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ABSTRACT

INTRODUCTION. Tinea pedis is a common disease that affects up to 70% of adults during a lifetime. Most cases are caused by
Trichophyton species. Worldwide, terbinafine resistance among dermatophytes is rising, which is concerning as terbinafine is
the first-line treatment. Due to concerns regarding potential epidemics, this study was conducted to investigate whether
rental climbing and bowling shoes are a source of societal spread.

METHODS. A sampling was conducted on 103 pairs of rental climbing shoes and 102 pairs of bowling shoes across four
climbing clubs and four bowling clubs, utilising a previously published swabbing technique and culturing. Positive cultures
were identified by microscopy and internal transcribed spacer sequencing. Additionally, a questionnaire was completed
regarding shoe material and disinfection method.

RESULTS. No dermatophytes were detected on any of the rental shoes. All bowling clubs and one climbing club employed
fungicidal cleaning methods.

CONCLUSION. Rental climbing and bowling shoes are unlikely to present an immediate risk for the societal transmission of
dermatophytes.

FUNDING. The Royal Hofbundtmager Age Bang Foundation is acknowledged for funding the laboratory work (number 9622-
3439).

TRIAL REGISTRATION. The local committee of research ethics (Region Zealand, Denmark, EMN-2021-01399) waived ethical
approval.

Tinea pedis is a common disease with an adult lifetime occurrence of up to 70%. Most cases are caused by
Trichophyton species, especially T. rubrum, and concomitant tinea unguium can evolve from the infection [1].
The prevalence of tinea pedis is especially high among miners (72.9%) and European marathon runners (31.0%)
[1]. To the best of our knowledge, no population-based study has determined the prevalence of tinea pedis in
Denmark. However, Svejgaard et al. reported a prevalence of 6.2% in newly enlisted Danish military recruits [2].
In comparison, the prevalence in the neighbouring Swedish population was estimated to 4.4% [3]. General risk
factors for tinea pedis are increasing age, male gender, environmental factors (e.g. high temperatures and
humidity), use of public bathing facilities, performing sports activities (e.g. swimming) and wearing second-
hand and/or occlusive shoes [1, 4]. Furthermore, the rising terbinafine resistance, which is the first-line
treatment of tinea pedis [5], is a concern, especially as it may cause epidemics when transferred to other persons
[6]. We have previously addressed the problem by examining how to eliminate terbinafine-susceptible and
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resistant Trichophyton species inoculated on socks [7]. The methods which efficaciously eradicated the fungi
were washing at 60 °C or soaking the socks in a quaternary ammonium compound solution for 24 hours [7].

This study aimed to investigate the risk of societal transmission of dermatophytes causing tinea pedis in rental
climbing shoes and bowling shoes. These shoe types were selected due to their occlusive nature, which can
contribute to the development of a humid and warm environment. Additionally, they are available for rental and
are repeatedly used by multiple customers.

Moreover, climbing shoes are worn without socks, which may further increase the risk of dermatophyte
transmission.

Methods

Sampling

Fungal sampling was performed at four climbing and bowling clubs in the Capital Region, Copenhagen, and
Region Zealand, Denmark, using a previously described swab technique [8, 9]. A sampling of 102 pairs of shoes
per sport was based on a sample size calculation using Epitools with the following assumptions: a confidence
interval and sensitivity of 95%, a specificity of 90%, a desired precision of 8% and a 4% prevalence of tinea pedis.
Assuming that the United Kingdom and Denmark share shoe sizes, the average European shoe size is 42.5 for
men and 39.0 for women [10]. Therefore, the sampled shoes included the most prevalent shoe sizes used in the
Danish population (sizes 36-46) and were included according to 80% of a normal distribution.

Sampling was performed from the apical part of the pair of shoes corresponding to a 5 × 5 cm area using a sterile
cotton swab moistened with sterile distilled water [8, 9] and inoculated onto Sabouraud agar supplemented with
chloramphenicol and cycloheximide (SAB+C+C) (SSI Diagnostica, Hillerød, Danmark). Minimisation of
contamination was ensured by placing the plates in separate plastic bags. Additionally, a written questionnaire
was administered to gather information on the origin, material, frequency of use and cleaning methods of the
rental shoes (Table 1).

