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WHO has no program on fungal infection



SUPERFICIAL infections of skin and nails: 

• Most common fungal diseases in humans, affect  25% of 

the general population worldwide

• Caused primarily by dermatophytes

• Athlete’s foot: 1 in 5 adults

• Ringworm of the scalp: affect 200 million individuals 

worldwide

• Onychomycosis: 10% of the general population worldwide 

(incidence increases with age to  50% in adults ≥ 70 years

Some figures….



Some figures…

INVASIVE infections:

• Incidence much lower than superficial infections but 

unacceptably high mortality rates

• Kill about 1.5 million people every year

• >90% of all reported fungal-related deaths results from 

species that belong to these four genera: Cryptococcus, 

Candida, Aspergillus and Pneumocystis

MUCOSAL infections:

• 50-75% of women in their childbearing years suffer from at 

least one episode of vulvovaginitis; 5-8% have at least four 

episodes annually

• Nearly 10 million cases of oral thrush and 2 million cases of 

esophageal fungal infections annually in HIV/AIDS patients
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Candida albicans



Reproduction of fungi

• Many fungi go through a typical life cycle and can be found as 

separate independent spore-forming sexual and asexual 

generations with very different morphology

• Biochemical structure and physiological properties are identical

• Sexual reproduction (nuclear fusion and meiosis)

• sexual for or TELEOMORPH

• in vitro often difficult to achieve

• basis for classification of fungi

• Asexual reproduction (mitosis)

• asexual form or ANAMORPH

• basis for microscopical identification



Asexual reproduction: formation of spores

Simultaneous formation in one 

compartment
Separate formation

Piece of mycelium which transforms

Sporulating cell (conidiogenous cell)

ANAMORPH

Arthroconidia Aleurioconidia



Sexual sporulation

BASIDIOMYCOTA ASCOMYCOTA

Cell wall with 2 layersMulti-lamellar cell wall



Sexual sporulation

MUCORALES

ANAMORPHIC FUNGI

The anamorphic fungi are an artificial assemblage of asexual stages of ascomycetes 

and basidiomycetes. They are classified together with asexually reproducing fungi 

that lack sexual structures



Identification of fungi

• Yeast: 

– Physiological characteristics

– MALDI-TOF MS

– Molecular techniques (sequence-analysis)

• Filamentous fungi:

– Morphological characteristics

– Molecular techniques (sequence-analysis)

– (MALDI-TOF MS)



Sequence-analysis

http://www.cbs.knaw.nl/dermatophytes/BioloMICS.aspx

genes coding for rRNA: target most commonly used

CBS database

http://www.cbs.knaw.nl/dermatophytes/BioloMICS.aspx


Dermatophytes



Dermatophytes: classification according to 

habitat

• Geophilic species: usually recovered from the soil but 

occasionally infect humans and animals

• Zoophilic species: organisms primarily found in animals 

which cause marked inflammatory reactions in humans who 

have contact with infected animals

– Microsporum canis (cat, dog)

– Trichophyton verrucosum (cattle)

– Trichophyton mentagrophytes (rodents)

• Antropophilic species: are restricted to human hosts and 

produce a mild, chronic inflammation.

– Trichophyton interdigitale (belongs to the T. mentagrophytes complex)

– Epidermophyton floccosum

– Trichophyton rubrum



Diagnosis of a dermatophytosis

• Direct examination and culture are essential

• Correct sampling is essential

• Direct examination of samples: 

– Skin and nails:

• KOH: 10-30%

• Calcofluor white (Fungi-FluorTM)

– Hair: chloral-lactofenol

• Presence of spores?

• Inside (endothrix) or outside (ectothrix) the hair

• KOH breaks up hair (further examination not possible)





Dermatophytosis









Procedure calcofluor kleuring nagels - huidschilfers



Calcofluor white (Fungi-FluorTM)

Chitin







Culture

• Sabouraud (pH 6.5-6.8)

– Chooramfenicol 0.2 mg/dl

– Glucose 20 g

– Peptone 10 g

– Agar 20 g

– Aqua dest. 1000 mL

• Verdunde sabouraud (1/10)

– Glucose 2 g

– Peptone 1 g
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Identification of dermatophytes: based on presence 

and aspect of micro- and macroconidia





Examine the fungus microscopically when the culture first begins to grow and forms 

conidia and again a few days later. In many instances the manner of conidiation, which 

is so important to identification, is obscured in old cultures. 

