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Insect bites that cause itch, pain and swelling are very
common. The use of concentrated heat for relief of
these symptoms may be a promising approach; how-
ever, the scientific evidence for efficacy of hyperther-
mia treatment is sparse. We report here the results of
a large real-world study using a randomized control
group to assess the efficacy of hyperthermia on insect
bites in real-world conditions, specifically considering
mosquito bites as the most common type. The study
was conducted in a decentralized manner via a smart-
phone-controlled medical device, heat it®, for treat-
ment of insect bites and stings through application of
heat. The application that controls the device was ac-
companied by additional questionnaires, that collec-
ted data related to insect bites, such as itch and pain
intensity. Analysis of data from over 12,000 collec-
ted treated insect bites, generated by approximately
1,750 participants (42% female, 39+13 years) show-
ed significant inhibition of itch and pain for all investi-
gated insect species (mosquitoes, horseflies, bees
and wasps). Mosquito bite-induced itch was reduced
by 57% within the first minute and by 81% 5-10 min
after treatment, and the overall reduction in itch and
pain was more pronounced than in the control group.
In conclusion, the results indicate that local applica-
tion of heat relieves symptoms of insect bites.
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irtually everyone, every year, gets bitten or stung

by insects. The impact ranges from short-lived itch
or pain to life-threating reactions (1, 2) in individuals
with severe allergic reactions. In Germany, where the
current study was performed, there are numerous biting
or stinging insects, including bees, wasps, horse flies,
mosquitos, lice, fleas, and bugs (3). Allergic reactions
to Hymenoptera stings are clinically the most important,
whereas Diptera bites are much more frequent overall. As
climate change leads to an expansion of the geographical
range of insects (4, 5), the incidence of bites and stings
is expected to increase.

SIGNIFICANCE

Bothersome insect bites are common. Concentrated heat
is a promising approach for treatment of bites. To improve
the sparse scientific evidence-base, a real-world study of
1,750 participants was performed. Using smartphones and
heat it®, a medical device for the application of heat to
insect bites, participants gathered data for over 12,000
tracked insect bites. The results showed that that itch and
pain caused by insect bites is strongly reduced by heat
treatment, no matter how long ago the insect bite occur-
red. These outcomes could be used to improve the care of
insect bites.

Reactions to insect bites and stings are triggered by
substances delivered to the dermis by the insect during
the bite or sting. Mosquitoes, for example, inject salivary
secretions to ensure blood flow on feeding (2), which cau-
ses an immediate inflammatory reaction in approximately
75% of individuals (6). Bees, wasps, hornets, and yellow
jackets deliver venom to the skin of their victims when
they sting. In bees and wasps, the venom contains various
proteins, such as melittin, mastoparan, and phospholipase
A, which can directly activate sensory neurones, causing
acute pain and itch sensations, and can lead to an immu-
noglobulin E (IgE)-independent mast cell degranulation
and release of histamine and tryptase (7-9).

Pruritic signals are perceived by diverse subpopula-
tions of cutaneous pruriceptive neurones and are transfer-
red via the spinal projection neurones to the brain, where
the processing of the itch sensation occurs in multiple
brain areas and circuits (10, 11). Itch and pain, distinct
sensations with specific receptors and mediators invol-
ved, interact with each other. A painful stimulus, such as
noxious heat, causes the inhibition of itch signalling (12).
Recent studies show that transient noxious heat stimula-
tion in healthy human subjects suppresses experimental
histaminergic and non-histaminergic itch (13, 14). In
an open cohort-study at German bathing lakes with 146
individuals who experienced insect bites or stings, the
use of concentrated heat (51°C for 3 or 6 s) reduced the
itch induced by these bites and stings (15).

Mosquito bites are the most frequent insect bites
worldwide (16), and itch induced by these and other in-
sects can be quite bothersome. We report here the results
of'a large real-world study using a randomized controlled
group to assess the efficacy of hyperthermia on insect
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bites in real-world conditions, especially considering
mosquito bites as the most frequent type of bites.

MATERIALS AND METHODS
Clinical study

In this decentralized clinical study, a conformité européenne
(CE)-certified class ITa medical device (heat it*; Kamedi GmbH,
Karlsruhe, Germany) was used. The device is used for the treat-
ment of insect bites and stings by applying concentrated heat from
47°C to 51.5°C for 4-9 s (configurable by the user). The device
is powered by a smartphone and controlled via the heat it® app.
The study was performed from June to October 2022 among 1,783
heat it® users (42% females, 39+ 13 years [mean age + standard
deviation; SD]), who were willing to participate and provided
informed consent. The data-set contained over 12,000 registered
treatments, mainly collected within Germany.

