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First case of Trichophyton
indotineae in Brazil: clinical

and mycological criteria and

genetic identification of

terbinafine resistance™

Dear Editor,

Terbinafine-resistant dermatophytes are currently a global
health problem, particularly Trichophyton indotineae.
Terbinafine, a potent antifungal agent against dermato-
phytes, inhibits the enzyme squalene epoxidase (SQLE),
restricting fungal growth by interfering with ergosterol
biosynthesis; point mutations in the SQLE genes are the
main cause of antifungal resistance.! T. indotineae, for-
merly known as Trichophyton mentagrophytes variety VI,
frequently shows mutations in the SQLE gene.?* The present
report describes the first case of a patient diagnosed in

Brazil with dermatophytosis caused by terbinafine-resistant
T. indotineae.

A 40-year-old male individual, without comorbidities,
originally from Brazil and living in London, reported pru-
ritic erythematous-desquamative lesions on the lower limbs
and buttocks that began in January 2024 (Fig. 1). He
reported frequent short trips during the second half of
2023; to Austria, Slovakia, Hungary, and Poland in August,
and to Scotland and Turkey in November and December. He
sought dermatological care in Piracicaba (state of Sao Paulo,
Brazil), where direct mycological examination revealed the
presence of hyaline septate hyphae, and the culture using
Sabouraud agar and Mycosel® showed growth of T. menta-
grophytes. He was diagnosed with dermatophytosis and in
March 2024 he was prescribed 500 mg/day of terbinafine for
14 days.

Although there was no clinical improvement, the patient
returned to London; in May 2024 he came back present-
ing lesions in the same locations (Fig. 2). On this occasion,

Figure 1
limbs.

* Study conducted at the Dermatology Clinic, Hospital da Santa
Casa de Sao Paulo, Sao Paulo, SP, Brazil.

Clinical aspect of dermatophytosis lesions caused by Trichophyton indotineae affecting the posterior region of the lower
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Figure 2 Clinical aspect of dermatophytosis recurrence
caused by Trichophyton indotineae affecting the anterior sur-
face of the right thigh.

itraconazole 200 mg/day was prescribed for 14 days, with
complete clinical remission. However, the patient developed
recurrence after treatment was discontinued, and flucona-
zole 150mg/day was prescribed for seven days, which
proved ineffective. With a new cycle of treatment using
itraconazole at the same dosage, the patient showed the
same result: good initial response followed by recurrence
four days after treatment was discontinued. A skin scrap-
ing specimen was collected for new mycological analysis,
and treatment with itraconazole was prescribed again. The
condition improved, the patient returned to England and
once again was lost to dermatological follow-up. In this
scenario of (i) disseminated dermatophytosis refractory to
terbinafine but susceptible to itraconazole, (ii) microbio-
logical evidence suggestive of the T. mentagrophytes/T.

interdigitale species complex, and (iii) history of frequent
international travel, it was strongly suggested that this was
a case of T. indotineae. This suspicion was confirmed using
the material from the second collection, identifying the iso-
late as T. indotineae resistant to terbinafine and fluconazole
through analysis of mycological exams (Fig. 3) associated
with DNA sequencing of the internal transcribed spacer (ITS)
region of ribosomal DNA. The SQLE gene was also amplified
and sequenced using the described primers.* The sequences
were deposited in GenBank under access numbers PQ634380
(T. indotineae) and PQ655447 (SQLE). The sequences used
are shown in Fig. 4. In addition, an antifungal susceptibil-
ity test for terbinafine, fluconazole, and itraconazole was
performed using the in vitro broth microdilution reference
method described by EUCAST (E.DEF 9.4).

The assessed isolate is resistant to terbinafine and flu-
conazole, with minimum inhibitory concentration (MIC)
values of >16 ug/mL (upper limit value) and 8 pug/mL,
respectively; and susceptible to itraconazole (MIC value of
0.064 pg/mL). Sequencing results revealed two terbinafine
resistance mutations (Phe3*’Leu and Thr*'*His).

In the last decade, T. indotineae has caused large
outbreaks of severe and difficult-to-treat infections world-
wide. Lesions may be atypical with multiple morphologies,
including concentric erythematous, desquamative, papu-
losquamous and pustular plaques, in addition to conditions
modified by the use of topical corticosteroids.’

