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EUCAST BMD method and alternatives 
 Microdilution
 Molecular methods
 Commercial tests
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Candida
- Fluconazole R

- Echinocandin R
• C. glabrata

- Low in blood & stationary
- Higher in

» Foci (intra-abd...)
» Mucosa

• C. parapsilosis
- 1st fks mutants reported

- C. auris

Acquired resistance, size of the problem, Candida

Arendrup E0366 ECCMID2023; Astvad ECCMID 01885 2022; #Arastehfar FCIM 2021, Martini FCIM 2020, Mamali JoF 2022, *Alcoceba CMI 2022, 
Castanheira IJAA 2020, Singh JAC 2019, Jensen 2016 AAC, Siopi JoF 2022; Yating E0371 ECCMID2023

Blood 
isolates ECMM surveillance
C. albicans 0% 0.5%

C. glabrata 14% 10%

C. parapsilosis 21% ~2.5%

C. tropicalis 5% ~2.5%
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Fluconazole Anidulafungin Micafungin

% Resistant C. glabrata

Blood Sterile invasive

1st resistant C. parapsilosis

- Greece
F652S Fks1 alteration

- Turkey
L657W Fks1 alteration (& Fluco R)

- China
S256P Fks1 alteration (& Fluco R)

- C. glabrata: uniform 
- C. parapsilosis (Y132F dominates)

• Spain, Italy, Greece, Turkey, Israel
• past 3 y also in 

- California, Indiana, Texas 
- India, S-Korea
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Acquired resistance, size of the problem, Candida

Arendrup E0366 ECCMID2023; Astvad ECCMID 01885 2022; #Arastehfar FCIM 2021, Martini FCIM 2020, Mamali JoF 2022, *Alcoceba CMI 2022, 
Castanheira IJAA 2020, Singh JAC 2019, Jensen 2016 AAC, Siopi JoF 2022; Yating E0371 ECCMID2023
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Aspergillus fumigatus
- Azole R 

• Environmental 
• Medical route

Is acquired resistance a problem in moulds?

Arendrup ePoster flash E0366 ECCMID2023; Astvad ECCMID 01885 2022; Risum Front Microbiol 2020, Risum Mycoses 2022

Candida
- Fluconazole R

- Echinocandin R
• Low in blood & 

stationary
• Higher in

- Foci (intra-abd...)
- Mucosa
- C. glabrata
- C. auris

• Emerging in
- C. parapsilosis

Blood 
isolates ECMM surveillance
C. albicans 0% 0.5%

C. glabrata 14% 10%

C. parapsilosis 21% ~2.5%

C. tropicalis 5% ~2.5%
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Aspergillus fumigatus
- Azole R 

• Environmental 
• Medical route

Is acquired resistance a problem in dermatophytes?

Arendrup E0366 ECCMID2023; Astvad 01885 ECCMID2022; Risum Front Microbiol and JoF 2022, Saunte JDV 2021; Astvad JoF 2022; 
Wiederhold E0374 ECCMID2023

Trichophyton
- Terbinafine R

• 30% in India

Candida
- Fluconazole R

- Echinocandin R
• Low in blood & 

stationary
• Higher in

- Foci (intra-abd...)
- Mucosa
- C. glabrata
- C. auris

• Emerging in
- C. parapsilosis

Hungary

Blood 
isolates

ECMM
study

Danish 
surveillance

C. albicans 0% 0.5%

C. glabrata 14% 10%

C. parapsilosis 21% ~2.5%

C. tropicalis 5% ~2.5%

1.6           13.1  R-isolates/y 
2001-20  vs  2021-22 
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Acquired Resistance
 size of the problem 

EUCAST BMD method and alternatives 
 Microdilution

‒ Principle, strengths and pitfalls
 Molecular methods
 Commercial tests

New I category 

Species without breakpoints

Agenda
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Flat bottom plates
RPMI with 2% glucose & MOPS
- plates with 100 µl double conc

medium/well

2-fold drug dilutions
- plates with double conc drug /well)

0.5-2.5 x 105 cells/mL
- Prepared double conc in water, 100 µl /well

Incubation at 35 ± 2˚C
24h and  OD ↑ by ≥ 0.2
50% inhibition, Spec. reading

Yeast Testing: EUCAST E.DEF 7.3.2  (2020)
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EUCAST Excel read out (upper part of the sheet)
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EUCAST Excell read out (lower part of the sheet)
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Referred C. parapsilosis isolate 
for AFST
- Info MALDI-TOF (Bruker, score >2)

EUCAST  E.Def 7.3 MIC results:

Considerations?

