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A brief history of antifungal  
susceptibility testing standardization 

1982 

Established 
subcommittee 

1986  

Develop 
reproducible 

method 

1992 

M27-P method 
introduced 

1997 

M27-A method 
introduced 

20% hospitals performing 

testing for yeast; 

intra/inter-laboratory 

agreement poor 

Synthetic medium (RPMI) 

Broth-based method 

0.5-2.5 x103 

EUCAST 

 Higher glucose; 

24 hour endpoint; 

spectrophotometer 
Conidia forming  

filamentous fungi 

Disk-diffusion 

Method-yeast 

Fothergill et al. Infect DisClin N Amer 2006;20:699-709. 

Breakpoints 

Disk-diffusion 

method-moulds 



Characteristics CLSI M27-A3 EUCAST Def  

Suitability Yeasts Fermentative Yeast  

Inoculum 0.5-2.5x103 CFU/ml 0.5-2.5x105 CFU/ml 

Test medium RPMI 1640 0,2%G  RPMI 1640 G2% 

Format Microdilution Microdiluation 

Temperature 35°C 35°C 

Duration of incubation  46-50h 

24 h for yeasts 

24h 

Endpoint 80% inhibition M27-A2 

50% inhibition M27-A3 (azole)  

80% amphotericin B  

50% inhibition azole 

Reading Visually Plate reader 

Reference Methods 



AMB 

5FC 

FLU 

ITC 

VOR 

CAS 

Control            Increasing Drug concentrations Media 

Control 

Overall good inter/intralaboratory 
agreement exists!  



• Medium (type, brand, batch) 

 – CLSI vs. EUCAST: glucose conc. 0.2% vs. 2% 

•  Inoculum size 

 – the higher  the higher the MIC 

•  Inoculum growth phase 

 – the shorter the lag phase  the higher the MIC 

•  Incubation temperature 

 – affects growth rate, expression of res mechanisms 

•  Incubation time 

 – the longer  the higher the MIC 

•  Definition of endpoint (50%, 80%, 100% inhibition) 

 – the more stringent  the higher the MIC 

•  Reading variation 

 – visual vs. spectrophotometric 

 – trailing 

• Biology of the fungus 

………MICs obtained differ from method to method!  

Lass-Flörl et al., 2015 



CLSI M27-S3 CLSI revised (M27-S4) EUCAST 
AMB ≤1 ≤1 ≤1;>1 

ANF ≤2 ≤0.25 

≤0.125 

≤2; > 4 

>0.5 

>0.25 

(alb, krus, trop) 

(glab) 

(para, guillier) 

≤0.032; >0.032 

≤0.06;>0.06 

(alb) 

(glab, krus, trop) 

(para poor target, guillier IE) 

CSF ≤2 

MFG ≤2 ≤0.25; 

≤0.06; 

≤2; 

>0.5 

>0.125 

>4 

(alb, krus, trop) 

(glab) 

(para, guillier) 

≤0.016; >0.016 

≤0.03; >0.03 

≤0.02; >2 

(alb) 

(glab) 

(para, krus IE, trop IE, guillier IE) 

Fluco ≤8; >32 ≤2; 

SDD ≤32; 

>4 

>32 

(alb, para, trop) 

(glab) 

(krus poor target) 

≤2; >4 (alb, trop, para) 

(glab IE) 

(krus poor target) 

Vori ≤1; >2 ≤0.125; 

≤0.5; 

>0.5 

>1 

(alb, para, trop) 

(krus) 

(glab IE) 

≤0.125; >0.125 (alb, trop, para) 

(glab/krus IE) 

Itra ≤0.125; > 0.5 ≤0.125; >0.5 - 

Posa - ≤0.06; >0.06 (alb, trop, para) 

(glab/krus IE) 

Breakpoints (BPs): S: ≤X; R:>Y  Revised BPs 

www.eucast.org; Pfaller Drug Resist Updat. 2010 & 2011                      :MC Arendrup (Chair) WW Hope (Secretary), M. Cuenca-Estrella & C. Lass-Flörl 

CLSI versus EUCAST 





• EUCAST method for susceptibility testing of yeasts (v 7.3.1 valid 
from 15 January, 2017).   
 

• EUCAST method for susceptibility testing of moulds (version 9.3.1 
valid from 15 January, 2017)  
 

• Routine and extended internal quality control for antifungal 
susceptibility as recommended by EUCAST Version 1.0, valid from 
2015-11-04 
 
 
 
 
 
 
 

http://www.eucast.org/ast_of_fungi/methodsinantifungalsusceptibilitytesting/susceptibility_testing_of_moulds/ 



Epidemiological Cut off (ECOFF) 

Define upper limit of “wild type” MIC 
distribution – no acquired resistance 
mechanisms 
 
Cutoffs help detecting the 
emergence of reduced susceptibility 
(acquired resistance) in the absence 
of clinical breakpoints - or “in 
addition to” clinical breakpoints 
 
Helps identify organisms requiring 
further characterization 
 
In vivo /in vitro correlation?  

 

Clinical Breakpoint 

CBPs are used to indicate those 
isolates that are likely to respond to 

treatment with a given antimicrobial 
agent administered at the approved 

dosing regimen for that agent 

 

What is you experience? 

 

CBPs are missing for most drug-bug 
combinations  

 

Turnidge J, Paterson DL. Clin Microbiol Rev. 2007; 20: 391 



Variation within the WT population can be 
explained solely by test variation. 
MIC50 reflects the susceptibility of the entire WT 
population. 

