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Review article

Molecular approaches to the study of dermatophytes

G. KAC
Laborato ire de Parasito logie -Mycologie, hôpital Tenon, 4 rue de la Chine, 75020 Paris, France

Dermatophyte species are common keratinophilic fungi responsible for super�cial
infections called dermatophytosis or ringworm and composed of three anamorphic
genera, Trichophyton, Microsporum and Epidermophyton. Through the use of several
complementary molecular methods, dermatophytes have been shown to constitute an
homogeneous group of species with very low genetic diversity contrasting with high
phenotypic heterogeneity. For diagnostic applications, distinction among isolates to
the species level was easily performed using polymerase chain reaction-based assays,
which could be useful tools in the mycology laboratory, particularly for atypical
isolates. In contrast, in all but a few cases distinction between dermatophyte strains
has failed, which has hindered the development of molecular-based epidemiological
investigations.
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Introduction

Among approximately 50000 species comprising the
Kingdom Fungi and around 300 of which have been
found to be pathogenic [1], the dermatophytes include
around 30 species classi�ed according to Emmons [2] in
three anamorphic (asexual or imperfect) genera, Tricho-
phyton, Microsporum and Epidermophyton [3]. Their sex-
ual (or teleomorphic) stages place them in the family
Arthrodermataceae of the ascomycetous order Onyge-
nales. They were originally separated into two genera
Nannizzia and Arthroderma, then recently uni�ed in the
single genus Arthroderma [4,5]. The anamorphs and cor-
responding teleomorphs are listed in Table 1. These
agents have the ability to invade keratinized tissue (skin,
hair and nails) of humans and other animals to produce
an infection, dermatophytosis or ringworm, representing
by far the most common super�cial cutaneous fungal
infections [1].

The problem of accurate de�nition and characteriza-
tion of microorganisms (bacteria, viruses, parasites,
fungi) has always been of great relevance in phylogenetic
analysis and taxonomic identity, but also in clinical
microbiology and epidemiology. Initially, the study of
dermatophytes was based on colony and microscopic
morphology, but identi�cation of these keratinophilic
organisms was sometimes dif�cult because of their over-
lapping characteristics, their variability and pleomor-
phism. Mating experiments, i.e., tests to stimulate sexual
structures, consisting of confrontation of a test culture
with positive and negative tester strains, have been pro-
posed to identify many dermatophyte species; but this
technique requires keeping a library of opposite mating
types for each species. In addition, many anamorphic
species lack a teleomorph [5] (Table 1). Miscellaneous
biochemical and immunological methods have been de-
veloped to try to replace or complement traditional tech-
niques of identi�cation of the different species. For
example, fatty acids, enzymes and soluble proteins have
been studied, but have yielded ambiguous results [6–8].
In the early 1980s, nucleic acid-based methods were used
to try to resolve questions about the evolutionary rela-
tionships between dermatophytes. Other molecular meth-
ods that are not suitable for fundamental studies, have
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been recently developed to facilitate the delineation of
species and strains. Diagnostic and epidemiological appli-
cations are envisaged.

Application of molecular methods in
phylogeny and taxonomy of dermatophytes

DNA base composition and DNA –DNA
hybridization

The �rst genotypic study on dermatophytes used the base
composition of chromosomal DNA of 34 species belong-

ing to the three genera. It showed unexpected results: all
species were found to have G»C molar fractions within
a narrow range of 48·7–50·3% [9]. In contrast, species
within the single genus Aspergillus varied 48–61% [10].
The genetic homogeneity seen in dermatophytes was in
contrast to marked phenotypic and ecological differences
among these keratinophilic fungi. Using melting tempera-
tures of hybridized inter- and intraspecies DNA, a tech-
nique which had been proved useful for delimitation of
yeasts and various �lamentous fungi, Davison et al. [11]
obtained results showing a general agreement with estab-
lished classi�cation, particularly in assigning species to
separate genera. Although organisms sharing at least
80% homology were regarded as being conspeci�c, DNA
of Trichophyton mentagrophytes showed only 70% ho-
mology with two strains of Arthroderma benhamiae in
this study. This was an unexpected result since they were
considered to be the teleomorphic and anamorphic (asex-
ual) states of the same species [11]. Using a combination
of several molecular techniques, Gräser et al. [12] have
recently demonstrated that the anamorphic species re-
lated to A. benhamiae was T. erinacei and not T.
mentagrophytes.

