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Abstract

Dermatophytosis is a cutaneous mycosis caused by keratinolytic fungi, classified as der-
matophytes, affecting 20-25% of the global population and representing a significant public
health concern. The disease manifests as circular, erythematous, pruritic, and desquamative
skin lesions, hair breakage and loss, and nail degradation, leading to considerable morbid-
ity. In addition, dermatophytosis can markedly impair patients’ quality of life. Despite the
high global prevalence of dermatophytosis, the causative agents are often misdiagnosed,
and there is limited data on the epidemiology and genomic surveillance of dermatophyto-
sis worldwide. This review aims to update the global epidemiology of dermatophytosis
and dermatophytes while addressing their taxonomy, pathogenesis, virulence factors,
clinical manifestations, and antifungal therapy. Consistently, Trichophyton spp., particu-
larly T. rubrum, T. mentagrophytes, and T. interdigitale, remain the predominant pathogens
worldwide. Recently, T. indotineae has gained prominence due to its global dissemination,
significant terbinafine resistance, extensive lesions, therapeutic failure, and recurrence.
Furthermore, studies have reported endogenous cases of T. indotineae infections in Asia
and Europe, and exogenous reports in the Americas and Oceania. Among non-Trichophyton
dermatophytes, Microsporum canis and M. audouinii stand out as relevant pathogens, particu-
larly in endemic regions and specific clinical settings, such as scalp infections. Overall, these
factors emphasize the importance of global vigilance regarding dermatophyte dissemina-
tion. This review also highlights a discrepancy between accurate fungal identification and
global reporting, raising concerns regarding epidemiological surveillance and underscoring
the need for improved strategies to manage dermatophytosis worldwide.

Keywords: dermatophyte; prevalence; vigilance; antifungal resistance

1. Introduction

Dermatophytosis is one of the most prevalent cutaneous mycoses worldwide, affect-
ing approximately 25% of the global population and posing a significant public health
concern [1]. These infections are caused by keratinophilic filamentous fungi known as
dermatophytes. These ubiquitous pathogens produce enzymes capable of metabolizing the
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keratin present in human and animal tissues, such as skin, nails, and hair [2,3]. Characteris-
tic clinical manifestations include circular, erythematous, pruritic, and desquamative skin
lesions, hair breakage and loss, and nail degradation [4]. Dermatophytosis can significantly
impair patients’ quality of life, often associated with depression and social awkwardness [5].
Although the clinical features are often typical, the causative agents are frequently misdi-
agnosed due to limitations in diagnostic methods. Misdiagnosis impairs epidemiological
data and hinders the effective management of infections worldwide, particularly in en-
demic regions. Consequently, the prevalence of dermatophytosis is often underestimated,
diminishing recognition of its impact and the global dissemination of dermatophytes, as
has been observed with the Trichophyton indotineae and other resistant isolates [6—8]. In this
context, this review aims to provide an updated overview of the taxonomy, pathogenesis,
virulence factors, clinical manifestations, and antifungal therapy of dermatophytosis, with
a particular focus on the global epidemiology of dermatophytes.

2. Dermatophytes

Dermatophytes are hyaline filamentous fungi that share the common characteristic of
being able to degrade and use keratin as a sole nutrient source. Taxonomic classification of
dermatophytes has recently undergone revision due to advances in fungal identification
using molecular techniques. Traditionally, these fungi were grouped into the genera
Epidermophyton, Microsporum, and Trichophyton based on in vitro morphology, focusing
only on the anamorphic stages, and clinical features such as the appearance and location
of the lesions [9], often leading to misdiagnosis. However, with the incorporation of
phylogenetic analyses based on the conserved internal transcribed spacer (ITS) region
and the -tubulin gene, as well as considering the teleomorphic stage, taxonomic studies
have proposed that the dermatophyte group includes the genera Trichophyton, Nannizzia,
Microsporum, Lophophyton, Arthroderma, Ctenomyces, Guarromyces, and Paraphyton. In this
context, Epidermophyton is considered as an independent genus when ITS analysis is used
alone, but is included within Nannizzia when (3-tubulin data are also considered [10-12].

In addition to their taxonomic classification, dermatophytes can also be categorized ac-
cording to their ecological niche as anthropophilic, zoophilic, or geophilic. Anthropophilic
species include Epidermophyton floccosum, Microsporum audouinii, Trichophyton interdigi-
tale (formerly T. mentagrophytes var. interdigitale), Trichophyton rubrum, and Trichophyton
tonsurans. Particularly, T. rubrum accounts for 50% to 90% of the reported cases of dermato-
phytosis [4]. Zoophilic species include Microsporum canis, Microsporum gallinae, Trichophyton
equinum, Trichophyton mentagrophytes (formerly T. mentagrophytes var. mentagrophytes), and
Trichophyton verrucosum, whereas geophilic species include Microsporum boullardii, Microspo-
rum cookei, Nannizzia gypsea (formerly Microsporum gypseum), and Microsporum nanum [13].
Anthropophilic species are often associated with chronic dermatophytosis, characterized
by a mild inflammatory response and increased therapeutic challenges, reflecting their
adaptation to the human host [13-15]. In contrast, zoophilic and geophilic species tend
to elicit more intense inflammatory reactions, which may be misdiagnosed as bacterial
infections or non-infectious dermatitis, posing a diagnostic challenge [16]. Therefore, un-
derstanding both taxonomy and ecology is clinically relevant, as it informs transmission
patterns, inflammatory responses, and therapeutic decisions [17,18].

2.1. Pathogenicity Factors of Dermatophytes

Dermatophytes can establish and colonize the host tissue without prior trauma, spread-
ing through direct and indirect contact. Fungal cells can remain viable for extended periods
in desquamated skin cells, hair, and nails, as well as in the environment on objects, such as
manicure appliances, towels, and hairbrushes, for over six months, which contributes to
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their high prevalence [9]. Consequently, these infections have been mistakenly considered
sexually transmitted diseases [19].

The initial phase of the infection involves adhesion, mediated by conidial cell wall ad-
hesins that promote attachment to keratinized tissues. In species such as T. mentagrophytes,
conidia can project fibrillar structures that enhance adhesion [4]. These adhesins bind to
host surface molecules, such as mannose and galactose, enabling the initial attachment,
colonization, and tissue penetration. Rapid adhesion is crucial for the fungus to resist
being removed by skin desquamation and keratinization. This enables dissemination
throughout the skin, leading to increased lesion areas or even invasion of deeper layers [15].
Dermatophytes scavenge for nutrients in the host tissue and secrete a broad variety of en-
zymes to break down macromolecules, which are then transported into the fungal cell and
metabolized. The main enzymes display keratinolytic properties, i.e., keratinases, which
degrade the host keratin providing essential nutrients for fungal growth [20]. Among these,
exo- and endoproteases, such as subtilisins (Sub) and metalloproteases (Mep), are closely
linked with fungal virulence and infection severity [4]. Mep4, Mep5, and Sub6 have been
evaluated in T. mentagrophytes, Sub3, Sub4, and Mep4 in T. rubrum, and Sub3 and Sub6
in Arthroderma benhamiae. Notably, Sub6 has recently been considered non-essential for
pathogenicity, but it has the potential to be an infection marker, and therefore, enhancing di-
agnostic tools [4,21,22]. Although not yet well validated for clinical diagnosis, experimental
studies have identified SUB genes and Sub endoproteases as potential diagnostic markers
through various techniques, including polymerase chain reaction (PCR) [23], two stage
multiplex PCR [24], proteomic analysis [25], and anti-peptide antibodies with a catalyzed
reporter detection system (immune-CARD) [26]. These approaches achieved positivity
rates ranging from 66% to 100% using animal, human, and soil samples containing different
dermatophyte species. In addition, leucine aminopeptidases (Lap1 and Lap2), and dipep-
tidyl peptidases (DppIV and DppV) are also present in T. rubrum, Trichophyton violaceum,
and Trichophyton benhamiae, highlighting the diversity of proteases involved in adaptation
and virulence, and therefore allowing the colonization of a diversity of ecological niches [4].

