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AML Case 

Rößler S, Bader O, et al., AAC 2017 

Up to June 2014: 
• 71-year old male patient  
• treated in a general hospital for AML with adverse-risk cytogenetic features.  
• received induction chemotherapy and oral posaconazole for antifungal prophylaxis 
• Eventually, a new bone marrow aspirate revealed residual AML 
• because of progressive AML, decitabine therapy was initiated  
 
In August 2014: 
• referred to Dresden hospital for treatment 



AML Case 

(C) multiple fungal lesions on the 

surface of the lung,  

(D) fungal abscess in lung 

parenchyma (PAS reaction),  

(E) vascular invasive growth and 

detection of dichotomously 

branched and septated fungi 

in the lumen of a lung vessel 

 (F) fungal septipyemic focus in the 

anterior wall of the heart with 

surrounding granulocytic 

reaction (PAS reaction) 
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Rößler S, Bader O, et al., AAC 2017 



AML Case 

Antifungal agent E-test EUCAST Microdilution 

MIC interpretation MIC breakpoints Interpretation 

posaconazole 0.5 resistant 0.5 S <= 0.12; R > 0.25 resistant 

itraconazole 2 sensitive 1 S <= 1; R > 2 sensitive 

voriconazole >32 resistant > 32 S <= 1; R > 2 resistant 

amphotericin B 0.25 sensitive < 0.125 S <= 1; R > 2 sensitive 

MIC = minimal inhibitory concentration [µg/ml] 
EUCAST = European Committee on Antimicrobial Susceptibility Testing 

antifungal susceptibility testing of the culture isolate (BAL) 

Rößler S, Bader O, et al., AAC 2017 



Azole resistance mechanisms in A.f. 

Dudakova et al., CMR 2017 



Mechanisms of azole resistance: Cyp51A 
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Hotspot 3 
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gcagcattaccgCAGGG-TGTCTC------TA-----------------------------------------------------GAGTCACGCGGTCCGGATGTGTGCTGAGCCGAATGAGAGTTGCCTAATtact 

gcagcattaccgCAGGG-TGTCTGTCTAGGTA-----------------------------------------------------GAATCACGCGGTCCGGATGTGTGCTGAGCCGAATGAGAGTTGCCTAATtact 

gcagcaccacttCAGAGTTGTC--------TA-----------------------------------------------------GAATCACGCGGTCCGGATGTGTGCTGAGCCGAATGAAAGTTGCCTAATtact 

gcagcaccacttCAGAGTTGTC--------TAGAATCACGCGGTCCGGATGTGTGCTGAGCCGAAT-------------------GAATCACGCGGTCCGGATGTGTGCTGAGCCGAATGAAAGTTGCCTAATtact 

gcagcaccacttCAGAGTTGTC--------TAGAATCACGCGGTCCGGATGTGTGCTGAGCCGAATGAAAGTT-------GTCTAGAATCACGCGGTCCGGATGTGTGCTGAGCCGAATGAAAGTTGCCTAATtact 

gcagcaccacttCAGAGTTGTC--------TAGAATCACGCGGTCGGGATGTGTGCTGAGCCGAATGAAAGTTGCCTAATGTCTAGAATCACGCGGTCCGGATGTGTGCTGAGCCGAATGAAAGTTGCCTAATtact 

 

 

A. fish 
A. oerl 
A. fu wt 
A. fu TR34 

A. fu TR46 

A. fu TR53 

 

static unit variable / repeat unit 

“pandemic” alleles: 

 TR34/L98H 

 TR46/Y121F/T289A 

Dudakova et al., CMR 2017 



AML Case 

Rößler S, Bader O, et al., AAC 2017 

Up to June 2014: 
• 71-year old male patient  
• treated in a general hospital for AML with adverse-risk cytogenetic features.  
• received induction chemotherapy and oral posaconazole for antifungal prophylaxis 
• Eventually, a new bone marrow aspirate revealed residual AML 
• because of progressive AML, decitabine therapy was initiated  
 
In August 2014: 
• referred to Dresden hospital for treatment 

PSZ and VRZ ineffective in this patient 

infection with PSZR and VRZR strain with 

TR46/Y121F/M172/T289A  cyp51A mutation 



Other mechanisms of azole resistance 

hapE  P88L   

 Regulation of sterol 

biosynthesis pathway 



ARAf findings by country 

 if people look for ARAf, they will find it ! 