Method of data collection

Via the heat it® app, all users who had a minimum of 10 treatments
were asked if they wanted to join the study. For those users who
provided consent, basic demographic information was documen-
ted. Subsequently, for each treatment, participants were asked for
information regarding the insect sting or bite in question. Data col-
lected included itch and pain sensation on a numerical rating scale
(NRS 0-10) immediately before treatment, as well as after treat-
ment in 3 repeated questionnaires (issued via push-notifications
in the smartphone app) as well as insect-species, body site and
estimated time since the sting or bite (Fig. 1). Participants were
free to skip or cancel the questionnaires at any time. Technical
data collected included the temperature and duration of the chosen
treatment, as well as timestamps of the required participants inter-
actions, e.g. for plausibility checking (see below) or assignment
of itch and pain assessments to points in time.

Data filtering

Utilizing collected timestamps, data created by participants were
subjected to automated checks for plausibility by comparing the
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time a participant spent on a certain app-screen with realistic
values. Thus, if a participant spent too little or too much time
completing a questionnaire, the corresponding data was labelled
implausible and was not included in the evaluations presented
in this report unless explicitly mentioned. This plausibility
check was performed only for the first of the post-treatment
questionnaires.

Participants were allowed to re-treat a recorded bite before com-
pleting all 3 of the post-treatment questionnaires. Approximately
10% of all recorded insect bites contain such repeated treatments.
This data was filtered out when considering any relationship bet-
ween heat treatment and reduction in itch and/or pain intensity
in this study.

Control group

This study includes a control group that was generated by asking
participants to delay the treatment they were about to perform.
Each participant was asked to make such a delay on a randomized
basis in approximately 5% of all treatment cases. The question
was asked after the participant provided information about the
current itch and pain resulting from the insect bite to be treat-
ed. Each participant was free to decline the request and treat
immediately. However, if the requested delay was accepted, the
questionnaires regarding the insect bite were rolled out as normal,
with the sole difference that no treatment took place. After all of
the questionnaires were completed (approximately 10 min later),
subjects were offered the opportunity to treat the bite.

Incentivization

To increase participation in this study, a gamification concept
was implemented. Participants were awarded virtual points for
each completed questionnaire and badges for good data quality
or consistent usage of the app. Participants also gained access to a
personalized screen in the app showing registered bites visualized
on a body site heatmap. Also, participants were informed that
they could win a prize in a raffle, and that the number of raffle
tickets they were given was determined by the number of virtual
points earned.
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Fig. 1. App interface for registering an insect bite. (A) The participant sets up the treatment (duration and temperature). (B) The body site with
current itch and pain scores of the sting to be treated is recorded by the participant. (C) Treatment is performed. (D) After treatment, some additional
information on the treated sting is captured from the participant. (E) The participant is again asked to report the current itch- and pain-sensations. There

is also a possibility to report side-effects and/or additional treatments.
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Statistical analysis

Statistical analyses were performed with the software SciPy
(version 1.9.3) (17). To determine significant differences between
independent groups, the Mann—Whitney U test, and for dependent
groups the Wilcoxon test, was used, since most of the sampled data
was neither normally distributed nor preserved equal variances.
Multiple observations from the same participant were summarized
into a single data-point by mean averaging for rolling out statis-
tical tests. Descriptive statistics of age of the participants were
generated by sampling the age ranges with equity distributions,
thus generating a continuous distribution from which mean and
SD could be derived.

Effect sizes are common language effect sizes according to
(18) (represented by the shorthand CL in this report), calculated
with the help of the package Pingouin (19) (version 0.5.3). For
convenience, in this study, small, medium and large effect sizes
correspond to values of 0.56, 0.64 and 0.71, respectively (18).

RESULTS

Insect bites and stings induce considerable itch and pain

Across a total of 12,076 insect bites or stings in 1,783
affected individuals, 95% of plausible ones were caused
by mosquitoes, 3.3% by horse flies, and 1.7% by bees or
wasps. One in 5 documented bites or stings were not as-
signed to a specific type of insect. The mean +SD itch in-
tensity on a numerical rating scale (NRS 0—10) was highest
for horse fly bites (5.8 +2.5), followed by mosquito bites
(5.3+2.3) and bee or wasp stings (4.4 +3.3). The intensity
of pain was highest for bee and wasp stings (3.7 +3.2) and
was lower for horse fly and mosquito bites (1.9+2.3 and
1.1+1.9, respectively) (Fig. 2). Itch and pain responses
were largely similar in male and female participants and
across age groups, although there was a trend towards
increased pain responses with higher age (Fig. 3).