Mitochondrial DNA restriction fragment length
po lymorphism

Because of its small size in comparison to nuclear DNA,
its easy digestion by restriction endonucleases and its
presence in multiple copies per cell, mitochondrial DNA
(mtDNA) was considered in the late 1980s to be an
extremely valuable tool [13]. This genetic marker was
used to investigate the phylogeny and taxonomy of der-
matophytes by comparison of characteristic DNA frag-
ment patterns obtained after electrophoresis.

Using this technique, de Bièvre et al. [14] succeeded in
separating six T. rubrum isolates into two groups (I and
II), corresponding to two different lengths of mtDNA.
However, using the same method, Nishio et al. [15] did
not con�rm that this species was highly polymorphic,
since 92 T. rubrum isolates from three different continents
could only be differentiated in the same two groups.
Recently, Gräser et al. [16] showed that T. rubrum group
II, observed in the two latter studies, consisted of
misidenti�ed T. mentagrophytes (A. ×anbreseughemii ) iso-
lates. These �ndings altogether suggested that the T.
rubrum population is genetically homogeneous.

In the same work investigating the phylogeny of the
genus Trichophyton, Nishio et al. [15] found that T.
mentagrophytes and T. tonsurans were indistinguishable
by this technique, whereas these two species were quite
easily distinguished using morphological criteria. In addi-

Table 1 Classi�cation of anamorphic and teleomorphic species of
dermatophytes

Anamorph Teleomorph

GenusGenus Trichophyton
Arthroderma

T. concentricum*
T. equinum†
T. gour×ilii*
T. megninii* (syn. T. rosaceum)
T. mentagrophytes† (syn. T. mentagrophytes
var. mentagrophytes)
T. interdigitale* (syn. ‘T. mentagrophytes A.
var. interdigitale’† [invalid]) ×anbreuseghemii
T. erinacei† (syn. T. mentagrophytes var. A. benhamiae
erinacei )
T. ×errucosum† (syn. T. ochraceum)
T. rubrum*
T. schoenleinii*

A. simiiT. simii†
T. soudanense*
T. tonsurans*
T. ×iolaceum*
T. yaoundei*

Genus Microsporum
M. audouinii*
M. canis† A. otae
M. equinum†
M. ferrugineum*

A. ful×aM. ful×um§
M. gallinae†
M. gypseum§ A. gypsea

and A.
incur×ata

M. nanum† A. obtusa
M. persicolor† A. persicolor
M. praecox§
M. racemosum§
M. ×anbreuseghemii§ A. grubyi

Genus Epidermophyton
E. �occosum*

*, Anthrophilic species;
†, zoophilic species causing human infection;
§, geophilic species reported from human infection.
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Molecular methods for dermatophytes 331

tion, no mtDNA heterogeneity was found between T.
schoenleinii and ‘T. quinckeanum’, usually considered as
a variant of T. mentagrophytes, suggesting a close relat-
edness between the two taxa. Finally, Nishio et al. [15]
noted an apparent lack of correlation between pheno-
typic characteristics of Trichophyton species and
mtDNA restriction pro�les.

Similarly, Mochizuki et al. [17] examined the taxo-
nomic status of the anthropophilic ‘T. mentagrophytes
var. interdigitale ’, a long used invalid name for anthro-
pophilic T. mentagrophytes, and treated it as one of the
three pathogenic varieties of the T. mentagrophytes
complex. The two valid varieties, T. mentagrophytes
var. mentagrophytes and T. mentagrophytes var. erina-
cei, are zoophilic forms less commonly isolated in hu-
mans. Using restriction enzyme analysis of mtDNA, all
22 Japanese ‘T. mentagrophytes var. interdigitale ’ iso-
lates studied were found to be identical to A. ×an-
breuseghemii, which was considered to be one of the
two teleomorphic species related to the T. mentagro-
phytes complex (Table 1). These results were con�rmed
by a further study, revealing no intraspecies polymor-
phisms among the mtDNA from 29 ‘T. mentagrophytes
var. interdigitale ’ isolates from Belgium and India [18].
Identical restriction pro�les shown by these isolates,
isolates from Japan and mating A. ×anbreuseghemii iso-
lates were found, suggesting that all belong to a geneti-
cally homogeneous A. ×anbreuseghemii.

