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The new emerging dermatophyte Trichophyton indotineae closely related to T. interdigitale/mentagrophytes has become a major concern in dermatology because of its high resistance to
terbinafine. This species is at epidemic level in India giving rise to extended tinea corporis. Its spread in Europe has been already described. Mutations on the gene coding for squalene epoxidase (SQLE)
have abundantly been observed among terbinafine resistant strains. Regarding this context, the National Reference Center for mycoses of the CHU of Liege (NRCML) conducted a study at the Belgian
level to collect all T. interdigitale/mentagrophytes/indotineae isolated from skin and scalp. The aim of the study was to evaluate the situation in Belgium and characterize these strains in terms of
identification and terbinafine (TERB) susceptibility. A phylogenomic study based on EF-1-alpha Sanger sequencing data was performed. Moreover, a characterization of the squalene epoxidase (SQLE)
gene by sequencing was done.

Objectives

Methods
After EF-1-alpha sequencing a dendrogram of similarity was generated.
Sequences were aligned using MAFFT algorithm. The tree was built using
RAxML with General Time Reversible model (500 bootstrapping). Six T.
indotineae IHEM reference strains and the references TIMM20114, DSP127 and
MR816 have been added to the dendrogram for a good definition of the T.
indotineae/ interdigitale/mentagrophytes clade (in red). SQLE analysis was done
using Geneious prime.A BLAST was done with sequence ref. BAL48859.1.

Results

1 Antifungal susceptibility 2 Identification based on 
EF1-alpha sequencing

Among the 156 strains, 7 (4.48 %) showed a growth in wells containing 0.2 µg/mL of TERB with
the Dermacheck method. 7/7 TERB resistant strains were identified as T. indotineae. MICs higher
than 0.25 µg/ml for TERB were confirmed for these 7 strains by EUCAST E.DEF.11.0
microdilution method (MIC range for R strains 0.25-8 µg/mL). The other 149 strains showed MICs
<=0,125 µg/ml for TERB (MIC range 0.008-0.125 µg/mL) by microdilution. MICs for itraconazole
(ITRA), voriconazole (VOR) and amorolfine (AMOR) were also checked by microdilution. 5/156
(3.22%) strains showed MICs higher than 0.5 µg/mL for ITRA (MICs range for resistant (R) strains
1-4 µg/mL).Two strains of T. indotineae were R to TERB and ITRA, while one strain of T.
indotineae and two strains of T. mentagrophytes were only R to ITRA. 151/156 strains were
susceptible to itraconazole with MICs ranges 0.008-0.125 µg/mL. All tested strains were susceptible
to VOR and AMOR with MICs ranges of respectively 0.008-0.5 µg/mL and 0.08-0.25 µg/mL. SQLE has
been checked for amino-acid substitutions. Among T. indotineae resistant to TERB, 4/7
showed F397L substitution on SQLE. L393F (2/7) and L393S (1/7) substitutions were also
highlighted. Among the strains only R to ITRA, 2/3 strains presented the substitution K278N
on SQLE. Table 1 summarizes the resistant strains (TERB +ITRA) identified in this study regarding
identification based on Ef-1alpha, TERB /ITRA susceptibility, SQLE profile, clinical presentation,
therapies and context of travels abroad.

A dendrogram of similarity has been generated based on EF-1-alpha sequences of 125
strains of this study (+ref strains). Some sequences have been discarded because of
poor quality. The dendrogram shows that among the 125 analyzed strains, 12 belong to
the T. indotineae clade. Among these, 7/12 (58,4%) were resistant to TERB. 5/12 (41,6%)
strains belong to this clade without showing any resistance to TERB by susceptibility
testing. No amino-acid substitution was found by SQLE sequencing for these five
strains. 82 strains were defined to be T. interdigitale, 67 (81,96%) being foot skin. 31
strains were characterized to be T. mentagrophytes (25 tinea corporis, 4 foot skin and 2
scalp). See figure 1.
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Conclusions
Our study demonstrates the presence of T. indotineae resistant to terbinafine on the Belgian territory during 2022-2023. Resistance to ITRA has also been demonstrated among the analyzed
strains. The phylogenetic analysis based on EF-1-alpha permitted to precisely identify T. indotineae among a distinct clade from T. interdigitale/mentagrophytes and to show that some T. indotineae strains
are not resistant to terbinafine. The substitutions on SQLE F397L, L393F and L393S have been described in Belgian T. indotineae strains resistant to TERB. The substitution K276N has been highlighted
on SQLE, among T. mentagrophytes resistant to ITRA.
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Figure 1: Maximum likelihood tree generated using EF-1-alpha sequencing 
data. 

Table 1: Summary of characteristics of resistant strains for terbinafine (TERB) and 
itraconazole (ITRA) identified in this study. 

N° N°ID
Date of 
isolation 

ID EF-1-alpha
MIC TERB 

µg/mL
MIC ITRA 

µg/ml
SQLE 

mutation 
Travels

Clinical 
manifestations 

First line 
treatment

Second line 
treatment

Third line 
treatment 

1 ERT 004 02/2022 T. indotineae 2  1 F397L Nepal
Extended tinea 

corporis

Terbinafine 
250 once 
daily for 8 

week

Itraconazole 
200 mg/d for 
2 x 7 days,  

relapse

Itraconazole 
200 mg 1 dd 

for 2 
months

2 ERT 106 12/2022 T. indotineae 0.5 0.03 F397L Nepal
Extended tinea 

corporis 

Terbinafine® 
1x250

mg/day (8 
weeks) +
Daktarin 
cream®

Itraconazole
®

2x200 
mg/day (1 

week,
repeated 
after 1 
month)

NA

3 ERT 133 02/2023 T. indotineae 0.25 0.016 L393S Bangaladesh

Tinea corporis 
+ cruris + 
vaginal 

infection

NA NA NA

4 ERT 165 04/2023 T. indotineae 8 0.008 L393F Unknown
Tinea cruris, 

tinea corporis
erbinafine Itraconazole NA

5 ERT 174 04/2023 T. indotineae 8 0.06 F397L
No recent 

travels 

Tinea corporis 
+ abdomen + 

leg
Terbinafine Itraconazole NA

6 ERT 175 05/2023 T. indotineae 4 4 F397L Bangladesh
Tinea pedis+ 

cruris
Terbinafine Itraconazole NA

7 ERT 177 03/2023 T. indotineae 8 0.016 L393F NA
Tinea corporis 
+ cruris + leg

Fluconazole NA NA

8 ERT 172 04/2023 T. indotineae 0.016 2 WT NA Tinea capitis NA NA NA

9 ERT 157 03/2023 T. mentagrophytes 0.03 2 K276N NA Tinea arm NA NA NA

10 ERT 176 03/2023 T. mentagrophytes 0.008 4 K276N NA Tinea corporis NA NA NA
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Samples

18 participating laboratories all around
Belgium. Strain collection from
February 2022 to May 2023

è156 strains of T. indotineae / 
interdigitale / mentagrophytes from skin 
samples


