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Aspergillus lung infections
• Allergic aspergillosis

– allergic bronchopulmonary aspergillosis (ABPA) 

– severe asthma with fungal sensitization

• Aspergillus bronchitis

– cystic fibrosis or bronchiectasis, lung transplant 
recipients, and those receiving mechanical ventilation

• Chronic pulmonary aspergillosis (CPA)

– immunocompetent patients with underlying lung disease

– cavitary CPA, fibrosing CPA, nodule and single aspergilloma

• Invasive aspergillosis (IA)

– hematopoietic stem cell (HSCT) or solid organ transplant 
recipients 

– Under chemotherapy or corticosteroids



Epidemiology

• >10 million cases with allergic manifestations annually

• >1.2 million have chronic pulmonary aspergillosis

• >200.000 cases of invasive aspergillosis (IA) annually

• Triazoles have been the mainstay of therapy

• Mortality rates associated with IA remain high 30-50%

• Aspergillus fumigatus remains the most common 
species in all pulmonary syndromes 

• Aspergillus flavus is a more common cause of allergic 
rhinosinusitis, postoperative aspergillosis, and fungal 
keratitis.



Common Aspergillus species
70-85% 2-10%

5-10% 2-3%

10-15% cryptic species 



Epidemiological change in A. fumigatus

Verweij Drug Resistance Updates 2009



Azole-resistance phenotypes 
of A. fumigatus

Howard et al EID 2009

88-100% 

mortality rates 



CYP51A mutations

Verweij, Drug Resist Updat 2009

Tandem repeats in promoter region

• TR34/L98H (70-90%)gene overexpression

• TR46/Y121F/T289A (10-30%)high VRC R

• TR53 ITC and VRC resistance

• Environmental isolates (>95%) 

• Soil samples with azole fungicides

• Intercountry transfer

• Clinical strains from azole naïve patients

Point Mutations

• G54 E/R/W  ITC & POS R

• G138 C/S  ITC & VOR R

• G448 S VRC R

• M220 I/V/T/K/R different R profiles

• Other mutations (P216L,F219C etc)

• Clinical isolates from CPA patients    

after  4mo (3w-23mo) azole therapy

• Some environmental isolates with G54

Manchester casesNijmegen cases



Development of Azole Resistance
Patient route Environmental route

Garcia-Rubio  Drugs 2017



Mapping of Cyp51A mutations

Snelders AAC 2010

G54W

 ITC&POS R

G54E

 ITC R

M220R/I/V

ITC R

M220K

 ITC & POS R

G138Cpan-azole resistance

14α-sterol 

demethylase

cyp51A



Non-CYP51 mutations

• Up to 50% without mutations in cyp51A or promoter duplications

• CYP51B overexpression

• Activation of efflux pumps

- ABC and MFS transporters

• CCAAT-binding transcription factor complex

- Mutation P88L in HapE subunit

• Oxidative stress tolerance

- mutations in genes Yap1 and AldA

• loss of algA (calcium-dependent protein encoding gene)

• R243Q mutation in farnesyltransferase (AfCox10) gene

• Cholesterol import to compensate for ergosterol depletion

- SrbA (a transcriptional regulator of the sterol regulatory 

element binding protein)





85% CYP51A mutations

- 55% TR34/L98H, TR46/Y121G/T289A

- 30% single point mutations (M220, G54)

15% non-CYP51A 

Global distribution

Prevalence of resistance = 3.2% (0-26%)

van der Linden, Emerging Infectious Diseases 2015

60 azole-resistant A. fumigatus SC isolates in 11/19 centers (58%)

47 A. fumigatus sensu stricto isolates 13 A. fumigatus sibling species

7 A. lentulus

4 N. pseudofisheri

2 N. udagawae

SCARE multicenter prospective study

3,788 Aspergillus isolates were screened from 2009-2011 from 21 centers



Azole-resistant A. fumigatus in Europe
(number of isolates/patients screened)
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70% TR34/L98H

30% G54E

Italy



• Culture collection of A. fumigatus isolates collected between 1999 

and 2012 from clinical specimens. 

