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Aspergillus infections:
clinical features, diagnosis and azole resistance

• Patients with long-term neutropenic phases after intensive chemotherapy (patients with acute

leukemia under induction therapy or after allogenic stem cell transplantation) have a high risk of

developing systemic fungal infections, primarily caused by Aspergillus fumigatus. The mortality

rate due to the infection is high.

• In addition to improving the early diagnosis of invasive fungal infections, it is of increasing clinical

relevance to detect antifungal resistance mechanisms in order to optimize the specific treatment.

• Prophylaxis in high-risk patients and therapy of proven/probable Aspergillus infections is

performed with azoles (Voriconazole, Posaconazole, Isavuconazole).

• The formation of resistances against azoles in Aspergillus fumigatus can be carried out under

azole therapy or as a result of environmental conditions (plant protection by azoles).

• Azole resistance mediating mutations and mutation combinations in the cyp51A gene (14α-sterol-

demethylase) are currently the focus of attention worldwide.



France 

Alaino et al. JAC 2011; 

hematological pts; 

Burgel et al., AAC 2012

CF Pts., 6/131; 5/6 cyp51A 

mutations;

Rocchi/Million et al., JCM 2014, 

TR34/L98H

NL Snelders/Verweij et al., PLOS ONE 2008, 

TR34/L98H; Van der Linden/Verweij et al., CID 

2013, TR46/Y121F/T289A

Kuijper et al., EID 2011

2007-9: 2,062 Isolate (5,3% ITZR)

Van Paassen et al., 2016

10/38 proven IA ICU Pt.: 2010-2013 

TR34/L98H; TR46/Y121F/T289A

China Lockhart et al., AAC 2011 

ARTEMIS 2008/9 global surveillance study 

29/497; 8/29 TR34/L98H

India Chowdhary et al., JAC 2012 

2/103 Pts. in Delhi TR34/L98H

USA Pham et al., EID 2014

No TR46 or TR34

>1000 tested isolates;

Wiederhold et al., JCM 2016,

TR34/L98H, TR46/Y121F/T289A

Tanzania Chowdhary et al., 

JAC 2014 TR34 und TR46 in 

environment (prevalence 20%)

Iran  Seyedmousavi et al., EID 

2013 TR34/L98H

Italy Prigitano et al., 

EUROSURVEILLANCE 2014 

TR34/L98H

Denmark, Astvad et al., AAC 2014

TR34/L98H und TR46/Y121F/T289A

Mortensen et al. JCM 2011

CF Pt. 2007-9

6/133 ITZR; 5/6 cyp51A alterations

Belgium Vermeulen et al., 

EURSURVEILLANCE 2012

TR46/Y121F/T289A

Thailand: Tangwattanachuleeporn et al., 

Med Mycol 2016 Env. prev. 3,25%, 

TR34/L98H and G54R

Published studies

Columbia Le Pape et al., EID 

2016

Flower field: TR34/L98H;

TR46/Y121F/T289A;

TR53

Australia Kidd et al., 

MYCOSES 2015

Clinical isolates: TR34/L98H;

G54R; F46Y; Y431S; G448S

Spain Escribano et al., AAC 2011

9/90; 14 cyp51A-Mutationen

Palaez/Mellado et al. NMNI, 2015

TR46/Y121F/T289A 

UK Howard et al., JAAC 2006, EID 2009, 

multi-azole-resistance

Denning et al., AAC 1997, CID 2011, 

TR34/L98H
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Detection of a novel cyp51A TR46/Y121F/M172I/T289A-allele in A. fumigatus in a patient with acute 

myeloid leukemia.
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15 hematological pat. with detected

A. fumigatus azole resistance.



cyp51A promoter region: Tandem Repeats: TR34, TR46, …

Mutation combinations:

