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MDR Aspergillus

A BATTLE WITH FUNGI
A battle round two: Case Aspergillus



Multidrug resistance

Magiorakos AP et al. Clin Microbiol Infect 2012; 18:268–81. 

Only three main classes of 
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treatment available



AF resistance

High 
mortality

rates

Empiric and 
prophylactic
treatment

Delayed
diagnosis

Resistance
Agricultural

use of azoles

secondary RIntrinsic R



Chowdhary et al. PLoS Pathog. Oct 2013; 9(10)

Secondary
resistance

Howard et al., EID 2009, Vol. 15, No. 7

Snelders et al., PLOS 2008 Vol. 5:11 

Secondary resistance



Verweij Clin. Inf. Dis. 2016

Secondary resistance



G54/W/R/E/V/A

TR34/L98H
TR46/Y121F/T289A

M220/T/I/V/K/R/L

G448S

Chowdhari Future Micro 2015

Rivero-Menéndez Journal of Fungi 2016

Secondary resistance



Rivero-Menéndez Journal of Fungi 2016

Secondary resistance



FILPOP Study: Epidemiological survey Spain

FILPOP
• 30 Spanish Centers
• 2010-2011 (two months)
• 156 A. fumigatus senso

stricto

FILPOP 2
• 10 Centers
• 2015
• 260 A. fumigatus senso

stricto

99%

1%

Susceptible Resistant

Cyp51A AMB ICZ VCZ PCZ TB CPF MCF AND

TR34/L98H 0,25 16 2 0,25 2 0,25 0,015 0,007

WT 0,5 16 2 0,5 4 0,25 0,03 0,007

TR34/L98H 0,5 16 2 0,5 2 0,5 0,007 0,015

Alastruey-Izquierdo AAC 2013 Alastruey-Izquierdo AAC 2018

0%



Aspergillus resistance surveillance program

• July 2014- December 2018

• 274 samples from 45 centers

• EUCAST AFST

Rivero-Menendez et under review

58%21%

13%

6%

1% 1%

Species complex

A. fumigatus complex

A. terreus complex

A. flavus complex

A. nidulans complex

A. niger complex

Other



Aspergillus fumigatus

Strain ICZ VCZ PCZ ISAV Mutation
CNM CM-7582 16 4 0.5 ND TR34/L98H (cyp51A)

CNM CM-7609 16 16 1 ND TR34/L98H (cyp51A)

CNM CM-9399 16 4 0.5 8 TR34/L98H (cyp51A)

CNM CM-9114 16 0.5 2 0.5 G54R (cyp51A)

CNM CM-9501 16 0.5 2 0.5 G54R (cyp51A)

CNM CM-8057 16 16 1 16 TR46/Y121F/T289A (cyp51A)

Rivero-Menendez et al under review

• 17 strains WT for Cyp51A
• 7 resistant to more than one azole
• 10 ISAV = 2 mg/L



Aspergillus terreus

Strain ICZ VCZ PCZ ISAV Mutation

CNM CM-9079 0.25 2 0.06
2

D344N (cyp51A)

CNM CM-9280 0.5 2 0.12
2

D344N (cyp51A)

CNM CM-9490 4 8 0.5
8

D344N (cyp51A)

CNM CM-7846 16 16 1
ND

M217I; D344N (cyp51A)

CNM CM-9284 0.5 1 0.12
2

A249G (cyp51A)

Rivero-Menendez et al under review

Strain ICZ VCZ PCZ ISAV Mutation

CNM CM-8056 0.5 2 0.06
2 WT

CNM CM-8671 0.5 2 0.25
2 WT

CNM CM-8852 2 2 0.25
2 WT

CNM CM-8952 0.5 8 0.25
8 WT

CNM CM-8981 0.25 1 0.06
2 WT



Aspergillus flavus

Rivero-Menendez et al under review

Strain ICZ VCZ PCZ ISAV Mutation

CNM CM-7668 16 0.25 1
ND

P220L (cyp51A)

CNM CM-9326 16 16 2
16

H349R (cyp51C)



Clinical outcome

van der Linden et al. Emerg Infect Dis 2011

Aspergillosis

Mortality
Susceptible strains Resistant strains

30-50% 88%
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Species complex

Gautier et al CMI 2016



Cryptic species



Alastruey-Izquierdo et al. AAC 2013Balajee et al, JCM 2009

FILPOP

11% cryptic
species

14% cryptic
species

Chowdhary et al. (2016)
16.6% cryptic species

Alastruey- Izquierdo A  et al. 2012, Ann N Y Acad Sci. 1273:18-24

Cryptic species



Brazil

Negri JCM 2014

133 patients with suspected aspergillosis

12 medical centers in Brazil



Portugal

Sabino Med Myc 2014

57 Aspergillus
10 health institutions
A. awamorii
A. brasiliensis
A. fructus
A. lentulus
A. sydowii
A. tubingensis
Emericella echinulata