Extracellular keratin degradation begins with proteases, but also depends on sulfite
secretion, which increases substrate accessibility. Due to its high cysteine content and
disulfide bonds, keratin resists proteolysis, requiring sulfitolysis to enable enzymatic
degradation [27]. Once the keratin structure has been disrupted, proteases complete its
degradation and the resulting amino acids, including cysteine, are internalized by the
fungus [4]. Cysteine is then metabolized by the cysteine dioxygenase (Cdol), contributing
to sulfite production. Then, sulfite is exported to the extracellular environment via the
sulfite efflux pump Ssul, thus sustaining the keratin degradation process [27]. It is notable
that the genes encoding CDO1 and SSU1 have been identified as important virulence
factors in dermatophytes, as A. benhamiae knockout mutants show impaired growth when
cultured on human hair and nails [3,28].

The regulation of these enzymes is closely tied to the ability of dermatophytes to
respond to the host environment. Through transcription factors such as PacC, fungi adjust
protein expression according to local conditions, including pH variations. The skin is
normally acidic, but becomes more alkaline at infection sites, favoring keratinase produc-
tion [9,15,20]. Optimal fungal growth occurs at temperatures below body temperature,
from 27 °C to 33 °C. Therefore, proper protein folding and stability, mediated by heat shock
proteins (Hsps), are essential for coping with host-induced stress. For instance, Hsp90 in
T. rubrum has been shown to play a crucial role in keratin degradation, contributing to
environmental adaptation and maintenance of virulence [29,30]. In addition, transcription
factors such as HacA, StuA and Apl in T. rubrum regulate a myriad of cellular events,
including the regulation of keratinases and metabolic changes during keratin degradation,
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as well as cell wall remodeling. These changes also modulate the hosts” immune responses,
therefore contributing to dermatophytes pathogenicity [31-33].

Beyond proteases, dermatophytes employ other strategies to establish infection. Cell
wall components such as mannans have anti-inflammatory properties, inhibit keratinocyte
proliferation and prevent epidermal shedding, thereby contributing to chronicity in an-
thropophilic species [15]. At the host’s physical barrier, these fungi also produce toxins,
such as xanthomegnin, released by Trichophyton megninii, T. rubrum, and T. violaceum, and
hemolysins, produced by T. rubrum and T. interdigitale, contributing to tissue damage [34].

Once the keratinocyte barrier has been overcome, dermatophytes trigger the recruit-
ment of neutrophils and other leukocytes. These cells release pro-inflammatory cytokines
and antimicrobial peptides, thereby initiating inflammation [35]. The intensity and profile
of this immune response vary according to the species involved, and anthropophilic der-
matophytes induces lower cytokine production, resulting in milder inflammation [15]. This
modulation is influenced by fungal components, including secondary metabolites, that
interact with host receptors and influence the activation of different lymphocyte subtypes
(Th1l, Th17, Th2, and Treg), determining whether infection proceeds acutely or chron-
ically [34]. Furthermore, some dermatophytes can survive the microbicidal activity of
phagocytes by germinating into hyphae within macrophages, disrupting the membrane,
causing cell death [35]. To persist within the host, dermatophytes can also form biofilms
with a dense extracellular matrix composed of fungal cells, carbohydrates, proteins, lipids,
and nucleic acids. Biofilms protect the fungi from environmental stresses, enhance cell
cooperation, facilitate nutrient absorption, and reduce antifungal efficacy [36,37]. In vitro
and ex vivo approaches have demonstrated that biofilm formation is associated with in-
creased expression of genes related to pathogenesis and resistance, as well as reduced
susceptibility to antifungals when compared to conidia [38,39]. In addition, Burkhart [40]
proposed that dermatophytomas, dense and circumscribed dermatophytic white masses
within the nail, are often associated with refractory onychomycosis. Although the forma-
tion of dermatophytic biofilms has been demonstrated, in vivo visualization has not yet
been achieved, which hinders the understanding of the clinical impact of these structures
in dermatophyte infections.

Considering all these factors, from species diversity and ecological niches to pathogen-
esis, it is clear that studying dermatophytosis is essential for understanding the factors that
influence its high prevalence and wide range of clinical manifestations [8].

2.2. Clinical Manifestations of Dermatophytosis

Dermatophytes can infect several anatomical sites, primarily affecting the skin, hair,
and nails. Clinical manifestations vary depending on the fungal species involved, the
anatomical site affected, and the host’s immune response [4]. These infections are clinically
classified according to the affected area and are designated as tinea followed by the infected
site, such as tinea capitis (scalp), tinea faciei (face), tinea barbae (beard), tinea corporis (body),
tinea manuum (hands), tinea cruris (groin), tinea pedis (feet), and tinea unguium (nails) [3].

Tinea capitis is a dermatophyte infection of the scalp, clinically characterized by lo-
calized alopecia, scaling, and brittle hair, which may progress to severe inflammatory
forms such as kerion Celsi [41]. In these cases, an intense immune response can lead to
painful, suppurative plaques. Without appropriate and targeted treatment, this process may
damage the host’s hair follicles, replacing them with scar tissue where hair can no longer
grow, ultimately leading to permanent scarring alopecia [42,43]. Tinea faciei affects the face,
presenting with erythema and scaling, which is occasionally accompanied by papules and
pustules [44]. In some instances, the infection extends to the beard area, affecting hair,
skin, and hair follicles, manifesting as tinea barbae. This condition is clinically identified by
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non-inflammatory superficial plaques and, less frequently, by deep, inflammatory kerion
Celsi-like plaques [45,46].

Tinea corporis is one of the most common clinical forms, typically affecting hairless
areas and presenting as erythematous, scaly, ring-shaped lesions with raised, active borders,
often accompanied by itching and central clearing [47]. Tinea manuum primarily affects
the skin on the palms and interdigital finger of the hands, manifesting as diffuse scaling,
hyperkeratosis, itchy vesicles, or reddish plaques with slightly raised borders [48].

Tinea cruris involves the inguinal region and skin folds, causing erythematous, scaly
lesions, often associated with intense itching and discomfort. The infection often spreads
to adjacent regions such as the perineum, buttocks, and inner thighs, particularly in im-
munocompromised individuals [49]. Tinea pedis typically affects the interdigital spaces
between the toes of the feet and may present with scaling, fissures, maceration, and itching.
Hyperkeratotic and vesicular forms may also occur [50]. Tinea unguium (onychomycosis) is
one of the most persistent and recurrent forms, primarily affecting toenails. It is character-
ized by nail thickening, discoloration, brittleness, and onycholysis [51]. Its chronic course
complicates treatment and leads to frequent relapses, especially in elderly, diabetic, and
immunocompromised patients [4].

Although dermatophytosis is a cutaneous infectious disease, it can significantly impair
patients’ quality of life, causing physical discomfort and aesthetic changes [5,52]. Delayed
diagnosis can exacerbate these effects and have socioeconomic repercussions, posing an
increased risk to immunocompromised patients, who are more susceptible to invasive forms
of the disease [3,19,53]. To further complicate diagnosis, atypical forms of dermatophytosis,
and uncommon species have also been reported [54,55].

Dermatophytosis has a broad clinical spectrum and is of significant epidemiological
importance. The diversity of clinical manifestations reflects the complex pathogenesis of
these infections, and knowledge of their various presentations directly contributes to early
diagnosis, appropriate therapeutic selection, and effective management of dermatophyto-
sis [8,56,57].