TR34/L98H

Vermeulen/Lagrou , Belgium, Euro Surveill. 2012

Van der Linden/Verweij, Netherlands, CID 2013

Steinmann/Rath, Germany, JAC 2015

TR46/Y121F/T289A

Van Ingen/Verweij, Netherlands, JCM 2015

• high-level triazole resistance

Most frequent cyp51A mutations und mutation combinations





Clinical sample (BAL, biopsy, liquor cerebrospinalis)

(positivity)

Diagnostic nested Aspergillus PCR
(Skladny et al. 1999: target gene 18S rRNA; 

sensitivity 10 fg gen. Aspergillus DNA; 3-5 CFU/ml)

TR46 PCR

TR34, M220, L98H, Y121F, T289A

Sanger DNA sequencing

Diagnostic findings



Mannheim Aspergillus azole resistance PCRs (ARAf-PCRs)

Spiess et al. 2012: AAC (26):3905-3910

Mutation Fragment length PCR procedure Sensitivity

L98H 143 bp One-Step 6 pg

TR34
235 bp

100 bp
Two-Step 600 fg

M220 173 bp One-Step 4 pg

Spiess et al. 2014: PLOS ONE (9):e103113

Mutation Fragment length PCR procedure Sensitivity

L98H 143 bp One-Step 300 fg

TR46
213 bp

103 bp
Two-Step 300 fg

Postina/Spiess et al.: unpublished

Mutation Fragment length PCR procedure Sensitivity

Y121F 101 bp One-Step 300 fg

T289A 133 bp One-Step 300 fg



Pathonostics AsperGenius® PCR system

LightCycler 480 (Roche)

Rotor-Gene 6000 (Corbett)

Rotor-Gene (Qiagen)

WT mutant



AsperGenius® PCR system: publications

JCM 2015; 53 (3):868-874

JCM 2015; 53 (7):2115-2121

JAC 2016; doi:10.1093



 Comparison of the six Mannheim ARAf PCR assays (plus DNA sequence analysis)

with the commercial AsperGenius® test system for the detection of the azole

resistance mutations TR34/L98H; TR46/Y121F/T289A directly from clinical

samples.

 No PCR-based diagnostic Aspergillus DNA detection with the AsperGenius®

system.

 Retrospective analysis of assured DNA aliquots, which had a positive detection of

Aspergillus DNA in our diagnostic nested Aspergillus PCR (Skladny et al., 1999).

 DNA processing of the clinical samples by enzymatic cleavage, mechanical

comminution (biopsates) and phenol-chloroform purification (protocol Mannheim).

Experimental design of comparative analysis



Patients: Clinical samples:

number: n=56 BAL: 22 

biopsies: 15

Main diseases: liquor cerebrospinalis: 15

ALL: 11 pleura effusion: 4

AML:10

CLL: 3

T-PLL: 1 EORTC criteria (IA):

MDS: 2 proven: 12

NHL: 14 probable: 15

Hodgkin lymphoma: 1 possible: 17

solid tumor: 6 no IA: 12

autoimmune neutropenia: 1

immunosuppression (NOS): 7 

Patients and clinical samples



Proportion of positive PCR results in comparison - BAL



Proportion of positive PCR results in comparison - biopsies



Proportion of positive PCR results in comparison



Mutation-positive samples in comparison

* DNA not amplified; PC = positive control



Summary

 The molecular detection of azole resistance mutations plays a major role in resistance 

diagnostics due to mostly negative Aspergillus cultures.

 Detection of the cyp51A mutations TR34/L98H; TR46/Y121F/T289A and M220 by 

Mannheim ARAf PCRs plus sequencing (6 gene alterations).

 Detection of the cyp51A mutations TR34/L98H and Y121F/T289A by the AsperGenius®

Pathonostics assay system (4 gene alterations).

 Detection of a total of 17 mutations with the Mannheim ARAf-PCRs (4 x biopsy, 1 x BAL, 

3 x isolate) and 10 mutations with the AsperGenius® system (1 x biopsy, 1 x BAL, 3 x 

isolate).

 The major advantage of the AsperGenius® system is the time-saving against sequence-

based analysis.
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