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Aspergillus spp. 

Aspergillus spp. are the most frequent moulds in 
the environment 

They play a significant role in decay of organic 
matter 

1-100 conidia/m3 of air 

We inhale several hundreds a day 

Aspergillus fumigatus 



Epidemiology of moulds 

Hematological patients SOT 

Neofytos 
CID’09 

Pagano 
CID’07 

Marr  

CID’02 

Husain 

 CID’03 

Aspergillus 80% 94.5% 77.3% 69.8% 

Zygomycetes 9.7% 1.1% 8.6% 5.6% 

Fusarium 2.2% 3.2% 9.2% 3.7% 

Scedosporium --- 1.1% 2.9% 5.6% 

Other 9.2% --- 1.78% 15% 



Haematological  SOT 

A. fumigatus 44% 60% 

A. terreus 5% 4% 

A. niger 9% 6% 

A. flavus 7% 7% 

Unspecified  Aspergillus 26% 7% 

Zygomycetes 8% 2% 

Fusarium 3% --- 

Unspecified moulds 6% 2% 



Results from Spain. FILPOP. 
Population-based survey.  

325 isolates 

Aspergillus spp. (sensu 
stricto) 

N % 

TOTAL 277 85% (4 cases 

per 100,000 pop) 

A. fumigatus 156 48% 

A. flavus 26 8% 

A. terreus 26 8% 

A. tubingensis (section Nigri) 22 6.8% 

A. niger 21 6.5% 

A. nidulans 8 2.5% 



Aspergillus cryptic species 

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

Alastruey-Izquierdo et al. ANYAS 2012 

FILPOP 

11% cryptic 

species 

15% cryptic 

species 



Cryptic Species 
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 

By Alastruey-Izquierdo 





Relevant Mycoses. Annual 
incidence 

According to LIFE and GAFFI (www.life-worldwide.org) 



Aspergillus spp. 

Aspergillus spp. are (at least) 175 species, 18 
complexes or sections (perpetual motion) 

10-15 sexual forms identified 

 

Aspergillus spp. 



Klich MA. Identification of common Aspergillus species (2002). CBS. 



Unusual or atypical isolates 

Poorly sporulating 

A. fumigatus 

Neosartorya fischeri with 

masses of cleistothecia 

mcclenny mcclenny 



Reasons for molecular 
identification in Medical Mycology 

• Morphology is not enough 

• Changing landscape of epidemiology (sibling and 
cryptic species) 

• Species-specific differences in antifungal 
susceptibilities 

• Quick lab answer (automated); better patient’s 
outcome? 



Consensus Molecular 
Taxonomy 



Molecular id by 

means of 

sequencing     β-

tubuline of A. 

fumigatus species 

complex 

Data obtained from Mycology Reference Laboratory. Spain 



Culture of clinical samples 

Population Intention Intervention SoR QoE Reference Comment 

Any Primary isolation 

from deep sites 

(biopsies, blood, 

CSF…) 

Culture on SDA, BHI 

agar, PDA or PFA at 

30ºC and 37ºC for 

72 h 

A III Cuenca-Estrella 

JAC 2011 

Richardson HM 

2000 

 

Blood inhibits conidation 

BHI can help to recover 

some isolates 

Isolation of several 

colonies or isolation of the 

same fungus from a repeat 

specimen enhance 

significance 

 

Any Primary isolation 

from non-sterile 

samples (sputum, 

respiratory 

aspirates, skin…) 

 

Culture on SDA, BHI 

agar, PDA or PFA 

with gentamicin 

PLUS 

chloramphenicol at 

30ºC and 37ºC for 

72 h 

 

A III Cuenca-Estrella 

JAC 2011 

Richardson HM 

2000 

 

Quantitative cultures are 

not useful and as above 

Any Primary isolation 

from BAL 

As above A III Cuenca-Estrella 

JAC 2011 

Richardson HM 

2000 

 

Quantitative cultures are 

not discriminative for 

infection/colonization and 

as above 



Morphology in primary cultures and subcultures 

Population Intention Intervention SoR QoE Reference Comment 

Any Identification of 

species complex 

Macroscopic and 

microscopic 

examination from 

primary cultures  

A III Klich. 

Identification of 

Common 

Aspergillus 

Species. 2002 

Cuenca-Estrella 

JAC 2011  

Colony color 

Conidium size, shape and 

septation. Color of conidia 

and conidiophore and 

conidiogenesis (tease or 

tape mounts are preferred) 

Expertise needed for 

interpretation 

Any Identification of 

species complex 

Culture on 

identification media 

at 25-30ºC and 37ºC 

(2% MEA and 

Czapek-Dox agar) 

and microscopic 

examination 

A III As above As above 

Any Identification of 

species complex 

Culture at 45ºC B III As above Presumptive ID of A. 

fumigatus complex 



Population/Test: Positive culture - MALDI-
TOF 

Population Intention Intervention So

R 

Qo

E 

Reference Comment 

Any To establish 

epidemiological 

knowledge and to 

guide treatment 

MALDI-TOF MS 

identification 

B IIu Alanio 2011 

Bille 2012 

De Carolis 2012 

Lau 2013 

In house 

database 



Positive culture. Molecular ID 

Population Intention Intervention SoR QoE Reference Comment 

Any Identification at 

species level 

Sequencing of ITS 

and beta-tubulin 

areas 

B III Balajee JCM 

2009 

Samson. 

Studies in 

Mycology 59: 

Aspergillus 

systematics in 

the genomic era. 

