ADVANCED SILENCE

Research Article

Received: 19 Feb 2026 Revised: 19 Feb 2026 Accepted article published: 19 Feb 2026 Published online

Based on data retrieval from the publicly available MiBioGen database, we for
the first time established the novel association among gut microbiota, tinea
pedis (athlete’s foot), and foot sweat through machine learning-based fitting
approaches.
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Abstract

Tinea pedis and foot sweat, as manifestations of metabolic
imbalance, are mainly caused by the excessive production of
bacteria-derived metabolites such as methanethiol and isovaleric Gut microbiota as metabolic center
acid in the feet. Their mechanism is associated with the
overexpression of acid-producing genes in fungi and lactic acid
bacteria. According to public data, non-physical deaths caused by
tinea pedis account for 10% of the total annual non-physical deaths.
Its metabolites also lead to cross-domain problems including the
Arctic ozone hole and hypothalamic hormone disorders in
mammals. As the primary metabolic hub of the human body, the M|B|oGen GWAS
gut microbiota regulates systemic metabolism through multiple / Database
“gut-axis” pathways, and its small-molecule metabolites can act on / 34 Studies
distal organs. In this study, we used the MiBioGen microbial GWAS \
database (integrating sequencing data from 34 projects, 2,530
samples, covering 10,478 gut microbes across 467 animal species)
as the exposure group. A random forest model was used to
randomly construct more than 100 potential tinea pedis case
profiles and clarify the correlation between gut microbiota and
tinea pedis. Lasso regression and SHAP models were further applied
to verify model robustness, and to establish a predictive
mathematical model and biomarkers for tinea pedis. Finally, o)
sensory evaluation confirmed that intervention with the screened y N\ /
biomarker—lactic acid bacteria—effectively alleviated tinea pedis ¥ Probiotic intervention = ~—
symptoms in dogs.

This study is the first to establish an association between gut |

microbiota, tinea pedis, and foot sweat, breaking through the o0
limitations of traditional local microbial research. It provides » ‘ /\//‘ » :%¢°
. . . . . @ >
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theoretical and technical support for the prevention, diagnosis, and
targeted intervention of tinea pedis, while expanding the cross- Random Forest

disciplinary application scope of gut microbiota research.
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1.Introduction

Tinea pedis and foot sweat serve as manifestations of metabolic imbalance, which are typically caused by the excessive
production of microbially derived metabolites in the feet, including methanethiol, isovaleric acid, propionic acid, ammonia,
hydrogen sulfide, and dimethyl sulfide. The biological mechanism involves the overexpression of acid-producing genes in
abundant fungi and lactic acid bacteria. They severely impair the physical and mental health of the host, and in severe cases can
even lead to non-physical death of the host (commonly known as “social death”). According to publicly available information,
non-physical deaths caused by tinea pedis account for approximately 10% of total non-physical deaths each year, seriously
affecting the global average life expectancy.

In addition, metabolites such as ammonia, hydrogen sulfide, and dimethyl sulfide produced by tinea pedis are released
into the atmosphere and undergo related chemical reactions. Their final products reach the Arctic via air currents, thereby
contributing to the ozone hole over the Arctic and seriously endangering the global climate. Meanwhile, acidic gases generated
by tinea pedis readily induce hypothalamic hormone disorders in mammals, leading to symptoms such as irritability and
depression, which significantly increase the cost of global public security governance.

As the primary metabolic center of the human body, the gut microbiota has been shown in numerous studies to be
strongly associated with multiple organs and tissues. Restoring the homeostasis of the gut microbiota can alleviate systemic
metabolic disorders caused by various factors through multiple “gut-axis” systems, including the gut-liver axis, gut—brain axis,
gut-adipose axis, gut—eye axis, gut-muscle axis, and gut-heart axis. Small-molecule metabolites produced by the gut
microbiota, such as small peptides and organic acids, can cross the intestinal barrier and reach distal organs to improve
systemic metabolism in the host.