Compound MIC OD
AMB 0.5
Anid 0.032
Mica 0.016
CD101 0.064
Vori 0.064
Isavu 0.032
Flu 4

Microdilution growth curves contain information



M Cavling ARENDRUP

Referred C. parapsilosis isolate 
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- Info MALDI-TOF (Bruker, score >2)

EUCAST  E.Def 7.3 MIC results:

Considerations?

The weird C. parapsilosis
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C. parapsilosis (MICs encircled) C. glabrata (MICs encircled)

Weird C. parapsilosisWT C. parapsilosis & C. glabrata
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C. parapsilosis (MICs encircled) C. glabrata (MICs encircled)

Weird C. parapsilosisWT C. parapsilosis & C. glabrata
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1. Know the intrinsic susceptibility patterns by heart
2. Pay attention when curves are weird

• Misidentifications /Mixed cultures / Confused 
specimens are common causes to unexpected 
susceptibility patterns 

• (MALDI-TOF score >2 is no guarantee for a pure 
culture) 

3. Re-inspect original Chromogenic plate day 3+ for 
additional species

4. Subculture from positive wells w drug concentrations 
above the ECOFF for the expected species
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Pitfalls - Two important sources for variation

Choice of plastic microtitre plates
 Treated or non-treated plates

‒ EUCAST recommends treated polystyrene plates

Method of drug-dilution may impact the MIC
 serial dilution vs ISO method
 number of plastic tube contacts

‒ (tips, tubes, reservoirs)

In general
• Affects the 
• Low MIC organisms the most
• Not alw picked up with QC 

strains
C. parapsilosis ATCC 22019
C. krusei ATCC 6258
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Choice of plastic plates may greatly impact MIC
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Anidulafungin MIC: 0.015  0.25 mg/L (4 dil.)
Micafungin MIC: ≤ 0.008  0.25 mg/L (5 dil.)

Anidulafungin MIC: 0.06  1 mg/L (4 dil.)
Micafungin MIC: 0.125 1 mg/L (3 dil.)

EUCAST recommends 
treated polystyrene plates
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E.Def 7.3.3

Method of drug-dilution may impact the MIC

…….
…

…….
…
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Drug dilution(s) series in solvent in tubes

1:100 dilution into medium (1% solvent)

Transfer to a 12-chanel reservoir (1% solvent)

Transfer to a microtitre plate (1% solvent)

Best suitable for:
- 1 drug, 8 isolates
- Flexible drug choice

• Adjust to specific clinical situation
- But! - Only 1 growth control /plate

• Determination of 50% endpoint 
based on
- Single pos control well    OR
- Mean for positive wells performed 

across on several plates

Arendrup JAC 2021

ISO Method for 2-fold drug dilutions

drug stock 
in solvent

Strain 1
Strain 2
Strain 3
Strain 4
Strain 5
Strain 6
Strain 7
Strain 8

8 Drug dilutions Pos Neg
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Fill a microtitre plate w medium w 1% solvent

Initial drug dilution(s) in medium w 1% solvent

Transfer 8 initial drug dilution(s) to 8-chanel 
reservoir

Transfer to a microtitre plate & serial dilute

Allows
- 8 drugs tested on a single plate 
- All MICs on one plate

• ↓ risk of errors reading AF-biogram.
- 8 growth controls on the plate

• Allow automated calculation of 
mean controls and 50% endpoint

Arendrup JAC 2021

Serial dilution Methods for 2-fold drug dilutions

drug stock 
in solvent

Amphotericin B
Fluconazole
Itraconazole

Voriconazole
Isavuconazole
Anidulafungin

Micafungin
5-flucytosine

8 Drug dilutions Pos Neg
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Background
 Serial dilution much more feasible than ISO dilution
 Documented as appropriate for fluconazole as ISO*