With the same technique, no intraspecies variability
was found within certain Microsporum species and Epi-
dermophyton �occosum [19,20].

Based on phylogenetic trees constructed from the es-
timated number of nucleotide substitutions per site
from 11 dermatophyte species, Kawasaki et al. [20] sug-
gested that the three anamorphic genera are congeneric.
In addition, no de�nite distinctions were found between
the teleomorphic genera Arthroderma and Nannizzia
[21]. This supported the suggestion of Weitzman et al.
[4] who had reduced Nannizzia to synonymy with
Arthroderma 6 years previously.

Nuclear ribosomal RNA genes sequencing

In the early 1990s, sequencing of ribosomal RNA
(rRNA) genes proved successful in establishing the de-
gree of phylogenetic relatedness among many fungi
[22,23].

Phylogenetic analyses of large ribosomal subunit (25S
rRNA) sequences, a technique often used successfully
in other fungal groups, did not clearly separate the
three anamorphic dermatophyte genera, suggesting that

taxa within this group had evolved very recently fol-
lowing adaptation to parasitism [24].

The gene coding for the small ribosomal subunit (18S
rRNA), an essential molecule for protein synthesis,
evolves slowly, allowing deep evolutionary branches to
be studied. But it can also includes regions of more
variability, permitting investigations of more recent di-
vergences. After sequencing a variable sequence of this
gene for nine dermatophyte species, Harmsen et al. [25]
were unable to distinguish two Microsporum species
(M. canis and M. audouinii), as well as two Trichophy-
ton species (T. mentagrophytes and T. schoenleinii ). All
of these species, however, were easily distinguished
from each other by conventional microscopical meth-
ods. This study con�rmed that dermatophytes are
monophyletic in origin and could be placed taxonomi-
cally in the order Onygenales, phylum Ascomycota.
Furthermore, using these sequences to calculate the cor-
rected pair-wise substitution data, Harmsen et al. [25]
estimated that dermatophytes have diverged recently,
within the last 50 million years. This is comparable to
the period of time in which mammals evolved. Accord-
ing to the authors, the co-evolution of dermatophytes
and mammals could be possibly explained by the
conidial dissemination of the keratinophilic fungi via
animal fur.

Chitin synthase 1 gene sequencing

Chitin, a �brous polysaccharide, is a major constituent
part of the cell wall of most fungi, including dermato-
phytes. Comparison of sequences of the chitin synthase
1 gene, CHS1, cloned in yeasts and �lamentous fungi,
showed a highly conserved region, potentially useful in
evolutionary studies [26].

To contribute to the elaboration of a molecular-
based classi�cation, Kano et al. [27,28] used the CHS1
gene sequencing to study species of Arthroderma and
two common Trichophyton anamorphs, T. rubrum and
T. mentagrophytes. Eight Arthroderma species were sep-
arated into three clusters, one of them grouping A.
simii and the two Arthroderma species considered to be
teleomorphs of members of the T. mentagrophytes com-
plex, A. ×anbreuseghemii and A. benhamiae. The anthro-
pophilic ‘T. mentagrophytes var. interdigitale ’ was
found to be very close to A. ×anbreuseghemii, and easily
distinguishable from T. rubrum, the CHS1 gene of
which possessed a distinctive restriction endonuclease
site. These results are consistent with those of Davison
et al. [11], who showed in 1984 that DNA of some
strains of T. mentagrophytes had only 70% homology
with A. benhamiae.
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Internal transcribed spacer region ribosomal DNA
sequencing

Because phylogenetic relationships and species-speci�c
sequences could not be entirely de�ned by the previous
methods, another technique known to resolve genetic
disjunctions between very closely related species was
used. Sequencing of the hypervariable internal tran-
scribed spacer (ITS) region, consisting in Ascomycetes of
ITS 1, ITS 2 and the intermediary 5·8S rDNA, was a
choice tool allowing the elucidation of the phylogeny of
closely interrelated �lamentous fungi [29].

