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• 24 US transplant centers (HSCT-SOT)
• 2001-2006
• 216 Aspergillus isolates available from patients with proven or 

probable invasive aspergillosis

SA Balajee et al., JCM 2009, 47: 3138-3141
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A. fumigatus
complex
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complex

A. niger
complex

A. terreus
complex

A. ustus
complex

A. versicolor
complex

6  A. tubingensis
13 A. niger sensu stricto

6/6  A. calidoustus

3  A. versicolor
2 A. sydowii

10% of the isolates associated with IA 
were found to be cryptic species 



Antifungal agent
MIC breakpoint (mg/L)

A. fumigatus A. flavus A. niger A. terreus

S ≤ R > S ≤ R > S ≤ R > S ≤ R >

Amphotericin B 1 2 IE IE 1 2 - -

Itraconazole 1 2 1 2 IE IE 1 2

Voriconazole 1 2 IP IP IE IE IE IE

Posaconazole 0.12 0.25 IE IE IE IE 0.12 0.25

Clinical breakpoints Aspergillus spp. EUCAST
(valid from 2013-03-11)



AMB ITR VRZ POS

A. calidoustus
(n= 6)

0.5 - 1 >8 4-8 >8

A. tubingensis
( n=6)

0.125 - 0.25 0.25 - 1 0.5 - 1 0.06 - 0.5

A. lentulus
( n=4)

0.5 - 2 0.25 - 0.5 1 - 4 0.25

A. udagawae
(n=3)

1 - 2 0.25 - 2 0.5 - 2 0.125 - 0.25

MIC µg/ml 

TRANSNET: susceptibility testing

S.A. Balajee et al., JCM 2009, 47: 3138-3141



Emerging azole resistance

1995 2000 2005 2010 2015

Itraconazole 
resistance in 2 cases

Denning, AAC 1997

Few sporadic resistant isolates in Sweden, 
Spain France and UK

• Series of Dutch patients – including azole naïve patients- with invasive aspergillosis due 
to pan-azole-resistant strains

• Resistance attributed to one predominant resistance mechanism, TR34/L98H
Verweij, NEJM 2007

Isolates with TR34/L98H reported from Denmark, 
Norway, Belgium, UK, Spain, France, Germany, 
Italy, China, India and Iran

• Dramatic increase of azole resistance in patients of a specialized 
referral center for patients with chronic and allergic aspergillosis 
(Manchester).

• Variety of different CYP51A-related resistance mechanisms

Howard, Emerg Infect Dis 2009



Two routes of resistance selection

• ‘In-patient’
In patients with chronic Aspergillus disease and 
long-term azole treatment

• ‘’In the environment’
Patients inhale azole-resistant A. fumigatus spores



Emerging azole resistance

1995 2000 2005 2010 2015

• New environmental CYP51A-mediated resistance mechanism in the Netherlands, 
TR46/Y121F/T289A associated with voriconazole therapy failure

• High-grade voriconazole resistance, variable itraconazole MICs

• Spread of this new mechanism to Belgium
Van der Linden, CID 2011; Vermeulen, Eurosurveillance 2012

Increase of A. fumigatus isolates with CYP51A-unrelated azole resistance

Tashiro AAC 2012; Bader, AAC 2013, 
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Most identical docking with medical triazoles

1998: first TR34/L98H 
isolate cultured

Evolution analysis of 
microsatellite genotypes: 
TR34/L98H developed from 
a single ancestor that 
emerged around 1997



Stockholm, February 2013



J. Van der Linden et al, EID, Oct 2011

Prospective nationwide multicenter 
study

2062 isolates from 1385 patients

Prevalence itraconazole 
resistance in A. fumigatus = 5,3 %

Patients with hematologic or 
oncologic disease more likely to 
harbor azole resistant isolate

64% azole naive

Case fatality rate 88%



UZ Leuven study August 2006 - May 2007 

 

     MIC (µg/mL) cyp51A alterations 

No. isolate Sex 
(age) 

Underlying 
disease 

Infection/ 
Colonisation 

Azole exposure 
prior to isolation 

ITR VOR POS TR promotor AA substitution 

ASFU 24 F (24) Cystic fibrosis 
(ABPA) 

Colonisation ITR (since 2003) 4 4 0.5 - - 

ASFU 177 M (41) Cystic fibrosis Colonisation no ≥ 32 8 1 + L98H 

ASFU 198 F (39) LTx Colonisation VOR 1 4 0.5 - D225E, M248T, 
M172V, E427K 

 

 

Prevalence of reduced triazole susceptibility was 1.25% (3/240)
Resistant isolates showed variable phenotypic and genetic profiles

Lagrou et al., AAA 2008, Abstract 33

240 A. fumigatus isolates (one isolate per patient) cultured from clinical samples



ICAAC 2011



CONCLUSIONS

• Azole resistance in A. fumigatus is a growing public health 
concern with global dimensions.

• Prevalence of azole resistance in A. fumigatus recovered 
from Belgian patients is still low (< 10%).

• Susceptibility testing of clinically relevant A. fumigatus 
isolates is indicated but no isolate is available in up to 50% of 
patients with invasive aspergillosis. 

• Sensitivity of PCR for detection of azole resistance directly in 
samples inadequate. Increasing diversity of CYP51A-
mediated resistance mechanisms.

• Epidemiological characteristics continue to evolve: 
surveillance studies of both clinical and environmental 
isolates are important!


