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N° 



N° 



1958 
1st use of  

amphotericin B 

 
 

1963 
5-flucytosine is 

synthesized 

 
 

1967 
1st antifungal 

use of an azole 

1972 
1st echinocandin is 

discovered 

1990 
fluconazole is 
FDA-approved 

1997 
CLSI breakpoint 
for fluconazole  
is established  

2002 
caspofungin is 
FDA-approved 

2012 
the search 

for antifungals 
continues 

Butts A & Krysan DJ, PLoS Pathog. 2012 Sep;8(9):e1002870. Epub 2012 Sep 6 



CASE  
REPORT 

  
 GA – f – 1935   
 
 2010 
 IVU E. coli / Pericardite 
 Schiacciamento  vertebrale D3 D4 

D11 L1-L4           vertebroplastica 
ed emilaminectomia 

 sepsi da P. aeruginosa 
 spondilodiscite post-

vertebroplastica, sepsi da  S. 
epidermidis – vari cicli di FLU 
per una micosi orale ricorrente 
 

 2011 
 Polmonite bilat. da K. 

peumoniae; enterocolite da C. 
difficile; sepsi da C. albicans  
(10/2/2011-17/2/2011) 

 
 

Susceptibility testing results 
 
FLC >256  mcg/ml  R 
VORI > 8.0     R  
ITC > 8.0    R 
POS > 8.0    R 
 
AMB 1.0    S  
 
CAS 0.06    S 
ANID 0.03    S 
MICA <0.015    S 
 
5-FC 0.06    S 
 



Standards for broth microdilution 
susceptibility testing  

• Clinical and Laboratory Standards 
Institute. Reference Method for Broth 
Dilution Antifungal Susceptibility Testing 
of Yeasts: Approved Standards. CLSI 
Document M27-A3. Wayne, PA: Clinical 
and Laboratory Standards Institute, 2008.  
 

 
 

• Clinical and Laboratory Standards 
Institute. Reference Method for Broth 
Dilution Antifungal Susceptibility Testing 
of Filamentous Fungi: Approved 
Standards. CLSI Document M38-A2. 
Wayne, PA: Clinical and Laboratory 
Standards Institute, 2008.  
 
 
 
 
 

• EUCAST definitive document EDef7.2: 
method for the determination of broth 
dilution MICs of antifungal agents for   
yeasts.  Clin. Microbiol. Infect. 2012; 18: 
E246-7.   
 

 
 

 
• EUCAST method for the determination of 

broth dilution minimum inhibitory 
concentrations of antifungal agents for 
conidia-forming moulds.  
http://www.escmid org 2007   
 
 
 
 
 

  

http://www.escmid/


Differences of CLSI and EUCAST conditions for 
antifungal susceptibility testing for yeasts  

Characteristic CLSI M 27 – A3 EUCAST-Edef 7.2 

Suitability Yeast Yeast 

Inoculum 0.5-2-5 x 103 CFU/ml 0.5-2-5 x 105 CFU/ml 

Inoculum standardisation 0.5x McFarland 0.5x McFarland 

Test medium RPMI 1640 0.2% glucose RPMI 2% glucose 

Buffer MOPS MOPS 

Microtitration plates U-shaped wells Flat-bottom wells 

Format Microdilution Microdilution 

Temperature 35°C 35-37°C 

Duration of incubation 24-48 h 24 h 

Reading Visually Photometrically 

Endpoint/inhibition  100% amphotericin B,  
50% azoles, candins 

90% amphotericin B,  
50% azoles, candins  



Differences of CLSI and EUCAST conditions for 
antifungal susceptibility testing for moulds  

Characteristic CLSI M 38 – A2 EUCAST-Edef 9.1 

Suitability Conidium and spore-forming 
fungi 

Conidia-forming moulds 

Inoculum 0.4-5 x 104 CFU/ml 2 to 5 x 105 CFU/ml 

Inoculum standardisation Spectrophotometrically Haemocytometer 

Test medium RPMI 1640 0.2% glucose RPMI 2% glucose 

Buffer MOPS MOPS 

Microtitration plates U-shaped wells Flat-bottom wells 

Format Microdilution Microdilution 

Temperature 35°C 35°C 

Duration of incubation 48 h 48 h 

Reading Visually Visually 

Endpoint No growth  No growth  



Comparison of the broth microdilution (BMD) method of the EUCAST 
with the 24-hour CLSI method for testing susceptibility of Candida 

species to fluconazole, posaconazole, and voriconazole       
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Pfaller et al., J. Clin. Microbiol., 2011; 49:845-850. 

Total isolates = 1056 



Comparison of the broth microdilution methods of the EUCAST and 
the CLSI for testing itraconazole, posaconazole, and voriconazole 

against Aspergillus isolates        

Pfaller et al., J. Clin. Microbiol., 2011; 49:1110-1112. 

