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Classification
Invasive Fungal Diseases

• Proven IFD

• Probable IFD

• Possible IFD

• EORTC/MSG criteria

Ascioglu et al CID 2002; Ben de Pauw et al CID 2008
http://www.infectiologie.org.tn



Classification
Invasive Fungal Diseases

• Proven IFD

 Irrespective of host factors or clinical features 

 Demonstration of fungal elements in diseased tissue

 If no culture, conclude to proven mold or yeast IFD

 Except if histological appearance sufficiently distinctive (e.g. endemic 

mycoses such as Histoplasmosis, Coccidioidomycosis, 

Blastomycosis)

 Individual IFD entities require culture and identification

Ben de Pauw et al CID 2008
http://www.infectiologie.org.tn



Table 1: Criteria for proven mould infections

Ben de Pauw et al CID 2008
http://www.infectiologie.org.tn



Table 1: Criteria for proven mould infections

Ben de Pauw et al CID 2008

d Recovery of Aspergillus species from blood invariably represents 
contamination

Biopsies and culture by a sterile procedure

http://www.infectiologie.org.tn



Table 1: Criteria for proven yeast infections

Ben de Pauw et al CID 2008
http://www.infectiologie.org.tn



Table 1: Criteria for proven yeast infections

Ben de Pauw et al CID 2008

Biopsies and culture

Blood or sterile material culture

http://www.infectiologie.org.tn



Table 1: Criteria for proven IFD
foot notes

a If culture is available append the identification at the genus or species 
level from the culture results

b Tissue and cells submitted for histopathologic or cytopathologic studies 
should be stained by Grocott-Gomori methenamine silver stain or by 
periodic acid Schiff stain to facilitate inspection of fungal structures. 
Whenever possible, wet mounts of specimens from foci related to IFD 
should be stained with a fluorescent dye (e.g. calcofluor or blankophor)

http://www.infectiologie.org.tn



Direct examination using a fluorescent dye 

• « Aspergillus » like

• « Mucormycosis » like

http://www.infectiologie.org.tn



Table 2: Criteria for probable IFD

• Host factors
 Neutropenia (< 500 neutrophils /mm3 for > 10 days) related to 

the onset of IFD

 Allo-HSCT

 Steroids (>0.3 mg/kg/d for >3 weeks)

 Immunosuppressants (cyclosporine, anti-TNF, monoclonal Ab, 
nucleoside analogues) for the last 90 days

 Inherited severe immunodeficiency 

http://www.infectiologie.org.tn



Table 2: Criteria for probable IFD

• Host factors
 Neutropenia (< 500 neutrophils /mm3 for > 10 days) related to 

the onset of IFD

 Allo-HSCT

 Steroids (>0.3 mg/kg/d for >3 weeks)

 Immunosuppressants (cyclosporine, anti-TNF, monoclonal Ab, 
nucleoside analogues) for the last 90 days

 Inherited severe immunodeficiency 

What about ICU patients?

http://www.infectiologie.org.tn



Table 2: Criteria for probable IFD

http://www.infectiologie.org.tn



Table 2: Clinical criteria for probable IFD

http://www.infectiologie.org.tn



Table 2: Criteria for probable IFD
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Table 2: Criteria for probable IFD

Cytology, direct microscopy and culture

Indirect tests: galactomannan and ß-D-glucan

http://www.infectiologie.org.tn



Definition: probable or possible IFD

PROBABLE =
HOST FACTOR

+ CLINICAL CRITERION
+ MYCOLOGICAL CRITERION

POSSIBLE =
HOST FACTOR

+ CLINICAL CRITERION

http://www.infectiologie.org.tn



“New” diagnostic tools

http://www.infectiologie.org.tn



Fungi

- Moulds

- Yeasts

http://www.infectiologie.org.tn



Biopsies: Immunostaining

G. Jouvion, F. Chrétien 
Institut Pasteur
Human Histopathology & Animal Models 
Infection and Epidemiology Department 

Ab anti-Aspergillus

Ab anti-Rhizomucor

Ab anti-Candida

Guarner &Brandt Clin Micro Rev 2011http://www.infectiologie.org.tn



Molecular ID from biopsies

• Common practice

 DNA extraction

 Amplification of ITS regions

• Pitfalls

 Poor DNA quality from formalin fixed tissues (ask for -80°C)

