the attractant was a 6% aqueous solution
of lactic acid (C3HgO3), which is a component of human sweat. For Dermacentor reticulatus
ticks, the attractant was a 10% solution of squalene, a component of the secretion of human
sebaceous glands. Both attractants were applied using an atomizer, with a total volume of
1.34 + 0.01 mL.

The chamber was also equipped with a system of four fans (5) with continuous
power adjustment, allowing for air exchange within the chamber and preventing repellent
accumulation. At the base of the lower leg model, a funnel-shaped plastic collar (7) was
installed at ankle height to prevent ticks from dispersing and to guide them toward the
test surface of the lower leg model. The developed textile band model (6), containing an
absorbent insert with the repellent (see Figure 1), was tested. The repellent was a 10% DEET
solution in ethanol applied in a volume of (1 & 0.1) mL. The tick-repellent band, prepared
in this way, was mounted 5 & 1 min after the application of the repellent, at a height of
15 cm from the base of the lower leg model. A view of the tick-repellent band during the
tests, as well as the effect of the repellent band on tick behavior, is shown in Figure 6.



Appl. Sci. 2025, 15, 12460

7 of 14

Figure 6. Repellency test using a phantom leg and ticks: (a) experiment with band (1) view of the
lower leg model above the protective band—no ticks (lower leg fitted with tights treated with an
attractant); (2) protective band with a repellent-treated insert; (3) view of the lower leg below the
protective band—ticks during the invasion; (b) control test without band.

2.3. Repellent Tests

Ticks were collected from their natural environment using the flagging method. Spec-
imens of Ixodes ricinus were gathered in Poland from forested areas and forest edges in
the Silesian Province. In contrast, Dermacentor reticulatus ticks were collected in the Lublin
Province (samples obtained from the Department of General Biology and Parasitology,
Medical University of Lublin), as well as from the Warmian-Masurian Province.

The collected ticks were maintained in rearing containers (desiccators) with a saturated
aqueous solution of MgSO, under high humidity conditions (approximately 90%). The
containers were refrigerated at 8 °C. Rearing containers with Ixodes ricinus and Dermacentor
reticulatus ticks are shown in Figure 7.

Figure 7. Ixodes ricinus and Dermacentor reticulatus ticks stored in laboratory conditions.

Prior to testing, the ticks were acclimatized for 1 h at room temperature (20-22 °C),
at high H,O concentrations. Following acclimatization, ticks intended for testing were
stimulated by blowing exhaled air containing elevated CO, levels into the rearing container.
Individuals showing the highest activity indicative of host-seeking were selected for tests.

The repellent concentration was determined in preliminary studies (see Figure 8). To
identify a minimum effective concentration of DEET for use in tick-repelling bands, we
conducted tests using Petri dishes. For this purpose, circles with diameters of 200 mm and
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150 mm were drawn on a cotton fabric. A 1 mL volume of repellent was applied to the
resulting ring using a pipette, creating a repellent barrier with a width of approximately
10-15 mm. Thirty adult ticks of the species Ixodes ricinus were placed on the surface of the
inner circle; the same procedure was repeated for Dermacentor reticulatus. DEET solutions
in 94% ethanol were tested at concentrations of 2.5%, 5%, 10%, and 20%. Each experiment
lasted 15 min, with intervals of one hour. We measured the time it took for the ticks to
begin crossing the barrier formed by the repellent (moving from the central circle to the
outside). A control trial was carried out under the same circumstances, but with 94%
ethanol without DEET.

(a) (b)

Figure 8. View of ticks Ixodes ricinus (a) and Dermacentor reticulatus (b) during preliminary tests
conducted to optimize repellent concentration.

In the course of the experiments conducted for both species, the ticks tended to move
towards the edges of the circle, but DEET prevented them from crossing the repellent-
treated ring.

Tests of the repellent band effectiveness began with 10% DEET. Each test involved
30 adult Ixodes ricinus and Dermacentor reticulatus ticks showing the highest levels of activity
and host-seeking behavior.

For comparison purposes, control studies of tick behavior were conducted without a
band mounted on the lower leg model. Observations were conducted for 3 h. A comparison
of the movement of ticks on the leg model without the repellent band (control trial) versus
the leg model fitted with the band (test trial) enabled the evaluation of the effect of the
tick-repellent band on the host-seeking behavior of ticks.

In the second part of the experiment, the concentration of DEET in an ethanol solution
was increased to 20%, and the observation time was extended to 8 h to evaluate changes in
the effectiveness of the band over time.

We identified seven types of tick activity:

Present on the band (background fabric);
Present on the band (knitted mesh);

Present on the band (hook-and-loop fasteners);
Present below the band;

Fallen off the band;

Crossed the band (over);

Crossed the band (under).

NG N
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The effectiveness of the protective band was determined based on the number of ticks
that moved upward past the band on the lower leg model (activity types 6 and 7). Ticks
that moved outside the test area were not counted.