Systematic investigation for most common compounds**
 Nine antifungals
 Serial (0–10 tip changes) and ISO dilution. 
 4-5 QC strains 
 5 clinical isolates each of 4-6 species 

‒ C. albicans, C. dubliniensis, C. glabrata, C. krusei, A. flavus and A. terreus

*  Gomez-Lopez JCM 2010; **Arendrup JAC 2021

Dilution method and impact on MICs
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Serial dilution: N of tip changes – AMB & candins

Conta-
mina-
tion

MIC target/GM-MIC ISO method
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Serial dilution: N of tip changes – AMB & candins

Conta-
mina-
tion

MIC target/GM-MIC ISO method
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For 4 Candida QC-strains & 8 compounds (352 MICs) 
 85% (35/41) GM-MIC deviated <1 dilution from the QC target
 Best performance compared to  QC values

‒ ISO method in 30.8%
‒ Serial dilution in 34.6% 
‒ Equal performance in 34.6% of the cases. 

 14.6% (6/41) deviated with 1–1.8 dilution from the target

For 4 clinical species & 8 compounds (5 isolates of each 4 species, 4 repetitions (920 MICs)) 
 78.3% (18/23) GM-MIC pairs deviated ≤ 0.6 dilution
 21.7% (5/23) GM-MIC pairs deviated 1.0–1.1 dilutions.

Take home message
 Some drugs bind to plastic ware (tips, tubes, reservoirs, trays...)

‒ Potential consequences: drug loss MIC ↑ or drug release MIC ↓ 

 MICs affected by number of tip changes when serial dilution is performed
 The ISO and serial dilution (two tip changes) method were in acceptable agreement and thus equally 

applicable for EUCAST testing

Arendrup JAC 2021

Serial dilution w. 2 tip changes >< ISO-method
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Acquired Resistance
 size of the problem 

EUCAST BMD method and alternatives 
 Microdilution
 Molecular methods
 Commercial tests

New I category 

Species without breakpoints

Agenda
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Molecular detection of AF-resistance

Exception “endemic” 
Fluconazole R erg11 
Y132F C. parapsilosis  
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Target gene mutations  R: Candida Echinocandin FKS
AFG 
EUCAST 
ECOFF 
(mg/L)

FKS1p FKS2p
Hot spot 1 Hot spot 2 Hot spot 1 Hot spot 2

1st AA 
no. AA sequence

1st AA 
no. AA sequence

1st AA 
no. AA sequence

1st AA 
no.

AA 
sequence

C. albicans 0.03 641 FLTLSLRDP 1357 DWIRRYTL

C. dubliniensis 0.03 641 FLTLSLRDP 1357 DWIRRYTL

C. glabrata 0.06 625 FLILSLRDP 1340 DWVRRYTL 659 FLILSLRDP 1374 DWIRRYTL

C. kefyr (0.03) 651 FLTLSLRDP 769* DWVRRYTL

C. krusei 0.06# 655 FLILSIRDP 1364 DWIRRYTL

C. lusitaniae (0.06) 634 FLTLSLRDP 1348 DWIRRYTL

C. tropicalis 0.06 650 FLTLSLRDP 1366 DWIRRYTL

C. auris 635 FLILSLRDP 1350 DWIRRYTL

C. parapsilosis 4 652 FLTLSLRDA 1369 DWIRRYTL

C. metapsilosis (4) 104* FLTLSLRDA 821* DWIRRYTL

C. orthopsilosis (4) 645 FLTLSLRDA 1362 DWVRRYTL

C. guilliermondii (4) 632 FMALSLRDP 1347 DWIRRYTL

C. lipolytica NA 662 FLILSLRDP 1387 DWIRRCVL

S. cerevisiae (1) 639 FLVLSLRDP 1353 DWVRRYTL 658 FLILSLRDP 1372 DWVRRYTL
X "strong R" mutation, low letters indicate the codon involves a mutation or deletion; high letters indicate the codon involves a mutation or stop codon; 
X "weak R" mutation; 
X "silent" mutation, acquired or naturally occurring; 
X naturally occurring mutation proven or possibly related to the intrinsic lower susceptibility; 
X naturally occurring mutation of unknown impact; * Inaccurate annotation, sequencing of entire gene-sequence required;
# Micafungin ECOFF elevated for C. krusei compared to C. albicans and C. glabrata, but not the anidulafungin ECOFF.

