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INTRODUCTION

Dermatophytes are a group of fungi responsible for superficial infections of the skin, hair, and nails.
Whereas skin infections are generally treatable with topical antifungals alone, extensive skin involvement,
infections of the scalp, nail infections or cases where topical therapies fail—require systemic antifungal
treatments or a combination of topical and systemic therapy. This may shorten treatment duration and lower

the spread of infectious conidia.

The rising concern regarding antifungal resistance, particularly among Trichophyton species, has made
antifungal susceptibility testing (AFST) increasingly important in the management of dermatophyte infections
(1, 2). The development of resistance can lead to therapeutic failure, prolonged disease duration, and
increased healthcare costs. Moreover, systemic antifungal drugs are associated with potential side effects,
making it crucial to ensure their appropriate use. AFST enables clinicians to select the most effective antifungal
agent for a specific dermatophyte strain, thereby reducing the risk of unnecessary exposure to ineffective or

toxic treatments.

In recent years, the emergence of Trichophyton indotineae has raised significant concern (3-5). T.
indotineae was first identified as a novel dermatophyte species in the Indian subcontinent and has since been
reported in many other parts of the world, including Europe (6-10). It is now recognized as a major cause of
recalcitrant and chronic dermatophytosis, often presenting as extensive or highly inflammatory lesions (3). The
global spread of this pathogen is alarming, as it is associated with high rates of resistance to terbinafine, one

of the most commonly used antifungal agents for dermatophyte infections.

Terbinafine, a first-line systemic therapy for dermatophytosis, acts by inhibiting the fungal enzyme
squalene epoxidase (SQLE), disrupting ergosterol biosynthesis and leading to fungal cell death (11). However,
the emergence of terbinafine-resistant strains of T. indotineae has been linked to mutations in the SQLE gene,
which reduce drug binding and confer resistance. Studies have identified specific point mutations, resulting in
amino acid alterations such as F397L, L393S and L393F, that are strongly associated with this resistance, and
new ones continue to emerge (12). Terbinafine resistance in Trichophyton rubrum is also increasingly reported,
often linked to similar mutations in the SQLE gene (13, 14). The clinical implications of terbinafine resistance
are significant. Patients with infections caused by resistant strains often experience prolonged symptoms and

fail to respond to standard therapy, necessitating alternative treatments like itraconazole.

Unfortunately, the emergence of itraconazole resistance in Trichophyton species is also a growing concern
(15), complicating treatment strategies. Both resistance patterns highlight the need for antifungal

susceptibility testing to guide effective therapy.
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Microdilution reference procedures developed by CLSI (M38 3™ edition) or EUCAST (E.Def 11.0) are
available for antifungal susceptibility testing of dermatophytes (16, 17). Alternative commercial susceptibility
tests are not yet standardized (18). Broth microdilution susceptibility testing is time-consuming, and requires
well-trained personnel. Although molecular detection of SQLE target gene mutations is valuable in confirming
terbinafine resistance, limitations are such that tests can confirm resistance but not susceptibility, and the
technique is not widely available in routine clinical microbiology laboratories. Moreover, owing to currently
unknown mechanisms of resistance, molecular detection of azole resistance in dermatophytes is not possible.
Therefore, the development of easy-to-use screening procedures, such as antifungal-containing agar (19-21),

detecting clinical Trichophyton spp. isolates with potential resistance to terbinafine or itraconazole are needed.

SCOPE

The standard method described here is intended for the phenotypic detection of Trichophyton spp. (T.
rubrum, T. mentagrophytes, T. interdigitale, and T. indotineae) isolates that are potentially non-WT to
terbinafine, or itraconazole in routine laboratories of clinical mycology.

The screening test plate was originally proposed by Siopi et al (21) and has been validated in a

multicentre study using a molecularly characterised Trichophyton spp. culture collection (22).

TERMS AND DEFINITIONS

1. Antifungal agent: substance of biological, semi-synthetic or synthetic origin that inhibits the growth
of fungi or is lethal to them. Disinfectants, antiseptics and preservatives are not included in this

definition.
2. Properties of antifungal agents

a. Potency. Antimicrobially active fraction of a test substance. The potency is expressed as mass
fraction in milligrams per gram (mg/g), or as activity content in International Units (IU) per gram,
or as a volume fraction or mass fraction in percent, or as an amount-of-substance concentration

(mass fraction) in mole per litre of ingredients in the test substance.

b. Concentration. Amount of an antimicrobial agent in a defined volume of liquid. The concentration

is expressed in Sl units as mg/L.

