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Resistance to azoles in Candida 

Main mechanisms 
 

 reduced affinity for altered CYP51 
    mutations in ERG11  

 

 overexpression of CYP51 
    upregulation of ERG11    

 

 overexpression of efflux pumps 
    major facilitator superfamily (MFS): MDR1 
    ATP-binding cassette (ABC): CDR1, CDR2, CgSNQ2  

 

 development of bypass pathway 
 



Resistance to azoles in Candida 
Efflux pumps  

encoded by CDR genes affect all azoles 

encoded by MDR genes affect fluconazole 

 
In C. albicans expression of these genes is controlled by 
transcription factors, TAC1 and MRR1 
Hyperactive TAC1 and MRR1 do not decrease C.albicans 
virulence  

LohbergerA et al Eukaryotic Cell 2014 



Innate fluconazole resistance in C. krusei 

Low sensitivity of Erg11 to azole antifungal 

Expression of multidrug efflux pump Abc1p 

 
Lamping E et al AAC 2014 



Clinical relevance of azole resistance in Candida  
 

Rapid emergence of azole resistance at the beginning of 
AIDS epidemic  
 

 high fungal burden  
 

 low fluconazole dosages 
 

 
Candida BSIs 
 

 C.albicans and other Candida species 
    low rate of acquired resistance  
 

 C.krusei (intrinsic resistance) 
    low prevalence  

 

 C.glabrata (high rate of acquired resistance) 
    increasing prevalence 



Clinical relevance of azole resistance in 
Candida:  our experience 
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University of Iowa (Diekema D et al DMID 2012) 

Candida bloodstream infections 
change in species distribution 

Arendrup DanMedJ 2013 



Candidemia in Lombardia: 
trends in species distribution  

C. albicans

C. glabrata

C. parapsilosis

C. tropicalis

C. krusei

other

2009 (353 episodes) 

C. albicans C. glabrata C. parapsilosis 
P 0.003 

Tortorano Infection 2013 

52.1% 

C. albicans

C. glabrata

C. parapsilosis

C. tropicalis

C. krusei

other

1997-99 (569 episodes) 

58.5% 
12.8% 20.3% 



Candidemia in 2009:  
species distribution  

Tortorano Infection 2013 

Lombardia        
30 hospitals, 353 episodes 

C. albicans

C. glabrata

C. parapsilosis

C. tropicalis

C. krusei

other

52.1% 

20.3% 

14.8% 
C. albicans

C. glabrata

C. parapsil

C. tropicali

C. krusei

other

Extra Lombardia     
4 hospitals, 115 episodes 

45.2% 23.5% 

13% 



Candida species causing bloodstream infections in 
ICU patients in Italy 

ICU 
acquired 

Pre-
ICU  

                
P value 

C. albicans 61.4 50.0 n.s. 

C. parapsilosis 14.0 7.9 n.s. 

C. glabrata 12.1 23.7 0.024 

Tortorano et al Mycoses 2012 

C. glabrata 
   9.8%  (Aurora project 2007-2008) Montagna et al Infection 2013 

    13.0%  (2006-2008) Tortorano et al Mycoses 2012 
 
 
 



Clinical resistance =  treatment failure 
 

Reasons of no response in presence of susceptible isolate 
 

 drug pharmacokinetics and pharmacodynamics 

 severely compromised host        need of cidal activity 

 fungus (e.g. biofilm, C. neoformans titan cells) 
 



Anidulafungin 
 
 
 
 
Voriconazole 

Anidulafungin 
combined 
with 
monocytes 

Voriconazole 
combined 
with 
monocytes 

Untreated  
control 
biofilm 

       Katragkou A et al. J Infect Dis. 2010 

Confocal laser scanning microscopy images of Candida 
albicans biofilms after interacting for 22 h with Biofilm 

Resistant to certain 
antifungals 

Kuhn DM et al AAC 2002 

MIC (mg/L) 

Planktonic Biofilm 

#1 #2 #1 #2 
FLUCO 1         0.25 >256 >256 
VORI 0.5 0.12 >256 >256 
CASPO 0.12 0.12 0.25 0.5 
AMB 0.5 0.25 4 4 
Lip AMB 0.5 0.06 0.25 0.25 



Cryptococcus neoformans 
titan cells 
 

Titan cell progeny exhibit 
drug resistance 

K. Nielsen ICAAC 2014 



Resistance to azoles in Aspergillus 

Main mechanism 
 

 reduced affinity for altered CYP51A (and CYP51B) 
 

Other mechanisms   
 

 overexpression of CYP51A (and CYP51B)    
 

 overexpression of drug transporters  
    atrF, AfuMDR3, AfuMDR4, Cdr1B 

 

mutation in transcriptor factor hapE 
 



Most frequent CYP51A mutations in A. fumigatus 

    
G54       
G138 
M220 
G448 

arisen in pts during triazole therapy 



cyp51A alterations in A. fumigatus with/without azole resistance 
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Most frequent CYP51A mutations in A. fumigatus 

    
G54       
G138 
M220 
G448 

arisen in pts during triazole therapy 

TR34/L98H 
TR46/Y121F/T289A 

arisen in the environment as response 
to use of agricultural triazoles 

TR34 e TR46 contain tandem repeats in the promoter region of the gene 



Azole fungicides used to treat several economically 
important crops to minimise crop damage caused by 
plant fungal pathogens  



Rune Stensvold C et al Curr Fungal Infect Rep 2012 



Antifungal resistance in Aspergillus:  
our experience 

SCARE Study 2009 (clinical isolates) 
 