FILPOP2 Study

Alastruey-Izquierdo et al. AAC 2018



Aspergillus resistance surveillance program

Rivero-Menendez et al under review



n AMB ICZ VCZ PCZ CPF MCF ANF

A. lentulus 26 3 2.3 3.4 0.23 1.6 0.1 0.1

N. hiratsukae 9 1.7 0.9 1.1 0.16 0.11 0.03 0.03

N. pseudofischerii 6 0.25 4 2.51 0.22 0.86 0.03 0.03

A. fumigatiaffiinis 6 4.8 5 3.1 0.4 0.22 0,03 0,03

N. udagawae 5 2 0.6 2.3 0.25 0.3 0.03 0.03

A. viridinutans 3 0,7 16 4 0.25 5.66 0,06 0,09

A. tubingensis 22 0.11 0.42 0.76 0.09 0.3 0.05 0.03

A. calidoustus 19 0.9 8.6 6.2 6.8 0.5 0.04 0.04

A. insuetus 2 0.7 11.3 8 2.8 5.6 1.4 0.9

A. keveii 1 0,25 16 16 16 16 16 16

A. alliaceus 30 19.25 0.2 0.5 0.11 12.15 3.8 1.9

Cryptic species

Data from Mycology Reference Lab. Spain



n AMB ICZ VCZ PCZ CPF MCF ANF

A. lentulus 26 3 2.3 3.4 0.23 1.6 0.1 0.1

N. hiratsukae 9 1.7 0.9 1.1 0.16 0.11 0.03 0.03

N. pseudofischerii 6 0.25 4 2.51 0.22 0.86 0.03 0.03

A. fumigatiaffiinis 6 4.8 5 3.1 0.4 0.22 0.03 0.03

N. udagawae 5 2 0.6 2.3 0.25 0.3 0.03 0.03

A. viridinutans 3 0,7 16 4 0.25 5.66 0.06 0.09

A. tubingensis 22 0.11 0.42 0.76 0.09 0.3 0.05 0.03

A. calidoustus 19 0.9 8.6 6.2 6.8 0.5 0.04 0.04

A. insuetus 2 0.7 11.3 8 2.8 5.6 1.4 0.9

A. keveii 1 0,25 16 16 16 16 16 16

A. alliaceus 30 19.25 0.2 0.5 0.11 12.15 3.8 1.9

Cryptic species

Data from Mycology Reference Lab. Spain



A. lentulus

Zbinden et al, TID 2012



A. fumigatus complex

Lamoth Frontiers Micro 2016



A. fumigatus complex

Lamoth Frontiers Micro 2016

++ (MIC ≤ 1 μg/ml or MEC ≤ 0.25 μg/ml);
+ (MIC 1–4 μg/ml or MEC 0.25–2 μg/ml),

− (MIC > 4 μg/ml or MEC > 2 μg/ml).



Aspergillus terreus complex

Zoran et al Frontiers in Microbiol 2018

Risingler et al TerrNet CMI 2017
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Alastruey-Izquierdo et al. AAC 2013Balajee et al, JCM 2009

FILPOP

Alustruey- Izquierdo A  et al. 2012, Ann N Y Acad Sci. 1273:18-24

Cryptic species



• Leukemia patient
• AMB
• A. flavus + A. alliaceus (Sputum and BAL)
• Voriconazole
• Died

Ozhak-Baysan Med. Myco 2016



• Hematological patient
• AMB (Prophylactic) ---> ICZ
• Bronchoscopy--> fungal hyphae
• IPA
• AMB+CPF
• BAL
• Died

AMB = 8
ICZ = 0.12

VCZ = 1
CPF > 32

Balajee et al JCM 2007

Non sporulating mould
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Alastruey-Izquierdo et al. AAC 2013Balajee et al, JCM 2009

FILPOP

Alustruey- Izquierdo A  et al. 2012, Ann N Y Acad Sci. 1273:18-24

Cryptic species



Aspergillus ustus complex
n AMB ICZ VCZ PCZ

A. calidoustus 19 0.9 8.6 6.2 6.8

A. insuetus 2 0.7 11.3 8 2.8

A. keveii 1 0.25 16 16 16

Alastruey-Izquierdo et al, Medical Mycology 2010



A. ustus complex
• 41 cases

• 20 (49%) hematological patients & 13 (32%) SOT

Seroy TID 2018

AMB ICZ VCZ PCZ TRB CPF MCF ANF

ranges 0.25-4 0.5-8 2-8 1-
>16

0.06-2 0.03-8 <0.015-1 <0.015

• 71% combination therapy (AMB, VCZ, echinocandins)

42% treatment failure
66% mortality (33%) attributable



Conclusions
 Antifungal resistance is increasing

Variable rates of secondary resistance in A. fumigatus but
also present in other species

MDR cryptic species(A. lentulus, A. alliaceus, A. 
calidoustus) present in clinical samples

 Important to know local epidemiology
 Perform AFST to any isolate coming from invasive 

infection If possible
 If not in available send it to a reference lab
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