 At least 40% of false identification in public data base (GenBank)

 Hybridization of primers with human DNA (hence low sensitivity)

http://www.infectiologie.org.tn



• ITS1 (TCCGTAGGTGAACCTGCGG)
• 19 nucleotides
• Identities = 19/19 (100%), Gaps = 0/19 (0%)
• Query  1          TCCGTAGGTGAACCTGCGG
• |||||||||||||||||||
• Sbjct  110917  TCCGTAGGTGAACCTGCGG

• >  Homo sapiens unplaced genomic contig, 
alternate assembly HuRef

White T, et al In PCR-protocols a guide to methods and applications. Academic 
press: 1990:315-322

http://www.infectiologie.org.tn



Importance of fungal culture for species identification

A. terreus

A. nidulans

A. ustus

A. nigerLortholary et al CMI 2011
http://www.infectiologie.org.tn



Aspergilli taxonomy

Innate
resistance to 

azoles

Innate susceptibility to azoles

A. lentulus

N. pseudofischeri

N. udagawae

Balajee et al., 2005

A. viridinutans

A. fumigatus

*

*

http://www.infectiologie.org.tn



Innate resistance

species Section AmB Azoles Candines

A. fumigatus

Fumigati 

A. lentulus

A. fumigatiaffinis

A. viridinutans

A. fumisynnematus

N. fischeri

N. pseudofischeri

N. udagawae

N. fennelliae

N. hiratsukae

N. spinosa
Alcazar-Fuoli et al. 2008, Balajee et al. 2006

http://www.infectiologie.org.tn



MALDI-TOF

Phenotypic method

http://www.infectiologie.org.tn



MaldiTof Aspergillus

Schrenzel ECCMID 2012, London

http://www.infectiologie.org.tn



MaldiTof Aspergillus

Alanio et al CMI 2010

Design specific age-dependent data banks

http://www.infectiologie.org.tn



MALDI-TOF

• Easier for yeast ID
• Direct ID in positive 

blood culture

Ferroni et al JCM 2010; Spanu etal JCM 2012 

http://www.infectiologie.org.tn



MIC (Etest®) for molds

CMI =16 mg/l

Resistant

CMI =0.5 mg/l

Susceptible

EUCAST values: Arendrup et al Clin Microbiol Inf March 2012
http://www.infectiologie.org.tn



Increasing acquired resistance in A. fumigatus

Snelders et al, Plos Medicine 2008

http://www.infectiologie.org.tn



Alanio et al. J. Antimicrob. Chemother. 2010; Bueid et al. J. Antimicrob. Chemother. 2010
Howard et al. Med Mycol. 2011, Lockhart et al. AAC. 2011; Van der Linden et al. EID 2011

2% azole-resistant isolates [0-6%]

Epidemiological data

http://www.infectiologie.org.tn



Resistance mechanisms in A. fumigatus

Alanio et al. Curr Fungal Infect Rep 2011; Howard et al. Med Mycol 2011; Denning et al. CID 2011
http://www.infectiologie.org.tn



MIC (Etest®) for yeasts

Isolate 1

Isolate 2

Isolate 3

Microsatellite genotyping

Baixench et al JAC 2007

Acquired resistance under antifungal pressure

http://www.infectiologie.org.tn



Recent (within 30 previous days) exposure

Recorded (n=133)None recorded (n=1821)

Recorded (n=49)None recorded (n=1905)

C. albicans
C. glabrata
C. parapsilosis
C. tropicalis
C. krusei

Fluconazole
(P=0.001)

Caspofungin
(P<0.001)

Lortholary et al AAC 2011
http://www.infectiologie.org.tn



Current biomarkers

• Ag
GM
 ß-D-glucan
Mn
GMX cryptococcus
 Histoplasma sp.

