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Abstract  Since its inception in 2002, the EUCAST 
Antifungal Susceptibility Testing Subcommittee 
(AFST) has developed and refined susceptibility test-
ing methods for yeast, moulds and dermatophytes, 
and established epidemiological cut-off values and 
breakpoints for antifungals. For yeast, three chal-
lenges have been addressed. Interpretation of trail-
ing growth in fluconazole susceptibility testing, 
which has been proven without impact on efficacy 
if below the 50% endpoint. Variability in rezafungin 

MIC testing due to laboratory conditions, which 
has been solved by the addition of Tween 20 to the 
growth medium in E.Def 7.4. And third, interpreta-
tion of MICs for rare yeast with no breakpoints, 
where recommendations have been established for 
MIC-based clinical advice. For moulds, refinements 
include the validation of spectrophotometer reading 
for A. fumigatus to facilitate objective MIC determi-
nation, and for dermatophytes the establishment of 
a microdilution method with automated reading and 
a selective medium to minimise the risk of contami-
nations. Recent initiatives involve development and 
validation of agar-based screening assays for detec-
tion of potential azole and echinocandin resistance 
in A. fumigatus and Aspergillus species, respectively, 
and of terbinafine resistance in Trichophyton species. 
Moreover, the development of a EUCAST guidance 
document for molecular resistance testing represents 
an advancement, particularly for identifying target 
gene alterations associated with resistance. In sum-
mary, EUCAST AFST continues to play a pivotal 
role in standardizing AFST and facilitating accurate 
interpretation of susceptibility data for clinical deci-
sion-making. Adoption of EUCAST breakpoints for 
commercial test methods, however, requires thorough 
validation to ensure concordance with EUCAST ref-
erence testing species-specific MIC distributions.
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Introduction

Organisation of the EUCAST Antifungal 
Subcommittee

The EUCAST committee on antimicrobial suscep-
tibility testing, deals with clinical breakpoints (BPs) 
and technical aspects of phenotypic in  vitro suscep-
tibility testing and functions as the breakpoint com-
mittee of European Medicines Agency (EMA) & 
European Centre for Disease Prevention and Control 
(ECDC). For new agents, BPs are set as part of the 
licensing process through EMA or national medicines 
agencies.  EUCAST antifungal susceptibility testing 
subcommittee (AFST) does the above for antifungal 

agents, including to develop and optimise reference 
methods, and to propose epidemiological cut off val-
ues (ECOFFs) and BPs for new and already licensed 
antifungal agents. However, EUCAST steering com-
mittee (SC) makes the final decision on the propos-
als from the EUCAST AFST in order to ensure align-
ment across antibacterial and antifungal testing and 
interpretation principles. All approved documents are 
freely available on the www.​EUCAST.​org website, 
under the AST of Fungi tab.

The EUCAST AFST subcommittee was formed as 
an open committee in 2002 and consisted at that time 
of a chairman, a secretary, a representative from the 
EUCAST steering committee and interested mycolo-
gists from Europe that met annually during ECCMID 

Table 1   The organisational history of the EUCAST antifungal susceptibility testing subcommittee steering committee (EUCAST 
AFST SC)

The two letter country ISO codes (ISO 3166 standard) are used for indicating the nationality of the SC members

Chair Secretary Data-coordinator EUCAST repre-
sentative

NAC NAC

2002 JL Rodriguez-
Tudela (ES)

P Donnelly (NL) J Mouton (NL) Open committee

2003
2004 J Bille (CH), D Denning (GB), C Lass-

Floerl (AT), M Cuenca-Estrella (ES), 
MC Arendrup (DK)

2005
2006
2007
2008
2009
2010
2011 MC Arendrup (DK) W Hope (GB) C Lass Floerl (AT) Cuenca-Estrella (ES)
2012
2013
2014 S Howard (GB) J Meletiadis (GR)
2015 K Lagrou (BE) J Guinea (ES)
2016 J Guinea (ES) P Hamal (CZ)
2017 F Barchiesi (IT)
2018 M Mares (RO)
2019 G Kahlmeter (SE) N Friberg (FI)
2020 S Arikan (TR)
2021 K Muehlethaler 