Reported isolates in Germany 

35 reported clinical isolates 
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Current working hypothesis 

A. fumigatus is one of the best-adapted fungi to dispersal, and its condida 

are found world-wide incl. the upper atmosphere, and both polar regions 

Kwon-Chung and Segui, PPath, 2013  

A.fumigatus A. nidulans 



Current working hypothesis 

Unintentional  

induction of  

resistance in  

A. fumigatus 

e.g. TR34/L98H 

or TR46/Y121F/T289A 

(G54?) 

  

dispersal by wind 

 

 

 

 

 

selection over  

susceptible strains 

through agricultural azoles? 

• presence in hosts 

• opportunistic infection 

• (selection through 

azole prophylaxis ???) 

• not only humans but 

also wild animals! 



conidia also travel the land route… 



“International expert opinion” 
(in the absence of clinical guidelines) 

Verweij et al, (2015) Drug Res Updates 21:30-40 

 microbiological diagnostics critical to guiding therapy 

 if azole resistant isolates are obtained,  

 the underlying mechanism should be identified for epidemiological reasons, 

 but neither therapy initiation/modification nor MIC determination delayed 

 

 2-10% environmental prevalence alternative therapies must be considered 

 10 % environmental prevalence  definitely re-evaluate azole therapy 

 

 at least 5 independent colonies should tested for AST 

 



culture 
cave: susceptible / resistant – mixed cultures !!!        screening agar 

pos. 

ctrl 

w/o drug 

ITZ ITZ 

VRZ VRZ 

pos. 

ctrl 

w/o drug 

Kolwijck et al, 2016  

Am J Respir Crit Care Med 193 

Ahmad et al, 2015 JAC 70:412-415 



large-scale screening 

- molecular mechanisms 

- a scheme to screen large scale collections 

- tools to locally analyse sequencing data 



Multiplex -PCR approach 
(AsperGenious Assay, PathoNostics, NL) 

company statement: multi-platform RT-PCR 

Detects A. fumigatus, A. terreus, A. spec. from BAL samples 

From A. fumigatus: L98H, TR34, T289A, Y121F 

White, Posso, Barnes (2015) JCM 53:2155-21 



Multiplex -PCR approach 
(AsperGenius Assay, PathoNostics, NL) 

company statement: multi-platform RT-PCR 

Detects A. fumigatus, A. terreus, A. spec. from BAL samples 

From A. fumigatus: L98H, TR34, T289A, Y121F 



nested-PCR approach / AML case 
(Spieß & Buchheidt; Mannheim) 

Amplification of specific cyp51A fragments from autopsy material (lung, heart) of 

the patient shown at this talk’s beginning 

  confirms TR46, Y121F, and T289A (region with M172 not covered) 

Rößler S, Bader O, et al., AAC 2017 

+ 

+ 

+ 

P1 

P1 

P1 

P2 

P2 

P2 

Spiess et al. (2012) AAC 56:3309-10 

sequencing! 



summary 

• Emergence of azole resistance is not an academic, but a 

clinical problem. 

