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Epidemiology of Invasive Fungal Infections

All IFI

IC

Dimorphic fungi

IA

Webb BJ et al. Open Forum Infect Dis. 2018 

Total of 3374 IFI episodes occurred in 3154 patients. The mean incidence of IFI 
was 27.2 cases/100 000 patients per year.



WHO fungal priority pathogens list to guide 
research, development and public health action



Worldwide reporting trends in fungal EIDs. 
a. Disease alerts in the ProMED database for pathogenic 
fungi of animals and plants, and the 
b. spatial location of the associated reports.
c. Relative proportions of species extinction and/or 
extirpation events for major classes of infectious disease 
agents.
d. Temporal trends for fungal pathogens

Emerging Fungal Threats to Animal, Plant and Ecosystem Health

Fisher MC et al. Nature. 2012



Mycoses superficielles

Candidose buccale

Pityriasis versicolor Pityriasis versicolor Herpes circiné

Candidose interdigito-
palmaire

Candidose génitale



Atteintes à dermatophytes
Teignes microsporiques Teignes trichophy2ques Favus

Teignes inflammatoires: kérion Teignes inflammatoires: sycosis

Mycoses superficielles



Diagnostic des mycoses superficielles

- Prélèvements (écouvillons, squames, cheveux, ongles…)
- Examen direct (éléments morphologiques d’orientation)
- Mise en culture (isolement de l’agent pathogène)
- Identification (Méthodes phénotypiques, MALDI-TOF)

Diagnos(c aisé fondé sur les méthodes conven(onnelles :



Examen direct  à l’état frais ou après colora7on



Avantages
- Isolement et iden1fica1on des 4 principales espèces 
- Détec1on des mélanges dʼespèces
- Différents milieux : CHROMagar, CandiSelect4
  Candichrom, albicans ID, fluoroplate…

C. albicans

C. glabrata

C. krusei

C.tropicalis

Identification présomptive : culture sur milieu chromogéniques

Milieu Sabouraud 

Milieu CHROMagarTM Candida
Milieu CandiSelect4 ®



MALDI-TOF BiFlex III® 
(Bruker Daltonicsä) Profil peptidique spécifique dʼespèce

Identification par spectrométrie de masse

Extraction acide formique
Acétonitrile Extrait + matrice Analyse

15 min



Iden%fica%on par spectrométrie de masse (MALDI-TOF: Matrix-Assisted Laser Desorp%on 
Ioniza%on-Time of Flight Mass Spectrometry) 

C. albicans

C. glabrata

C. tropicalis

C. krusei

C. parapsilosis

C. neoformans



Examen microscopique des cultures 

Alternaria Penicillium Fusarium

Scedosporium Aspergillus Trichophyton



Diagnos(c biologique des infec(ons fongiques Invasives



Disease (most common species) Location Estimated life-threatening 
infections/ year at that location* 

Mortality rates (% in infected populations)* 

Opportunistic invasive mycoses 
Aspergillosis (A. fumigatus) worldwide >200,000 30-95 
Candidiasis (C. albicans) worldwide >400,000 46-75 
Cryptococcosis (Cryptococcus neoformans) worldwide >1,400,000 20-70 
Mucormycosis (Rhizopus oryzae) worldwide >10,000 30-90 
Pneumocystis (P. jirovecii) worldwide >400,000 20-80 

 
 IFI kill 1,5 million /year

= Tuberculosis, more than malaria

Sta7s7cs of the 10 most significant human invasive fungal infec7ons

Brown GD et al.  2012 Sci Transl Med.



Impact médico-économiques des Infections Fongiques Invasives

Annual Estimated Total Inpatient and Outpatient Costs for 
Fungal Diseases in United States*
*Kaitlin B et al. Clin Infect Dis 2020

Rates of invasive fungal infections in France (2001-2010)
 Bitar D et al., Bull Epidemiol Hebdo, 2013

Annual Fungal Disese Costs (billion US$)

All IFI

IC

Dimorphic fungi

IA

Rates of invasive fungal infections in USA (2006-2015)
Webb BJ et al. Open Forum Infect Dis. 2018 



Candidoses invasives



Neutropénie PNN >> 500

Halo 
(valeur majeure)

Condensation 
(non spécifique)

Croissant
 (retardé)

J0 - J5 J5 - J10 J10 - J20

Mycoses profondes

Aspergillose invasive

Examen direct du LBA



Cryptococcose neuroméningée



Mucormycoses invasives 

Mucormycose rhino-orbito-cérébrales Mucormycose post-traumatique

Mucormycose disséminée



Importance du diagnostic précoce des infections fongiques invasives



Approches et ou7ls disponibles

Mycologie 
conven=onnelle Histologie Alternatives à la culture (biologie moléculaire,