Total isolates = 245 
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EUCAST technical note on fluconazole. 
Clin. Microbiol. Infect. 2008; 14:193-195 
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Total isolates = 26444 

Total isolates = 15020 

Wild-type MIC distributions, epidemiological cutoff values and 
and species-specific clinical breakpoints for fluconazole and  
Candida. Drug Resist. Updat. 2010; 13:180-195 



Summary analysis of clinical fluconazole MIC ranges in patients with  
candidemia and mucosal candidiasis 

% 

Pfaller et al., Drug Resist. Updat., 2010; 13:180-195. 
Clancy et al., Antimicrob. Agents Chemother., 2005; 49:3171-3177. 
Rex et al., Clin. Infect. Dis., 1997; 24:235-247 
Rodriguez-Tudela et al., Antimicrob. Agents. Chemother., 2007; 51:3599-3604  



Fluconazole CBPs (μg/ml) 

CLSI 
• S  ≤2  
• SDD   4 
• R  ≥8 

 
Comments:   
C. albicans, C. tropicalis, C. parapsilosis.  
C. glabrata ≤ 32 μg/ml SDD, ≥ 64 μg/ml R.   

 

EUCAST 
• S  ≤2 
• R  >4 

 
 
 
Comments:   
C. albicans, C. tropicalis, C. parapsilosis.  

 



EUCAST technical note on voriconazole. 
Clin. Microbiol. Infect. 2008; 14:985-987 
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Total isolates = 20584 

Total isolates = 16484 

Wild-type MIC distributions and epidemiological cutoff values for  
posaconazole and voriconazole and Candida as determined by  
24-hour CLSI broth micodilution. J. Clin. Microbiol., 2011; 49:630-37 



Summary analysis of clinical voriconazole MIC ranges in patients with  
candidemia and invasive candidiasis 

% 

Pfaller et al., Diagn. Microbiol. Infect. Dis., 2011; 70:330-343. 
 



Voriconazole CBPs (μg/ml) 

CLSI 
• S  ≤0.125 
• I    0.25-0.5 
• R  ≥1 
 
Comments:   
1. C. albicans, C. tropicalis, C. parapsilosis.  
2. C. krusei ≤ 0.5 μg/ml S, ≥ 2 μg/ml R; 

3. C. glabrata no correlation in vitro/in 
vivo   

 

EUCAST 
• S  ≤0.125 
• R  >0.125 

 
 
 
Comments:   
1. C. albicans, C. tropicalis, C. parapsilosis.  
2. C. krusei / C. glabrata: there is insuff. 

evidence that these species are good 
targets for therapy with voriconazole  



Posaconazole CBPs (μg/ml) 

CLSI 

 
 
No CBPs 

EUCAST 
• S  ≤0.06 
• R  >0.06 

 
 
 
Comments:   
1. C. albicans, C. tropicalis, C. parapsilosis.  
2. C. krusei / C. glabrata: there is insuff. 

data with posa and outcome due to 
these species  

Clin Microbiol Infect. 2011 Nov;17(11):E16-7. doi: 10.1111/j.1469-
0691.2011.03646.x. Epub 2011 Sep 16 

http://www.journals.uchicago.edu/action/showFullPopup?doi=10.1086/504491&id=_e7


Wild-type distribution and epidemiological cutoff values for the 
echinocandins and  Candida spp. 

Pfaller et al., J. Clin. Microbiol., 2010; 48:52-56. 
 

Caspofungin 
N° 



Anidulafungin Micafungin 

Wild-type distribution and epidemiological cutoff values for the 
echinocandins and  Candida spp. 

Pfaller et al., J. Clin. Microbiol., 2010; 48:52-56. 
 



Echinocandins CBPs (μg/ml) 

CLSI Anid Cas Mica 

C. albicans, C. tropicalis, C. krusei  
• S  ≤0.25 
• R  ≥1 
 
C. parapsilosis, C. guilliermondii   
• S  ≤2 
• R  ≥8 

 
C. glabrata Anid-Cas / Mica 
• S  ≤0.125     /  ≤0.06 
      
• R   ≥0.5        /  ≥0.25 

 

EUCAST Anid 

C. albicans  
• S  ≤0.03 
• R  >0.03 
 
C. glabrata, C. tropicalis, C. krusei 
• S  ≤0.06 
• R  >0.06 
 
Comments:   
 C. parapsilosis was not regarded as a 

good target for anidulafungin 

Pfaller et al., Drug Resist. Updat., 2011; 14:164-176. 
Clin Microbiol Infect. 2011 Nov;17(11):E18-20. doi: 10.1111/j.1469-
0691.2011.03647.x. Epub 2011 Sep 16 

http://www.journals.uchicago.edu/action/showFullPopup?doi=10.1086/504491&id=_e9


24-hour 48-hour 

Wild-type MIC distributions and epidemiological cutoff values for 
amphotericin B and Candida spp. as determined by CLSI microdilution 

Pfaller et al., J. Clin. Microbiol., 2012; 50:2040-2046. 