3. Stock solution. Initial solution used for additional dilutions.

4. Agar: The term ‘agar’ refers to the solid medium used for the in vitro growth of microorganisms.

Page 4 of 18



EUCASTE

5.

TEST PR

.Def 12.0 september 2026 EUCAST agar screening for resistance in Trichophyton spp.

Wild type (WT) and non-wild type (NWT) isolates. An isolate is defined as WT if it is devoid of
phenotypically detectable acquired resistance mechanisms to a specified antimicrobial agent. An
isolate is defined as NWT for a species by the presence of phenotypically detectable acquired
resistance mechanisms to the agent in question.

Agar dilution: Agar dilution is a susceptibility testing technique in which serial dilutions (usually two-
fold) of an antifungal agent are made in an agar medium that is inoculated with a standardised
suspension of organisms and incubated for a defined period of time. The purpose is the screening for
resistance, or in other words separation of phenotypically NWT isolates from the WT population (a
given threshold concentration is used at which growth of WT isolates is inhibited but allowed for
mutant strains).

Reference strain for quality control. Catalogued, characterized strains with stable, defined antifungal
susceptibility phenotypes and/or genotypes. They are obtainable from culture collections and used for
quality control.

Inoculum: The number of conidia (colony-forming units) produced by a given isolate in a defined

volume of solution. The inoculum is expressed as colony-forming units per millilitre (CFU/mL).

OCEDURES

General

The test is performed in 4-well plates (volume per well: 1 mL) although other plate sizes may also be

applicable.

The test principle is based on the use of plates containing agars supplemented with terbinafine (0.016

mg/L an

d 0.125 mg/L), and itraconazole (1 mg/L), alongside a drug-free agar control well, for the screening of

NWT isolates of Trichophyton spp. (Figure 1). Once solidified, the plates are inoculated with an inoculum

containi

ng Trichophyton spp. in a volume of 25 uL on the surface of each of the agars. Growth is visually

assessed after 5-7 days of incubation at 25-28 °C.

Antifungal agents

General

Al

| antifungal drug solutions should be prepared in accordance with Good Manufacturing Practice.

Antifungal pure powders must be obtained directly from the drug manufacturer or from reliable commercial

sources.

Clinical preparations must not be used because they may contain excipients or be prodrugs that are
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not appropriate for antifungal susceptibility testing. Powders must be supplied with generic name of the drug,
a lot number, potency, expiry date and recommended storage conditions. Store powders in sealed containers.
Ideally, agents should be dispensed into aliquots before freezing, one of which is then used on each occasion.
Allow containers to warm to room temperature before opening them to prevent condensation of water on the

powder.

Preparation of stock solutions
Antifungal drug solutions must be prepared taking into account the potency of the lot of antifungal drug
powder that is being used. The amount of powder or diluent required to prepare a standard solution may be

calculated as shown below.

Volume (L) x Concentration (mg/L)

Weight (g)=
Potency (mg/g)

Weight (g) x Assay potency (mg/g)

Volume (L)=
Concentration (mg/L)

The antifungal powder should be weighed on an analytical balance that has been calibrated by approved
reference weights from a certified metrology organisation. The precision of the balance should be taken into
account when determining the minimum amount of powder that can be weighed at a time to ensure correct

concentration of the stock solutions.

Prepare antifungal drug stock and working solutions in DMSO according to Table 1. It is essential to
ensure the drug is fully dissolved before freezing. Several antifungals can be difficult to dissolve, resulting in
artificially elevated MICs. Placing the stock tube on a rocking table for an hour or more before continuing
overcomes this problem. Sterilisation of stock solutions is not normally necessary. However, if required, the
sterilisation procedure shall be validated by appropriate means (e.g. samples obtained before and after
filtration must be assayed) to ensure that drugs are not adsorbed (for example, to a sterile filter) or degraded
during the process.

Unless otherwise indicated by the drug manufacturer, store drug stock solutions in small volumes in
sterile polypropylene or polyethylene vials at -70°C or below. Drugs may be stored at -70°C or below for at

least six months without significant loss of activity (23).