A total of 54 strains belonging to 41 recognized species
and varieties of the family Arthrodermataceae have been
recently studied using this method [30]. The studies
showed that geophilic species were highly separated from
the other members of the Arthrodermataceae. In contrast,
the genera Trichophyton and Microsporum were not re-
solved in the phylogeny obtained with this marker. The
geophilic species E. stockdaleae was shown to be in need
of reclassi�cation. M. canis, M. audouinii and M. equinum
were found to be very closely related. The T. mentagro-
phytes complex and its Arthroderma-related teleomorphs
were classi�ed into three groups: T. mentagrophytes, a
neotypi�ed T. interdigitale related to A. ×anbreuseghemii
and T. erinacei related to A. benhamiae. To precisely
investigate the taxonomic structure of the T. mentagro-
phytes complex and T. tonsurans, the same authors stud-
ied 24 related species or varieties using ITS sequencing
[12]. Their analysis revealed that these 24 taxa, many of
them long-disused older names, could be reduced to only
�ve species, including the three pre-de�ned members of
the T. mentagrophytes complex, as well as T. simii, the
anamorph of A. simii, and T. tonsurans. These data are in
agreement with genotypic results obtained by mtDNA
restriction fragment length polymorphism (RFLP) [18],
CHS1 gene sequencing [28] and more recently ITS 1
sequencing [31], but also with previous phenotypic obser-
vations [32]. In addition, Gräser et al. [12] found that
physiological criteria are not in con�ict with genetic
groupings for most of the strains studied.

Using sequencing of a very close ribosomal region,
Summerbell et al. [33] found that T. rubrum had an ITS
sequence indistinguishable from that of T. raubitschekii,
T. �scheri and T. kanei, and very close to that of T.
soudanense and T. megninii. T. tonsurans and T. equinum
were found also to be very closely related each other.

According to the present results provided by genotypic
methods, dermatophytes can be considered to be an
homogeneous group with recent evolutionary divergence.
All molecular data con�rmed low genetic diversity be-
tween species belonging to one genus and revealed an
undetectable or slight intra-species polymorphism in all

species studied. For most of the taxa, there is a lack of
correlation between phenotypic observations and the re-
sults provided by molecular techniques. Some authors are
thus in favor of the construction of a taxonomic revision
of dermatophytes based on molecular data, which could
lead to a signi�cant reduction of taxa [12]. In contrast,
other authors consider that main dermatophyte taxa
should remain separate species, despite their high genetic
similarity [33]. This point of view is based on the popula-
tion genetics concepts of Templeton [34], which empha-
size the role of the ecological niche to differentiate two
species. In this concept, habitat disjunction is introduced
as a criterion for determining whether phenotypic and
genotypic differences between related asexual lineages
have become signi�cant at the species level [33]. For
example, several closely related Trichophyton species
pairs, such as T. rubrum–T. soudanense and T. ton-
surans–T. equinum, have been found to have very close
phylogenetic af�nity, whereas they have completely dif-
ferent morphological, physiological, ecological and
pathophysiological characters [33]. The future status of
these taxa remains debatable.

Application of molecular methods in
diagnostic and epidemiology of
dermatophytes

Identi�cation of dermatophyte species

The major causative agents of human dermatophytoses
can be often easily identi�ed by their phenotypic charac-
teristics on Sabouraud medium. But variations in colony
morphology can occur, perhaps in some cases secondary
to antifungal therapy. The other complementary tech-
niques, i.e. mating studies and subculturing on speci�c
culture media (e.g., lactrimel agar, potato-dextrose agar,
Christensen urea medium) are time-consuming and re-
quire specialist skills. These procedures may uncom-
monly take several weeks to give a reliable result and
sometimes reliable identi�cation of very unusual and
pleomorphic isolates is not possible.