Application of heat reduces itch and pain caused by bites
and stings of all insects investigated

The application of heat to sites of insect bites or stings
markedly reduced itch and pain compared with baseline,
across all insects investigated. Participants were asked to

Mosquito

Horsefly

Bee or Wasp

rate itch and pain before and at various time points after
heat application. Compared with the initial values, itch
ratings for all insect species decreased significantly within
the first minute after treatment (p<0.0001 each). Itch was
reduced by 57% for mosquito bites within the first minute
after treatment and by 81% 5-10 min after treatment.
Reductions were similar for horse fly bites, with 50% re-
duction in itch within the first minute and 89% reduction
5—-10 min after treatment. Bee or wasp stings reached 44%
and 64% itch reduction, respectively (Fig. 4A).

Pain intensity was also reduced (p<0.0001 regarding
mosquito and bee or wasp stings and p<0.01 regarding
horse fly bites). Evaluating the same time slots as for itch,
i.e. within the first minute and 5—10 min after the event,
the reductions were 24% and 80% for mosquito bites,
22% and 87% for horse fly bites, and 34% and 62% for
bee or wasp stings, respectively.

While intensity ratings for both itch and pain were con-
tinuously decreasing over time for mosquito bites, ratings
of bee and wasp stings and horse fly bites also decreased,
but showed some fluctuation over time (Fig. 4B).

Interestingly, itch reduction after mosquito bites did
not depend on the time between the occurrence of the
bite and the heat treatment. The reduction was as high
for insect bites that occurred less than 5 min before tre-
atment as it was for insect bites that occurred more than
6 h before treatment (Fig. S1).

Application of heat results in a faster reduction in itch
than in the control group

In approximately 5% of all cases, after a report of cur-
rent itch and pain of the insect sting or bite was entered,
participants were asked on a randomized basis to accept a
delayed treatment (by approximately 10 min). Compared
with this control group, participants who actively heat-
treated their mosquito bite exhibited a 7.1-times greater
decrease in pruritus after 1 min. Two min after heat app-
lication, the treatment group showed a 4.4-times greater
itch-reduction, and 10 min after treatment itch was still
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Fig. 2. Pre-treatment intensities of itch
and paininduced by insect bites or stings.
;3 é 1'0 Data are shown as mean with standard error

of mean (SEM) as error bars. NRS: numerical
rating scale.
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reduced by a factor of 2.0 (Fig. 5A). This notable dif-
ference between the treatment and control group appears
to diminish more than 10 min after treatment. This is in
line with the general observation that a non-scratched
mosquito bite will eventually stop itching. However,
since the control group contains very little data from 4
min onwards, such conclusions cannot be drawn with
certainty here. Overall, hyperthermia treatment resulted
in a faster reduction and a shorter duration of itch com-
pared with the control group without treatment (Fig. 5B).
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T

Using controlled hyperthermia is safe

Each time the participants were asked to report itch
and pain ratings, they were offered the opportunity
to indicate side-effects that may have occurred due to
the treatment with the device. Across all 48,712 sub-
questionnaire data-points (including implausible data),
64 adverse events (0.13%) were documented, of which
58 were linked to reactions to insect bites and/or tre-
atment with the heating device (i.e. sensation of heat,
redness of skin, swelling), 2 were not categorizable,
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Fig. 4. Application of concentrated heat reduces itch and pain following insect bites or stings. Data are presented as mean=*standard error of
the mean (SEM); multiple observations of the same participants were summarized using mean. Data shown as “0-1 min” includes all itch/pain-ratings
ranging from directly after the treatment up to and including 1 min after the treatment. **p <0.01; ****p <0.0001; effect sizes CL__: 0.87, 0.77, 0.69
for mosquito, horse fly, bee or wasp; CL . : 0.53, 0.55, 0.62 (HgiHguore < Hoymin)- NRS: numerical rating scale.
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and 4 were reports of “extraordinary heat”, which were
categorized as potential treatment-associated adverse
effects (Table SI).

Those events were carefully followed up to ensure
that participants were not harmed by the treatment. To
this end, this study reviewed the automatically genera-
ted treatment curves of the 4 devices, which all showed
standard behaviour of the heating controller with no
intervention from the temperature safety switch that trig-
gers at temperatures above 55°C. In addition, the study
checked whether the 4 users reported the events via the
dedicated “contact” section within the app, which none
of'them did. Finally, their future treatment behaviour was
monitored, and all 4 participants performed 10 or more
treatments in the month following the adverse event,
indicating that it was not considered severe.