Remove vials from -70°C and use them the same day that they are defrosted. Ensure the compound is
properly dissolved in the stock tube after defrosting. From the stock solutions, prepare antifungal drug working
solutions in DMSO at concentrations 100 times higher than the final concentrations needed (terbinafine 12.5

mg/L and 1.56 mg/L, and itraconazole 100 mg/L) (Table 1). Discard any drug not used on that day. Significant
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deterioration of an antifungal drug will be reflected in the results of testing the susceptibility of quality control

strains (24). If necessary, the drug can be assayed to determine the potency.

Medium
RPMI 1640 (with L-glutamine and a pH indicator but without bicarbonate) supplemented with glucose
to a final concentration of 2% (RPMI 2% G), and buffered with 3-(N-morpholino) propanesulfonic acid (MOPS)

at a final concentration of 0.165 mol/L, pH 7.0, is used.

Preparation of the terbinafine and itraconazole-containing plates

Use sterile disposable 4-well untreated pyrogen-free polystyrene plates with flat-bottom wells (nominal
capacity of approximately 1 mL per well) and lids (avoid “low evaporation lids"). The drug-containing agar
plates (supplemented with chloramphenicol and cycloheximide) are prepared as follows (Table 2) (250 plates

approximately):

1. Prepare 1 L RPMI (with L-glutamine, without bicarbonate) (Sigma-Aldrich) 2% glucose (PanReac
Applichem) medium buffered with MOPS (PanReac Applichem).

Add 15 g agar bacteriological (Oxoid Ltd.) and stir until it is dissolved.

Add 1 mL of 50 mg/mL chloramphenicol stock solution (solvent: ethanol; PanReac Applichem).

Adjust pH to 7.0.

Autoclave the solution at 121°C for 15 minutes.

Pour the medium into four Erlenmeyer flasks (250 mL in each flask).

Cool the solution down to 45°C and keep it at this temperature until filling the 4-well plates.

Add:

©® N oo U A~ W N

a) 0.75 mL of 100 mg/mL cycloheximide ready-made solution (Sigma-Aldrich C4859) to each of 4 flasks
b) 2.5 mL of each antifungal working solution (100x final concentration; Sigma-Aldrich) to each of 3
flasks
Ensure proper mixing.
9. Aliquot the agar from each flask (1 mL per well) to the respective wells of the multi-dish plate. If 4-well

plates are used, it could be as follows:

Plate design (Figure 1):
- Well TL: Terbinafine Low concentration (final concentration = 0.016 mg/L) (Fig 1, well 1, upper left)
- Well TH: Terbinafine High concentration (final concentration = 0.125 mg/L) (Fig 1, well 3, lower left)
- Well I: Itraconazole (final concentration = 1 mg/L) (Fig 1, well 2, upper right)
- Well GC: Growth Control (antifungal-free well) (Fig 1, well 4, lower right)
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However, alternative plates, plate-design and preparation (21) can also be used, provided that similar results
are obtained for WT and mutant strains. If only testing T. indotineae, the lowest terbinafine concentration is

not needed.

For quality control purposes, use one aliquot of the RPMI sterilized medium for retesting the pH (6.9-7.1 is

acceptable), the final agar medium for sterility checks, and as a growth control with a reference strain (22).

Storage of the terbinafine- and itraconazole-containing plates
The plates prepared and properly sealed, can be stored at 4°C for up to 4 months from the date of

preparation if there is no reduction in the height of agar (indicating evaporation).

Preparation of the inoculum

The Trichophyton spp. isolate needs to have sporulated before testing (cultures incubated for at least 4-
7 days). Standardisation of the inoculum concentration is essential for accurate and reproducible antifungal

susceptibility tests.

The isolates should be cultured on potato dextrose agar, yeast glucose agar, Sabouraud dextrose agar,
or malt agar supplemented with cycloheximide (300 mg/L) and chloramphenicol (50 mg/L) and incubated at
25°C-28°C. Other culture media selective for dermatophyte growth, and where the fungus is able to sporulate
sufficiently, can be used. Inoculum suspensions are prepared from fresh, mature cultures. In some cases, an
extended incubation and multiple plates are required to achieve proper sporulation of the isolate and obtain

a sufficient amount of inoculum.