2007 

Essential investigation in 

some cases 

Reference laboratory and 

databases can be needed 

(Mycobank at CBS) 



• EORTC criteria: Probable aspergillosis 
(50-80% in last clinical trials) 

• Proven aspergillosis (50-75%) by 
microscopic examination only. No ID of 
species 

• Low performance of cultures 

• Laboratory contaminants 

 

Epidemiology of aspergillosis 
is tough because………….. 



Molecular diagnostics: biopsy-detection and ID of 
fungus  

Population Intention Intervention SoR QoE Reference Comment 

Any To detect and 

specify a fungus 

obtained from a 

biopsy 

Apply molecular 

analyses in 

microscopic hyphal-

positive and hyphal-

negative specimens 

 

 

 

 

 

 

 

 

In wax embedded 

specimens 

 

 

Species identification 

of molds in histological 

tissue sections 

A 

(hyphal 

positive) 

 

C 

(hyphal 

negative) 

Samples 

 

 

 

 

 

A 

(hyphal 

positive) 

 

A 

(hyphal 

positive) 

 

II 

 

 

 

II 

 

 

 

 

 

 

 

 

II 

 

 

 

II 

Buitrago MJ. 

CMI 2013, 

19:E271-7 

Lass-Flörl C. 

CID 2007; 45: 

e101-e104 

Lass-Flörl C. 

Can JM 2011: 

57: 765-768 

Lass-Flörl C. 

JCM 2012; 51: 

863-868 

 

Paterson PJ. 

MP 2003; 

56:368-70 

 

Paterson PJ. 

CID 2006, 

42:51-6 

In hyphal-positive specimens:  

High sensitivity (> 90 %) and high 

specificity (99 %); 

Various molecular based techniques 

available. 

In hyphal-negative specimens: 

Sensitivity (57 %) and 

Specificity (96 %) decrease. 

Ability to distinguish other fungi. 

Performance only in addition to other 

tests. 

 

 

TaKaRa DEXPAT kit and QIAamp 

DNA mini kit detected less than 10 

conidia/sample. 

 

Validation and clinical application of 

molds in tissue. The validity of the 

method was demonstrated with the 

establishment of a molecular 

diagnosis in 52 cases (93%). 

 



PCR in tissues. Proven IFI 



•84 patients were analyzed 
•68/84 (81%) were cultured 
•56% of sensitivity (38/68 cases) 
•38 cases positives: 
 
 Species Nb of cases Rate 

Aspergillus 21/38 55% 

Mucorales 9/38 23.7% 

Candida 7/38 18.5% 



•PCR-based technique detected fungal DNA in 75/84 
patients (89.3%) 
•Six cases, cultures were also negatives 

Species Nb of cases Rate 

Aspergillus 50/75 66.6% 

Mucorales 9/75 12% 

Candida 11/75 14.6% 



Suspicion of species involved in IFD? 

YES NO 

Specific RT-PCR Assay  Panfungal RT-PCR Assay 

Report Positive/ Negative Result 

TIME: 24H 

Negative Positive Positive Negative 

Sequence 

product 

TIME: 120H 

Report Negative 

Result 

TIME: 48 H 

Report Positive 

Result 

 
Scheme of procedures performed on biopsy samples 

Buitrago et al JCM in press 
 Alternatively, when specific assays were negatives, a panfungal assay was performed 



http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=An%20external%20file%20that%20holds%20a%20picture%2C%20illustration%2C%20etc.%0AObject%20name%20is%20zjm0040880030002.jpg%20%5BObject%20name%20is%20zjm0040880030002.jpg%5D&p=PMC3&id=2292958_zjm0040880030002.jpg




Azole resistant A. fumigatus 
 Patients’ characteristics  

• Recurrent infections 

• Breakthrough infections 

• Tandem repeat mechanism of resistence: 85% 
mortality 

• Evidences from animal models 
• Mellado et al, Verweij et al 



A. terreus Other species 

Dissemination 63% 32% 

CNS 31% --- 

Skin 29% --- 

AmB response 20% 47% 



Summary for Aspergillus 

• Increasing rates of azole resistance in A. 
fumigatus (could have cryptic species) 

• A. terreus R AmB and dissemination  

• Molecular identification of Aspergillus 
enlarges its epidemiology  

– More species causing IFI 

– Different profile of AFST 



Recommendations for routine 
daily practice. % of rare species 

Sections % Remark 

Section Fumigati 4% A. lentulus is multi-resistant 

Section  Terrei 4% No enough data 

Section Flavi 11% 
A. alliaceus, AMB and 

echinocandins resistant  

Section Nigri 50% A. tubingensis , azole resistant 

Other rare species 3% A. calidoustus, azole resistant 

TOTAL 14% (40/277) 



Recommendations for routine 
daily practice 

Ann NY Acad Sci 2012 

• Classification of species by molecular methods 
could be useful for clinical management of 
patients 

• 14% of Aspergillus clinical isolates are sibling and 
cryptic species  

• Particularly useful in Fumigatus, Nigri (tubingensis 
azole resistant) and Flavi (alliaceus AMB resistant) 



Recommendations for routine 
daily practice 

Ann NY Acad Sci 2012 

• Surveys to know local epidemiology 

• Cases without isolation or non-culturable: 

• Direct detection in clinical samples. PCR-based 

• Inclusion of environmental isolates and relation 
studies 



Recommendations for routine 
daily practice 

Ann NY Acad Sci 2012 

• Cases with culture from deep sites: 

• Beta-tubulin sequencing 

• Other possibilities: 

• Matrix-assisted laser desorption/ionization/time-of-
flight mass spectrometer. Alanio et al. Clin Microbiol 
Infect. 2011 

•  Luminex assay. Etienne et al. J Clin Microbiol. 2009 

• If not, antifungal susceptibility testing (patient 
management) and reference center (epidemiology) 