Rate of resistance: 
4/209 (2%) A. fumigatus clinical isolates screened 
2% in Italy vs 0-4.2% in other countries 
 
Resistant isolates from naive patients 
  
Mechanism of resistance TR34/L98H: 
4/4 in Italy vs 21/39 SCARE partecipants 



Antifungal resistance in Aspergillus:  
our experience 

1999-2006: azole resistance in A. fumigatus   
26 out of 442 (5.9%) screened isolates from 
                        19 out of 377 (5%) patients 

R 
1

2

3

4

I+P 
(10) 

I+V 
(6) 

I+V+P 
(9) 

I 
(1) 

TR34/L98H in 11 isolates 
G54E in 1 isolate 



Antifungal resistance in Aspergillus fumigatus 
Country Study 

period 
Resistance 
rate 

Resistance 
prevalence 

Italy 1999-2005 5.9 5.0 
UK 1997-2007 6.6 5.0 
The Netherlands 1994-2007 3.1 3.4 
The Netherlands 2007-2009 4.6 5.3 
The Netherlands 2009-2011 -- 6.8 
Spain 1999-2011 1.8 4.1 
Denmark 2007-2009 -- 4.5 
France 2006-2009 0.8 1.1 
Germany 2011-2012 3.2 -- 

Vermeulen E, Lagrou K, Verweij PE  Curr Op Infect Dis 2013 



Virulence in azole resistant A. fumigatus 

composite survival index (CSI)  
(Mavridou E et al Plos One 2013; 8: e72280) 
 

invertebrate model Galleria mellonella   
(Gomez-Lopez A et al Med Mycol 2014; 52: 311-8) 

mutations at the cyp51A gene  
 
 

no changes in virulence 

non cyp51A mediated resistance 
 
 

dramatic decrease of CSI 



Implications of azole resistance 
 
Invasive aspergillosis 
88% mortality rate in IA caused by a  
TR34/L98H multi-azole-resistant isolate 

vs 
30-50% mortality rate in IA caused by a 
susceptible isolate 
 
Chronic aspergillosis 
Dissemination of resistance greatly compromises 
outcome for patients that need long-term oral 
antifungal therapy 
 

Denning DW CID 2013 



2R/15 
0R/1 

2R/3 

1R/6 

8R/41 

2R/18 

3R/6 

5R/13 

7R/9 

Antifungal resistance in Aspergillus 
in the environment 

2011-12 and 2014 surveys 
112 screened samples 
 30 samples positive (26.8%) for 
azole resistant A. fumigatus 

11   ortaggi vari  
16 frutteti di cui 4 meleti, 3  uliveti, 

3 vigneti, 2 aranceti 
  2  compost fiori 
  1  grano  



          
              TR34/L98H expanding problem 

 
recovered  
in many European countries (low genetic variation) and in 
Middle East and China (genetically different) 
 
Europe 
?? migration of resistant TR34/L98H bearing spores or 
?? independent local development  
 
A common ancestor developed locally (the Netherland?) 
and subsequent migration across Europe 

Several evidences for a fungicide-driven 
route of resistance selection 



 Cultures frequently falsely negative 
in hematological pts  

 
 
 

PCR assay to detect the most common 
resistance-mediating mutations of 

A.fumigatus cyp51A gene from clinical 
samples 

Spiess B et al AAC 2012 



Shift from Cyp51A-mediated resistance to 
other new resistance mechanisms 



 cryptic species 
11%                       15%  

Non fumigatus species increasingly isolated 
from clinical samples  

Increasing recognition of cryptic species 



Howard SJ Mycopathol 2014 

 Some cryptic species are intrinsically resistant 



 Infections caused by multiple Aspergillus 
strains with different patterns of 
susceptibility 



At last, but not at least 
 
 Infections caused by fungi less susceptible 

to antifungal drugs  
 



Antifungal susceptibility of Mucorales 

VORI ITRA POSA 
Mucor (12) 1->8 (>6.0) 0.25-4 (1.19) 0.125-2 (0.79) 

Rhizopus (19) 4->8 (>5.5) 0.125-4 (0.58)       0.03-2 (0.33) 

Syncephalastrum (6) 1->8 (>5.6) 0.03-0.5 (0.28) 0.06-1 (0.31) 
Rhizomucor (8) 2->8 (>3.1) 0.06-0.25 (0.21) 0.125-0.5 (0.21) 
Lichtheimia (13) 2->8 (>5.8) 0.03-0.5 (0.18) 0.06-0.25 (0.13) 
Cunnighamella (8) >8 (>8) 1->64 (>19) 0.5-1 (0.71) 

MIC ranges (geometric mean) 

Vitale RG et al JCM 2012; 50:66-75 
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MIC distribution of Pseudallescheria apiosperma/P. boydii 

 
 

 
 

Lackner M et al. AAC 2012;56:2635-
2642 

Scedosporium prolificans resistant to all antifungals 



Eur J Clin Microbiol Infect Dis.  2014  

Fusarium antifungal susceptibility:  
high interspecies variability 



Conclusions 

 Susceptibility testing of clinical isolates (yeasts and 
molds) is increasingly important for patient 
management 
 

 Surveillance programmes for species identification and 
antifungal susceptibility testing are necessary to 
obtain epidemiological data on antifungal resistance 
 

 Detection of antifungal resistant isolates and study of 
resistance mechanisms essential to plan strategies to 
avoid it 

Grazie per l’attenzione 
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