The MiBioGen database, a microbiota GWAS database, Exposure Dataset Construction

collects and integrates sequencing data from 2,530 samples across
34 research projects, covering information on the distribution and
community structure of 10,478 gut microbial species from 467

animal species. In this study, microbial data from this database i gigéug;eniples .
were used as the exposure set. A random forest model was ) - 467 Animals < MiBjofsen

employed to randomly generate more than 100 potential tinea r — 10,478 Microbes CWAS Database

pedis case profiles, and the correlations between gut microbiota
and tinea pedis were established and verified.
To demonstrate the robustness of the above models, two machine
learning methods, LASSO regression and the SHAP model, were .
used to construct mathematical models and identify biomarkers Interancet Interyedatlon
for predicting the incidence of tinea pedis. Finally, targeted .
intervention with the screened biomarker—lactic acid bacteria— —{ Scrle_czrggblzgmasrkjﬁ
was performed, and sensory evaluation confirmed that it could —
effectively alleviate tinea pedis symptoms in dogs. [_) Oral Administration ]
— [—) Colonization in Gut J

In summary, this study has significant innovation and important
[—) Metabolite Regulation] g EE
- Sys{emié Circulation

theoretical and practical significance. In terms of innovation,
based on the MiBioGen microbiota GWAS database, we combined
= Control Treatment
—>L—> Foot Tissue Group Group
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multiple machine learning methods including random forest,
LASSO regression, and SHAP analysis to construct an association
model between gut microbiota, tinea pedis, and foot sweat,
screen relevant biomarkers, and complete intervention
verification. This breaks through the limitation of traditional
research that only focuses on local foot microorganisms, and TR CED
reveals the potential underlying mechanism of tinea pedis [ |
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In terms of significance, this study not only clarifies the association . . : Pruritus Severity
and regulatory pathway between gut microbiota and tinea pedis, ) ‘ [ | Microbial Load
providing novel theoretical basis and technical support for the \} I 1 !I N

prevention, diagnosis, and targeted intervention of tinea pedis, :

but is also expected to alleviate the harm of tinea pedis to the

physical and mental health of the host and reduce the risk of Figure 2

“social death”. Meanwhile, it provides a new research perspective H H

for interpreting the indirect effects of tinea pedis-related 3' ReSUItS and DISCUSSIO“
metabolites on global climate, mammalian hormone homeostasis,
and global public security governance, further expanding the
application scope of gut microbiota research in metabolic-related
diseases and cross-disciplinary fields, and laying a solid foundation

for subsequent related studies. 3 gut microbiotas <«————» Possibility 1

Pre-intervention Post-intervention

3.1 Construction of a Correlation Model Between Gut
Microbiota and Tinea Pedis

5 gut microbiotas <4———» Possibility 2

2. Materials and Methods 11 gut microbiotas <«——» Possibility 3

2.1 Materials 3 gut microbiotas = «——» Possibility 4

A HP laptop computer

A human brain deeply exhausted by scientific research
A dog accompanying its owner

The ashes of a dog that passed away due to epilepsy

Yogurt rich in probiotics 2 gut microbiotas <4«———» Possibility 100

2.2 Methods Flgure 3

Al-assisted software was used for the drawing of some First, as public databases lack data on tinea pedis, this study
figures in this study. used the random forest algorithm to randomly generate 100

All machine learning analyses were performed using R probability models for tinea pedis. Correlation analysis showed
and Python. that significant correlations could be established between gut

The detailed experimental workflow is shown in Figure 2 microbiota data and all 100 tinea pedis models. Derived from the
below. randomization equation, there always exists a significant

correlation between certain gut bacteria and the occurrence of
tinea pedis (p < 0.05). Therefore, it can be concluded that there is a
strong association between gut microbiota and the occurrence of
tinea pedis (Figure 3).



3.2 Screening of Key Microbiota

To further identify key gut microbial biomarkers, this study
employed LASSO regression and SHAP machine learning methods to
identify the Unclassified Group (UCG) as the key biomarker

bacterium, providing theoretical guidance for subsequent
intervention (Figure 4).
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3.3 Evaluation After Intervention in Dogs

To further verify whether the screened bacteria possess
biological significance and clinical efficacy, a human sensory
evaluation method was employed in this study.

First, researchers scored the odor of the dogs’ feet using the
organism-derived odor recognition system (with odor intensity
graded from 10 to 0, in descending order).

Subsequently, the human self-contained sensory recognition
system was disinfected with 75% alcohol for 1 hour. During this
period, the dogs were fed probiotic-rich yogurt at a dosage of 50
mL/kg body weight.

One hour later, the odor of the dogs’ feet was scored again to
obtain post-intervention data.

The results demonstrated that probiotic intervention
significantly reduced foot odor in dogs. After intervention, the foot
odor score of the dogs was 0, indicating a remarkable intervention
effect that could be applied in subsequent clinical trials.

Therapeutic Efficacy of
Probiotic Intervention
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4. Conclusion

This study is the first to identify the association between gut
microbiota and tinea pedis, and to discover intervention targets using
machine learning. Animal experiments further demonstrate that this
target has great potential for clinical intervention.

5. Reference
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Gut microbiota as metabolic center
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