Marqueurs sériques)

Examen 
direct Culture Séquençage 

panfongique

Détection 
d’ADN 

circulant ou 
in situ (RT-

PCR)

Détec=on des 
an=gène 
circulant/
An=corps 

spécifiques 

- Orienta%on 
diagnis%que
- Peu sensible

- Valeur 
diagnos%que 
: sites stériles

- Tests de 
sensibilité 
aux ATF

- Spécifique (Ac 
monoclonaux),

- Invasif
- Diagnostic de 

certitude

- Sensibilité 
faible

Standardisation ?
Résultat 
dépendant de 
matrice, gène 
cible, type de PCR

Performances 
variables selon les 
population de 
patients



Diagnostic biologique des candidoses invasives



Culture 
- Blood
- other sterile body sites
- urines
- other sites (Diff. diagnosis colonisa8on- infec8on) 

Insensi8ve (less than 50% for BC), 8me consuming for 
an8fungal suscep8bility tes8ng
Time for species iden8fica8on reduced by MALDI-TOF 

Sampling (10-20 mL of Blood)

Incubator (35°C, > 5 days)

Microscopic examination

CONVENTIONAL METHODS



- biopsies (liver, skin)
- low yield (patients under AFT)
- rarely performed in patients with aplasia
 

HISTOLOGY



Candida – indirect tests 
 • an0gen
 • an0bodies 
 • fungal DNA detec0on 

Mostly evaluated in onco-hematology and ICU pa0ents
An0gen and PCR tests evaluated in neonates 
Very few commercially available tests 
 

NON-CULTURE BASED METHODS



Sensitivity, % Specificity, %

BDG 87.5 85.5

Mn 58.9 97.5

Anti-Mn 62.5 65

Mn-Anti-Mn 89.3 63

BDG+Mn 89.3 85

Cand Tec Candida Ag 13 93.9

Held J, J Clin Microbiol 2013

56 candidemia, 200 controls (100 bacteremia, 100 sterile blood cultures)



Leon C, Intensive Care Med 2014

(1,3)-bD- glucans in IC diagnosis 



T2 Candida : workflow

T2 Candida for the Diagnosis of Candidemia and Invasive Candida Infec0ons

Beyda et al. Diagn Microbiol Infect Dis. 2013; Neely et al. 2013. Sci Transl Med; 
Mylonakis et al. 2015. CID; Bilir et al. 2015. Future Microbiol 28



T2 Candida for the Diagnosis of Candidemia and Invasive Candida Infections

Neely et al. 2013. Sci Transl Med; Beyda et al. Diagn Microbiol Infect Dis. 2013; 
Mylonakis et al. 2015. CID; Bilir et al. 2015. Future Microbiol 

T2Candida® Panel: US FDA approved and CE marked Nucleic Acid 
Amplification (NAA) platform for the qualitative detection by magnetic 
resonance of 5 common Candida species : 
C. albicans/C. tropicalis, C. parapsilosis, C. krusei/C. glabrata (95% of 
Candida isolates) 
• Fully automated (T2Dx Instrument; T2 Biosystems®), 5 mL Whole blood 
(EDTA). 
•Turn around time for analysis: < 5h 
•Limit of detection: 1 - 3 CFU/mL 

29



   T2 Candida for the Diagnosis of Candidemia

First prospective multicenter study (Direct 1) : 1801 hospitalized patients 
who had a BC ordered for routine standard of care; 250 of them were 
manually supplemented with concentrations from <1 to 100 colony 
CFUs/mL for 5 different Candida species :
 
 Sensitivity/Specificity : 91.1%/ 99,4%,
  Sensitivity : 88.17% for subgroup K/G
              92.3% for subgroup A/T
    94,27% for P
     Mylonakis et al. 
Clin Infect Dis 2015

T2C was sensitive for diagnosing candidemia at the time of 
positive BC. In patients receiving antifungal therapy, T2C 
identified bloodstream infections that were missed by 
companion BCs. 
 

- The implementation of T2Candida improves time to appropriate 
antifungal therapy for candidaemic patients (34 h for BC versus 6 h for 
T2Candida, P = 0.0147)

     
 Patch et al. JAC 2018

77 publications since 2014 
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Clancy et al. Clin Infect Dis 2018



  T2 Candida for the Diagnosis of Invasive Candida Infections

Performances of T2C in the detec3on of invasive candidiasis in combina3on with b-glucans and/or mannan

Cohort of 48 IAC patients :  IAC was present in 100% of cases with 
concordant positive T2Candida/1,3-beta-D-glucan and absent in 90% 
of concordant negative results. 