• DNA
 Aspergillus
 Candida

http://www.infectiologie.org.tn



Galactomannan: ELISA (BioRad)

Mennink-Kersten et al, Lancet Inf Dis, 2004
http://www.infectiologie.org.tn



Mennink-Kersten et al, Lancet Inf Dis, 2004
http://www.infectiologie.org.tn



GM recommendations for strategy in adults (ECIL3)

Prospective monitoring of serum* is a feasible approach in adult neutropenic 
patients undergoing intensive chemotherapy for leukemia or receiving an 
allogeneic stem cell transplantation for the early diagnosis of invasive 
aspergillosis  (AII)

GM monitoring is recommended every three to four days in admitted patients 
(AII)

In GM positive patients persistent GM antigenemia during therapy is a poor 
prognostic sign and should prompt a reassessment of the management of 
the patient (BII)

A diagnostic driven strategy that incorporates GM monitoring should be 
combined with high resolution CT imaging, appropriate clinical and 
microbiological evaluation to early diagnose invasive aspergillosis. A single 
positive GM index of ≥0.7 or 2 consecutive samples of ≥0.5 should prompt a 
diagnostic work-up (AII)

Marchetti et al BMT 2011
European Conference on Infections in Leukaemia* Plasma may also be used (CIII)

http://www.infectiologie.org.tn
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Prognosis value of combined diagnostic means

http://www.infectiologie.org.tn



Factors that influence GM performance

Marchetti et al BMT 2011
http://www.infectiologie.org.tn



Factors that influence GM performance

Marchetti et al BMT 2011
http://www.infectiologie.org.tn



Galactomannan

Food-processing using 
galactomannan to modify food 
texture

http://www.infectiologie.org.tn



Factors that influence GM performance

Marchetti et al BMT 2011
http://www.infectiologie.org.tn



GM specificity

• Numerous GM-
producing fungal 
species

Aquino, VR et al, Mycopathologia, 2007
http://www.infectiologie.org.tn



When facing a positive GM result

• Disease
 To gather and to analyze EORTC/MSG criteria

• In parallel, explore the other possible sources
 Antibiotics (test batches if necessary)

 Other species than Aspergillus spp.

 Mucites, gastrointestinal diseases

 Intravenous products

http://www.infectiologie.org.tn



Factors that influence GM performance

Marchetti et al BMT 2011
http://www.infectiologie.org.tn



Diagnostic means

Decrease of GM yield in Lymphoprolif. Dis. and other categories1

- poor performances in SOT 2

- neutropenia/steroid ratio 3

- diagnostic attitude for not performing culture when GM+?

(1) Lortholary et al CMI 2011 (2) Pfeiffer et al, CID, 2006 ; (3) Cordonnier et al, CMI 2009
http://www.infectiologie.org.tn



Galactomannan indices in neutropenia (group 1; PMN < 100/mm3)
vs non-neutropenia (groups 2+3; PMN>100/mm3)

C. Cordonnier et al, CMI 2009; Balloy et al Infect Immunity 
2005; Stergiopoulou et al Am J Clin Pathol 2007

http://www.infectiologie.org.tn



Galactomannan indices in neutropenia (group 1; PMN < 100/mm3)
vs non-neutropenia (groups 2+3; PMN>100/mm3)

C. Cordonnier et al, CMI 2009; Balloy et al Infect Immunity 
2005; Stergiopoulou et al Am J Clin Pathol 2007

http://www.infectiologie.org.tn



GM in BAL

• GM > 0.5 23/26 1st BAL
 BAL procedure
 2 x 20 ml

• 6 false GM+ (13%)
 Standards?
 Colonization or infection?

• 15/26 positive direct examination or  positive culture (58%)
 direct examination or  positive culture

• GM > 0.5 42% serum samples
 Useful for follow-up
 Less disputable meaning

• Reproducibility? Transfer in other centres?