(CH)
2022
2023 C Giske (SE) P Lyskova (CZ)

http://www.EUCAST.org
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conferences (Table 1). In 2004, a steering committee 
was formed, in 2011 the representation of countries 
on the steering committee was formalised to 2-year 
rotating national representatives (new countries given 
preference) and in 2014 the EUCAST AFST SC 
was supplemented with a data coordinator. Conse-
quently, the EUCAST AFST SC today has the same 
format (but fewer members) as the EUCAST AST 
steering committee. The chair is appointed by the 
EUCAST SC and the secretary and data coordinator 
are appointed by the EUCAST AFST Chair and the 
EUCAST SC in collaboration.

To keep an arm’s length between the EUCAST 
and the industry, the chair, secretary and data 
coordinator cannot be employees of pharmaceuti-
cal companies, industrial advisory board members 
or engage in discussion on strategic matters. Other 
commitments involving the industry (lectures, a 
travel grant, an invitation to present, etc.) can be 
considered but must be declared in annual yearly 
EUCAST update of the "Declaration of conflicting 
interests".

Overview of Developed EUCAST Methods

Yeast Testing

The first reference method for susceptibility testing 
of yeast was released as a discussion document in 
2003 [1]. The test principle was very similar to the 
already existing reference method from the Clini-
cal Laboratory Standards Institute (CLSI, formerly 
National Committee for Clinical Laboratory Stand-
ard (NCCLS)). However, EUCAST adopted a higher 
glucose and inoculum concentration to promote faster 
growth and incubation in microtitre plates with flat-
bottomed wells rather than U-shaped, which allowed 
an objective spectrophotometer MIC reading after 
24 h rather than visual reading after 48 h as originally 
recommended by CLSI. Examples of growth curves 
are given in Fig. 1. Since the first method was released 
as a discussion document and a definitive document 
in 2008, the method has been further refined as sum-
marised in 7.2, 7.3.1, 7.3.2 and 7.4 (Tables 2 and 3). 
The second version contained additional informa-
tion concerning solvent for specific agents, shelf-life 
of plates containing the echinocandins, testing of 
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Fig. 1   EUCAST AFST E.def 7.4 MIC testing of a S. cerevi-
siae isolate. Growth curves for left to right show amphotericin 
B (black), anidulafungin (green) and micafungin (orange) in 
the upper panel and voriconazole (blue), fluconazole (pur-
ple) and flucytosine (grey) in the lower panel. the mean of the 
growth is indicated as the dashed line and the 90% and 50% 

growth inhibition cut off lines as dotted lines. MICs are read 
as the lowest concentration before the growth curve intersects 
the inhibition cut off line (amphotericin B: 0.25 mg/L, anidu-
lafungin 0.125  mg/L, micafungin 0.125  mg/L, voriconazole 
0.125 mg/L, fluconazole 8 mg/L and flucytosine 0.06 mg/L)
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Table 2   Overview of EUCAST documents on susceptibility 
testing methods, resistance screening method, breakpoints and 
ECOFFs and guidance publications on interpretation of MICs 

for rare yeast and for molecular resistance detection for yeast, 
moulds and dermatophytes

FCZ, fluconazole; VCZ, voriconazole; AMB, amphotericin B; PCZ, posaconazole; ITZ, itraconazole; AFG, anidulafungin; MFG, 
micafungin; ISZ, isavuconazole; RD, rationale document; JAC, Journal of Antimicrobial Chemotherapy

Year Yeast Mould Mould screen-
ing

Trichophyton yeast  BP Mould BP ECOFF-BP 
overview

Molecular 
resistance 
detection

2002
2003 E.Dis 7.1
2004
2005
2006
2007 FCZ
2008 E.Def 7.1 E.Def 9.1 VCZ
2009
2010 AMB, VCZ, 