418 specimen pairs (406 enrolled, 12 spiked) included in analysis

A total of 418 specimen pairs (406 enrolled, 12 spiked) were included in analysis : 
T2Candida alone or in combination with mannan antigen may be beneficial for 
rapid detection of Candida species in children with concern for IC.



Conventional methods + MALDI-TOF = 
24-30 depending on Candida species 

Time to yeast iden7fica7on 
Ibáñez-MarFnez et al. Rev Esp Quimioter 2017 

 

Peptide nucleic acid-fluorescence 
in situ hybridization (PNA-FISH)



Diagnostic biologique des aspergilloses invasives



• Mycologie convenIonnelle 
• AnIgène galactomannane dans le sérum et le LBA (+LCR) 
• Lateral Flow Device? (situaIon d’urgence) 
• β-(1,3)-D-glucanes 

DiagnosEc biologique des aspergilloses invasives

PaOerson et al. 2016. CID (IDSA); MarcheU et al. 2012. BMT (ECIL); Avni et al. 2012. JCM; ArvaniXs et 
al. 2014. JCM; PraOes et al. 2016. Curr Fungal Infect Rep 



• Diagnostic conventionnel
Examen direct des

tissus
prélèvements endobronchiques (crachat, 

aspirations trachéales, LBA) 
Crachat/LBA tissus

Etat frais préparation ± KOH
Colorations de routine Gram HE 
Colorations spécifiques GMS, PAS, BT GMS, PAS
Agents fluorescents Calcofluor white
Colorant fluorescent Uvitex 2B

Blankophor

Aspergillose invasive- Mycologie conventionnelle



In:  Hope et al., Lancet Infectious Diseases 5: 609, 2005

Aspergillose invasive- Diagnostic Conventionnel



DIAGNOSTIC HISTOLOGIQUE

Améliorer la détection des filaments par immunohistochimie

Anticorps monoclonaux
• WF-AF-1 (Dako) 1)

• EB-A1 2)

Sensibilité pour AI prouvée par la culture : 89-94%
Résultats spécifiques de genre ou d’espèce

1) Choi JK et al., Am J Clin Pathol 121: 18, 2004
2) Pierard GE et al., Am J Clin Pathol 96: 373, 1991

Verweij PE et al., Am J Clin Pathol 49: 798, 1996

Aspergillose invasive- Diagnostic Conventionnel



Galactommanane sérique



Détec7on du galactommanane dans le LBA



Se 87% [0
,79 à 0,92] e

t S
p 89% [0

,85 à 0,92] 

Détec7on du galactommanane dans le LBA



Apport de la PCR au diagnostic des API



Apport de la PCR au diagnostic des API



Apport de la PCR au diagnos7c des API
Performances variables selon les popula7ons étudiées



•MycoGENIE (Ademtech), AsperGenius (PathoNosIcs), Fungiplex 
(Renishaw). 
•Sang, LBA, +/-biopsies 
•AsperGenius (PathoNosIcs): 
• 2 mul&plex 
• 5 espèces aspergillaires + muta&on TR34, L98H, T289A, et Y121F 

(CYP51A) 
• Se 84.2%, Sp 91.4%, VPP 76.2%, and VPN 94.6% 

Nécessité d’évalua&on prospec&ve mul&centrique pour préciser les 
performances diagnos&ques dans différentes popula&ons de pa&ents

Apport de la PCR au diagnostic des API

Tests commerciaux 



q Purification d’Acides Nucléiques à l’aide de billes
magnétiques

Elution Pure
DNA

Adembeads (MP)

NA/MP 
complexes

Nucleic acids

Input
Clinical sample

Output
Pure DNA

Binding Washing Drying

Echan5llon
s Cliniques qPCR

ü Pas de centrifugation
ü ADN de grande qualité

• Pas de dégradation
• Pas d’inhibiteurs PCR
• Grande concentration

q Purification d’Acides Nucléiques à l’aide de billes
magnétiques

Elution Pure
DNA

Adembeads (MP)

NA/MP 
complexes

Nucleic acids

Input
Clinical sample

Output
Pure DNA

Binding Washing Drying

Echan5llons
Cliniques qPCR

ü Automatisé
e • Plaques pré-remplies

• Prêtes à l’emploi
• 12 extractions / run
• Durée 35min
• Volume d’élution 50µl

MycoGENIE Aspergillus : DétecEon d’ADN A. fumigatus dans le sérum

Détection d’ADN d’Aspergillus fumigatus et de la mutation TR34/L98H 
 



l

Performances du test MycoGENIE pour le diagnosEc des aspergilloses invasives



EORTC/MSGERC IPA case defini>ons



Diagnostic des mucormycoses invasives

- Mycologie conven(onnelle
- Histologie +++
- Pas de test de détec(on de polysaccharides circulants



Détection d’ADN circulant par PCR pour le diagnostic 
des zygomycoses

Clin Infect Dis 2013, 56(10): e95-101.

