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CANDINS POLYENES 

 Availability of ORAL 
formulations 

 
 Significant therapeutic options 

for patients with Chronic 
Pulmonary Aspergillosis & ABPA 
who require long-term therapy 

Denning & Perlin. Future Microbiol 2011; 6: 1229 
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3 clinical isolates 

with high   
(>16 µg/ml) Itra 

MICs 
AF72 
AF90 
AF91 

Verification of the 
MICs in a 

neutropenic murine 
model 

Isolates from California, USA in late 1980s 



Initial efforts for standardization of test parameters for 
generation of reproducible MIC data and prediction of clinical 

outcome 

MICs: 
S strains: 0.12-1 µg/ml 
R strains: > 16  
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A. fumigatus (n=170) 

Multicenter, the Netherlands 

53 years, 1945-1998 

MIC-1 

The Netherlands 



Emergence and increase in 
itra resistance after 1999 

ITRA  RESISTANCE 
Isolates of years 1994-2007 
n=1912 
The Netherlands, single center 
Screening test: Growth in  
presence of 8 µg/ml itra 
MIC: > 4 µg/ml 
 

-I 

PLoS Medicine The Netherlands 
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VORI MICs 

POSA MICs 

ITRA MICs 

RAVU MICs 

High MICs for vori, ravu, and posa for 
isolates with high itra MICs 



-III 

GENOTYPING: 
RED: L98H modification in Cyp51A gene 
together with 34 bp tandem repeat in the 
gene promoter (TR/L98H)  

BLACK:  Itra-S strains (Control group) 

Most of the isolates. Genetically 
distinct but clustered. Some from 
azole-naive patients. 

SOURCE ? ENVIRONMENTAL ?  

Agricultural use of azoles as 
fungicides ?  

Genotyping,  
epidemiology of resistance 
 
n=464 
Multicenter, the Netherlands  
and  
6 European countries 
 Belgium, France, Greece, Norway, Sweden, and UK 



June 2007 through January 2009 
 
 All clinical Aspergillus spp. isolates were screened for 
itraconazole resistance (2,062 isolates from 1,385 patients) 
 
The prevalence of itraconazole resistance in A. fumigatus : 5.3% 
(range 0.8%-9.5%) 
 
 64.0% of patients from whom a resistant isolate was identified 
were azole-naive 

Clinical implications of azole resistance in Aspergillus 
fumigatus, The Netherlands, 2007-2009 

Va n der Linden et al. 
Emerg Infect Dis 2011 Oct;17:1846 

The Netherlands, multicenter 



Most  (88% of them for itra, 98% of them for vori 
& posa) have MICs of < 1 µg/ml 

-I 

ARTEMIS, Global antifungal  surveillance  program (isolates of 2000-2006) 

771 Aspergillus strains 



 
Cumulative % of isolates inhibited 

at MIC of (µg/ml) 
  0.5 1 2 4 
A. fumigatus 
(n=553) 

Itraconazole 51 93 100 

Voriconazole 98 >99 >99 100 

Posaconazole 97 99 100 

All Aspergillus  spp. 
(n=771) 

Itraconazole 53 88 98 98 

Voriconazole 90 98 >99 >99 

Posaconazole 95 98 >99 >99 

-II 

ARTEMIS, Global antifungal  surveillance  program (isolates of 2000-2006) 

JCM 2008; 46: 2568  



• Survey of 497 A. fumigatus 
• Years 2008-2009 
• Part of ARTEMIS global 
surveillance study 

ARTEMIS, Global antifungal  surveillance  program (isolates of 2008-2009) 

28 isolates with high triazole MICs 
From: Brazil, China, Czech Republic, 

Portugal, USA 



UK 

Overall frequency of 
itraconazole resistance : 

5%  
(n=400, excluding 
duplicate isolates) 