DISCUSSION

This is the first published controlled real-world study of
the use of concentrated heat to alleviate itch induced by
insect bites or stings. The results demonstrate a signifi-
cant reduction in itch and pain using local heat applica-
tion after insect bites or stings, based on data derived
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B and including 1 min after the treatment.
Numbers below the boxes depict numbers
of participants in the corresponding group.
The last 3 time-bins are greyed out as the
control group contains very little data.
***%p <0.0001; ns: p>0.05; effect sizes
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min: 0.89, 0.87, 0.80, 0.81, 0.66, 0.70,
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the curve-plot showing reduction of itch
over time for treatment- and control group
(itch intensity displayed as mean); multiple
observations of same participants were
summarized using mean. The last 3 time-
bins are greyed out as the control group
contains very little data. NRS: numerical
rating scale.
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from a large data-set with more than 12,000 registered
treatments from more than 1,700 individuals.

In the summer months especially, pruritus caused by
insect bites and stings can lead to a significant impairment
in well-being. Many different methods for itch relief after
mosquito bites are described and applied, most of them
based either on temperature effects or pain stimuli. For
example, the application of cooling saliva, cold from cold
objects or ice cubes, or a pain stimulus directly next to
the insect bite are recommended as home remedies (20).
The targeted application of concentrated heat is also
thought to relieve itching by activating heat receptors
and inducing a pain stimulus. The use of a heat applicator
was reported earlier in an open cohort study at German
public bathing lakes (15). This showed that the applica-
tion of heat resulted in relief of itch, but no control group
was included. In experimental studies on the reduction
of itch by heat, 2 research groups could also show that
the application of targeted and concentrated heat leads
to a reduction in histamine- and non-histamine-mediated
itch (14, 21). These earlier findings are in line with and
support the current results.

The current study was not aimed at the identification
and characterization of the underlying mechanisms
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of action of heat-mediated itch relief. The effects are
probably explained, at least in part, by the activation of
transient receptor potential cation channel subfamily V
member 1 (TRPV1) via C-mechano-insensitive nerve
fibres (10, 14).

Limitations

Despite the large data-set and the inclusion of a control
group, this study has some limitations. To motivate
subjects to participate in the study and to maximize the
number of documented treatments, the control group was
limited to 5% of the overall treatments. Furthermore, the
chosen design of the control group is not blinded. A blin-
ded approach, using a lower temperature heat application,
was considered prior to the study. As all participants
included in the study were required to have a minimum
of 10 treatments, the lower temperature is likely to be
almost always identified as the control treatment, thus
eliminating the effect of blinding. Furthermore, such an
approach would apply only to participants who utilize
heat applications with high temperatures, which intro-
duces unwanted mixing of statistical effects. In total, a
delayed treatment approach was considered to be supe-
rior to the described blinded approach, both in terms of
user satisfaction and statistical clearness.

The 10-min delay in treatment in the control group
may have caused participants to focus on the itch more
than usual and therefore report higher scores. The data
collected do not provide insight into the sustainability of
the heat treatment beyond a time period of 1 h. Under-
standing if, and under what circumstances, itch or pain
recur after a successfully treated insect bite may be the
subject of further research.

Conclusion and future research

This study shows that concentrated heat induced by a
heating device reduced pruritus caused by insect bites
and stings, even if the insect bites occurred more than 6
h previously. Across more than 12,000 treatments regis-
tered, less than 1% of participants reported side-effects.
Further investigation of these side-effects showed that
none posed a serious risk to the participant.

As has been described by others previously, sensitivity
to heat can vary between individuals as well as between
body sites (22, 23). Furthermore, the required conditions
of noxious heat counter-stimuli (treatment temperature
and time) and its influencing factors for achieving an
optimized reduction in itch and pain are not understood
in detail. The data collected within this study allow for
investigation of correlations between treatment settings
chosen by users, demographics, individual heat sensiti-
vity, body site and efficacy of treatment.

The data presented here indicate that the combination
of the medical device heat it® and the corresponding
smartphone app creates a novel means of data generation
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in real-world settings. The design of the study is highly
customizable via the app interface, as is the variety of
data collected. Collection of location data for real-time
mosquito hotspot maps (a topic that others are working
on intensively (24)) is feasible, as is detailed photograp-
hic analysis of insect species or symptoms. The large
number of users of the device (approximately 250,000
as of December 2022) enables the collection of extensive
data-sets, expanding the possibilities of future research.
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