 

• It is not restricted to The Netherlands, but of global concern 

 

• Environmental Screening makes sense to estimate the 

prevalence in local clinics / wards 

 

• Methods for analysis are available, and they are not 

complicated 
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Current EUCAST breakpoints 

Antifungal agent 

MIC breakpoint (mg/L) 

Notes  
A. flavus 

A. 

fumigatus 
A. nidulans A. niger A. terreus 

Non-species 

related 

breakpoints1 

  S ≤ R > S ≤ R > S ≤ R > S ≤ R > S ≤ R > S ≤ R > 

  

                        

1. Non-species related breakpoints have been determined mainly on the 

basis of PK/PD data and are independent of MIC distributions of specific 

species. They are for use only for organisms that do not have specific 

breakpoints. 

Amphotericin B IE2 IE2 1 2 Note3 Note3 1 2 - - IE IE 

2. The ECOFFs for these species are in general one step higher than for A. 

fumigatus. 

3. There are too few MIC data to establish ECOFFs and hence to suggest 

any breakpoints. 

Anidulafungin IE IE IE IE IE IE IE IE IE IE IE IE   

Caspofungin IE IE IE IE IE IE IE IE IE IE IE IE   

Fluconazole - - - - - - - - - - - -   

Itraconazole4 1 2 1 2 1 2 IE2,5 IE2,5 1 2 IE5 IE5 

4. Monitoring of azole trough concentrations in patients treated for fungal 

infection is recommended.  

5. The MIC values for isolates of A. niger and A. versicolor are in general 

higher than those for A. fumigatus. Whether this translates into a poorer 

clinical response is unknown.  

Micafungin  IE IE IE IE IE IE IE IE IE IE IE IE   

Posaconazole4 IE2 IE2 0.126 0.256 IE2 IE2 IE2 IE2 0.126 0.256 IE IE 

6. Provided adequate drug exposure has been confirmed using therapeutic 

drug monitoring (TDM). There remains some uncertainty regarding cut-off 

values for posaconazole concentrations that separate patients with a high 

probability of clinical success from those with a low probability of clinical 

success. In some circumstances (e.g. patients with persistent and profound 

neutropenia, large lesions, or those with other features associated with a 

poor clinical outcome) a relatively high trough concentration should be 

sought. Preclinical and clinical data suggest this value should be >1 

mg/L at steady state. For other patient groups a lower trough 

concentration may be acceptable. For prophylaxis a target 

concentration of >0.7 mg/L has been suggested. 

Voriconazole4 IE2 IE2 1 2 IE IE IE2 IE2 IE2 IE2 IE IE   

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Rationale_documents/AmphotericinB_Aspergillus_v1_0f.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Rationale_documents/Itraconazole_Aspergillus_v1_0f.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Rationale_documents/Itraconazole_Aspergillus_v1_0f.pdf
http://www.eucast.org/antifungal_susceptibility_testing_afst/rationale_documents_for_antifungals/
http://www.eucast.org/antifungal_susceptibility_testing_afst/rationale_documents_for_antifungals/
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1
http://mic.eucast.org/Eucast2/SearchController/search.jsp?action=performSearch&BeginIndex=0&Micdif=mic&NumberIndex=50&Antib=152&Specium=-1


MIC value distribution  
across the literature 

EUCAST Itraconazole Voriconazole Posaconazole 
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TR34/L98H     9 11 8 1 5 18 4   1 3 9 10 5   

TR34/L98H+S297T+F495I     8 1 4 2 1     3 4 1   

TR46/Y121F+T289A     1     1     1   

G54E     2 1 1       1 1   

G54R     1   1     1   

G54R+M220T     1 1         1   

G54W     1 1           

H147Y      1     1     1   

M172V     4   4   4   

P216L     1 1 2       2   

F219C     1 1       1     

F219I     6 1   2 3     1   

M220I     1 1         1   

M220K     2   1 1     1 

M220L     2 1 1       1   

M220T     3 1 3     1 1 2 1   

M220V     1     1     1   

M220I+V101F     8 4 3 1     1 7   

N248T     1   1   1   

D255E     1   1     1   

Y431C     2     2     2   

E427G/K     5   5   5   

G434C     1     1     1   

G448S     1     1     1   

G448S     1     1       