2.3. Antifungal Therapy for Dermatophytosis

The conventional treatment for dermatophytosis involves the use of topical or systemic
antifungal agents, selected according to the lesion extent, the anatomical site affected, the eti-
ological agent, and the patients’ previous therapeutic response. The main antifungal classes
used to treat dermatophytosis include azoles, allylamines, amorolfine, ciclopirox olamine,
and griseofulvin, either as monotherapy or in combination [8,58]. Combination therapy
for dermatophytosis frequently involves a systemic antifungal agent administered orally
together with a topical medication for several weeks, achieving effective clinical outcomes
and representing a promising approach to accelerate both clinical and microbiological
cure [59].

Topical and systemic azoles, such as itraconazole, fluconazole, clotrimazole, micona-
zole, and ketoconazole act by inhibiting lanosterol 14-x-demethylase, thereby impairing
ergosterol biosynthesis and compromising fungal membrane integrity [60,61]. Among
systemic azoles, itraconazole is particularly relevant for extensive or refractory dermato-
phytosis, especially in cases of terbinafine failure or suspected infection with resistant
dermatophytes such as T. indotineae [8,62]. Allylamines, particularly terbinafine, inhibit
squalene epoxidase, reducing ergosterol synthesis and promoting intracellular squalene
accumulation, disrupting fungal growth and survival [63,64]. Amorolfine and ciclopirox
olamine are available as nail lacquers. Amorolfine interferes with ergosterol biosynthe-
sis by inhibiting both sterol-14-A reductase and sterol-A7-A8 isomerase, while ciclopirox
olamine targets multiple metabolic processes, including mitochondrial function and metal-
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dependent enzymes, thereby increasing membrane permeability [65]. Although griseoful-
vin is currently less frequently used, it remains relevant mainly for treating tinea capitis
infections. It acts by interference with microtubule function and fungal cell division [66,67].

Although these agents have been widely used for managing dermatophytosis, their use
presents several limitations, including toxicity, limited availability (especially in low-income
countries), high cost, poor adherence to long-term regimens, recurrence of infections, and
antifungal resistance [68,69]. The emergence of resistant isolates of dermatophytes has
gained increasing clinical importance. Studies have demonstrated the high susceptibility of
T. rubrum, T. mentagrophytes, and T. interdigitale isolates to terbinafine, although elevated
minimum inhibitory concentration (MIC) values have been reported for some isolates
against itraconazole, miconazole, ciclopirox, and griseofulvin [70-72]. For T. indotineae,
terbinafine resistance is a well-documented phenomenon, supported by robust studies
involving large sample sizes, with resistance rates among clinical isolates ranging from 39%
to 100%. In some studies, resistance to azoles has also been observed in terbinafine-resistant
isolates [73—77]. For M. canis, resistance rates are generally low, although elevated MIC
values have been reported for griseofulvin. In contrast, terbinafine and itraconazole have
shown greater efficacy, representing suitable therapeutic options for managing M. canis
infections [78,79].

Overall, resistance mechanisms involve the overexpression of efflux pumps, upregula-
tion of stress-response signaling pathways, mutations in antifungal targets, and increased
enzymatic activity of detoxification systems [80,81]. For example, mutations in the SQLE
gene, which encodes the squalene epoxidase have been associated with increased MIC
values and therapeutic failure in infections caused by T. rubrum, T. mentagrophytes, and
T. indotineae [46,04,82]. Additionally, alterations in the ergosterol biosynthesis pathway
and increased activity of efflux transporters may contribute to reduced susceptibility to
azoles [62,63]. Moreover, overexpression of salicylate 1-monooxygenase leads to in vitro
resistance to terbinafine, probably by drug degradation [83]. Therefore, accurate etiological
identification, rational antifungal use, and, when possible, susceptibility testing are essen-
tial to guide therapeutic management, particularly in extensive or refractory cases, and
limit the selection of resistant isolates [8,64].

Gaining insights into the complex dynamics of dermatophyte interaction with the
host and the determinants of infection provides more effective prevention and treatment
strategies, helping to mitigate the social, economic, and clinical burden of this widespread
condition [8,57]. Furthermore, this knowledge can contribute to the development of im-
proved diagnostic methods and optimization of therapeutic approaches, thereby reducing
the risk of dissemination.

3. Epidemiology of Dermatophytosis

Dermatophytosis is a highly prevalent infection worldwide, mainly caused by Tri-
chophyton, Microsporum, Nannizzia, and Epidermophyton species. The relative distribution of
these pathogens is influenced by multiple host- and pathogen-related factors. Host-related
factors such as sanitation conditions, socioeconomic status, immunocompetence, comor-
bidities, age, and gender have been reported as important determinants of transmission
and disease progression [84-86]. Regarding the pathogens, ecological classification and
genotype have been associated with infection progression, clinical manifestations, and in
particular, recurrence [74,87].

Although several genera can cause dermatophytosis, Trichophyton spp. are reported as
the primary causative agents in diverse geographic regions and study designs. Infections
caused by non-Trichophyton species, including Nannizzia, Epidermophyton, and especially
Microsporum, are less prevalent but have been associated with specific populations and
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transmission settings [88-90]. Figure 1 summarizes the prevalence of dermatophytes in
each country, according to the studies included in this review.

Global Distribution of Predominant Dermatophyte Species by Country
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Figure 1. Global distribution of dermatophytes. Prevalence (%) of dermatophyte species in each
country, according to the studies included in this review. Countries are color-coded based on the
most frequently identified species, as described in the figure. The map was generated using QGIS
software (version 4.0.2; QGIS Development Team).

3.1. Infections Caused by Trichophyton spp.

Trichophyton spp. have been consistently reported as the predominant etiological
agents of dermatophytosis worldwide. The main findings of the studies discussed in this
section are summarized in Table 1.

Studies conducted in Europe have demonstrated a predominance of T. rubrum, partic-
ularly in nail and foot infections. Aragén-Sanchez et al. [91] investigated the prevalence
of dermatophytes in diabetic patients with onychomycosis and tinea pedis in Spain. Ony-
chomycosis was confirmed in 40.6% of patients, and T. rubrum was identified as the most
frequent etiological agent (36%), followed by T. mentagrophytes (14.2%). A similar pat-
tern was observed by Powell et al. [48] in Ireland, where T. rubrum accounted for 60% of
isolates from onychomycosis and tinea pedis. It also exhibited the highest prevalence in
tinea cruris (83%) and tinea manuum (68%) cases, confirming its dominance across multiple
anatomical sites.

Similar findings were reported by Kromer et al. [86], who found that T. rubrum com-
prised 78.6% of all dermatophyte infections in Germany. In contrast, the predominance
of T. rubrum in nail and foot infections does not extend to scalp involvement. Across
several European cohorts, T. rubrum plays a minor role in tinea capitis, whereas other Tri-
chophyton species emerge as epidemiologically prominent. This difference may be partially
explained by the distinct keratin composition of skin, nails, and hair, which influences
dermatophyte tissue tropism and ability to colonize [92,93]. Indeed, T. rubrum is more
frequently isolated from glabrous skin and nails, whereas other species, including T. men-
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tagrophytes, T. violaceum and Trichophyton soudanense, are more commonly associated with
scalp infections [86,94].

Importantly, several recent studies have revealed a significant prevalence of infections
attributed to the T. mentagrophytes/T. interdigitale complex. In Germany, an analysis of
43 patients, most of whom suffered from highly inflammatory, painful, and persistent pubic
and genital infections, was conducted to identify the causative agents. Sequencing results
revealed T. mentagrophytes genotype VII to be the fungal agent in 86.0% of confirmed cases,
followed by T. benhamiae (4.7%). Of the confirmed cases, 58.1% exhibited genital lesions and
18.6% presented with infections in multiple body areas [95]. Infections caused by species
belonging to the T. mentagrophytes/T. interdigitale complex are difficult to identify and often
require molecular analysis. However, an investigation conducted by Klinger et al. [84]
in Switzerland demonstrated two distinct clinical profiles: T. mentagrophytes was more
frequently associated with inflammatory, non-foot lesions in younger patients, whereas T.
interdigitale was primarily linked to non-inflammatory foot and nail infections.