Arendrup Cur Op Inf Dis 2014, Forastiero AAC 2015, unpubl data: Ref for E655K: Hou Emerg Microb Inf 2019; for C. auris: Biagi OFID 2019, 
Kordalewska AAC 2018, Alfouzan JoF 2020, Sharma AAC 2022, for C. parapsilosis Siopi JoF 2022, ECCMID2023: Yating E0371, Arendrup E0366
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Target gene mutations: echinocandins & Candida
Overview of MIC ↑ by spp, codon & alteration

Species ≥3 ANF MIC ↑ ≥3 ANF MIC ↑ 1-2 ANF MIC ↑ 1-2 ANF MIC ↑ 
1-2 ANF MIC 

↑ 
0 ANF MIC ↑ 

≥3 MCF MIC ↑ 1-2 MCF MIC ↑ ≥3 MCF MIC ↑ 1-2 MCF MIC ↑ 0 MCF MIC ↑ 1-2 MCF MIC ↑ 

C. albicans F641S (2)
S645P (6) 

S645S/P (1)
P1354S (1)

R1361G (2)
R1361R/S (1)

R1361S (3)

D648V (2)
D1337Y (1)A,B

P1354P/S (2)A,B

R1361H (5)B

R647G (2)B R647G (2)B

P1354S (2) A,B

R1361C (1)B

WT (18)

WT (1) WT (4)

C. dubliniensis F641S (1)
R1361S (1)
S645S/P (1)
S645P (3)

WT (4) WT (1) P1354Q (1)A

WT (14)

C. glabrata S629P/L640STOP (1)A

F659DEL (4)
S663F (2)

S663F/L630Q (1)
S663P (9)

F659S (1)
F659V (1)

R665G (1)B F625S (1)B

F625Y/WT (1)B

S629P (2)B

A651V (1)A,B

F659I (1)
F659L (1)B

F659S (3)B (1)

F659Y (2)

L662F (1)B

L662W (2)B (1)

S663C (1)B

D666E (2)B (1)

D666Y (1)B

P667I (1)
WT (9)

L628I (1)B

WT (6)
K1323E (1)A,B

WT (4)

C. krusei S659F (1)
E651E/Q + D662D/Y (1)A

S659P (2) WT (1)

C. parapsilosis F652S (1)C

L657W (1)C
WT (4)

C. tropicalis F650S (2)
S654S/P (1)
S654P (1)

F650F/L (1) R656R/G (1)B WT (2)D V1404I (1)A,B

WT (2)

C. auris F635Y (1)
S639F (8)E

AOutside hot spot, BCategorised anidulafungin S, CMIC for MCF is higher than the tested range (>4 mg/L); therefore >1 dilution step elevated, 
DOne isolate is FKS WT but has an ERG11 V48G alteration, EBy comparison to modal MICs in doi: 10.1128/AAC.02136-19.
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Acquired Resistance
 size of the problem 

EUCAST BMD method and alternatives 
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 Molecular methods
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Species without breakpoints

Agenda
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Well,... that depends
 Essential agreement (± 1 dilution) between Etest and EUCAST for Candida

Dannoui & Espinel-Ingroff JoF 2019

Can I adopt EUCAST BP for a commercial AFST MIC test?