PCZ
2011 AMB
2012 E.Def 7.2 VCZ, ITZ, PCZ
2013 AFG, MFG, 

FCZ
2014 E.Def 9.2 ITZ
2015 E.Def 9.3 ISZ
2016
2017 E.Def 7.3.1 E.Def 9.3.1 VCZ, PCZ
2018 E.Def 10.1
2019
2020 E.Def 7.3.2 E.Def 9.3.2 E.Def 11.0 All RDs revised (Revised “I” 

category)
September 

2020
2021
2022 E.Def 9.4 E.Def 10.2 January 2022 JAC 2022
2023 E.Def 7.4 Rare yeast guidance August 2023

Table 3   Comparison of key conditions for EUCAST susceptibility test methods for yeast, mould and dermatophytes

* RZF: rezafungin; **the medium is rendered selective for dermatophytes by supplementation with cycloheximide and chlorampheni-
col; ^spectrophotometrically; ***AMB: amphotericin B

Yeast
E.Def 7.4

Mould
E.Def 9.4

Derm
E.Def 11.0

Glucose conc. 2% (& Tween 20 for RZF*) 2% 2%
Selective medium? No No Yes**
Inoculum size 0.5–2.5 × 105 (spec^/counted) 1–2.5 × 105 (spec/counted) 1–2.5 × 105 

(spec/
counted)

Plates & reading Flat & Spec Flat & Spec/Visual Flat & Spec
Incubation time and temp 24 h

37 °C (30 °C)
48 (24–72) h
37 °C (30 °C)

5 (− 7) days,
25–28 °C

Endpoint (growth inhibition) ≥ 90% AMB***
≥ 50% others

”Complete visual”
≥ 90%

≥ 50%
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Cryptococcus and reference MIC ranges for quality 
control (QC) strains and anidulafungin. The third ver-
sion introduced the revised definition of the “I” cat-
egory, from “Intermediate” to “susceptible, Increased 
exposure”, and a section concerning the preparation 
and calibration of the spectrophotometer was modi-
fied [2]. In addition, MIC targets and ranges for QC 
strains were removed acknowledging the new specific 
QC document. During the same time period, CLSI 
also refined their yeast method allowing MICs to be 
read after 24 h of incubation [3–7].

Challenges and Solutions

Although this gradual refinement of the method docu-
ment led to reproducible and easy to read MICs, 
three challenges were acknowledged. The first was 
that some isolates are only partially inhibited by flu-
conazole leading to growth curves that were worry-
ingly close to the 50% inhibition threshold and there-
fore caused uncertainty regarding whether the isolate 
could be safely interpreted as fluconazole susceptible. 
To address this question, we evaluated C. tropicalis 
isolates with different degrees of trailing in Galleria 
mellonella larvae and in mice experiments [8]. Six 
isolates where chosen that displayed upon repeated 
testing either a robust phenotype of low trailing, or 
of weak to modest trailing below or around the 50% 
inhibition line, or of strong trailing growth consist-
ently above the 50% inhibition line yet were still 
supressed, and finally a classical resistant isolate with 
MIC 16  mg/L and no suppression of growth in the 
≤ 4  mg/L concentration range. In the Galleria mel-
lonella larvae model, a stepwise increase in mortality 
was observed in parallel with increased fluconazole 
trailing in  vitro for all three fluconazole doses used 
(1–20 mg/kg). But in both an immunocompetent and 
a neutropenic mouse model of haematogenous can-
didiasis, only C. tropicalis isolates with consistent 
trailing above the 50% growth inhibition endpoint and 
the frank resistant C. tropicalis isolate responded less 
well to therapy [8]. Consequently, EUCAST recom-
mends to ignore trailing growth as long as it is below 
the 50% growth inhibition cut-off line.