Best method for preserving and observing 

the actual structure of the fungus



Interpretation of the result

Correlate always the culture results with the results of direct 

examination (DE): 

• Positive DE and negative culture: 

 Diagnostic for a fungal infection, ask a new sample

 Sample not taken at the site of active growth

 Antifungal therapy already initiated

• Negative DE and positive culture: interpretation is dependent of the 

organism cultured (dermatophyte versus potential contaminant)

Correlate always the identification with the sample type 

• T. rubrum: does not cause tinea capitis

• E. floccosum: does not cause tinea capitis or tinea unguinum

• M. canis: can infection skin, hair as well as nails



http://www.clinicalfungi.org/







NRC Mycosis report 2015



NRC Mycosis report 2015



NRC Mycosis report 2015



Trichophyton rubrum



wit, donzig, verheven rood-bruin, scherp begrensde kleur





Trichophyton mentagrophytes complex

• Ongoing discussion about the taxonomy 

• The species within this complex are difficult to distinguish 

based on morphology alone

– T. mentagrophytes: zoophilic (rodents, Guinea pig, rabbit)(rare in 

West-Europa)

– T. interdigitale: important cause of dermatophytosis (T. rubrum also)

• Antropophilic lineage:

– macr: white, floccose or yellow-orange pigment (var. nodulare)

• Zoophilic lineage (cats, dogs, mice)

– macr: powdery to floccose, light brown



anthropophilic zoophilic

Trichophyton interdigitale



downy form





Trichophyton mentagrophytes





Trichophyton mentagrophytes



Trichophyton violaceum



Trichophyton violaceum



Trichophyton violaceum





Trichophyton tonsurans



poederig tot donzig bruin



Trichophyton tonsurans



Trichophyton tonsurans



Epidermophyton floccosum

Vlak, poederig, geel tot kaki kleur



Epidermophyton floccosum



Epidermophyton floccosum





Trichophyton verrucosum

BHI, 37°C



Trichophyton verrucosum



Trichophyton soudanense

Diep-oranje geel, vaak met een rood centrum





Microsporum audouinii

reverse

geen of weinig microconidia



Microsporum audouinii





Microsporum canis



Microsporum canis





Scopulariopsis brevicaulis





nail

Scopulariopsis brevicaulis



Neoscytalidium

Eerst wit-grijs, daarna snel 

donkergroen/zwart 



Neoscytalidium dimidiatum







Neoscytalidium dimidiatum var. hyalinum





Fusarium solani





Hayette MP et al., TIMM 2015



Diagnosis of onychomycosis in 44% of cases based on conventional methods

versus 54% based on DermaGenius.

Hayette MP et al., TIMM 2015



Ectothrix tinea capitis



Endothrix tinea capitis



Kerion



Favus



Tinea barbae



Tinea corporis



Tinea corporis



Tinea pedis (Athlete’s foot)



Tinea pedis (vesicular)



Onychomycosis



Onychomycosis
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(MALDI-TOF)

Susceptibility testing 

A
n
ti
g
e
n
/S

e
ro

lo
g
ic

a
l/
D

N
A

Antigen detection

Galactomannan (GM)

1,3 β-D-glucan (BDG) 

Lateral Flow Assays (LFA)

PCR

Which tests can the lab offer to you for the 

diagnosis of fungal infection?

Antibody detection

Panfungal 
(not Pneumocystis)

Invasive aspergillosis

‘Panfungal’

Panfungal

Cryptococcosis

Panfungal

Panfungal

Chronic pulmonary aspergillosis



YOU WILL MISS ABOUT 50% OF 

INVASIVE FUNGAL INFECTIONS IF YOU 

RELY ONLY ON CONVENTIONAL TESTS



Aspergillus





BAL fluid

1. Candidosis

2. Aspergillosis

3. Mucormycosi

4. Cryptococcosis

5. Malassezia

6. Dermathophytes



n







Galfb1─[5Galfb1]p ─3

─6Galfb1─[5Galfb1]p

p>3

n=10

Man

Man

Man

Man
• Heat stable hetero-polysaccharide present in the cell 

wall of most Aspergillus spp., release during growth

(cross reactivity Penicillium, Paecilomyces, 

Cryptococcus, Histoplasma)

• Commercial kit: Platelia Sandwich ELISA (BioRad)

Galactomannan (GM) detection (Platelia™)



Some issues about galactomannan detection

• Sensitivity of serum GM detection is high in neutropenic 

patients only

• Sensitivity of BAL GM detection is high for the broad population 

at risk of IA but may also be positive due to colonization

• No false positivity due to TazocinTM administration (but cave 

generic formulations - compare serum with BAL values)

• Retesting the same sample may help to distinguish between 

true and false positive results 

Mikulska M et al. J Antimicrob Chemother 2012,67:1746-8

Metan, G. Infection 2013, 41: 293-294.



Clear influence of neutropenia on serum GM 

but not on BAL GM value

Jan 2005 – Sept 2008

58 proven/probable IA

41 controls

Neutropenic non-

Neutropenic

P-value

BAL, 1.0 100% 94.7% 0.99

Serum, 0.5 90% 36.8% 0.008
Maertens J et al., CID, 2009, 49: 1688-1693.



Maertens J A et al. Clin Infect Dis. 2007;44:1329-1336

Galactomannan detection in blood: 

screening of neutropenic haematology patients



False positive galactomannan results:

testing the sample twice improves specificity

Furfaro E et al., Transpl Infect Dis 2012, 14:E38-9

Big difference between 

initial and retest result



ODI ≥ 3.O: rules in disease!