Colonies are covered with approximately 5 mL of sterile water supplemented with 0.1% Tween 20,
agitated, and the suspension is aspirated with a syringe and expelled through an 11 um filter into a sterile tube.
Alternatively, a damp sterile cotton swab could be used to gently touch the culture, and the microconidia
transferred to a sterile tube containing 5 mL water supplemented with 0.1% Tween-20, and then filtered
through an 11 um filter. Instead of filtering, the suspension can be vortexed for 15 seconds with a gyratory
vortex mixer at approximately 2,000 rpm, then left to settle for 15 minutes, before the supernatant is
transferred to a new tube. These steps remove hyphae yielding a suspension composed of microconidia. The
suspension is adjusted with sterile distilled water to 2 x 10° to 5 x 10° microconidia/mL by counting the
microconidia in a haemocytometer chamber. Alternatively, a spectrophotometer can be used to adjust the

filtered suspension to a concentration equivalent to McFarland 0.5 (25, 26). If the filtration method is not used,
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the suspension should be checked microscopically to ensure that more than 95% of the inoculum is composed

of microconidia.

Inoculation of agar plates

The agar plates should be inspected to exclude uneven agar heights or evaporation resulting in dried
content. Inoculation should be performed within 30 min of the preparation of the inoculum suspension to
maintain viability of the microconidia. Agar plates should be allowed to adjust to room temperature before
inoculation. Pipette 25 uL of the inoculum in the centre of each of the wells of the plate without touching the

surface and leave it on the bench to be fully absorbed (for 10-15 min) before incubation.

Incubation of agar plates

Incubate agar plates without agitation at 25°C — 28°C in ambient air for 5-7 days (depending on when
“good” growth is present on the growth control agar as in Figure 1). Most dermatophytes have grown
sufficiently after 5 days. However, some T. rubrum isolates require 7 days of incubation to produce good

growth.

Reading results
The endpoint is read visually as follows:

e |nthe antifungal-containing agars, growth comparable to drug-free control indicate NWT phenotype,

(Figure 1). Faint or pinpoint growth should be ignored (Figure 2).

INTERPRETATION OF RESULTS (Table 3)

e Growth on the antifungal-free well and absence of growth on the itraconazole-containing well is

indicative of an itraconazole WT Trichophyton spp. isolate

e Growth on the antifungal-free well and on the itraconazole-containing well is indicative of a potentially

itraconazole NWT Trichophyton spp. isolate

e Growth on the antifungal-free well and absence of growth on both terbinafine-containing wells is

indicative of a terbinafine WT Trichophyton spp. isolate
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e Growth on the antifungal-free well and growth only on the terbinafine 0.016 mg/L well indicate NWT
in T. rubrum with MICs close to TECOFF, and potentially NWT in T. mentagrophytes or T. interdigitale
but WT T. indotineae, whereas growth at both terbinafine 0.016 mg/L and 0.125 mg/L wells indicate
NWT with high MICs (several dilutions higher than the ECOFFs) to terbinafine in T. rubrumand T.

indotineae and potentially in other Trichophyton species.

WT isolates can be reported as such. For other isolates, a preliminary report of terbinafine and/or
itraconazole NWT phenotype may be issued, and the finding should be confirmed by reference microbroth
dilution testing according to the E.Def 11.0 document before final reporting (27). SQLE gene sequencing may
be performed in isolates confirmed as terbinafine NWT Trichophyton spp. The overall median sensitivity and
specificity of the terbinafine agar screening method for detecting NWT strains harbouring different mutations

in the SQLE target gene was 100% (range 94%-100%) and 100% (100%-100%), respectively (22).

QUALITY CONTROL

Control procedures are the means by which the quality of results is assured. The routine quality of test results
is monitored using control strains. For quality control of dermatophyte testing, four quality control strains may
be used: WT: Trichophyton indotineae SSI-9363, WT: Trichophyton rubrum SSI-7583 (28), NWT with low MIC
(close to TECOFF): Trichophyton rubrum SSI-8807 and NWT with high MIC: T. indotineae AUH-1745 (see
availability below). QC strains should be tested for each batch of plates that are taken into use. Once the
performance of a new batch of plates is confirmed, the number of QC strains run in parallel with routine testing

can be reduced (see below and the QC document available at www.eucast.org) (24).

Control strains

The recommended control strains and source of these QC strains is found for Trichophyton indotineae
SSI1-9363 and Trichophyton rubrum SSI-7583 in the 8.0 version of the QC available on the EUCAST website

http://www.eucast.org/ast of fungi/gcafsttables/. Whereas the remaining two are expected to be available

from CCUG before the summer of 2026 and will be included in the upcoming version of the QC document.