3. Results

The results of tick activity observations were recorded 15 min after the band was put
on and then at 60 min intervals (9 time points in total, over a period of 0 to 480 min). In a
preliminary analysis focused on tick reactions depending on the repellent concentration,
the minimum concentration of the repellent applied to the band was determined, which
should be no less than 10%. Therefore, the experiment started with 10% DEET, and later
the concentration was increased to 20% DEET in ethanol.

The results for the two DEET concentrations applied to the insert of the tick-repellent
band, 10% and 20%, over a period of 0-180 min are presented in Tables 1 and 2. Table 3
summarizes observations conducted from 240 h to 480 min.

Table 1. Percentage of ticks observed for the various types of activity in experiments involving 10%
DEET in ethanol solution; results from observation time points 1-4.

Time (min)
No. Ticks (%) 0-15 60 120 180
D.rec. * Lric. D.rec. Lric. D.rec. Lric. D.rec. Lric.
1. Present on the band (background fabric) 23.33 13.33 26.66 20.00 26.66 6.66 23.33 3.33
2. Present on the band (knitted mesh) 10.00 3.33 13.33 16.66 6.66 0 0 3.33
3. Present on the band (hook-and-loop fasteners) 0 0 3.33 0 26.66 0 23.33 0
4. Present below the band 20 20 23.33 16.66 16.66 13.3 30 23.33
5. Fallen off the band 0 10.00 13.33 10.00 0 3.33 3.33 0
6. Crossed the band (over) 10.00 0 0 0 0 0 0 0
7. Crossed the band (under) 0 6.66 0 0 0 3.33 0 0
* D.rec.—Dermacentor reticulatus; I.ric.—Ixodes ricinus.
Table 2. Percentage of ticks observed for the various types of activity in experiments involving 20%
DEET in ethanol solution; results from observation time points 1—4.
Time (min)
No. Ticks (%) 0-15 60 120 180
D.rec. * Lric. D.rec. Lric. D.rec. Lric. D.rec. Lric.
1. Present on the band (background fabric) 6.66 6.66 3.33 3.33 6.66 0 3.33 0
2. Present on the band (knitted mesh) 3.33 3.33 0 0 0 0 0 0
3. Present on the band (hook-and-loop fasteners) 0 0 0 0 0 0 0 0
4. Present below the band 0 3.33 0 0 0 0 0 0
5. Fallen off the band 10.00 6.66 3.33 3.33 6.66 0 3.33 0
6. Crossed the band (over) 0 0 0 0 0 0 0 0
7. Crossed the band (under) 0 0 0 0 0 0 0 0

* D.rec.—Dermacentor reticulatus; I.ric.—Ixodes ricinus.

An analysis of the effectiveness of protective bands with an insert containing 10% DEET
is presented in Figure 9.

Analysis of tick responses to the band with an insert soaked with 10% DEET over
four observation cycles lasting a total of 3 h. revealed differences in tick behavior within a
given species. Ixodes ricinus ticks did not cross the band throughout the entire experiment.
However, 10% of Dermacentor reticulatus ticks crossed the band and entered the lower leg
model within the first 15 min of the experiment (Table 1). Ixodes ricinus, probably due to
their significantly smaller size, passed under the band onto the lower leg model (6.66%
of ticks after 15 min and 3.33% of ticks after 120 min). For Dermacentor reticulatus, the
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percentage of ticks in direct contact with the band ranged from 23.3% to 26.6%, while for
Ixodes ricinus it ranged from 3.3% to 20%. Some even made direct contact with the repellent,
entering the central part of the band. Furthermore, 10% of Ixodes ricinus and 26.6% of
Dermacentor reticulatus detached themselves from the band as a result of the repellent.

Table 3. Percentage of ticks observed for the various types of activity in experiments involving 20%
DEET in ethanol solution; results from observation time points 5-9.

Ticks (%)

Time (min)

240 300 360 420 480

D.rec. * Lric. D.rec. Lric. D.rec. Lric. D.rec. Lric. D.rec. Lric.
1. Present on the band (background fabric) 20.00 16.66  16.66 3.33 16.66 0 26.66 3.33 20.00 0
2. Present on the band (knitted mesh) 3.33 3.33 3.33 0 0 3.33 0 6.66 0 0
3 Present on the band (hook-and-loop 0 0 333 0 13.33 0 13.33 0 6.66 0

fasteners)

4. Present below the band 0 3.33 0 6.66 0 3.33 0 0 0 3.33
5. Fallen off the band 6.66 6.66 13.33 3.33 3.33 0 10.00 0 3.33 0
6. Crossed the band (over) 0 0 0 0 0 0 0 0 0 0
7. Crossed the band (under) 3.33 3.33 3.33 0 0 0 16.66 20.00 6.66 16.66

* D.rec.—Dermacentor reticulatus; I.ric.—Ixodes ricinus.