Another challenge associated with the EUCAST 
microdilution testing, is that some drugs are associ-
ated with unacceptable inter-laboratory MIC varia-
tion. This has been seen particularly for agents that 
are highly active at a mg/L basis, likely because 

even small variation or losses of drug will inevita-
bly impact the available amount of free drug in the 
wells around the (low) MIC. Robust MIC testing 
is key, both for setting breakpoints and for subse-
quent correct interpretation of MICs. This is ensured 
through strict criteria for ECOFF and breakpoint set-
ting. A first step in EUCAST ECOFF setting is to 
collect MIC distributions and evaluate whether they 
qualify for aggregation. The criteria for this evalu-
ation require at least five MIC distributions that are 
non-clonal (outbreak isolates are not accepted), non-
truncated and mono-modal with most MICs usually 
covering 3–5 twofold dilutions and derived from dif-
ferent laboratories. Furthermore, to qualify for aggre-
gation each distribution must consist of at least 15 
isolates and each distribution must have a mode that 
is within ± 1 dilution from the most common mode 
across all available MIC distributions. Finally, a total 
of at least 100 isolates in the aggregated distribu-
tion is required [9]. During the process of collecting 
rezafungin MIC distributions against Candida spp., 
unacceptable variability was noted especially for clin-
ical isolates and reference strains of the lowest MIC 
species most often C. albicans [10]. This variation 
was found to be related to the choice of plastic trays 
used for microdilution preparation [11]. EUCAST 
cannot mandate the use of specific brands of plates, 
and even if that was done, such plates are not devel-
oped and validated specifically for the use for AFST 
and therefore not protected against or validated for 
future changes in composition and production that 
might affect performance. Hence, it was necessary to 
find a method for avoiding loss of free drug due to 
sticking to plastics in tubes, reservoirs and microtitre 
trays. Inspired by similar challenges related to anti-
bacterial testing of glycopeptides, where surfactant 
(tween, polysorbate) was found to abrogate binding 
and loss compound in plastics, Tween 20 supple-
mentation of the growth medium was evaluated with 
promising results [12, 13]. This approach was sub-
sequently validated in a multicentre study including 
both wild-type isolates as well as fks mutant isolates 
harbouring weak and strong mutations and shown to 
lower the variation of GM-MICs across the centres 
for C. albicans from 4.8 to 2.6 fold and lead to data 
set complying with the rule of modes being within ± 1 
dilution from the most common mode [14]. This 
method is now included in the newest version of the 
method document E.Def 7.4. One important caveat, 
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that clinical laboratories have to pay attention to, 
is the consequent notable difference in rezafungin 
MICs obtained by the EUCAST method and CLSI 
method, respectively. The MIC50 for C. albicans was 
0.001 mg/L with Tween 20 supplementation, whereas 
the MIC50 with CLSI testing is 0.03  mg/L and thus 
5 two-fold dilutions higher than the MIC50 with 
the modified EUCAST method [15]. In Fig.  2, the 
EUCAST and CLSI rezafungin breakpoints for Can-
dida spp. are summarised and difference visualised 
between MICs obtained with the two methods for C. 
albicans. Obviously, it is crucial to adopt the correct 
breakpoints for MIC interpretation due to the 1–5 fold 
difference in MICs between the methods. Adopting 
the EUCAST breakpoints for CLSI MICs will cate-
gorise virtually the entire wild-type MIC population 
as resistant, whereas adopting CLSI breakpoints for 
EUCAST MICs will allow more than a 5 two-fold 
dilution MIC increase without resulting in a C. albi-
cans isolate being classified as resistant. Due to this 
difference any commercial test must be aligned with 
and interpreted by either EUCAST or CLSI methods 
and breakpoints, and laboratories must be aware of 
choosing the right breakpoints for the method they 
use. Moreover the early publications on EUCAST 
MICs obtained by E.Def 7.3 are not valid for interpre-
tation with the final breakpoints based on the E.Def 
7.4 method.