Cases of terbinafine-resistant T. indotineae described are
often introduced by immigrants from endemic countries.>°
The high rate of inter-human transmission is a strong con-
tributor to its spread, where familial cases account for
about 50% of patients, and sharing of fomites is a common
denominator.°~® However, few cases have been reported to
date, mainly due to misidentification and underreporting.®
This may be the scenario in Brazil, where terbinafine-
resistant dermatophytosis may be overlooked, since the
etiological identification of dermatophytes remains a chal-
lenge, as DNA sequencing is not routinely used in the
diagnosis of superficial mycoses.

The emergence of terbinafine-resistant T. indotineae is
noteworthy, considering its frequency of up to 75% com-
pared to 44% for T. rubrum.®'® This phenomenon may be

Figure 3

Mycological examinations of Trichophyton indotineae. (A) Direct microscopic examination (with 10% KOH) under optical

microscopy (x400) showing branched septate hyaline hyphae and arthroconidia. (B) Macromorphology of fungal culture in Sabouraud
medium showing velvety white front and light yellow pigment on the back. (C) Micromorphology under optical microscopy (x400),
stained with lactophenol blue, showing the presence of numerous pyriform and clavate microconidia and septate, spindle-shaped

macroconidia.
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Figure 4  SQLE gene alignment under CLUSTAL multiple sequence alignment in BioEdit. The amino acid sequences of SQLE from

the T. indotineae isolate IMT-1778 (MGS) were compared with the reference sequence of the T. mentagrophytes strain TIMM2789
(GenBank acc. number KU242352.) and the T. interdigitale isolate DK-Tinterdig-WT (GenBank acc. number OM313312.1), as well as
SQLE sequences of terbinafine-resistant T. indotineae strains (GenBank acc. numbers MW187976, MW187980, MW187981, MW187987,
MW187998, MW188000, MW188003, MW188016, MW188020, MW188025, ON863900, ON863899, 0Q054983 and 0Q054984). The amino
acid substitutions that were found to be different in IMT-1778-MGS isolate are depicted, and their positions are shown in red boxes.

linked to (i) inappropriate use of antibiotics, antifungals,
and corticosteroids; (ii) climate change and indiscriminate
use of pesticides; and (iii) the return of intense migratory
movements seen after the COVID-19 pandemic.”8

In summary, the present case is the first report of der-
matophytosis caused by T. indotineae in Brazil, with the
typical evolution of therapeutic resistance to several anti-
fungals and terbinafine resistance associated with mutations
in the SQLE gene. Phenotypic and genotypic characteriza-
tions were essential for adequate diagnosis and therapeutic
choice, but terbinafine resistance complicates treatment
options and highlights the need for better surveillance, pre-
vention strategies, and alternative therapeutic approaches.

Financial support

None declared.

Authors’ contributions

John Verrinder Veasey: Design and planning of the study;
collection of data, or analysis and interpretation of data;
drafting and editing of the manuscript or critical review
of important intellectual content; effective participation
in research orientation; intellectual participation in the
propaedeutic and/or therapeutic conduct of the studied
cases; critical review of the literature; approval of the final
version of the manuscript.

Renata Diniz Jacques Goncalves: Collection, analysis and
interpretation of data; intellectual participation in the
propaedeutic and/or therapeutic conduct of the studied
cases; approval of the final version of the manuscript.

Guilherme Camargo Julio Valinoto: Approval of the final
version of the manuscript; critical review of the literature.

Gustavo de Sa Menezes Carvalho: Approval of the final
version of the manuscript; critical review of the literature.

Giovanna Azevedo Celestrino: Collection of data, or
analysis and interpretation of data; critical review of the
literature.

Ana Paula Carvalho Reis: Collection of data, or analysis
and interpretation of data; critical review of the literature.

Ana Paula Cordeiro Lima: Collection of data, or analysis
and interpretation of data; critical review of the literature.

Antonio Charlys da Costa: Collection of data, or analysis
and interpretation of data; critical review of the literature.