D. reticulatus and I. ricinus activity in the presence of a repellent band with an
insert containing 10% DEET at four observation time points: after 15, 60, 120, and

180 min
35

30
25
20

15
‘ | ‘I‘ ‘
0 I Il I | Do bl &

D.rec. l.ric. D.rec. l.ric. D.rec. l.ric. D.rec. l.ric.

Ul O

Percentage of ticks, %

0-15 60 120 180

Observation time points, min

ml 2 3 4 W5 m6 m7

Figure 9. Summary of tick activity in the presence of a repellent band with an insert containing
10% DEET. Activity types 1-7 are described in Table 1.

According to the adopted criterion, band effectiveness is defined as the percentage of
ticks that crossed the band. Figure 10 presents an analysis of the activity types defined in
points 6 and 7 of Table 1 for both tick species over a period of 0 to 180 min.

An analysis of the effect of DEET concentration on protective band effectiveness,
understood as the percentage of ticks that crossed the band on the lower leg model in both
the control and test groups after 3 h of the experiment, is presented in Figure 11.

In addition, the decline in the protective effectiveness of the band over time was
evaluated. Tick activity was analyzed over 8 h of the experiment (at nine observation time
points) for the band insert treated with 20% DEET. The results of the analysis are presented
in Figure 12.

Our observations of tick activity and their reactions to a band with a repellent-soaked
insert indicate that protection declines after 3 h and is lost after 6 h (Figure 12). To ensure
adequate protection, it is recommended to re-soak the insert within 3 h. Moreover, early-
phase observations (0-15 min) suggest the need to extend the conditioning time of the band
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insert before applying it. Moreover, the results of observing tick activity suggest extending
the insert conditioning time from 0 to 15 min before application.

Band performance for D. reticulatus
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Observation time points, min
M Crossed the band (over) M Crossed the band (underneath)
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Band performance for lricinus
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Percentage of ticks, %
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M Crossed the band (over) ™ Crossed the band (underneath)

(b)

Figure 10. The percentage of ticks of both species: (a) Dermacentor reticulatus and (b) Ixodes ricinus

o

that crossed the repellent band, broken down by time and movement strategy.

Effect of DEET concentration on protective band performance
understood as the percentage of ticks that crossed the band

30 7 7
;522 Z Z
£15 / /
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B T B 7
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Figure 11. The percentage of ticks of both species that crossed the protective band, broken down by
time and movement strategy. Legend: Lric. = Ixodes ricinus, D.rec. = Dermacentor reticulatus.
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Protective band effectiveness over 8 h
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Figure 12. Percentage of ticks that crossed the protective band with 20% DEET on the lower leg
model at 9 time points. Legend: D.rec. = Dermacentor reticulatus; I.ric. = Ixodes ricinus.

4. Discussion

In the study, we evaluated the protective performance of the proposed bands using
a novel test stand. To date, repellency testing has relied on environmental methods,
in vitro laboratory assays, and in vivo tests. We developed a new tool that combines the
advantages of these approaches. For the first time, key environmental parameters, such
as temperature, airflow, and host-mimicking attractants, were reproduced in laboratory
conditions. Based on Dautel [18], the readiness of Ixodes ricinus ticks to infest a host depends
on ambient temperature. Moreover, temperature acts as an attractant that initiates host-
seeking. Therefore, we standardized the experimental temperature and, for the first time,
installed a heated leg phantom with host-mimicking scent substances, known as attractants.
To date, no comparable model has been standardized for as many factors as ours. This
ensures repeatable and reproducible testing. Furthermore, the prototype could in the future
replace human participation in such studies, preventing exposure to potentially harmful or
skin-irritating test substances and avoiding direct contact with ticks or other arthropods.

Our tick observations demonstrate significant inter-species differences and varying
levels of repellent sensitivity. In view of the above, band effectiveness is reduced by
incorrect application for both the Ixodes ricinus and Dermacentor reticulatus species. The
bands should be fitted snugly against the lower leg and adjusted to eliminate gaps (taking
into account the small size of the ticks). Therefore, integrating bands into protective trousers
is an effective solution (see Figure 4). On the other hand, standalone bands are versatile
and convenient, as they can be carried and donned as needed before work or recreational
activities. The effectiveness of both standalone and trouser-integrated bands declines over
time, underscoring the need for repellent reapplication.

5. Conclusions

This study evaluated the effectiveness and usefulness of anti-tick protective bands
(used either as standalone devices or integrated into protective trousers). The textile bands
optimized in terms of repellent concentration and reapplication time were found to be
effective. It should be noted that a key advantage of the proposed design with repellent-
soaked inserts is that the repellent does not come into contact with the user’s skin, and the
textile insert can be cleaned.
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The findings also support the suitability of the developed test stand for evaluating
textiles in terms of their effectiveness regarding protection against ticks under near-real-
world conditions.

The proposed methodology can be applied to a wide range of textile fabrics and
complete garments, such as leggings and socks, under conditions similar to natural ones.
As with all methods for testing tick-protective products, a limitation is the seasonal and
insufficient availability of ticks. Even field-collected ticks selected for activity can introduce
variability and influence study outcomes.
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