Several studies have reported cases of dermatophytosis caused by Trichophyton spp.
in Asia. Kaul et al. [47] investigated the prevalence of dermatophytosis at a tertiary care
hospital in India. They evaluated 300 cases and observed a high prevalence of tinea
corporis (51.98%) and tinea cruris (31.44%). The predominant infections were caused by T.
mentagrophytes (60.3%), followed by T. rubrum (26.5%), T. violaceum (5.9%), and T. tonsurans
(4.4%). Similarly, T. mentagrophytes (34.0%) was the predominant agent in an Iranian
national survey of patients with tinea capitis [85]. Notably, this study also reported reduced
terbinafine susceptibility of two T. mentagrophytes isolates, which was associated with
mutations in the SQLE gene.

Marked geographic and clinical heterogeneity is also evident in studies focusing on
specific populations and transmission settings. For example, in contact sports, Kermani
et al. [96] documented a predominance of T. tonsurans among Iranian wrestlers, accounting
for 94.5% of all culture-positive isolates, while T. rubrum and T. interdigitale were rarely
detected (<1%). Firooz et al. [97] also reported two cases of chronic inguinal dermato-
phytosis caused by T. tonsurans in Iran. Notably, the isolates exhibited resistance to both
terbinafine and fluconazole, representing a rare multidrug-resistant profile for T. tonsurans.
This finding highlights the fact that antifungal resistance, although uncommon, can sub-
stantially complicate the clinical management of dermatophytosis. By contrast, an analysis
of 313 patients with dermatophytosis in Kazakhstan revealed that 26.3% of infections were
caused by Trichophyton spp., including T. mentagrophytes, T. tonsurans, and T. verrucosum [98].

A high incidence of tinea capitis has been reported in Africa, particularly in children.
Bitew et al. [99] analyzed 301 clinical samples in Ethiopia and identified T. violaceum as
the leading causative agent of tinea capitis, accounting for 73.0% of isolates, followed by
T. mentagrophytes (9.5%) and T. tonsurans (8.5%). As expected, 77.0% of cases occurred in
children aged 1-14 years. Diawara et al. [100] also investigated the prevalence of tinea capitis
among children in 10 schools in the Republic of Guinea. A higher prevalence was observed
in males (71.3%) and in children younger than 10 years (66.1%). Although identification
was not performed at the species level, 91% of tinea capitis cases were associated with Tri-
chophyton spp. Risk factor analysis revealed associations with male sex, home hairdressing,
head shaving, family history, and proximity to household waste dumps. In addition, the
use of antifungals, dermocorticoids, and antibacterials was also significantly associated
with the occurrence of dermatophytosis.

Another study [101] conducted in Cameroon revealed a high prevalence of T. souda-
nense (57.1%) in tinea capitis among primary school children, while T. rubrum and T. violaceum
were also documented at 32.1% and 7.1%, respectively. Interestingly, the authors reported
that male sex, hairdressing at home, and regular head shaving were associated with an
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increased risk of tinea capitis. Similarly, Correia et al. [102] reported a high prevalence of
infections caused by T. soudanense (94.4%) among 249 students in three rural schools in
Cape Verde. These isolates were obtained mainly from cases of tinea corporis (33.33%) and
onychomycosis (22.22%). Risk factor analysis revealed a higher prevalence of dermato-
phytosis among male students and individuals who reported taking up to four showers
per week.

Although tinea capitis is typically associated with children, Chouaieb et al. [103] con-
ducted a retrospective 14-year study in Tunisia analyzing adult cases. The most predomi-
nant agent was T. violaceum (46.3%), followed by T. tonsurans (7.35%), T. verrucosum (4.9%), T.
rubrum (4.9%) and Trichophyton schoenleinii (2.45%). Based on 1580 confirmed cases, women
were more frequently affected, particularly postmenopausal women. Notably, three cases,
two caused by T. tonsurans and one by T. verrucosum, exhibited clinical resistance and yet
they were successfully treated with terbinafine. Tinea capitis was also the predominant
clinical manifestation in an analysis of hair, nail, and skin samples from patients with
suspected dermatophytosis from Ethiopia [104]. It accounted for 53.4% of cases, followed
by tinea corporis (30.5%) and onychomycosis (16%). T. tonsurans (40.2%), T. mentagrophytes
(19.4%), and T. rubrum (9.7%) were the most common dermatophytes isolated, with T.
tonsurans being the leading pathogen in tinea capitis, whereas T. mentagrophytes was most
frequently associated with tinea corporis.

Infections caused by Trichophyton spp. are also prevalent in the Americas. Zarzeka
et al. [105] investigated the causative agents of 17,589 cases of tinea corporis and tinea cruris
in the United States. The authors observed a high prevalence of infections caused by T.
rubrum and T. tonsurans, with T. rubrum being more frequently isolated from tinea cruris
(77.6%), while T. tonsurans was the predominant agent in tinea corporis (49.5%).

Tinea capitis have also been documented in South America, particularly among children.
Russo et al. [106] reported that tinea capitis infections had been documented in Argentina,
particularly among children and adolescents, with T. tonsurans showing a significant
prevalence (31.5%). All cases were associated with barbershop attendance, suggesting
direct transmission of pathogens during haircuts. Similarly, Gonzalez et al. [107] described
an outbreak of tinea capitis in 32 children from a rural school in Colombia, where T. tonsurans
was the predominant agent (63.0%). The main predisposing factor was sharing razor (87.5%
of patients), although other habits, including sharing towels, combs, caps, beds, and having
close contact with cats and dogs, were also common among affected individuals.

Two studies have investigated the prevalence of dermatophytosis in Brazil. Brito
et al. [108] analyzed 2724 biological samples collected in Brazil. T. rubrum was the most
frequently identified dermatophyte (68.6%), with a higher prevalence among patients
aged 18-19 years, followed by T. mentagrophytes (21.4%). Interestingly, 86 individuals were
found to have co-infections involving dermatophytes and other fungi were reported in,
including combinations of T. rubrum with Candida spp., Fusarium spp., and Neoscytalidium
dimidiatum, as well as T. mentagrophytes with Candida spp. or Fusarium spp., highlighting the
ability of dermatophytes to coexist with other molds and yeasts. In another study, Correia
et al. [109] investigated the epidemiology of dermatomycoses in children in Brazil. Among
dermatophytes, species from the T. mentagrophytes represented 24.39% of isolates, while T.
rubrum accounted for 7.28%. T. mentagrophytes was isolated from the interdigitoplantar skin,
scalp, and toenails of patients aged 6 months to 12 years, with higher prevalence in children
under 5 years. In contrast, T. rubrum was obtained from toenails and interdigitoplantar
samples of patients aged 6-12 years.

Although T. rubrum remains the dominant species in onychomycosis and tinea pedis
across multiple countries [48,91], the prevalence of other species, including T. mentagro-
phytes, T. tonsurans, and T. violaceum, has increased in recent years [86,94]. Moreover, this epi-

https://doi.org/10.3390/jof12070503


https://doi.org/10.3390/jof12070503

J. Fungi 2026, 12, 503 10 of 25

demiology landscape is influenced by several factors, including climate, age distribution, ge-
ography, comorbidities (e.g., diabetes), and outbreak-prone environments [48,85,86,110,111].
Importantly, several studies have reported the impact of climate change, natural events,
and increased international travel on the global dissemination of fungi, including der-
matophyte species [112-114]. These observations highlight the importance of identifying
the causative species, both for accurate epidemiological surveillance and for optimized
clinical management.