Diagnostic des mucormycoses invasives



Million L, Clin Infect Dis 2013; 56(10):e95-101.

La détec=on d’ADN peut précéder de plusieurs jours la posi=vité de l’histologie 

Diagnos7c des mucormycoses invasives



Million L, Clin Infect Dis 2013; 56(10):e95-101.

Effec=f : 19 mucormycoes probables, 25 confirmées (réseau RESSIF)
Sensibilité : 81% (au moins un sérum + par paXent)

Précocité du diagnos=c : PCR posiXve en moyenne 9 jours ( 0-28 jrs) avant la posiXvité des examens 
mycologiques;  au moins 2 jrs  ( 0-24 jrs) avant l’imagerie.

Valeur pronos=que :
Le taux de survie à 84 jours était significaXvement plus élevé chez les paXents ayant une PCR+ qui se 
négaXve sous traitement que ceux pour lesquels la PCR reste constamment posiXve   (48% and 4%, 
respecXvement; p <10 6). 

Diagnos7c des mucormycoses invasives
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Cell free DNA

Han et al 2020 Theranostics

Pathogen 
genetic 

material is 
present in the 

cfDNA fractions 
of the different 

body fluids

● Translocation from 
other compartments

● Bacteremia
Immune response 

In blood and

other body fluids

● Urine

● CSF

● Ascites

● Sputum 

● BAL

● Synovial fluid

● Other….

Next Genera*on Sequencing of Free Microbial DNA for Rapid 
Iden*fica*on of Pathogens 



53©Noscendo 2020 

  Methodology

Blood sample

Preparation of
librairies & NGS

Sequencing data in 
FastQ format

DISQVER - CE-IVD

SeparaNon of human 
and microbial DNA 

sequences

dentification of more than 
16,000 microorganisms 

(>1500 pathogens)

Assessment of the 
relevance of 

microorganisms 
(Noscendo algorithm)

Add-ons CE-IVD

Results available on 
the NOS Portal

Uploading data via the NOS-Agent or the 
NOS-Uploader
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  Estimation of relevance
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Available tools for the diagnosis of IFI

Dx  
Tools Invasive Candidiasis Cryptococcosis Invasive Aspergillosis Mucormycosis Fusariosis Histopalasmosis Pneumocystosis

Direct 
examination/

Histology

Specificities Capsule Indian Ink, 
other type of staining

Specific aspects
IF 

Culture Based 
Methods

 Antigen

Mannan
Spécific

Transient
Poor sensitivity
Serum, (CSF)

Diagnosis
Deep-seated
localisation

Glucuronoxylomannan
Sensitivity +++
Spscificity +++

Serum, CSF
(BAL, urine)
Diagnosis
Prognosis

Galactomannan
Sensitivity host- and

clinical entity dependant
Specificity

Cross reaction
Other fungi

Serum, BAL, CSF
(bronchial aspiration)
Screening, Diagnosis,

Prognosis

Some species
cross react with

GM

Specific Ag
Not available in Fr
Cross react with

GM

b- D1,3 
Glucans Species dependant Disappointing Sensitivity 50% Scare studies NPV

Long-time persistance

PCR T2MR (5 species)
Blood (CSF/AH)
Necker/Marseille
(few species)

In house Method

A. fumigatus/spp
All matrices

Resistance, included in 
EORTC/MSGERC IPA case 

definitions

(4 species in Lille) In house Method In house Method
Interpretation 

threshold, diffirenciate 
infection/colonization

Panfungal 
Sequencing

NGS/WGS

Morphological aspects of IFI, 
Poor sensitivity

Poor sensitivity

Moderate sensitivity if direct examination is positive !

Sensistivity, quantification and interpretation ?



• Diagnos(c des mycoses superficielles aisé, rapide 
• Délais de rendu des résultats réduits de 24-48 h par rapport aux critères 

phénotypiques
• Mycologie conven(onnelle u(le pour l’isolement de l’agent pathogène, 

réalisa(on des tests de sensibilité aux an(fongiques
• Diagnos(c des mycoses invasive est difficile (Mycologie conven(onnelle + 

histologie insuffisants) :
• Candidoses invasives : Recours aux biomarqueurs (mannane, b-glucanes), T2MR pour 

améliorer la sensibilité des hémocultures
• Aspergilloses invasives : Recours au galactomannane sérique, LBA, PCR in situ et PCR 

dans le sang
• Mucormycoses : recours à la PCR (améliorer la sensibilité et la précocité du 

diagnosGc) 

Take home messages !