Storage of control strains

Fungal isolates may be stored lyophilised or frozen at -70°C or below (29). Cultures can be stored short-
term (less than 2 weeks) on Sabouraud dextrose agar or potato dextrose agar slopes at 2-8°C, with new cultures

prepared from frozen stocks, stored in multiple copies, every two weeks. Fresh cultures should be taken from
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the freezer every month as repeated subculturing may lead to contamination/or loss of the resistance

mechanism.
Routine use of control strains

For routine use of control strains, fresh cultures must be prepared from agar slopes, frozen or lyophilized

cultures by inoculation on non-selective nutritive agar medium.

All four QC strains should be tested initially for new batches. At least one WT T. indotineae (SSI-9363)
and one NWT T. rubrum with low MIC to terbinafine (SSI-8807) control strain must be included monthly to
ensure the expected fungal growth pattern of susceptibility is seen. If the growth control pattern is incorrect,
the test should be repeated. If the repeated test does not yield the expected results, then drug degradation
(in stored plates) or wrong terbinafine or azole concentrations (in newly prepared plates) is assumed. The
plates should be discarded, and new plates prepared (see also the QC document V 6.0 available at

http://www.eucast.org/ast of fungi/qcafsttables/).
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Tables and figures

Table 1. Example of preparation of the working solutions of terbinafine and itraconazole from a stock solution.

Concentration Volume of the DMSO solvent Foncen?ratlons Final .
of the stock . in working concentrations
solution stock solution added solution (100x) in the agar
(mg/L) (mL) (mL) (mg/L) (mg/L)
Itraconazole 1600 0.625 9.375 100 1
Terbinafine 1600 1 5.4 250%* -
Terbinafine 250 0.5 9.5 12.5 0.125
Terbinafine 12.5 1.25 8.75 1.56 0.016

*This solution is not used in the test but is needed as an intermediate concentration for the preparation of
the two terbinafine working solutions.
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Table 2. Preparation of RPMI agar medium

Reagents Amount
Distilled water 800 mL?
RPMI 1640 with L-glutamine, without bicarbonate?! 104 ¢g

D (+) glucose? 18¢g
MOPS? 3453¢g

Dissolve by stirring and then add

Bacteriological Agar® 15g

Dissolve by stirring and then add

Chloramphenicol*(50 mg/mL) 1mL

Adjust the pH to 7.0 using 1 M sodium hydroxide and add additional water to a final volume of 1 L

Autoclave at 121°C for 15 minutes and cool at 45°C. Keep at this temperature till filling of 4-well
plates

Add cycloheximide?! (100 mg/mL) 0.75 mL

Pour 247.5 mL of medium into four Erlenmeyer flasks and add 2.5 mL of the working solutions of
Table 1 in three flasks (drug-containing flasks) and 2.5mL of DMSO in the fourth flask (drug-free
flask)

The following brands have been tested and found appropriate: 1Sigma-Aldrich, 2PanReac Applichem,
3Oxoid Ltd.
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Table 3. Interpretation of results.

Growth in wells

Profile Antifungal Interpretation

ITZ TER low TER high
free

Itraconazole and terbinafine WT

! ¥ i ) ) Trichophyton spp.

Potentially itraconazole NWT, terbinafine
WT Trichophyton spp.

Species-dependent phenotype:

a) T. rubrum: NWT with MIC close to
TECOFF

b) T. mentagrophytes or T. interdigitale:
potentially NWT

c) T. indotineae: WT

Terbinafine NWT, itraconazole WT
Trichophyton spp.

5 - +/- +/- +/- Invalid result
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Figure 1. Expected growth patterns for strains of Trichophyton rubrum and Trichophyton indotineae.
The pictures show the growth pattern of a T. rubrum WT strain (panel A), a T. indotineae WT strain (panel B),
a T. rubrum NWT with MIC close to TECOFF (panel C), and a T. rubrum NWT with MIC several dilutions higher
than TECOFF (panel D).
Wells of the plate contain

e terbinafine at low concentration (0.016 mg/L; well 1 [upper left],

e jtraconazole (1 mg/L; well 2 [upper right]),

e terbinafine at high concentration (0.125 mg/L; well 3 [lower left)

e antifungal-free agar (growth control; well 4 [lower right]).

T. indotineae WT
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Figure 2. Examples of 4-well plates with WT isolates. Wells with faint growth (black arrows) that should not be

associated with NWT phenotype: from left to right, T. rubrum (well 2), T. indotineae (well 1), T. interdigitale

(wells 1 and 2), and T. mentagrophytes (well 1).
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