Among polymerase chain reaction (PCR)-based meth-
ods, the random ampli�cation of polymorphic DNA
(RAPD) [35,36] or arbitrarily-primed PCR has greatly
enhanced the molecular identi�cation of various derma-
tophyte anamorphs and teleomorphs. In both methods,
the basis concept is the generation of a complex pattern
of PCR products in a single reaction by using arbitrary
primers that are not designed to match speci�c known
sequences [37]. These methods can generate species-spe-
ci�c �ngerprints, allowing dermatophytes be distin-
guished rapidly and precisely [38–44].
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Practically, RAPD can easily distinguish the three an-
thropophilic dermatophyte species most involved in tinea
pedis, i.e. T. rubrum, T. interdigitale and E. �occosum.
The common T. mentagrophytes and T. interdigitale can
also be identi�ed on the basis of their ampli�ed DNA
patterns using one random primer [42]. In addition, suc-
cessful identi�cation of atypical and pleomorphic T. ru-
brum and T. interdigitale isolates [43] indicates that
RAPD could be an additional useful diagnostic tool to
current laboratory methods for dermatophyte isolates
showing phenotypic variations. T. tonsurans, an anthro-
pophilic dermatophyte causing tinea corporis and tinea
capitis, was clearly distinguished from 10 anamorphic
species using one RAPD primer [44]. Five dermatophyte
species involved in tinea capitis, i.e. T. tonsurans, T.
×iolaceum, T. soudanense, M. canis and M. audouinii
(cited as M. langeroni ), could be differentiated by Liu et
al. [39] using successively two different random decamers.

In addition to anthropophilic species, other geophilic
and zoophilic dermatophytes were similarly identi�ed
[39]. Differential molecular diagnosis of Arthroderma
species was also successfully performed using RAPD and
Southern hybridization analyses [45,46].

The biggest drawback of RAPD has been concerns
about reproducibility. This very sensitive technique can
provide different patterns for the same strain when minor
differences in PCR conditions occur [47–50]. To avoid
this problem, each ampli�cation has to be repeated to
select consistent and discriminatory bands. RAPD tech-
niques therefore require con�rmation by DNA probe
testing to be considered reliable for species determina-
tion. Con�rmation consists of selecting DNA fragments
shared by strains of the same species, then cloning these
fragments to be used subsequently as species-speci�c
DNA probes. This approach has been successfully used
for bacteria and soil-borne fungi [51], but has to our
knowledge yet to be applied to human fungal pathogens,
including dermatophytes. The major advantage of this
methodology compared to traditional molecular cloning
techniques is the lack of necessity to generate nucleic acid
sequence information prior to probe development.

Detectio n of dermatophyte DNA in clinical
specimens

Laboratory diagnosis of dermatophytosis requires the
association of a positive direct examination of clinical
specimens showing characteristic septate hyphae and the
dermatophyte cultural isolation on Sabouraud medium.
Since direct examination does not allow species identi�-
cation and dermatophytes generally grow in 1–3 weeks,
new techniques allowing a fast and reliable diagnosis of

dermatophytosis combined with species identi�cation
could be valuable. In addition, several keratinophilic
organisms classically responsible for super�cial and mild
infections have recently been reported from deep-seated
infections in patients with severe immunode�ciency [52–
55].

The gene coding for the small ribosomal subunit (18S
rRNA) is highly conserved and is thus a choice tool for
detection of fungi, followed by hybridization with spe-
cies-speci�c oligonucleotides [56,57]. This PCR-based
methodology was used by Bock et al. [58] in 69 skin and
nail specimens allowing diagnostic distinction between
dermatophyte and Candida infections. Restriction analy-
sis of the PCR products could distinguish between der-
matophytes, yeasts and moulds. The sensitivity of the
technique, calculated at 92%, was higher than that of
culture (73%). However the use of these techniques in
clinical material is of debatable value. Skin, hair and nail
are not sterile sites and, for example, arthroconidia could
possibly be detected in the scalps of uninfected subjects
close to a child with tinea capitis. In these cases, PCR
would not be able to distinguish contamination from
infection. The interest of such an approach thus needs to
be further evaluated based on a higher number of clinical
samples.