• 746 A. fumigatus isolates from 419 patients.

• 10.2% Itraconazole resistance

• From 2000 onwards, patients were observed annually with an 

itraconazole-resistant isolate.

• Presence of TR34/L98H in 86.8% (n = 66) of isolates

Turkey



Spain



• 227 clinical isolates, mainly from the respiratory tract (92.1%)

• 86.7% Aspergillus fumigatus sensu stricto, 7.5% cryptic species

• 5 A. fumigatus sensu stricto pan-azole resistance 

-1 TR46/Y121F/T289A, 2 TR34/L98H mutation

• Amongst cryptic species, 47%, 82% and 100% were resistant to 

voriconazole, posaconazole and isavuconazole, respectively.

Portugal



165 A. fumigatus isolates were recovered from 134 patients. 

3 (1.8%) isolates recovered from three patients were found 

resistant 

All had the TR 34 /L98H mutation, 

France



Arabatzis et al AAC 2011

13% (5/37)

Greece



environmental azole-resistant Α. fumigatusSS 

sampling provinces 

710 soil samples (10/2016-10/2017)

494 (72%) Aspergillus spp.

95 (19%) A. fumigatusSC

120 (24%) A. terreusSC

453 (92%) A. nigerSC

32 (7%) A. flavusSC

Azole-resistant 

1/95 (1%) A. fumigatus sensu stricto

organically grown raisin grapes 

lubricated with compost

ITRA>8 mg/l VOR>8 mg/l, 

POSA=1 mg/l  ISAV>8 mg/l

TR46/Y121F/T289A 

resistance 

mechanism

First detection of environmental azole 

resistant A. fumigatus in Greece

Siopi et al, ECCMID19

Greece



Azole resistant A. fumigatus in cystic fribrosis

Turkey

• 31 isolates of A. fumigatus,14 different genotypes, 6 CF patients. 

• 1 pan-resistant genotypes

• No mutations were detected in the Cyp51A gene      
Gungur O, Mycopathologia 2018

Portugal

• 59 isolates of A. fumigatus collected from cystic fibrosis (CF) patients 

receiving azole antifungal therapy

• No resistant isolates
Amorim A, Int J Antimicrob Agents 2010

Italy

• 423 isolates (220 CF patients) in 2 centers

• 0% and 8.2% resistant isolates were found in the two centers 

• 7 isolates with TR34/L98H
Prigitano A, J Cyst Fibros. 2017

France

• 6.5% (231/355) isolates and 6.8% (6/88) patients with azole-resistance

• 50% TR34/L98H, 50% without cyp51A mutations

Lavergne RAJ Antimicrob Chemother. 2019 



Azole-resistant A. terreus in Europe

~500 A. terreus SC
86% A. terreus s.s.

5.4% azole-R

Most common 
cyp51A mutation 

M217T/V

Zoran Front Microbiol. 2018



Take-home messages
 Azole resistance in A. fumigatus was detected in most European countries both in 

environmental and clinical isolates

- less common in other species and mainly in A. flavus. 

- major problem in some centers in A. fumigatus cryptic species 

 Overall prevalence of azole resistance was 3.2%

- higher prevalence (30%) observed in some centers in north Europe

 Azole resistance in Mediterranean area is low (<5%)

 TR34/L98H was the predominant mechanism of resistance (~50%) in patients with 

invasive aspergillosis 

- most common in Mediterranean area

 Single point mutations at G54, G138 and M220 codons are the predominant 

mechanisms of resistance in centers with chronic aspergillosis patients

- 15-50% with no cyp51A mutation 

 Azole resistance is associated with worsened outcome 

- A rapid and convenient screening method for resistance 

- Avoid azole monotherapy in centers with high (>10%) prevalence



University General Hospital Attikon, Athens, Greece



Azole resistance prevalence 
in A. fumigatus

Rivero-Menendez, JoF 2016



Distribution of azole resistance 
mechanisms in A. fumigatus