Table 1. Country, period of analysis, clinical presentations observed, and etiologic agents of infections

caused by Trichophyton spp. included in the study.

Country Period Clinical Presentation Etiological Agent Reference

Spain 2016-2017 Onychomycosis and tinea pedis T. rubrum and T. mentagrophytes [91]
T. rubrum, T. interdigitale, T. violaceum,
Switzerland 2001-2018 Tinea in multiple sites T. soudanense, T. tonsurans, T. mentagrophytes, [94]
T. benhamiae and T. verrucosum
Switzerland 2009-2019 Tinea in multiple sites T. interdigitale and T. mentagrophytes [84]
. . . T. rubrum, T. interdigitale, T. benhamiae,
Germany 2014-2016 Tinea in multiple sites T. mentagrophytes and T. fonsurans [86]
. N . . T. equinum, T. interdigitale, T. tonsurans and
Germany 20162017 Tinea in multiple sites T. mentagrophytes [95]
T. rubrum, T. interdigitale,
Ireland 2001-2020 Tinea in multiple sites T. schoenleinii, T. soudanense, T. tonsurans, [48]
T. violaceum, T. mentagrophytes and T. verrucosum
: . . . : T. mentagrophytes, T. rubrum, T. violaceum and T.
India 2022-2023 Tinea in multiple sites fonsirans [47]
Iran 2018-2019 Tinea corporis T. tonsurans, T. rubrum and T. interdigitale [96]
Iran Not reported Tinea cruris T. tonsurans [97]
. . s Trichophyton mentagrophytes, T. tonsurans, T. violaceum,
Iran 2020-2021 Tinea capitis T. benhamiae and T. schoenleinii (85]
Kazakhstan 2023-2023 Tinea capitti%;;nceyuui?;’p oris, and T. mentagrophytes, T. tonsurans and T. verrucosum [98]
L - . e T. violaceum, T. mentagrophytes, T. tonsurans,
Ethiopia 2018-2019 Tinen capitis T. verrucosum, T. schoenleinii, and T. soudanense [111]
Republic of Guinea 2021-2023 gﬁf;ﬁﬁgﬁtyﬁ g;‘ig Trichophyton spp. [100]
Cameroon 2021 Tinea capitis T. soudanense, T. rubrum and T. violaceum [101]
Cape Verde 2020 Tinea in multiple sites T. soudanense and T. rubrum [102]
- . " T. violaceum, T. tonsurans, T. verrucosum, T. rubrum and

Tunisia 2009-2022 Tinea capitis T schoenleinii [103]
L Tinea capitis, tinea corporis, and T. tonsurans, T. mentagrophytes, T. rubrum, T. ,
Ethiopia 2019 onychomycosis verrucosum, T. soudanense, T. violaceum and T. schoeninii [104]
United States 2019-2023 Tinea corporis and tinea cruris T. tonsurans and T. rubrum [105]
Argentina 2021-2023 Tinea capitis T. tonsurans [106]
Colombia Not reported Tinea capitis T. tonsurans [107]
Brazil 2015-2020 Tinea in multiple sites T. mentagrophytes and T. rubrum [109]
Brazil 2014-2020 Tinea corporis, onychomycosis, T. rubrum, T. tonsurans and T. mentagrophytes [108]

and tinea pedis

3.2. Infections Caused by Trichophyton indotineae: An Emergent Dermatophyte

Although other Trichophyton species have historically been reported as the predomi-
nant agents of dermatophytosis, T. indotineae has emerged as a cause of infections associated
with therapeutic failure. The first reports of T. indotineae originated from studies in South
Asia, where cohorts of patients with extensive and recalcitrant dermatophytosis showed a
high prevalence of infections [115]. Initially, the agent was described as Trichophyton menta-
grophytes ITS genotype VIII, a strain within the T. mentagrophytes/T. interdigitale complex
that was difficult to distinguish using conventional phenotypic methods. Subsequent molec-
ular and genomic studies confirmed that this genotype represented a distinct phylogenetic
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entity, strongly associated with recalcitrant dermatophytosis and high rates of antifungal
resistance. Ultimately, these findings led to its reclassification as a separate species, T.
indotineae, thereby clarifying its epidemiological and clinical relevance [73,116,117].

Currently, epidemiological data from South Asia continues to indicate T. indotineae
as the dominant agent in certain populations. In Bangladesh, Bhuiyan et al. [73] eval-
uated 99 patients with chronic, recalcitrant tinea corporis and found that 96.2% of the
infections were caused by T. indotineae (96.2%). In this study, 64% of isolates were resistant
to terbinafine, 28% to itraconazole, and 14% exhibited resistance to both agents. An analysis
of patients with extensive dermatophytosis in Sri Lanka also revealed a high prevalence
(50%) of T. indotineae infections [74]. Importantly, 80% of isolates exhibited resistance to
terbinafine, 30% to clotrimazole, and all patients presented at least one relapse following
clinical cure, reinforcing the recurrence pattern commonly associated with this species.

In another study, Ebert et al. [46] analyzed skin samples collected from 402 patients
from eight locations across India. T. indotineae was identified in 314 samples (78%), with
a high rate of terbinafine resistance (71%). Several retrospective and genomic studies
suggest that South Asia, particularly the Indian subcontinent, is the primary reservoir of T.
indotineae, with isolates from India and neighboring countries accounting for the largest
proportion of reported cases worldwide, so far [7,116,117].

Beyond this epicenter, East Asia exhibits a distinct epidemiological profile, mainly
characterized by exogenous cases with no evidence of sustained local transmission. In
China, Jia et al. [117] examined 31 isolates from the T. mentagrophytes /T. interdigitale complex
and identified T. indotineae in two cases (6.5%), both of which involved Indian nationals
residing in China. Although one isolate exhibited terbinafine resistance, no onward trans-
mission was observed during the study period. In the Middle East, a four-year retrospective
study conducted in Kuwait identified T. indotineae in 3.3% of all dermatophyte isolates,
mostly isolated from tinea cruris and tinea corporis cases, from patients aged 20-29 years
and over 60. Although the frequency was low, its isolation in elderly patients, commonly
associated with immunosenescence, raises concern due to the potential for multiple and
extensive lesions [118].

In Europe, recent findings point to a gradual shift from sporadic imported cases
towards established autochthonous transmission. In France, Moreno-Sabater et al. [119]
evaluated 580 Trichophyton spp. isolates, of which 4.8% were T. indotineae, including one
terbinafine-resistant isolate. Moreover, this species was responsible for 62.5% of tinea
corporis cases, with a lower incidence (12.5%) in tinea cruris. Genomic analysis of these
strains further supported the presence of European genotypes of terbinafine-resistant
Trichophyton species, suggesting endogenous transmission in France. This local transmission
also indicates that the pathogen can become endemic in certain areas, potentially leading to
outbreaks. Such events are particularly concerning in infections caused by resistant strains
or in immunosuppressed patients, as they may overwhelm healthcare systems and carry
direct implications for public health [120,121].

An increasing prevalence of dermatophytosis caused by T. indotineae have also been
reported in other European countries, including the United Kingdom, Denmark, Sweden,
and Italy. The United Kingdom represents one of the most pronounced epidemiological
scenarios on T. indotineae prevalence outside Asia. A national surveillance study conducted
by Abdolrasouli et al. [122] in the UK documented a significant increase in the proportion
of T. indotineae among dermatophytes, rising from 2% in 2018 to 38% in 2024. Clinically,
extensive lesions involving more than five anatomical sites were observed in 54.2% of
patients. Notably, 73.9% of patients had no history of travel, suggesting endogenous
transmission. Among the tested isolates, 74.2% exhibited elevated in vitro resistance to
terbinafine, raising concerns about resistance in this setting. Additionally, Czerniewska
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et al. [123] identified 363 unique cases and showed that T. indotineae has accounted for
over 30% of all dermatophytes reported nationally, with evidence of household clusters
and wide geographic dispersion, confirming sustained transmission. While these data
largely derive from reference laboratories and may therefore over-represent refractory
or previously treated cases, the consistence of the data over time and across the country
supports a genuine expansion of the fungus within the country [75,122,123].