A third challenge has been setting clinical break-
points for rare yeast. Setting breakpoints requires spe-
cies specific clinical outcome data because the viru-
lence of the different Candida species varies notably 

[16]. However, species specific clinical outcome data 
for infections with rare yeast or moulds will not be 
available in the foreseeable future. Recently, a prag-
matic classification for rare yeast, which relies on 
two important assumptions was proposed [17]. First, 
when isolates are genetically related, pathogenicity 
and intrinsic susceptibility patterns are assumed to 
be similar. Second, even if species are not phyloge-
netically related, the rare yeasts will likely respond 
to therapy provided the MIC is comparable to values 
observed in wild-type isolates of more prevalent sus-
ceptible species. This second assumption relies on the 
assumption that rare yeasts are likely less pathogenic 
than the common Candida spp. as they would other-
wise not be rare. In house MIC distributions including 
more than 4000 isolates were inspected and validated 
against published EUCAST MIC data. In addition, 
treatment recommendations available in the current 
guidelines were taken into consideration [18, 19]. 
This approach has now been accepted by EUCAST 
with the recommendation to avoid interpretation 
of especially S and I, as use of these abbreviations 
may mislead the reader to believe the classification 
is based on the same extensive amount of data that 
underlies EUCAST clinical breakpoints (Table 4).

Mould Testing

The method developed for moulds rely on the same 
principle as the yeast method although with the fol-
lowing modifications, (1) a slightly lower and more 
narrow inoculum size, (2) an incubation duration 

Fig. 2   EUCAST and CLSI 
breakpoints for rezafungin 
for the five most common 
Candida species and C. 
auris (a) and a histogram 
comparing EUCAST E.Def 
7.4 and CLSI M-27 docu-
ment MIC distributions for 
C. albicans retrieved from 
Arendrup et al. [14] and 
Carvalhaes et al. [15]. The 
vertical lines indicate the 
EUCAST (turquoise) and 
CLSI (red) breakpoints (b)

a) b)

Species 

EUCAST Tween 

E.Def 7.4 S/Ra 

(mg/L)

CLSI

S/Ra

(mg/L)

Number of 2-fold 

dilu�on difference

C. albicans 0.008/0.008 ≤0.25/-b 5

C. dubliniensis 0.016/0.016 ≤0.125- 3

C. glabrata 0.016/0.016 ≤0.5/- 5

C. krusei 0.03/0.03 ≤0.25/- 3

C. parapsilosis 4/4 ≤2/- 1

C. tropicalis 0.03/0.03 ≤0.25/- 3

C. auris IE ≤0.5/- -
a S/R breakpoints are indicated a S ≤ x / R >x. 

b CLSI has not established resistance breakpoints for C. auris. 
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Table 4   A pragmatic approach to MIC interpretation for rare yeast species without EUCAST breakpoints

Isolates with MICs above the indicated species-specific values (and thus non-wildtype) should be regarded resistant [17]
Adapted from Astvad et al. [17]
Text in parentheses indicate clinical guideline recommendations (1st line alt: 1st line alternative, 2nd line: use as 2nd line treatment 
option, Against: recommendation against use). Text in brackets e.g. [MIC ≤ 16] indicates a specific cut off (in mg/L) for that particu-
lar species, when it deviates slightly from the group it is placed in

Recommendation 
regarding treatment

Amphotericin B Anidulafungin Fluconazole Voriconazole

Can be used when… Confirmed 
MIC ≤ 1 mg/L:

Candida species
Rare yeasts (except 

those below)

Confirmed 
MIC ≤ 0.06 mg/L:

C. dubliniensis
C. inconspicua
C. nivariensis
C. norvegensis
C. pelliculosa
C. utilis
L. elongisporus
P. kluyveri
Repeat MIC ≤ 0.125 mg/L 

or perform fks sequencing
C. intermedia
C. lusitaniae
C. palmioleophila
C. kefyr

Confirmed 
MIC ≤ 2 mg/L:

C. intermedia
C. kefyr [MIC ≤ 1]
C. lusitaniae
C. metapsilosis
C. orthopsilosis
C. utilis
L. elongisporus

Confirmed MIC ≤ 0.03 mg/L:
C. intermedia
C. kefyr
C. lusitaniae
C. metapsilosis
C. orthopsilosis
L. elongisporus