AMB FLU Mica Vori

N. isolates EA% N. isolates EA% N. isolates EA% N. isolates EA%

C. albicans 345 81% 354 67% 21 93% 308 88%

54 15% 54 91% 159 100% 54 87%

C. glabrata 104 39% 110 73% 40 89% 98 82%

11 44% 11 82% 152 99% 11 60%

C. krusei 10 80%

127 98%

C. parapsilosis 68 65% 69 78% 27 75% 59 86%

38 2.7% 38 82% 152 97% 37 95%

C. tropicalis 54 61% 54 85% 28 93% 48 81%

33 22% 33 58% 152 99% 33 73%
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Before implementing a reference test - check alignment with the 
reference method
1. run the EUCAST QC strains, 10 times each, 

‒ Check: 
- mode on the target? 
- MICs within the range?

NOTE: EUCAST Draft – based upon EUCAST AFST proposal, may be revised

EUCAST AFST Advise regarding commercial MIC tests for AFST

Random variation is permissible (max 1/10 
MIC value outside range) 
Systematic deviation (mode systematically 
to one side of the target) is not OK.
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Before implementing a reference test - check alignment with the 
reference method
1. run the EUCAST QC strains, 10 times each, 

‒ Check: 
- mode on the target? 
- MICs within the range?

1. if the above is OK – then run:
‒ 10 clin C. albicans
‒ 10 clin C. glabrata
‒ 10 clin C. tropicalis
‒ 10 clin C. krusei

‒ Check the modal MICs are within ±1 dilution of the modal MICs for each of the 
drug bug combinations in the EUCAST rationale documents 
- If they are, your method perform fine for wildtype isolates when adopting EUCAST 

breakpoints. 
- If not, your method will misclassify isolates.

NOTE: EUCAST Draft – based upon EUCAST AFST proposal, may be revised

EUCAST AFST Advise regarding commercial MIC tests for AFST

Random variation is permissible (max 1/10 
MIC value outside range) 
Systematic deviation (mode systematically 
to one side of the target) is not OK.

Amphotericin B 
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UK NEQUAS AFST performance for a susceptible C. parapsilosis
isolate

UK NEQUAS AFST performance for a susceptible wt strain

6.6% errors
3% minor, 3.6% major errors
0% errors among UK labs!!!

Excellent – well done!
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Routine testing not always sensitive in detecting R

UK NEQUAS AFST performance for a resistant C. albicans isolate

UK NEQUAS, Distribution : 3789, Jan 2016.

37% errors
32% very major errors!!

Despite the fact that:
EQA typically overestimate performance 

Many laboratories don’t participate
Correct result
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Fluco R EQA specimen

Routine testing not always sensitive in detecting R

UK NEQUAS AFST performance for a resistant C. albicans isolate

UK NEQUAS, Distribution : 3789, Jan 2016. (Courtesy Shawn Lockhart for the SensiTitre panel photo)

Nolightheavy trailing

Correct result
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Acquired Resistance
 size of the problem 

EUCAST BMD method and alternatives 
 Microdilution
 Molecular methods
 Commercial tests

New I category 

Species without breakpoints

Agenda
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Amphotericin B Updates: 
 No support for an “I” category – No change after BP definition revision
 Breakpoints have been established for C. dubliniensis S: ≤ 1; R: >1

Arendrup CMI 2020, www.eucast.org

Implications for amphotericin B BPs for Candida
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Fluconazole 
 Former “I”s

‒ C. albicans, C. dubliniensis, C. tropicalis (S: ≤2, I: 4 , R >4 mg/L)
‒ C. glabrata (I: ≤ 32, R: >32 mg/L)

 Action
‒ Fluconazole ECOFF for C. glabrata revised from 32 to 16 mg/L based upon more 

MIC data

 Decision
 Retain “I” with increased exposure: 800 mg/day
‒ C. albicans, C. dubliniensis, C. tropicalis (S: ≤2, I: 4 , R >4 mg/L)
 C. glabrata (I: ≤16, R: >16 mg/L)

Arendrup CMI 2020, www.eucast.org

Implications for Fluconazole BPs for Candida



M Cavling ARENDRUP

Echinocandins Updates
 No support for an “I” category  Former “I”s need to be revised
 C. parapsilosis 
 Anidulafungin: I ≤4 mg/L  ?
 Micafungin: I ≤2 mg/L  ?