Marcia de Souza Carvalho Melhem: Collection of data, or
analysis and interpretation of data; critical review of the
literature.

Gil Benard: Collection of data, or analysis and interpre-
tation of data; critical review of the literature.

Maria Gloria Teixeira Sousa: Design and planning of the
study; collection of data, or analysis and interpretation
of data; drafting and editing of the manuscript or critical
review of important intellectual content; effective par-
ticipation in research orientation; critical review of the
literature; approval of the final version of the manuscript.

Conflicts of interest

None declared.

References

1. Yamada T, Maeda M, Alshahni MM, Tanaka R, Yaguchi T, Bontems
0, et al. Terbinafine resistance of trichophyton clinical isolates
caused by specific point mutations in the squalene epoxidase
gene. Antimicrob Agents Chemother. 2017;61:€00115-17.

2. Kano R, Kimura U, Kakurai M, Hiruma J, Kamata H, Suga
Y, et al. Trichophyton indotineae sp. nov.: a new highly
terbinafine-resistant anthropophilic dermatophyte species.
Mycopathologia. 2020;185:947-58.

3. Canete-Gibas CF, Mele J, Patterson HP, Sanders CJ, Ferrer D,
Garcia V, et al. Terbinafine-resistant dermatophytes and the
presence of Trichophyton indotineae in North America. J Clin
Microbiol. 2023;61:€0056223.

4. Jia S, Long X, Hu W, Zhu J, Jiang Y, Ahmed S, et al. The
epidemic of the multiresistant dermatophyte. Front Immunol.
2022;13:1113065.

5. Khurana A, Sharath S, Sardana K, Chowdhary A. Clinico-
mycological and therapeutic updates on cutaneous dermato-
phytic infections in the era of Trichophyton indotineae. J Am
Acad Dermatol. 2024;91:315-23.

6. Bortoluzzi P, Prigitano A, Sechi A, Boneschi V, Germiniasi F,
Esposto MC, et al. Report of terbinafine resistant Trichophyton
spp. in Italy: clinical presentations, molecular identification,

559


http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0005
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0010
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0015
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0020
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0025
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030
http://refhub.elsevier.com/S0365-0596(25)00019-4/sbref0030

LETTER - RESEARCH

antifungal susceptibility testing and mutations in the squalene
epoxidase gene. Mycoses. 2023;66:680-7.

7. Seidel D, Wurster S, Jenks JD, Sati H, Gangneux JP, Egger M,
et al. Impact of climate change and natural disasters on fungal
infections. Lancet Microbe. 2024;5:e594-605.

8. Baker RE, Mahmud AS, Miller IF, Rajeev M, Rasambainarivo F,
Rice BL, et al. Infectious disease in an era of global change. Nat
Rev Microbiol. 2022;20:193-205.

9. Bishnoi A, Vinay K, Dogra S, Bishnoi A, Vinay K, Dogra S. Emer-
gence of recalcitrant dermatophytosis in India. Lancet Infect
Dis. 2018;18:250-1.

10. Ebert A, Monod M, Salamin K, Burmester A, UhrlaB S, Wie-
gand C, et al. Alarming India-wide phenomenon of antifungal
resistance in dermatophytes: a multicentre study. Mycoses.
2020;63:717-28.

John Verrinder Veasey = &b+
Renata Diniz Jacques Goncalves "= €,

Guilherme Camargo Julio Valinoto ‘=

Gustavo de Sa Menezes Carvalho 2 °,
Giovanna Azevedo Celestrino = 9,
Ana Paula Carvalho Reis 2 9,

Ana Paula Cordeiro Lima “* €,
Antonio Charlys da Costa "/,
Marcia de Souza Carvalho Melhem

Maria Gloria Teixeira Sousa ‘= 9

d, Gil Benard 2 9,

@ Dermatology Clinic, Hospital da Santa Casa de Séo Paulo,
Sdo Paulo, SP, Brazil

b Discipline of Dermatology, Faculty of Medical Sciences,
Santa Casa de Sao Paulo, Séo Paulo, SP, Brazil

¢ Private Practice, Piracicaba, SP, Brazil

d Laboratory of Medical Mycology LIM-53, Division of
Clinical Dermatology, Instituto de Medicina Tropical,
Hospital das Clinicas, Faculty of Medicine, Universidade de
Séo Paulo, Sédo Paulo, SP, Brazil

€ Department of Pathology, Faculty of Medicine,
Universidade de Sédo Paulo, Sao Paulo, SP, Brazil

f Laboratory of Virology (LIM 52), Instituto de Medicina
Tropical, Universidade de Sdo Paulo, Sdo Paulo, SP, Brazil

*Corresponding author.
E-mail: johnvveasey@gmail.com (J.V. Veasey).