For current applications, any integration of new
molecular technology in the laboratory has to address
personnel resources and cost-effectiveness. More prospec-
tive work is thus needed to de�ne the practical value of
these new tools in the mycology laboratory.

Epidemio logical applications

In the past, epidemiological investigations of infectious
diseases relied on detailed comparisons of the exposure
histories of cases and a selected set of controls. Recently,
laboratory methods have become available that can char-
acterize isolated microorganisms below the species level.
To date, the epidemiology of dermatophytes is mainly
based on their clinical and ecological characteristics and
many questions about the delineation and clustering of
strains remain unsolved. If anthropophilic dermatophytes
are known to be mainly indirectly transmitted via sharing
of hairbrushes, combs, pillowcases and hats for scalp
lesions, or via the �oors of swimming pools and gymnasi-
ums for foot lesions, a direct person-to-person transmis-
sion in two persons living together who both have been
infected by the same dermatophyte species is not ex-
cluded [59]. In addition, when recurrent post-treatment
lesions occur, particularly in onychomycosis, it is
presently unknown if they are usually caused by the same
strain (treatment failure) or a new strain (re-infection).
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Detailed epidemiological studies have been hindered by
dif�culties in characterizing isolates, owing to a lack of
discriminatory techniques for strain variability. Various
genotypic methods such as mtDNA RFLP and rRNA
gene sequencing have failed to reveal intra-species poly-
morphisms and therefore are unsuitable for use in epi-
demiological studies.

Using RAPD, the distinction between T. mentagro-
phytes (zoophilic) and T. interdigitale (anthropophilic)
isolated from human lesions was easily accomplished
[42]. In such cases, it is of epidemiological interest to
precisely identify the host af�nity of the infecting strain
in order to prevent spread of infection, e.g., from an
infected pet. The same method was also used by Kac et
al. [60] for typing 46 human and animal isolates of the T.
mentagrophytes complex. Twenty-three RAPD types were
recognized in 33 unrelated T. interdigitale isolates from
three continents, with a major pattern grouping nine
strains (27%). No cluster was found to be speci�c to one
geographical origin. In seven individuals, T. interdigitale
isolates from different lesions in a patient showed the
same RAPD pattern, which suggests a homogeneous
dermatophyte population within the lesions seen in a
single individual. In contrast, the dissimilarity of two
strains of T. interdigitale recovered from two patients
living together argues against person-to-person transmis-
sion in that case.

The application of the same method to T. rubrum
revealed a slight heterogeneity in 30 isolates, with eight
strains showing very minor differences [61].

In contrast, a successful differentiation between 50 T.
rubrum strains was recently performed using rDNA non-
transcribed spacer (NTS) regions sequencing [62]. Four-
teen individual patterns were identi�ed, with one
predominant RFLP type grouping 19 strains (38%).

This predominant type found both in T. interdigitale
and T. rubrum, accounting for over a third of the strains
studied, suggests that particular strains have become
widely disseminated and could possess speci�c adaptative
advantages like increased virulence or infectivity.

These techniques have de�nitely demonstrated that
molecular diversity is detectable even in highly homoge-
neous dermatophyte species and that interstrain variabil-
ity can be shown using methods with suf�ciently high
discriminatory power.

Conclusion and future prospects

Through the use of reliable genotypic methods, the der-
matophytes have been shown to constitute a homoge-
neous group of species with very low genetic diversity

despite their high phenotypic heterogeneity. The need for
a molecular-based revision of their current classi�cation
is now open to discussion. Most of the dermatophytes
responsible for human lesions have been identi�ed to the
species level using rapid and sensitive PCR-based assays,
but the practical role of these methods in the diagnostic
mycology laboratory is not yet well de�ned. In all but a
few cases, attempts to distinguish among dermatophyte
strains have failed, which has prevented the development
of epidemiological investigations based on molecular
data. The ability to type individual strains within derma-
tophyte species could provide new insights into the epi-
demiology, population biology and pathogenicity of
these biologically distinctive keratinophilic fungi. The
development of new techniques to reveal molecular poly-
morphisms in dermatophytes is therefore required.
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