Arendrup CMI 2020, www.eucast.org

Implications for Echinocandin BPs for Candida



M Cavling ARENDRUP

Echinocandins used for ~two decades in countries following CLSI (S)

Mortality was equal (flu 9.5% vs candin 9.9%)
 in a retrospective observational cohort study, including 307 unique patients C. 

parapsilosis BSI 

Flu resistance is ↑ in C. parapsilosis 
 in which case echinocandins are a valid alternative considering the study 

above and the amphotericin B related toxicity 

Treatment guidelines still emphasize that 
 fluconazole is the preferred agent for C. parapsilosis when the isolate is 

susceptible thus limiting the risk of increased persistent candidaemia

Chiotos JAC 2016, Arendrup CMI 2020, www.eucast.org

Motivation behind reclassifying C. parapsilosis as S
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Echinocandins Updates
 No support for an “I” category  Former “I”s need to be revised
 C. parapsilosis 
 Anidulafungin: I ≤4 mg/L  S ≤4 mg/L 
 Micafungin: I ≤2 mg/L  S ≤2 mg/L 

 C. albicans and Micafungin
‒ Former S breakpoint was stringent (S ≤0.016 mg/L, modal MIC 0.008 mg/L)

-  frequent discrepant classifications of wildtype isolates as anidulafungin S and 
micafungin R

‒ Action
- Literature and MIC mutant database review

» No examples of fks mutant isolates misclassified as the combination of micafungin MIC 0.03 mg/L 
and anidulafungin MIC 0.03 mg/L. 

‒ Decision
 ATU has been introduced for micafungin MIC = 0.03 mg/L against C. albicans 

» advice that the MIC should be interpreted based upon the susceptibility to anidulafungin

Arendrup CMI 2020, www.eucast.org

Implications for Echinocandin BPs for Candida
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Acquired Resistance
EUCAST BMD method and alternatives 
New I category 
Species without breakpoints

‒ Astvad et al; JoF 2022; doi 10.3390/jof8020141

Agenda

Not an official EUCAST 
document, but a pragmatic 

approach.
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Rare yeasts are less virulent
 Otherwise they would not be rare

Consequently
 Comparison to a “related” common organism

‒ will be safe 
- Because, if efficacious against a more virulent organism  it probably also is against a less virulent 

one with the same susceptibility
‒ but may be too strict 

- as “less may be enough “ is the organism is truly low virulent
‒ If apparently non-wild-type 

- Select alternative therapy

Approach
 Reviewed SSI MIC-data 2017-2021
 Compared/verified against published EUCAST data

‒ Set single centre wild type upper limits for species ≥ 15 isolates
 Reviewed clinical guideline recommendations
 Traffic light classification according to 

‒ MIC comparison to related common species
‒ guideline recommendations

Astvad JoF 2022

Pragmatic approach… Underlying Assumptions
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Full table layout in the publication

Astvad JoF 2022

Amphotericin B EUCAST MICs 2015-21 
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Amphotericin B EUCAST MICs 2015-21 

*Resistance mutations 
arise spontaneously in 
C. lusitaniae
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Anidulafungin EUCAST MICs 2015-21 

Astvad JoF 2022

Alt: alternative
therapy



M Cavling ARENDRUPAstvad JoF 2022

Fluconazole EUCAST MICs SSI 2015-2021  
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Voriconazole EUCAST MICs 2017-21 
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Pragmatic recommendation for Species without BPs

Treat if wild-type

Consider use if
wildtype &
• Not severe infect.
• Elevated dose
• Oral consolidation
• No better option

Consider alternative 
therapy
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Much is yet to be learned concerning susceptibility and treatment of rare 
yeast
 Patient population vary
 no systematic clinical outcome studies

MIC interpretation guidance suggested here
 Is restricted to EUCAST testing 
 Can only be adopted for other AFST tests if agreement between test results are 

confirmed
 Is based upon pragmatism and few isolates
 Is not supported by clinical data

Not all rare yeasts are covered in this presentation
 But the approach used here may be applied on other species

Use common sense
 Change therapy (agent or use combination therapy) in case of poor response

Astvad JoF 2022

Species without breakpoints - Concluding remarks
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