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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.
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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) microbiological evidence suggestive of the T. mentagro-

phytes/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 isolate 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 num-
bers PQ634380 (T. indotineae) and PQ655447 (SQLE). The
sequences used are shown in Fig. 4. In addition, an anti-
fungal susceptibility test for terbinafine, fluconazole, and
itraconazole was performed using the in vitro broth microdi-
lution 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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OM313312.1 .FNDVVLLRNLLSPEA GPNLRVLQRGC
RU242352.2 5 FNDVVLLRNLLSPEA DPNLRVLQRGC
IMW187980.1 LRPVTNRIPG F FNDVVLLRNLLS3PE2 DPNLRVLQRGC
IMw188000.1 "LRPVTNRIPGLMF L SGG] WFNDVVLLRNLLSPEAVPDLSDTRLVLRQLSKFHI DPNLRVLQRGC
IMW187987.1 LRPVTNRIPG. LGDSLNMRHPLT( > FNDVVLLRNLLSPEAVPDLSDTRLVLRQLSRFHV DPNLRVLQRGC
IMW187998.1 LRPVTNRIPG SLNMRHPLTGGG] FNDVVLLRNLLSPEAVPDLSDTRLVLRQ! Q DPNLRVLQRGC
IMW188003.1 LRPVTNRIPG. A\FNDVVLLRNLLSPEAVPDLSDTRLVLK DPNLRVLQRGC
IMW188016.1 LRPVTNRIPG. \FNDVVLLRNLLSPEAVPDLSDTRLVLRQ DPNLRVLQRGC
IMW188020.1 RPVTNRIPG FNDVVLLRNLLSPEAVPDLSDTRLVLRQ INKI HWQ LISVINIL. DPNLRVLQRGC
IMW187976.1 "LRPVTNRIPG NDVVLLRNLLSPEAVPDL3DTRKLVLRQL F LISVINIL. DPNLRVLQRGC
IMW187981.1 "LRPVTNRIPG AFNDVVLLRNLLSPEAVPDLSDTRLVLRQLSK LISVINIL. DPNLRVLQRGC
IMW188025.1 "LRPVTNRIPG NDVVLLRNLLSPEAVPDL3DTKLVLK F LISVINIL. P, DPNLRVLQRGC
ON863900.1 RPVTNRIPGLMF & FNDVVLLRNLLSPEAVPDLSDTRLVLK LISVINIL. SILPAGDPNLRVLQRGC
ONB863899.1 " FLRPVTNRIPGLMFLGDSLNMRHPLTGGGMTVAFNDVVLLRNLLSPEAVPDLSDTRKLVLRQLSKF RKSLISVINIL. SILPAGDPNLRVLQRGCF Q
0Q054983.1 ECIRPSFEAALBKGGPRSMPNSFLRPVTNRIPGLMFLGDSLN‘MRHPLTGGGM’I‘VAFNDVVLLRNLLSPEAUPDLSDTKLVLKQLSKFHWQRKSLISVINIL FAAGDPNLRVLQRGCF FQ
0Q054984.1 ECIRPSFEAALERGGFRSMPNSFLRPVTNRIPGLMFLGDSLNMRHPLTGGGMTVAFNDVVLLRNLLSPEAVPDLSDTRLVLRQLSKFHWQRKSLISVINILAQSLY SILAAGDPNLRVLQRGCF FQ
IMGS3 ECIRPIFEAALERGGFRIMPNIFLRPVTNRIPGLMFLGD3SLNMRHPLTGGGMTVAFNDVVLLRNLLSPEAVPDLSDTRLVLRQLSKFHWQRKSLISVINILAQILY SILAAGDPNLRVLQRGCF FQ
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.
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