Can be considered for 
use in the following 
situations, provided 
MICs are within the 
indicated ranges:

Not severe infection/
Elevated dose/
Oral consolidation/
No better options

Confirmed MIC 
0.125 – 0.5 mg/L:

→consider use in some 
situations (for ex. less 
severe infections, when 
no better option is avail-
able)

C. lipolytica
C. magnoliae
C. metapsilosis
C. orthopsilosis
C. pararugosa
S. cerevisiae
A. adeninivorans

Confirmed MIC 
2–16 mg/L:

→consider use in some 
situations (increased 
dosage and less severe 
infections)

C. fermentati
C. nivariensis
C. pararugosa
C. pelliculosa
C. guilliermondii 

[MIC ≤ 16]
C. palmioleophila
C. bovina
T. dermatis (1st line Alt)
Cr. neoformans (2nd 

line)
S. cerevisiae
T. asahii (1st line Alt)

Confirmed MIC 0.06–
0.125 mg/L:

→consider use in some situa-
tions (TDM confirmed suf-
ficient exposure, less severe 
infections or when no better 
option is available)

C. fermentati
C. guilliermondii
C. lipolytica
C. nivariensis
C. palmioleophila
C. pelliculosa
C. utilis
S. cerevisiae
Cr. neoformans [MIC ≤ 0.5]
T. dermatis (1st line)

Consider alternative 
therapy

Confirmed 
MIC > 1 mg/L:

Any isolate
→regard resistant
C. lusitaniae 

[MIC > 0.5]
Trichosporon spp. (2n 

line)

Repeat MIC 0.5–1 mg/L
No evidence that allows 

recommendation
C. fermentati
C. guilliermondii
Repeat MIC ≥ 1 mg/L:
→regard resistant
Cryptococcus
Trichosporon, Magnusio-

myces, Geotrichum and 
Rhodutorula (Against due 
to intrinsic resistance)

Confirmed 
MIC > 16 mg/L

→regard resistant
C. inconspicua
C. lipolytica
C. magnoliae
C. palmeoliophila
C. norvegensis
P. kluyveri
G. candidum
R. mucilaginosa
M. capitatus
M. clavatus
A. adeninivorans

Confirmed MIC 
0.25–1 mg/L:

No evidence that allows 
recommendations

C. inconspicua
C. norvegensis
P. kluyveri
M. capitatus (1st line Alt)
G. candidum (1st line Alt)
Confirmed MIC test-

ing ≥ 2 mg/L
→Regard as resistant
A. adeninivorans
R. mucilaginosa (Against)
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dependent on the organism, typically 24 h for Muco-
rales, 48 h for Aspergillus and most other moulds but 
allowing 72 h if growth is insufficient (Table 3) [20, 
21]. Furthermore, visual reading was adopted because 
of the uneven growth moulds display in fluid medium 
and a concern that a single point spectrophotometric 
reading would fail to capture growth if situated out-
side the centre of the well. However, visual reading 
is subjective, time consuming and does not provide 
any data for later inspection. Consequently, visual and 
spectrophotometric reading of A. fumigatus was com-
pared in three studies including both wild-type and 
non-wild-type isolates with azole resistance confirm-
ing a very high agreement between the two endpoints 
as well as between susceptibility classification of the 
isolates [22–24]. It is likely that other species can also 
be read spectrophotometrically, but the background 
optical density (OD) level of inoculated but growth 
inhibited wells of especially A. niger but also A. fla-
vus and A. terreus is higher than for A. fumigatus and 

too close to the 90% inhibition endpoint used for A. 
fumigatus (Fig.  3). This will inevitably lead to ran-
dom variation in MIC determination and has to be 
addressed before spectrophotometric reading can 
be recommended, although visual inspection of the 
growth curves for these species suggests a solution 
(higher cut off line) would be possible.