In Denmark, Astvad et al. [75] investigated 63 isolates and observed that T. indotineae
accounted for 11.1% of Trichophyton isolates, representing a 250% increase in prevalence
compared with the previous year. Furthermore, all T. indotineae isolates were resistant to
terbinafine, suggesting an increasing prevalence of terbinafine-resistant T. indotineae isolates
compared to previous studies [64]. In Italy, an investigation of five patients with tinea cruris
and tinea corporis who failed to respond clinically to terbinafine treatment revealed that
80% of infections were caused by T. indotineae strains. Although terbinafine resistance was
identified, all patients responded favorably to itraconazole therapy, indicating the recent
introduction of the pathogen with tangible clinical consequences [77].

On the African continent, there is a single report of infection caused by T. in-
dotineae [124]. The case described an extensive and difficult to treat dermatophytosis
in a South African woman. Following diagnosis and pathogen identification based on
sequencing of the ITS and the large subunit (LSU) gene regions, she was treated with oral
griseofulvin, followed by oral terbinafine, with no clinical response. Subsequently, therapy
was shifted to oral itraconazole combined with topical clotrimazole, which resulted in
positive outcomes.

The limited number or absence of reports of dermatophytosis caused by T. indotineae
across the African continent—despite the geographical proximity to epicenters of T. in-
dotineae infections in Europe and Asia—is a matter of concern. This scarcity of data may
reflect either the absence of the pathogen, its recent introduction or underdiagnosis of cases.
To address this issue, Badiane et al. [125] conducted a survey across African countries to
evaluate diagnostic capacity for cutaneous fungal diseases. Classical diagnostic methods
were assessed in 47 countries. Notably, at least 15% of countries did not offer skin biopsy
as an analytic method. Direct microscopy was not performed in 21%, fungal cultures were
unavailable in at least 20% of countries, and histopathological examination was absent
in 20%. Furthermore, no information was available regarding the status of molecular
diagnostic methods for fungal diseases in these countries. The authors identified cost as a
major limiting factor for the implementation of these diagnostic techniques.

This situation has been corroborated by studies investigating the prevalence of der-
matophytosis in African countries, mainly among schoolchildren. Although data on
incidence, anatomical sites affected, and risk factors have been reported, there is a lack
of information on the specific pathogens responsible [126-128]. Importantly, due to the
morphological similarity of T. indotineae with species from the T. mentagrophytes/T. inter-
digitale complex, conventional phenotypic methods are inadequate for its identification,
necessitating molecular analysis [114]. Collectively, these findings may partially explain
the underreporting of dermatophytosis caused by T. indotineae in African countries.

Few studies have reported the prevalence of T. indotineae in Oceania. A retrospective
study of 961 dermatophyte isolates conducted in New Zealand revealed a significant preva-
lence of T. indotineae (9%). Among these isolates, 39% exhibited resistance to terbinafine,
while 8% demonstrated resistance to itraconazole [76]. While itraconazole resistance re-
mains uncommon among T. indotineae isolates, reduced susceptibility to itraconazole has
already been reported in Bangladesh, Canada, and the United Kingdom [73,122,129]. This
indicates that resistance to more than one antifungal may further limit treatment options for
refractory dermatophytosis. In another study, Chua et al. [130] analyzed 2340 dermatophyte
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specimens in Australia and identified T. indotineae in 0.6% of samples. The isolates were
obtained mainly from tinea corporis (36.4%), tinea manuum (18.2%) and tinea cruris (18.2%).

In the Americas, the epidemiology of T. indotineae reflects a comparatively earlier
phase of emergence, with clear signs of ongoing spread. In the United States, the first cases
were reported by Caplan et al. [131], including individuals with no history of international
travel, suggesting a local transmission. In a subsequent report, Caplan et al. [132] evaluated
11 patients diagnosed with dermatophytosis caused by T. indotineae. All patients presented
with widespread lesions that were unresponsive to topical therapy, and treatment with
terbinafine failed in seven patients. Although nine patients reported previous travel to
Bangladesh, whole-genome sequencing of US isolates revealed a distinct cluster that was
genetically separated from Indian isolates.

The significant presence of T. indotineae in North America was also corroborated by
a larger laboratory-based analysis conducted by Cafete-Gibas et al. [133], who collected
271 dermatophytes isolates. T. indotineae accounted for 7.7% of all dermatophytes and 42.9%
of terbinafine-resistant isolates. Another study in Canada evaluated 47 cases of dermatophy-
tosis due to T. indotineae, 71.4% of which showed resistance to terbinafine. Phylogenomic
analysis revealed that 30.9% of the isolates clustered with sequences from South Asia,
and 26.2% with isolates from New York, USA [129]. Importantly, neither geographic nor
temporal clustering based on country was observed, suggesting exogenous transmission.

In Latin America, published data remain limited but already suggest recent introduc-
tion of T. indotineae into major urban centers. In Brazil, Almeida Jr. et al. [134] reported a
confirmed case resistant to terbinafine in Sao Paulo. Similarly, Messina et al. [135] reported
the first case of tinea corporis caused by T. indotineae in Argentina. Since the strain exhibited
in vitro resistance to terbinafine, itraconazole-based therapy was prescribed, resulting in
favorable clinical outcomes. The scarcity of reports from Latin America may partly reflect
gaps in systematic molecular surveillance rather than the true absence of the pathogen.
Accurate identification of T. indotineae remains challenging in many routine diagnostic
laboratories due to its close morphological similarity to other members of the T. mentagro-
phytes/T. interdigitale complex, often requiring molecular methods for reliable differentiation.
Consequently, regions where molecular diagnostics are not routinely implemented may
underestimate the true burden of this emerging dermatophyte [6,134,136].

Finally, multinational genomic investigations underscore the global and recent na-
ture of T. indotineae dissemination. In a study by dos Santos et al. [116], 347 isolates from
14 countries were analyzed, revealing low genomic diversity and absence of strict geo-
graphic clustering, consistent with recent international spread and multiple independent
introductions. Approximately 65% of isolates were resistant to terbinafine. Indeed, several
studies have demonstrated that resistance to terbinafine in T. indotineae is associated with
mutations and amino acid substitutions at positions F397L, L393F and L393S in the SQLE
gene [73,75,116,129,131]. In some cases, this genotype, although less frequent, also confers
cross-resistance to other antifungal agents, including clotrimazole and itraconazole [73,74].
Although the number of publications on T. indotineae has increased since its initial report,
global data on the genomic surveillance of isolates—particularly those harboring mutations
conferring antifungal resistance—remain scarce. Such surveillance is crucial for determin-
ing whether isolates are of endogenous or exogenous origin, as well as for establishing
strategies to control and manage potential outbreaks [113,114,119].

Data regarding the documents included in this review, along with their main informa-
tion, are summarized in Table 2. Collectively, these findings reveal a consistent epidemio-
logical pattern whereby T. indotineae emerges in South Asia [115], spreads through human
mobility [76,116,133], and progressively establishes itself in new geographic settings. These
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cases are frequently accompanied by terbinafine resistance and local adaptation, posing an
emerging challenge for the surveillance and management of dermatophytosis worldwide.

Table 2. Country, period of analysis, and clinical presentations of infections caused by Trichophyton
indotineae included in the study.