Analysis/laboratory techniques

The SAB+C+C agar plates were incubated at 25 °C for four weeks [11], and positive cultures were examined by
macroscopic and microscopic examination by imprinting colony material to tape and transferring it to a
microscope slide stained with lactophenol blue. Plates that grew only bacteria and/or yeasts were excluded from
further analysis. All moulds suspected to be dermatophytes were planned to be internal transcribed spacer
sequenced [11, 12]. The occurrence of other yeasts and moulds was not assessed due to the selective agar plates
used.

Data availability statement

The data that support the findings of this study are available from the corresponding author upon reasonable
request.
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Ethics

Participation was voluntary, and the collected data were anonymised before analysis. The participating climbing
and bowling clubs could request the full test results.

Trial registration: Ethical approval was waived by the local committee of research ethics (EMN-2021-01399).

Results

Four climbing clubs and four bowling clubs (designated as clubs A-D) were included in this study. A total of 103
pairs of climbing shoes and 102 pairs of bowling shoes were selected for sampling (Table 1). Due to differences
in the rental shoe inventory between the clubs, the number of rental shoes available for sampling varied from 20
to 31 per club. No dermatophyte isolates were detected in any of the 103 pairs of climbing shoes or 102 pairs of
bowling shoes.

All clubs completed the questionnaires, and the corresponding results are presented in Table 1.

Discussion

All bowling clubs and one climbing club (club D) employed fungicidal disinfection methods for shoe cleaning.

No dermatophytes were cultured from any of the sampled shoes. Given that dermatophytes have previously
been isolated from footwear [13], these findings suggest that the disinfection protocols implemented by the
climbing and bowling clubs may be sufficient to prevent transmission of tinea pedis.

However, the study has limitations, including a relatively small sample size, voluntary club participation, which
may have favoured clubs with a high standard for shoe disinfection, and the fact that the study was conducted
just after the COVID-19 pandemic, when social transmission might have been low due to lockdown periods.

One could argue that conditions were not optimal for the dermatophytes outside keratinised tissue. However, it
has previously been shown that dermatophytes spores can survive in hair and dermal scales for several months
to years; thus, fomites can be an important source [14].

Another possible explanation for the absence of positive findings is that climbers and bowlers may have a lower
prevalence of tinea pedis and tinea ungvium than the general population. This could be attributed to the
necessity of maintaining healthy feet to perform their sports effectively, as symptoms such as itching and
stinging could impede athletic performance.

To our knowledge, no studies quantify the prevalence of tinea pedis and tinea ungvium among climbers or
bowlers, even though they meet several risk factors (e.g., use with bare feet, closed shoes, warm and humid
environment) for developing tinea pedis [15] and subsequently tinea ungvium [16, 17]. The seasons might also
influence this study. About 75% of the samples were collected during autumn and winter, whereas a study found
that fungal infections of the feet were most prevalent in spring [4].

This study conducted an examination of samples via culture. Studies have shown that examination of
dermatophytosis in skin samples via PCR has a higher sensitivity than traditional culture [18, 19]. The efficacy of
PCR detection on fomites such as footwear remains uncertain. However, the use of molecular detection may
have influenced the results. Consequently, samples that were potentially PCR-positive may have yielded false
negatives because culturing was used as the detection method.
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Conclusion

This study did not detect any dermatophytes in the 103 pairs of rental climbing shoes and 102 pairs of bowling
shoes analysed. Consequently, rental climbing shoes and bowling shoes seem unlikely to pose an immediate risk
for societal transmission of dermatophytes. However, continued screening of rental footwear for fungal
elements is recommended to prevent potential transmission and maintain hygienic standards in shared
environments such as bathing and swimming facilities. Additionally, individuals are advised to take preventive
measures to maintain foot health, including wearing slippers in areas where others walk barefoot, to reduce the
risk of tinea pedis.
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