E.g. EUCAST fluconazole MIC C. glabrata 
Fluconazole / Candida glabrata EUCAST 

Antimicrobial wild type distributions of microorganisms – reference database  
EUCAST MIC Distribution 
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http://www.eucast.org/mic_distrubitions_of_wild_type_microorganisms/ 
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Breakpoint (BP). Specific values of MICs on the basis of which fungi can be assigned 
to the clinical categories „susceptible“, „intermediate“ and „resistant“. The 
breakpoints can be altered due to changes in circumstances (e.g. changes in 
commonly used drug dosages) or when additional data/knowledge emerges. 

a) Susceptible (S). A mould is defined as susceptible by a level of antimicrobial 
activity associated with a high likelihood of therapeutic success. 

b) Intermediate (I). A mould is defined as intermediate by a level of antimicrobial 
activity associated with a high likelihood of therapeutic success but only when a 
higher dosage of the agent than normal can be used or when the agent is 
physiologically concentrated at the site of infection. 

c) Resistant (R). A mould is defined as resistant by a level of antimicrobial activity 
associated with a high likelihood of therapeutic failure. 
 

Wild type (WT). A mould isolate is defined as WT for a species by the absence of 
phenotypically detectable acquired and mutational resistance mechanisms to the 
agent in question. 
 
Non-wild type (NWT). A mould isolate is defined as NWT for a species by the 
presence of phenotypically detectable acquired or mutational resistance 
mechanisms to the agent in question. 



Epidemiological Cut off (ECOFF) 

Define upper limit of “wild type” MIC 
distribution – no acquired resistance 
mechanisms 
 
Cutoffs help detecting the 
emergence of reduced susceptibility 
(acquired resistance) in the absence 
of clinical breakpoints - or “in 
addition to” clinical breakpoints 
 
Helps identify organisms requiring 
further characterization 
 
In vivo /in vitro correlation?  

 

Clinical Breakpoint 

CBPs are used to indicate those 
isolates that are likely to respond to 

treatment with a given antimicrobial 
agent administered at the approved 

dosing regimen for that agent 

 

What is you experience? 

 

CBPs are missing for most drug-bug 
combinations  

 

Turnidge J, Paterson DL. Clin Microbiol Rev. 2007; 20: 391 



1. Technical notes on susceptibility testing of fungi 
 
EUCAST DEFINITIVE DOCUMENT  E.DEF 9.1: Method for the determination of broth 
dilution minimum inhibitory concentrations of antifungal agents for conidia forming 
mould   
EUCAST technical note on the EUCAST definitive document EDef 7.2: method for the 
determination of broth dilution minimum inhibitory concentrations of antifungal 
agents for yeasts EDef 7.2 (EUCAST-AFST).   
  
EUCAST Definitive Document EDef 7.1: method for the determination of broth dilution 
MICs of antifungal agents for fermentative yeasts  
  
2. Technical notes on antifungal breakpoints  
 
Breakpoints for Candida  
Amphotericin B  
Voriconazole  
Posaconazole  
Micafungin, anidulafungin and fluconazole  
Breakpoints for Aspergillus  
Amphotericin B, itraconazole, and posaconazole  
Voriconazole  
 

http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2011.03644.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2011.03644.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2011.03644.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2008.02087.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2011.03646.x/pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Publications_AFST/Arendrup_EUCAST_TN_mica__flu_and_ani_Candida_Mycoses_2014.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Publications_AFST/Arendrup_EUCAST_TN_mica__flu_and_ani_Candida_Mycoses_2014.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Publications_AFST/Arendrup_EUCAST_TN_mica__flu_and_ani_Candida_Mycoses_2014.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Publications_AFST/Arendrup_EUCAST_TN_mica__flu_and_ani_Candida_Mycoses_2014.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Publications_AFST/Arendrup_EUCAST_TN_mica__flu_and_ani_Candida_Mycoses_2014.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Publications_AFST/Arendrup_EUCAST_TN_mica__flu_and_ani_Candida_Mycoses_2014.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Publications_AFST/Arendrup_EUCAST_TN_mica__flu_and_ani_Candida_Mycoses_2014.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2012.03890.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2012.03890.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2012.03890.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2012.03890.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2012.03890.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2012.03890.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2012.03890.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-0691.2012.03890.x/pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Publications_AFST/Hope_EUCAST_TN_BPs_for_Asp_CMI_2013.pdf


Species-specific EUCAST ECOFFs and breakpoints (mg/L) for isavuconazole 
and itraconazole against Aspergillus and Candida species, respectively 

Arendrup et al, CMI 2016;22:571 



Acceptable MIC ranges (mg/L) of antifungal 
agents for quality control strains 

Arendrup et al, CMI 2016;22:571 



Candida spp. 

http://www.eucast.org/clinical_breakpoints/ 



Aspergillus spp. 

http://www.eucast.org/clinical_breakpoints/ 



Conclusions 
in vitro susceptibility testing:  

 

• Yeasts 

– sterile body site 

 plus non-C. albicans 

– azole (?) 

– non-responder 

– rare species 

• Molds 
– non A. fumigatus 

– all: non responder 

– long treatment & azole 

– rare species 



ETest® versus Sensititre YeastOne® versus EUCAST 
Aigner et al, submission 2017  



Aures, 2015 



Aures, 2015 



Vielen Dank für Ihre Aufmerksamkeit!  