Country Period Clinical Presentation Reference
Bangladesh Not informed Tinea corporis [73]
Sri Lanka Not informed Tinea in multiple sites [74]
India 2017-2019 Tinea corporis, tinea cruris, tinea faciei, tinea [46]

manuum, tinea pedis, and tinea barbae
China 2017-2022 Tinea corporis, tinea cruris, and tinea faciei [117]
Kuwait 2021-2024 Tinea cruris and tinea corporis [118]
France 2021 Onychomycosis, tinea pedis, tinea manuum, [119]
tinea cruris, and tinea corporis
United Kingdom 2017-2024 Tinea in multiple sites [122]
United Kingdom 2017-2025 Tinea in multiple sites [123]
Denmark 2019-2020 Not informed [75]
Italy 2019-2022 Tinea corporis and tinea cruris [77]
South Africa 2021 Tinea cruris [124]
New Zealand 2017-2024 Tinea in multiple sites [76]
. Tinea corporis, tinea cruris, tinea manuum, tinea

Australia 2024 b pedis, and tinea capitis [130]
United States 2021-2023 Tinea corporis and tinea cruris [132]
United States and Canada 2017-2022 Not informed [133]
Canada 2014-2023 Not informed [129]
Brazil 2024 Tinea cruris [134]
Argentina Not informed Tinea corporis [135]
Multiple countries 2016-2023 Not informed [116]

3.3. Infections Caused by Non-Trichophyton Dermatophyte Species

Although Trichophyton spp. are considered as the primary etiological agents of
dermatophytosis worldwide, infections caused by Microsporum spp. and, to a lesser extent
by Nannizzia and Epidermophyton spp., have also been globally reported [108,137,138].
Among dermatophytosis caused by non-Trichophyton species, Microsporum spp. stand
out as the most frequently identified etiological agents, often associated with tinea capitis in
pediatric populations [139-141]. The studies included in this section, together with their
main information, are described in Table 3.

Studies conducted in Asia have revealed a significant prevalence of infections caused
by several Microsporum species, including M. canis, M. audouinii, and M. ferrugineum.
Alshehri et al. [142] analyzed 10,021 dermatological samples collected in Saudi Arabia,
showing that 3.97% of infections were caused by dermatophytes, with Microsporum spp.
representing 50.5% of isolates. These infections were more prevalent in patients under
10 years, with M. canis being the most common agent (35.9%).

Similarly, Zheng et al. [141] investigated 171 patients diagnosed with tinea capitis in
China, identifying M. canis (62%) as the predominant pathogen, with cases being more
frequent in children aged 2-8 years (74.3%). Another study in China, analyzing 198 patients
with tinea capitis, revealed a high prevalence in children (96%), particularly preschoolers
aged 3-5 years (54%). In this cohort, M. canis was the most common dermatophyte (42%),
followed by M. ferrugineum (29%) [143]. Albeit M. canis predominates in China, a recent
study reported the first case of tinea capitis caused by M. audouinii in the country, involving
three members of an African family who had been living in China for one year [140].

On the African continent, several studies have identified M. audouinii as the lead-
ing dermatophyte causing tinea capitis. A clinical-epidemiological survey conducted in
Madagascar revealed a tinea capitis prevalence of 8.7%, with the most affected age group
between 8 and 11 years, and M. audouinii identified in 92.3% of cases [139]. Another study
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performed in Cameroon examined 1070 students aged 5-13 years and found that 10.1%
had tinea capitis indicative lesions. Among the 32 dermatophytes isolated, M. audouinii was
the most frequent (43.8%) [144].

Araya et al. [104] performed a cross-sectional study of hair, nail, and skin samples in
Ethiopia and identified M. audouinii as the etiological agent in 18% of cases. Importantly, M.
audouinii exhibited a significantly higher prevalence in tinea corporis (23.8%) cases, followed
by tinea capitis (17.3%). Another investigation of tinea capitis among children in the Republic
of Guinea [100] revealed a prevalence of 9% of infections caused by Microsporum spp.
Although M. audouinii has been predominantly isolated in Africa, its increasing reports in
other continents are likely associated with population migration [89].

In contrast with other studies conducted in Africa, Farag et al. [145] reported M. canis
as the predominant agent among schoolchildren in Egypt. Positive cultures were obtained
in 88.6% of tinea capitis cases and 75% of tinea corporis cases, with M. canis identified in
69.4% of samples. As expected, a higher prevalence of infection was observed among boys,
those living in low socio-economic conditions, and individuals with a family history of
dermatophyte infections. Pet contact, as well as sharing towels and caps, were identified as
significant risk factors for infection.

An epidemiological investigation conducted in Serbia revealed a 2.5% prevalence of
fungal infections among the 1643 analyzed patients. Within the dermatophyte group, M.
canis was the most prevalent species (63.9%) [146]. Pablo-Hernando et al. [147] investigated
dermatophyte positivity in 4371 samples collected in Spain, reporting a detection rate
of 16.7%. Among the non-Trichophyton species, M. canis (11.8%) was the most prevalent,
followed by M. audouinii (3.8%). Statistically significant associations were observed between
age and clinical presentation, with tinea capitis and tinea corporis being more frequent in
individuals under 16 years of age.

Although M. canis has historically been the leading cause of tinea capitis in children,
recent epidemiological studies in Europe have reported a shift in species distribution,
with an increasing prevalence of M. audouinii, particularly in regions with significant mi-
gratory flows [148]. In France, an analysis of immigrant children revealed 1311 positive
dermatophyte cultures, of which 28.2% were M. audouinii [149]. Another study in France
investigated 4395 cases of tinea capitis over a six-year period reporting that 19.2% were
caused by M. audouinii. In contrast, M. canis was less prevalent, accounting for 454 cases
(10.3%). The highest incidence of tinea capitis was observed in children aged 0-10 years
(85.6%) [150]. Similar findings were reported in an outbreak in Sweden, where 54 individu-
als (median age 6 years) tested positive for M. audouinii. Notably, terbinafine showed a high
rate of treatment failure, whereas griseofulvin achieved successful clinical and mycological
outcomes [151]. A study by Sacheli et al. [62] in Belgium evaluated 14,271 positive fungal
cultures collected over a five-year period and identified 6169 cases of dermatophytosis.
Among the etiological agents of tinea capitis, M audouinii was the most frequent (52.5%),
followed by M. canis (14.9%).

In Denmark, a tinea capitis outbreak in a childcare facility showed that 10 out of 73 ex-
amined individuals were infected with M. audouinii. Although griseofulvin is considered
the first-line treatment for tinea capitis caused by Microsporum spp., treatment failure was
observed in 66% of cases in this study. In such cases, antifungal therapy was switched
to alternative agents, including terbinafine, itraconazole, or fluconazole, leading to my-
cological cure [152]. Similarly, Campayo et al. [90] reported a terbinafine resistance rate
of 17% among patients diagnosed with tinea capitis in Spain. Most patients (83.3%) were
born in Africa and/or had direct contact with relatives residing there. In this study, M. au-
douinii was the second most prevalent dermatophyte overall and the most prevalent species
among the non-Trichophyton dermatophytes (20.8%). Notably, three patients infected with
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M. audouinii showed no clinical improvement after treatment with terbinafine, which was
subsequently replaced by griseofulvin.

As has been observed in other regions, non-Trichophyton dermatophytes have also
been reported in the Americas, albeit at lower frequencies. Brito et al. [108] evaluated
7927 biological samples in Brazil and detected dermatophytes in 52.6% of the samples
analyzed. Among the non-Trichophyton species identified, M. canis was the most frequent
(6.7%), followed by Nannizzia gypsea (formerly Microsporum gypseum) (3.1%) and Epider-
mophyton floccosum (0.9%). Although M. audouinii had not been previously reported as a
causative agent of tinea capitis in South America until 2017, Santino et al. [153] described a
series of tinea capitis cases caused by this species in Brazil, with patients having a mean age
of 6.1 years.