Meersseman  W et al, Am J Resp Crit Care Med 2008
http://www.infectiologie.org.tn



(1,3)beta-D-Glucan

• Therapeutic target of 
echinocandins

• Ag common to most of the 
fungal species (excepted 
Cryptococcus spp and 
Mucorales)
 Candida, Saccharomyces, 

Aspergillus, Fusarium, 
Acremonium, …

 Pneumocystis jirovecii

Bennet, NEJM, 2006
http://www.infectiologie.org.tn



“horse-shoe crab”

http://www.infectiologie.org.tn



Synthetic Peptide
containing Chromophore

Chromogenic

CoagulinCoagulogen

Active factor GFactor G

(1,3)-ß-D-Glucan

Clotting EnzymeProclotting Enzyme

Gel formation
Gel clot /Turbidimetric

Limulus enzyme cascade

http://www.infectiologie.org.tn



Endotoxin (LPS)

Synthetic Peptide
containing Chromophore

Chromogenic

Active factor CFactor C

CoagulinCoagulogen

Active factor BFactor B Active factor GFactor G

(1,3)-ß-D-Glucan

Clotting EnzymeProclotting Enzyme

Gel formation
Gel clot /Turbidimetric

Limulus enzyme cascade

http://www.infectiologie.org.tn



4 different commercial kits

Obayashi et al CID 2008

http://www.infectiologie.org.tn



False positives

Pickering JW et al, JCM 2005, 43 : 5957-62

Treatments Immunoglobulines
Albumin
Coagulation factors
Antibiotics (piperacillin – tazobactam)
Others? (chemotherapies …)

Patient cares Hemodialysis with cellulose membranes
Gauze or other materials that contain glucans
Tubes handling

Bacterial infections Gram negative bacteria
Some streptococci

Patient linked Mucosal damages (yeast colonization)
Hemolytic or lipemic samples
…

http://www.infectiologie.org.tn



Glucan

- β-glucans occur most commonly as cellulose in plants, the bran of cereal grains, 
the cell wall of baker's yeast, certain fungi, mushrooms and bacteria

- Some forms of beta glucans are useful in human nutrition as texturing agents and as 
soluble fiber supplements

http://www.infectiologie.org.tn



Conclusions (EORTC / MSG)

• Included in EORTC/MSG criteria

De Pauw et al CID 2008

http://www.infectiologie.org.tn



Candida versus Aspergillus

No difference between Candida and Aspergillus 1

Performance similar to Galactomannan for invasive aspergilosis 2,3

1 Karageorgopoulos et al CID 2011; 2,3 Leeflang MM et al Cochrane 2008; Pfeiffer CD et al CID 2006.
http://www.infectiologie.org.tn



β-D-glucan in ICU

Heyland et al, J Crit Care 2011

No discrimination 
between bacterial 
sepsis, candida and 
others

http://www.infectiologie.org.tn



β-D-glucan metaanalyses

Karageorgopoulos et al CID 2011; Lamoth et al CID 2012
http://www.infectiologie.org.tn



Warning: false+ and false-

• False +
 Blood products (immunoglobulines, albumin)
 Hemodialysis with cellulose membrane
 Antibiotics (amoxicillin-clavulanate, piperacillin-tazobactam)
 Bacterial sepsis
 Gauze (surgery)
 Severe mucitis

• False -
 Antifungals (empirical, prophylaxis)
 Glucan non-producing fungi (mucorales, Cryptococcus)

• Skilled technicians
 Risk of contamination from the bed-side to the lab
 Not easy-to-perform test

Karageorgopoulos et al CID 2011; Marchetti et al ECIL3
http://www.infectiologie.org.tn



β-D-glucan and pneumocystosis

Sax et al CID 2011
http://www.infectiologie.org.tn



ß-D-glucan titers according to microscopy and
P. jirovecii qPCR BAL results

Group 1

Microscopy-positive

qPCR-positive BAL

n=10 (%)

Group 2

Microscopy-negative

qPCR-positive BAL

n=26 (%)

Group 3

Microscopy-negative

qPCR-negative BAL

n=34 (%)

P values

Number with §-glucan >500 pg/mL (%) 10 (100) 6 (23) 2 (6) <0.0001

Number with §-glucan >80 and ²5 00 pg/mL (%) 0 19 (73) 8 (24) <0.0001

Number with §-glucan ² 80 pg/mL (%) 0 1 (4) 24 (71) <0.0001

JM Costa et al, CID 2012
http://www.infectiologie.org.tn



ß-D-glucan performance

• Thus, ß-glucan specificity decreased from 70.6% 
to 41.7% depending on whether the microscopy-
negative and qPCR-positive BALs were 
considered as true-positives or false-positives, 
respectively. 