Dermatophyte Testing

With the increasing number of reports document-
ing a rapid increase of terbinafine resistance in 
dermatophytes in India and subsequently in other 
countries and continents due to spread with travel-
lers and immigration and de novo development, a 
EUCAST susceptibility test method for dermato-
phytes became of high importance [25–29]. Der-
matophytes grow slowly compared to yeast and 
moulds and are typically cultured at lower tem-
peratures than fungi causing invasive infections 
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Fig. 3   Susceptibility testing growth curve for amphotericin B 
(upper panel) and voriconazole (lower panel) against A. fumig-
atus, A. niger, A. flavus and A. terreus. The Y-axis displays the 
OD value, the X-axis the drug concentration (mg/L), the stip-

pled line the mean of eight positive growth controls and the 
dotted line the 90% growth inhibition endpoint compared to 
the background OD of uninoculated medium containing nega-
tive control wells
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because of their natural site of infection being the 
cooler nail and skin. Consequently, the microdi-
lution method was adjusted to a lower incubation 
temperature (25–28 °C) and a prolonged incubation 
time of 5 (− 7) days. Moreover, to avoid contami-
nation with other fungi, the growth medium was 
supplemented with cycloheximide and chloram-
phenicol as is typically used in agars for dermato-
phyte cultures. The performance of the proposed 
method was confirmed in a multicentre study using 
a blinded set of molecularly confirmed terbinafine 
susceptible and resistant isolates of T. interdigitale 
and T. indotineae and the method document E.Def 
11.0 released [20, 30].

User‑Friendly Resistance Screening Agar Methods

Susceptibility testing with reference microdilu-
tion methods are not feasible as a routine analysis 
in all diagnostic laboratories and though reference 
laboratories may offer testing, referral of isolates 
implies a delay before the susceptibility data is 
available. Therefore, EUCAST developed screen-
ing assays for azole resistance in A. fumigatus 
(E.Def 10.1) and echinocandin resistance in Asper-
gillus spp. (E.Def 10.2, Table 2), an initiative that 
was originally inspired by the studies by Verweij 
et  al. [31–34]. A similar four well agar screening 
method for detection of terbinafine and itracona-
zole resistance in Trichophyton species is currently 
validated in single and multicentre studies with 
promising results [35]. These methods are easy to 
perform and can, if read correctly, identify isolates 
that potentially carry resistance mechanisms and 
for which full MIC testing is important. Of note, 
the endpoints for the methods differ by drug class 
as they do for microdilution testing of moulds 
(MEC versus MIC). For azoles and terbinafine a no 
growth endpoint at the relevant agar drug concen-
trations is required for susceptibility classification, 
whereas for the echinocandin agar screening, an 
Aspergillus is regarded susceptible if an aberrant 
colony morphology is observed (disk like morphol-
ogy rather than a colony with a circumference of 
radiating hyphae similar to the uninhibited growth 
control, Fig. 4).

Molecular Resistance Testing

One of the recent initiatives, has been to develop a 
EUCAST guidance document for molecular resist-
ance testing of fungi [36]. Compared to the bacterial 
field, advantages in molecular mycology have been 
delayed, in part because of the increased complexity 
related to the larger fungal genome and many species 
being diploid. Antifungal resistance can be solely due 
to target gene alterations, which allows detection of 
resistance by gene sequencing or direct detection of 
specific target gene mutations by PCR [37]. This is 
the case in the majority of cases of azole resistance 
in Aspergillus, terbinafine resistance in dermato-
phytes, and echinocandin resistance in Candida. So 
far, a relatively limited number of different altera-
tions have caused the majority of terbinafine resistant 
Trichophyton and azole resistant A. fumigatus cases, 
and commercial kits have been developed for their 
direct detection [36]. For echinocandin resistance 
in Candida it is more complex because resistance 
mutations can occur in two hotspots of the fks1 tar-
get gene and in C. glabrata also of the fks2 gene, and 
because the magnitude of the MIC elevation depend 
on which codon is involved and which amino acid is 
replacing the wild-type one [38]. Consequently, com-
mercial molecular assays for echinocandin resistance 
in Candida are not yet available. For azole resistance 
in Candida, target gene alterations, efflux pumps and 
upregulation of target gene expression often play in 
concert, rendering molecular resistance detection 
more complicated. Nevertheless, with the emergence 
of fluconazole resistant C. parapsilosis harbouring a 
specific Y132F alteration in a number of countries 
in southern Europe and elsewhere, erg11 sequenc-
ing or direct detection of the underlying mutation by 
PCR has become increasingly helpful and relevant 
[39–44].