Received 29 November 2024; accepted 15 January 2025
Available online 24 February 2025

https://doi.org/10.1016/j.abd.2025.01.001

0365-0596/ © 2025 Published by Elsevier Espafa, S.L.U. on behalf
of Sociedade Brasileira de Dermatologia. This is an open access
article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).

In vitro characterization of L)
biofilm produced by Fusarium
oxysporum, an onychomycosis

agent”

Dear Editor,

Onychomycosis caused by Non-Dermatophyte fungi (NDMs),
such as Fusarium spp., is more prevalent than previously
thought, especially in warmer climates.' Furthermore, ony-
chomycosis has currently been attributed to fungi organizing
themselves into a biofilm form.? Biofilm is a complex
microbial community, highly adhered to the nail and sur-
rounded by a matrix that provides protection and antifungal
resistance.’’

The research group has been studying the genus Fusar-
ium spp. as an agent of onychomycosis in immunocompetent
hosts. The authors reported its high prevalence in the stud-
ied region, established clinical and laboratory criteria for
this genus as a causal agent of onychomycosis, and deter-
mined the susceptibility profile to the systemic antifungals
most commonly used in Brazil.* Later, the authors proved
that Fusarium spp. uses nail keratin as a single source of
nutrients® and began studies on the etiopathogenesis of
fusarial onychomycosis based on an ex vivo model using
sterile human nail fragments.?

More recently the authors reported, for the first time,
that Fusarium oxysporum is able to form biofilm on the
human nail as the only nutritional source.®’ Also, the

* Study conducted at the Universidade Estadual de Maringa, Mar-
inga, PR, Brazil.

authors describe the volatile organic molecule 2-Ethyl-1-
Hexanol (2EH) as a quorum-sensing component capable
of modulating such biofilm.® These findings were relevant
to confirm the etiopathogenesis of fusarial onychomycosis.
However, it did not reveal the proper characteristics of the
biofilm formed under nutritional support. Thus, the current
study aimed to characterize the in vitro biofilm formation
of F. oxysporum, evaluating its natural ability, during 7-days
with controlled nutrient availability.

This study was conducted with F. oxysporum CMRP2925
isolated from a previously described onychomycosis case.*
The isolate was reactivated to confirm its purity and iden-
tification, before assays, and was cultured on Sabouraud
Dextrose Agar (SDA; DifcoTM, MI, USA) for 7-days at 25°C.
Biofilms were prepared according to Galletti et al.,” with
some modifications. A suspension containing 1 x 107 coni-
dia mL~" was prepared in RPMI Medium 1640 (Gibco,
NY, USA), with L-glutamine, sodium bicarbonate, 0.165M
3-(N-morpholino) propanesulfonic acid (pH 7.2), and 2% glu-
cose. This suspension was placed into 96-well flat-bottomed
microtitration plates and incubated at 35°C in a shaker at
110 rev min~", for 7-days. Every 24h, the culture medium
was renewed by removing 100 uL of old broth and adding
the same volume of fresh RPMI. During the seven days,
biofilms were evaluated under different aspects, as pre-
viously described.®® Briefly, cell viability was assessed by
counting Colony Forming Units (CFU), quantification of
total biomass by Crystal Violet, metabolic activity by the
reduction assay of tetrazolium salt, 2,3-(2-methoxy-4-nitro-
5-sulphophenyl)-5-([phenylamino]carbonyl)-2H Tetrazolium
hydroxide (XTT), characterization of the Extracellular Matrix
(ECM), and visualization of biofilm structure by Scanning
Electron Microscopy (SEM).
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