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Acquired resistance in A. fumigatus at the 
Radboudumc, Nijmegen, NL

94% TR34/L98H

2018

10.5%





A. fumigatus azole resistance surveillance 
2013 - 2018

Aspergillus is included
but only clinical isolates!

The Environment, Third pilar of 
One Health, is neglected

https://rivm.openrepository.com/handle/10029/623134
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Material 
protection

Appl Environm Microbiol 2009;75:4053-7

Plant protection

Possible environmental origin of resistance of A. fumigatus to 
medical triazoles (azole fungicides;demethylase inhibitors DMIs)



Spread of TR46/Y121F/T289A in NL 2011

15 patients
6 different hospitals

Clin Infect Dis. 2013;57(4):513-20



Air sampling for azole resistant  A. fumigatus 14,000 L (2010-2011)

+ITZ
+VCZ

Clin Infect Dis. 2013;57(4):513-20



Wards and
hallways:
TR34: +
TR46: +

Hall:
TR34: +
TR46: +

Back yard:
TR34: +
TR46: +

Kitchen:
TR34: +
TR46: +

Living room:
TR34: +
TR46: +

Netherlands 2011



1970
amitrole

1978
imazalil

1975
thiofanaat-methyl
Benomyl

1973
carbendazim
fuberidazole
thiabendazole

1970 1980 1990 2000 2010

1990
propiconazole

1992
fenchlorade-ethyl
cyproconazole
triflumizole
tebuconazole

1993
imazamethabenz-methyl
myclobutanil
nuarimole

1994
difenoconazole
epoxiconazole

1995
pyrimethanil

1996
bromuconazole

1997
paclobutrazole

2000
cyprodinil

2002
cyazofamid

2005
fenamidone
metconazole
prothioconazole

Role of DMI’s?

First clinical TR34/L98H 
isolate in 1998

PLoS One 2012;7:e31801

Bromuconazole
Epoxiconazole
Tebuconazole
Difenoconazole
Propiconazole

• similar structure as medical azoles
• highest potential to select TR34/TR46  mutations  



1995 2000 2005 2010

2006

53 bp
-

2009/2010

46 bp
Y121F/T289A

DMI fungicides

1998

34 bp
L98H

Emergence of resistance mechanisms involving 
transcriptional enhancers 2012/2019

92 bp
Y121F/T289A/
G448S

138 bp
Y121F/T289A/
G448S

34 bp
L98H/T289A



Different problems – different solutions?

Verweij et al. 2015 Drug Resist Updat; 21-22: 30-40

Patient route

Characteristics
•Long term azole therapy
•Mainly chronic cavitary pulmonary aspergillosis
•Point mutations in the Cyp51A-gene or unknown 
resistance mechanisms
•Multiple resistance mechanisms may be found in 
different colonies from a single specimen

Environmental route

Exposure of A. fumigatus in 
the environment to azole 
fungicides with activity 
against aspergilli

Characteristics
•Majority of patients are azole naïve
•Patients with invasive aspergillosis and chronic 
aspergillus diseases
•Only a few resistance mechanisms described
•Resistance mechanisms consist of Cyp51A-
substitution with transcriptional enhancer



Aspergillus fumigatus and azole resistance……
What are the clinical 
implications of azole 
resistance?

How is azole resistance selected in 
the environment?



application of fungicides

collection of organic waste

mature compost

composting

Where?



Understanding resistance selection

Azole + Azole -

98% S

2% R

9% S

91% R



Azole resistance and % market share fungicides 

37%

24%

22%

5%

Curr Fungal Infect Rep (2012) 6:178–191



Public health threat

Increase surveillance and resistance detection in hospitals 

Stewardship is needed both in 
hospitals and in the environment

Environmental 
Resistance is 
One Health 
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