JM Costa et al, CID 2012
http://www.infectiologie.org.tn



• 15 articles out of 45

• Criteria:
 Data for Ss and Sp

 >10 BAL

 EORTC criteria

 Inclusions of control patients

• No condition on PCR assays and DNA extraction

• Mean Sensitivity: 79% (95% CI: 72.8-83.1)

• Mean Specificity: 94% (95% CI: 92.1-95.0)

Rev Iberoam Micol 2007; 24 89-94
http://www.infectiologie.org.tn



• 15 articles out of 45

• Criteria:
 Data for Ss and Sp

 >10 BAL

 EORTC criteria

 Inclusions of control patients

• No condition on PCR assays and DNA extraction

• Mean Sensitivity: 79% (95% CI: 72.8-83.1)

• Mean Specificity: 94% (95% CI: 92.1-95.0)

Denning et al CID 2011

Aspergillus DNA detected in BAL from 4/11 volunteers (36%)

http://www.infectiologie.org.tn



• 16 publications (>10,000 samples; 1618 patients)
 EORTC criteria

 Prospective design

• Sensitivity: 75% ≥ 2+ PCR (95% CI: 54-88) 
88% ≥ 1+ PCR (95% CI: 75-95)

• Specificity: 87% ≥ 2+ PCR (95% CI: 78-93) 
75% ≥ 1+ PCR (95% CI: 63-84)

• Prerequisite on PCR assays
 Previously “validated”

 No constraint on PCR itself

C. Mengoli, Lancet Inf Dis, 2009
http://www.infectiologie.org.tn



Whole blood vs serum= 12/16
Volume = 10 ml-200 µl

Zymolyase or Lyticase = 13/16
Nested-PCR = 6/16

DNA target 18S rRNA = 11/16
…

No requirement for PCR test

http://www.infectiologie.org.tn



Metaanalysis

• pooled sensitivity = 0.95 (95% CI: 0.88-0.98)
• pooled specificity = 0.92 (95% CI: 0.88-0.95)
• No requirement for the PCR itself 

http://www.infectiologie.org.tn



Bustin SA, Clinical Chemistry 2009

http://www.infectiologie.org.tn



Why these technical aspects so important?

• Origin of DNA
 Conidia, hyphae, cell free DNA?

 No rationale for DNA extraction and 
specimens
 Fungus itself -> stringent DNA extraction

 Cell-free DNA -> automated DNA 
extraction, simple protocols

 Numerous sources of false positives 
AND false negatives
 Always very low DNA burdens

http://www.infectiologie.org.tn



EAPCRI*: “Towards an European Standard for 
Aspergillus-PCR”

• P. Donnelly, J. Löffler, L. White
 2006-2007: 24 laboratories (all of them use qPCR)

• PCR amplification methods are very consistent in their 
performance
 95% of methods detected the predicted 100% threshold
 Aspergillus gene target, PCR platform does not seem to matter

• Wide variation in the performance of extraction methods
 Use of larger volumes of blood correlated with better performance: 

at least 4 ml EDTA blood should be used
 Bead-beating methods performed optimally when testing QC panel
 Specimen validation using animal models
 Performance in clinical specimens?

*The European Aspergillus PCR Initiative
Lewis White et al, JCM 2010 and 2011

http://www.infectiologie.org.tn



Goals for biomarkers

• Two ways of using biomarkers
 Diagnostic tools
 Low sensitivity, meaning for opportunistic 

diseases
 Defining an optimal risk-based strategy 

minimizing the risks of both invasive fungal 
diseases and over-treatment

http://www.infectiologie.org.tn



Conclusion

• Direct examination and culture far to be outdated
 Identification
 MIC
 Resistance mechanisms
 Prognosis (with GM)

• GM
 Define your objectives (Diagnostic or screening) 
 If screening, prevalence of the disease should be >5%

• Glucan
 Pneumocystis

• To program regular reappraisals
 epidemiological trends, new treatments, new markers …

http://www.infectiologie.org.tn
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