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Data from two large surveillance  (SENTRY and CDC)  programs 



From: Sanglard, Curr. Opinion. Microbiol., 2002 

Antifungal drugs currently used for treatment of 
invasive mycoses 

Mutations in the 
glucan syntahse 



Summary of hot-spot 1 and 2 substitutions in the 
FKS1 gene associated with resistance in diverse 

Candida spp  

From: Perlin DS., Drug Resist. Updat., 2007 



• M27-A3, CLSI, breakpoints (C. albicans) for: 
– Fluconazole 
– Itraconazole 
– Voriconazole 
– 5-FC 
– Candins 

• EUCAST version 4.1, breakpoints (C. albicans, C. glabrata, 
C. krusei, C. parapsilosis, C. tropicalis) for: 
– Fluconazole 
– Voriconazole 
– Anidulafungin 
– Amphotericin B 
– Posaconazole 
– Caspofungin, micafungin (pending) 
– Itraconazole (pending) 

 

Reference methods for yeasts susceptibility testing 



CLSI breakpoints (Yeast) 
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Aspergillus Azole Resistance Today 

Azole-resistant A. fumigatus have been reported in China, 
Canada, the United States, and several European countries, with 
particularly high frequencies from the Netherlands and the north-
west of the United Kingdom (Bowyer P et al. Curr Infect Dis Rep 
2011). 
 

Case reports and case series suggest that multi-azole resistant 
A. fumigatus could emerge (Verweij PE et al. N Engl J Med 
2007; Arendrup MC et al. Antimicrob Agents Chemother 2008; 
Verweij PE Lancet Infect Dis 2009), and that there is some 
association with agricultural azole use (Verweij PE Lancet Infect 
Dis 2009; Mortensen KL et al. Antimicrob Agents Chemother 
2010). 



78% of resistant isolates  
were multi-azole resistant 



Diagram of the A. fumigatus cyp51A gene and promoter showing the locations of the gene 
modifications. (A) Wild-type strain CM237; (B) azole-resistant strain CM2627  
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• The presence of a single resistance mechanism (denoted by TR/L98H) was 
found in over 90% of itraconazole-resistant Dutch A. fumigatus isolates, 
which also showed reduced susceptibility to voriconazole and 
posaconazole.  

• This is in contrast with a different pattern of resistance observed in British 
A. fumigatus isolates, where a wide variety of cyp51A mutations 
(substitutions at codons G54, G138, P216, F219, M220, and G448), have 
been found.  

• TR34/L98H isolates were recovered primarily from azole-naïve patients and 
were also recovered from the environment. These observations suggest 
that azole-resistant Aspergillus is acquired by patients from an 
environmental source rather than arising through azole therapy. 

 

Azole resistance in Aspergillus fumigatus: a side-effect of 
environmental fungicide use?  
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Clinical Laboratory Standard Institute and European 
Committee on Antimicrobial Susceptibility Testing 
conditions for antifungal susceptibility testing of 

Aspergillus species   

From: Lass-Floerl, Future Microbiol., 2010 
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