AmB / Candida spp. 

% failure  

Walsh et al., N. Engl. J. Med., 1999, 340: 774-761 
Wingard et al., Clin. Infect. Dis., 2000, 31:1155-1163 
Walsh et al., N. Engl. J. Med., 2004, 351:1391-1402 
Walsh et al., N. Engl. J. Med., 2002, 346:225-234 
 

Kuse et al., Lancet, 2007, 369:1519-1527 
Queiroz-Telles et al., Ped. Infect. Dis. J., 2008, 27:820-826 
Fleming et al., Leuk. Limphoma, 2001, 40:511-520 
Noskin et al., Bone Marrow Transplant., 1999, 23:697-703 





Rodriguez-Tudela JL et al., Antimicrob. Agents Chemother., 52: 2468-72, 2008 
Meletiadis et al., Antimicrob. Agents Chemother., 2012, 56:2524-2529 
Pfaller MA et al., J. Clin. Microbiol., 47:3142-6, 2009 
Espinel-Ingroff A et al., J. Clin. Microbiol., 48:3251-7, 2010 
 

CLSI / EUCAST 



Wild-type MIC distribution and epidemiological cutoff values for 
amphotericin B and Aspergillus spp. for the CLSI broth microdilution method 

(M38-A2 document)  

Espinel-Ingroff et al., Antimicrob. Agents Chemother., 2011, 55:5150-4 



Wild-type MEC distribution and epidemiological cutoff values for caspofungin  
and Aspergillus spp. for the CLSI broth microdilution method  

(M38-A2 document)  

Espinel-Ingroff et al., Antimicrob Agents Chemother, 2011, 55:2855-9 



Clin Microbiol Infect. 2012 Jul;18(7):E248-50. doi: 10.1111/j.1469-
0691.2012.03890.x. Epub 2012 Apr 30 

http://www.journals.uchicago.edu/action/showFullPopup?doi=10.1086/504491&id=_e7


Disk diffusion CLSI 

• CLSI developed agar-based, disk-diffusion testing for yeasts  
and moulds. 
 
• Compared with BMD, disk diffusion testing is convenient, 
simple, and economical, and it is particularly well suited for 
water-soluble antifungals 
 
• Breakpoints for Flu and Vori vs Candida have been provided 
 

• Breakpoints for Caspo and Mica vs Candida have been provided 
CLSI 2004, Document M44-A2 
CLSI 2009, Document M44-S3 
CLSI 2010, Document M51-S1 
Pfaller et al., Drug Resist. Updat., 2010, 13:180-195 
Pfaller et al., Diagn. Microbiol. Infect. Dis., 2011, 70:330-343 
Pfaller et al., Drug Resist. Updat. 2011, 14:164-176  



    
Drug       S     R 
 
Fluconazole  ≥19   ≤14 
 
Voriconazole  ≥17   ≤13 
 
Caspofungin  ≥17/≥13  ≤14/≤10 
 
Micafungin  ≥22/≥16  ≤19/≤13 
   

Zone diameters mm 

   Disk diffusion  



Commercial antifungal 
susceptibility test systems  

Sensititre YeastOne  

Etest  

Alexander and Pfaller, CID, 2006 

http://www.journals.uchicago.edu/action/showFullPopup?doi=10.1086/504491&id=_e7
http://www.journals.uchicago.edu/action/showFullPopup?doi=10.1086/504491&id=_e9


Comparison of the Vitek 2 antifungal susceptibility system with the clinical 
and laboratory standards institute (CLSI) and European Committee on 

Antimicrobial Susceptibility Testing (EUCAST) Broth Microdilution Reference 
Methods and with the Sensititre YeastOne and Etest techniques for in vitro 

detection of antifungal resistance in yeast isolates 

% of agreement  
Cuenca-Estrella et al., J. Clin. Microbiol. 2010, 48:1782-1786 



Multicenter Comparison of the Vitek 2 Antifungal Susceptibility 
Test with the CLSI Broth Microdilution Reference Method for 

Testing Caspofungin, and Micafungin against Candida spp. 

Peterson et al.,  J. Clin. Microbiol. 2011, 49:1765-1771 

% of agreement  



Conclusions 
• In vitro antifungal susceptibility testing is now 

standardized internationally 
 

• Some technical differences between methods do exist 
and have to be considered in interpreting AST results  
 

• The establishment of ECVs and new CBPs for azoles and 
echinocandins are becoming essential in patient 
management and resistance surveillance 
 

• Being a dynamic process, attention must be made to the 
continuous updating of data  
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