 
1999: First itra-R isolate 

Significant increase in 
the frequency of 

resistance since 2004 
(8%) as compared to the 

R rate prior to 2004 
 

Emerg Infect Dis 2009; 15: 1068 
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UK Emerg Infect Dis 2009; 15: 1068 
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ECOFF used:  
 

Itra: > 2 µg/ml 
Vori: > 2 

Posa: > 0.5 

Itra-R 
isolates 

65% 
VORI-R 

74% 
POSA-R 



ICAAC 2011, Chicago 

Courtesy of Paul Verweij & Jan van der Linden 

SCARE, Prospective  international   surveillance  of azole resistance  
(Isolates of May 2009 - June 2010) 



Courtesy of Paul Verweij & Jan van der Linden 



Courtesy of Paul Verweij & Jan van der Linden 



Courtesy of Paul Verweij & Jan van der Linden 



Courtesy of Paul Verweij & Jan van der Linden 



Courtesy of Paul Verweij & Jan van der Linden 



Courtesy of Paul Verweij & Jan van der Linden 



AAC Jan 2012; 56: 584 

 
• Nagasaki University Hospital, 

Nagasaki, Japan 
 

• 196  clinical A. fumigatus 
isolates 

 
TRIAZOLE ECOFF (µg/ml) used % non-wild type 

Itraconazole 1 7.1 
Voriconazole 1 4.1 
Posaconazole 0.5 2.6 

Japan 

G54 mutation in 
cyp51A  in 64 and 
100 % of non-wild 
type isolates for 
itra and posa, 
respectively 



India 

 
2 isolates  
( 1.9%) 

with high triazole MICs 
Itra MIC: >16 
Vori MIC: 2 
Posa MIC: 2 
Isavu MIC: 8 

Isolates are from patients with 
chronic respiratory disease who 

are azole-naive 

2012 Febr;  67: 362 
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Itra-R: 0.85%  
(ONE ISOLATE)  

Itra MIC: 16 µg/ml 
Vori MIC: 0.38 

Posa:  0.25 
 

France,  heamotological malignancies 

Prospective 
4 years 

89 consecutive pat.s 

118 strains 
Etest 

Breakpoints: > 2 (Itra), 
> 2 (Vori), > 0.25 (Posa) 



Azole-R Aspergillus  &  CF - France 

Cochin Univ. Hospital –France 
 

ITRA MICs of > 2 µg/ml 

in isolates of 
4.6% of CF 

patients 

!  Azole resistant A. fumigatus strains 
were detected in  20% of subjects who 
have received itraconazole within the 
previous 3 years.  

Antimicrob Agents Chemother 2012; 56:  869 



Azole-R Aspergillus  &  CF - Denmark 

S I R 

Itraconazole < 1 2 >  4 

Voriconazole < 1 2 >  4 

Posaconazole < 0.5 0.5 > 1 

 (6 of 133 patients had azole-non-S or R 
A. fumigatus) 

All 6 patients were previously exposed 
to azoles (46 to 278 wk.s prior to 
detection of resistant isolate)  - -  
longer than that for pat.s with no 
mould or with azole-S  Aspergillus 

isolates 

4.5 % 



PCR (+), culture (-) Aspergillus… (very low organism burden) 

Further amplification of the CYP51A gene in a subset of PCR-positive, 
culture negative samples for detection of key single-nucleotide 
polymorphisms (SNPs) associated with triazole resistance  

In culture-negative, PCR-positive samples, triazole-
resistance mutations (L98H/TR and M220) were detected 
within the drug target CYP51A in 55 % of samples. 