Challenges in Adopting EUCAST Clinical 
Breakpoints for Commercial Test Methods

Adoption of EUCAST BPs will only result in a cor-
rect susceptibility classification for MICs obtained by 
a commercial test, if the test in question yields MICs 
that mirror those obtained by EUCAST reference test-
ing, which is not always the case [45]. Before imple-
menting a susceptibility test in the clinical routine, 
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EUCAST AFST advices first to test the EUCAST 
fungal QC strains 10 times each and to check if the 
modal MIC is on the target and the MICs within the 
range. Random variation is permissible (maximum 1 
of 10 MIC values outside reference range), but sys-
tematic deviation (modal MIC systematically to one 
side of the target) is not. If this test shows a good 
performance, the second step is to test 10 clinical iso-
lates of each of the common species (C. albicans, C. 
glabrata, C. krusei, C. parapsilosis and C. tropicalis), 
which together cover the relevant antifungal ranges 
for most antifungal agents. Again, the modal MICs 
should be within ± 1 dilution of the modal MICs for 
each of the drug-bug combinations for each fungal 
species found in the EUCAST rationale documents. If 
they are, the inhouse laboratory performance is suita-
ble for adopting EUCAST breakpoints. If not, there is 
a high likelihood that the susceptibility test will lead 
to misclassifications of isolates if EUCAST break-
points are used for interpretation. Finally, if available, 

it is advised to consider to test some strains with char-
acterised resistance mutations for a verification that 
such isolates are correctly identified.

Conclusion

As described above, susceptibility methods have 
been developed and refined for yeast, mould and der-
matophyte testing over the past 20 years, and in the 
same period EUCAST clinical breakpoints have been 
developed for the common species, considering dos-
ing regimens used, MIC distributions and ECOFFs 
[9], pharmacokinetic/pharmacodynamic relationships 
and species specific MIC dependent clinical outcome 
relationships, preferably including both wild-type and 
mutant isolates. Moreover, resistance screening agar 
methods have been developed for rapid detection of 
some more common or emerging resistant drug bug 
combinations. What would facilitate implementation 

E.Def 10.2 E.Def 11.0

A. fumigatus,
Azole agar

A. fumigatus,
Echinocandin agar

T. rubrum,
Terbinafine-itraconazole agar

T. indo
neae,
Terbinafine-itraconazole agar

W
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e 
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s
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Fig. 4   EUCAST Agar screening assays for detection of pre-
sumptive resistance in Aspergillus and Trichophyton spe-
cies. Upper row displays wild-type isolates and the lower row 
non-wild-type isolates with molecularly confirmed resistance 
mutationsa. Well 4 is the drug free control on all plates. Well 
1 to 3 contain the following agents: Azole agars: itraconazole, 
voriconazole and posaconazole, echinocandin agars: caspo-

fungin, anidulafungin and micafungin, and dermatophyte 
agars: terbinafine low, itraconazole and terbinafine high con-
centration. aLower row from left to right: non-wild-type iso-
lates containing the following target protein alterations: A. 
fumigatus Cyp51a G54W; A. fumigatus Fks1 S678P, T. rubrum 
SQLE F397L, T. indotineae SQLE L393F



Mycopathologia (2024) 189:64	

1 3

Page 11 of 13  64

Vol.: (0123456789)

of these methods in clinical routine laboratories is 
the commercial availability of ready to use EUCAST 
trays. Hopefully this will come in the near future.
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