In addition to infections caused by Microsporum spp., cases of dermatophytosis due to
Nannizzia and Epidermophyton species have also been described, although they remain rare.
Orozco-Yee et al. [138] analyzed 24,449 cases of dermatophytosis in Mexico and observed
that 0.63% were attributable to N. gypsea. This infection predominantly occurred in children
aged 1-10 years (54.2%). Another study in Taiwan reported two cases of tinea caused
by Nannizzia polymorpha. One patient, a 10-year-old boy, was initially treated with oral
griseofulvin, which was later replaced by oral terbinafine due to suspected allergic reaction.
After two weeks, terbinafine was discontinued because of persistent adverse effects. The
second patient, a 68-year-old woman diagnosed with tinea manuum, was treated with oral
terbinafine and topical ciclopirox cream, achieving mycological cure [154]. Soankasina
et al. [155] also reported a case of a patient in Madagascar presenting with moderate
inflammation of a discreetly squamous lesion located on the abdomen. A detailed medical
history revealed a permanent habit of sleeping with cats. Sequencing of the ITS region
confirmed N. gypsea as the pathogen. Treatment with topical miconazole cream resulted in
complete recovery.

Similarly, infections caused by species of the genus Epidermophyton have also been
sporadically reported in recent years. Epidemiological studies indicate that E. floccosum
typically accounts for a smaller proportion of dermatophyte isolates than species of the
genus Trichophyton [156]. However, in a 23-year retrospective study conducted in Colombia,
E. floccosum accounted for 12.4% of dermatophyte isolates, ranking it as the third most
frequently identified species [137].

Despite its relatively low prevalence in most epidemiological surveys, sporadic clinical
cases continue to be reported. For instance, Besrour et al. [88] described two cases of
dermatophytosis caused by E. floccosum in patients treated in Tunisia. E. floccosum, a
dermatophyte that primarily causes skin and nail infections in humans, has shown a
declining trend in recent years. In this report, a 70-year-old diabetic patient with tinea
pedis due to E. floccosum was treated with topical terbinafine, showing a favorable clinical
outcome. Another 70-year-old patient diagnosed with tinea unguium was treated with oral
terbinafine, also leading to mycological cure.

Considering non-Trichophyton dermatophyte species, Microsporum spp. are the most
common cause of infections, often associated with tinea capitis in children [157]. The
incidence of this disease decreases after puberty due to the protective and fungistatic
properties of sebum [158]. In addition to the age-related factors, the prevalence of tinea
capitis varies across geographical regions and is further influenced by factors such as
overcrowded environments with poor hygiene and sanitation, humid and temperate cli-
mates, nutritional deficiencies, rural residence, frequent contact with animals, and other
immunodeficiencies [159,160]. Although prevalence remains relatively low, the increasing
number of infections caused by resistant species underscores the importance and urgency
in establishing standardized protocols for managing dermatophytic infections, particularly
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those caused by less common species such as M. audouinii. This context also reinforces the
importance of monitoring epidemiological data worldwide, with a focus on susceptibility
testing and genomic analysis to track the circulation of these species between countries
and, eventually, across continents.

Table 3. Country, period of analysis, clinical presentations observed, and etiologic agents of infections

caused by non-Trichophyton dermatophyte species.

Country Period Clinical Presentation Etiological Agent Reference
. . Tinea corporis, tinea pedis, tinea .
Saudi Arabia 2000-2019 unguiupm, and tin f a capitis Microsporum spp. [142]
China 2019-2022 Tinea capitis Microsporum canis [141]
. ) o M. canis and
China 2010-2021 Tinea capitis Microsporum ferrugineum [143]
China 2025 Tinea capitis Microsporum audouinii [140]
Taiwan 2023 Tinea capitis and tinea manuum Nannizzia polymorpha [154]
Madagascar 2025 Tinea capitis M. audouinii [139]
Cameroon 2021 Tinea capitis M. audouinii [144]
Republic of Guinea 2021-2023 Tmea}sap itis and Microsporum spp. [100]
onychomycosis
Ethiopia 2019 Tinea capitis, finea corporis, and M. audouinii [104]
onychomycosis
. Tinea capitis, tinea pedis, tinea .
Egypt 2015-2016 corporis and onychomycosis M. canis [145]
Madagascar 2017 Tinea corporis N. gypsea [155]
Tunisia 2025 Tinea pedis and onychomycosis  Epidemorphyton floccosum [88]
Serbia 2012-2017 Tinea corporis and tinea capitis M. canis [146]
Spain 2004-2019 Tinea capitis M. audouinii [90]
. . . . s M. canis and M.
Spain 2020-2023 Tinea corporis and tinea capitis audouinii [147]
Sweden 2019 Tinea capitis M. audouinii [151]
France 2014-2020 Tinea capitis M. audouinii and M. [150]
canis
Belgium 2012-2016 Tinea capitis M. audouinii and M. [62]
canis
Denmark 2024 Tinea capitis M. audouinii [152]
. 3 Tinea corporis, onychomycosis, M. canis, Nannizzia

Brazil 2014-2020 and tinea pedis gypsea, and E. floccosum [108]
Brazil 2012-2019 Tinea capitis M. audouinii [153]
Mexico 2001-2023 Tinea corporis and tinea capitis N. gypsea [138]
Colombia 1994-2016 Tinea pedis and tinea corporis E. floccosum [137]

4. Conclusions

The global epidemiology of dermatophytes has been investigated in several studies
conducted across different countries. Consistently with previous reports, Trichophyton spp.
remain the predominant pathogens worldwide, with T. rubrum, T. mentagrophytes, and T.
interdigitale being the most prevalent species. In contrast, T. tonsurans and T. violaceum
have been reported as prominent agents in studies focusing on specific populations and
transmission settings, particularly in cases of tinea capitis.

Multinational genomic investigations have highlighted the global dissemination of
T. indotineae, confirmed by several endogenous cases reported in Asia and Europe, and
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exogenous reports in the Americas and Oceania. Notably, a high prevalence of in vitro
resistance to terbinafine in several strains due to mutations in SQLE has been reported, with
resistance also being confirmed in vivo. These studies corroborate the reports of infections
associated with widespread and extensive lesions, therapeutic failure, unfavorable clinical
outcomes, and recurrence. Moreover, sequencing and PCR have been demonstrated to be
the gold standard methods for identifying T. indotineae, as classical approaches have proven
ineffective for accurate identification of this species. In this context, the reduced number
or absence of reports of T. indotineae infections in the African continent deserves attention,
given both the geographical proximity to continents with a higher incidence of infections
caused by this pathogen and the limitations of diagnostic methods identified across several
African countries.

Among non-Trichophyton dermatophyte species, Microsporum canis and M. audouinii
stand out as relevant pathogens, particularly in cases of tinea capitis. Despite their lower
overall prevalence, these species have been described as predominant pathogens in some
studies, surpassing Trichophyton spp. In this context, it is important to highlight the shift
in the prevalence profile of pathogens associated with tinea capitis in Europe, where the
prevalence of M. canis has decreased, while M. audouinii has become more common in
regions experiencing significant migratory flows, with infections linked to treatment failure
and notable rates of antifungal resistance.

Altogether, these findings reinforce the importance of global vigilance concerning
dermatophyte dissemination, particularly for the surveillance of mutations and resistant
phenotypes. This review also reveals a lack of recent data on dermatophyte prevalence
in several countries, highlighting a gap between accurate fungal identification and global
reporting, a matter of concern for epidemiological surveillance and the development of
effective strategies for managing dermatophytosis worldwide. In this context, expanding
efforts to establish standardized antifungal susceptibility testing for dermatophytes, train-
ing human resources to provide accurate diagnosis of these pathogens, and implementing
molecular surveillance networks could help minimize these gaps and increase the reliability
of global fungal epidemiological data.
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