High-frequency triazole resistance found in nonculturable 
Aspergillus fumigatus from lungs of patients with chronic fungal 
disease     Denning et al. CID 2011 May; 52: 1123 
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Emergence and increase in 
itra resistance after 1999 

 
ITRA  RESISTANCE 
Isolates of years 1994-2007 
n=1912 
The Netherlands, single center 
Screening test: Growth in  
presence of  
8 µg/ml itra 
MIC: > 4 µg/ml 
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PLoS Medicine The Netherlands 



UK 

Overall frequency of 
itraconazole resistance : 

5%  
(n=400, excluding 
duplicate isolates) 

Emerg Infect Dis 2009; 15: 1068 

-I 

Increase in resistance since 2004 (8%) as compared to the R 
rate prior to 2004 



Azole resistance has continued to increase after 2007 

%: Overall azole R for that year Azole 
R 
freq. 
by 
patient 

UK 



Spain 

A. fumigatus (n= 374) 
A. terreus (20) 
A. niger (3) 
A. flavus (3) 

No increase in voriconazole MICs in post- vs. pre-
voriconazole era  



No consistent trend towards decreased susceptibility for any triazole 

No consistent trend towards decreased susceptibility for 
any triazole and A. fumigatus 

Part of ARTEMIS (isolates of 2001-2009) 
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Overall, 52% of the 
isolates are itra-R 

n=50 (45: clinical) 5 clades 
Clade Itra R % 

A. awamori 36 

A. tubingensis 90 

A. niger 33 

A. acidus 100 

Unknown 67 

cyp51A mutations may not be playing an important role 
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Selection in the 
individual patient during 

azole therapy  
- - Selection of 

resistance in vivo 

De novo acquisition of 
resistant strains from 
the environment 

RISK FACTORS :  Chronic 
Aspergillus inf.s, aspergilloma 

(high fungal burden), azole 
exposure 

SOURCE: Agricultural use of 
azole compounds  

Howard & Arendrup. Med Mycol 2011;49 (Suppl. 1): S90; Bowyer et al. Curr Infect Dis Rep. 2011;13: 485 





Using concentrated  ( 2x 109 cfu/ml) conidium suspension and an 
itraconazole concentration of 4 µg/ml, selection of heteroresistant 
population  in vitro (with G54 mutation) is possible 

PROGRESSIVE EXPOSURE 

DIRECT EXPOSURE 

Itra, Vori, and Posa MICs are higher after progressive exposure as 
compared to direct exposure 



… 

……. 



Aim :  To investigate whether azole resistance emerges through exposure to 
azole in the environment  rather than in vivo due to  azole therapy 

Cross-resistance was observed to: 
Voriconazole 
Posaconazole 
Azole fungicides (Metcunazole, 
tebuconazole) 

Genetic clustering of resistant 
environmental & clinical isolates (and 
they were apart from non-R isolates) 

Colonization with azole-R isolates from the environment is 
possible 

Itra-R A. fumigatus were 
cultured from: 

Indoor hospital env. 
Soil obtained from flower beds 

Commercial compost 
Leaves 
Seeds 

The Netherlands 



Austria, Denmark, Spain 

 
DENMARK 

SOIL SAMPLES 
A.fumigatus  strains 

(n=4) with high 
azole MICs        

 (all with TR/L98H) 
 

SPAIN 
SOIL SAMPLE 

A. lentulus strain with 
high vori MIC  

Multi-azole-R A. fumigatus in the environment in Denmark 

SAMPLES FROM: Soil from flowerbeds surrounding the hospitals, soil from Tivoli Gardens 
(Copenhangen), and compost bags 
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 The isolation rate of Aspergillus from clinical samples is low and the 
true incidence of acquired triazole resistance remains partly 
unknown. A better understanding of the extent of the resistance is 
required. 
 
 Azole-resistant strains of A. fumigatus have so far been reported 
from European and Asian countries at varying frequencies [high 
rates in UK (Manchester) and The Netherlands (Nijmegen)]. 
 
Available data are mostly of A. fumigatus (complex). The situation 
for non-fumigatus Aspergilli  is less clear. 
 
Continued surveillance of azole resistance should be maintained in 
each center to determine the resistance rates and any possible 
trend of increase in the isolation frequency of resistant clinical 
strains. 
 
Based on the association with agricultural azole use, environmental 
sampling remains significant as well. 
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