ODI ≤ 0.5: virtually rules out!

The ROC curve identified 0.8 as the most appropriate cut-off value; 
the area under de curve was 0.94 (95% CI, 0.90-0.98)

D’Haese J et al. J Clin Microbiol 2012; 50: 1258-1263

Galactomannan detection in BAL:

optical density index cut-off value



Duarte RF et al. Clin Infect Dis 2014;59:1696-702

Performance of serum galactomannan assay in high-risk 

patients receiving effective anti-mold prophylaxis

GM screening of all cases NPV 100 % PPV 12 %

(incidence < 2%)

Diagnosis of IFD suspicion only NPV 100 % PPV 90 %

(incidence >50%)

Mold active antifungal prophylaxis:

huge impact on PPV of serum GM test!

262 unselected consecutive high-risk episodes, prospectively managed 

with posaconazole primary prophylaxis, biweekly serum GM testing.

nearly 9/10 serum 

GM is false positive!



Diagnostic performance of GM detection in CSF

GM. Chong et al., JCM 2016, 54: 428-431

Patients from Erasmus MC (The Netherlands) and UZ Leuven (Belgium), 

GM tested because of clinical suspicion of cerebral aspergillosis (CA) 

2004-2014

SENS = 88%

SPEC = 96%

NPV = 94%

PPV = 93%

4 proven CA, 13 probable CA and 27 no CA



1, 3 β-D-Glucan detection

• ‘Panfungal’:

• Aspergillus, Candida, many other fungi

• NO detection of Mucorales and Cryptococcus

• Several commercial kits available (different cut-off values): 

Fungitell™,Glucatell™ in US and Europe

• Approved for serum testing only. Lower specificity than GM detection in 

BAL (frequent Candida colonization of respiratory tract)

• Test not really user-friendly

• Many cause for false positivity b-lactam antibiotics 

 Hemodialysis/hemofiltration

 Blood components: immunoglobulin preparations

 Surgical gauzes

 Bacterial infections



Endotoxin 
(LPS)

Pro-clotting 
enzyme Clotting 

enzyme

Factor B

Factor B
(activated)

Factor C
Factor C

(activated)

Factor G

Factor G
(activated)

(1-3) β-D glucan

Syntetic peptide
chromogenic

substrate
Yellow artificial 

substrate 

Absorbance
405 nm

Lysate source: horseshoe crab

1, 3 β-D-Glucan Assay

A B C

Clinical specimen

Reaction Assay

D

Clinical 
specimen

Limus Amebocyte Lysate 
(LAL) Pathway

Synetic peptide
chromogenic

substrate

E

Microplate

Well



 Strong suspicion of invasive fungal infection while all  

(other) test remain negative or inconclusive

 Inability to perform bronchoalveolar lavage in a patient 

with suspicion of Pneumocystis jirovecii pneumonia

1-3-b-D-glucan performed by 

the Belgian National Reference Center for Mycosis



Research 
on new 

diagnostic 
tests



Bis(methylthio)gliotoxin (bmGT) detection for the 

diagnosis of invasive aspergillosis

CH3

CH3

Vidal-Garcia M et al, Appl Microbiol Biotechnol 2016, 100: 2327-2334

GLIOTOXIN

• Acts as a virulence marker: mediates 

immunosuppressive and proapoptotic effects

• Produced by A. fumigatus, A. flavus, 

A. terreus, A. niger (not Candida)

• Reactive compound, rapidly removed from 

body fluids

bmGT

more stable inactive metabolite



eNose technology: 

detection of volatile organic compound (VOC)s 

• Detection of complex mixtures of volatile organic 

compound (VOC)s by pattern recognition: 

sensors that react differently with individual VOCs

• Cyranose 320 (Smith Detection): 32 cross-

reactive polymer sensors blended with carbon 

black composite and configured as an array

• Exhaled breath: up to 2000-3000 VOCs

• Several disease states can be discriminated by 

their composite pattern of exhaled VOCs: 

‘breath-print’



de Heer K et al, JCM 2013, 51: 1490-1495

eNose proof-of-principle for detection 

of invasive pulmonary aspergillosis

Exhaled metabolite signature of 

Aspergillus fumigatus in vivo by GC-MS

Koo S et al., CID 2014, 59: 1733-1740

6 cases, 5 controls 34 cases, 30 controls



Is emergence of multidrug resistance in Candida

and Aspergillus a matter of concern?

Is susceptibility testing of Candida and Aspergillus 

important to guide therapy?



Candida



Drug resistant Candida glabrata in cancer patients

• Retrospective study

• MD Anderson Cancer Center Houston (Texas)

• March 2005-Sept 2013

D. Farmakiotis et al, EID 2014

146 C. glabrata candidemia episodes (144 patients)

30 (20.5%) fluconazole R

29/30 (96.6%) multi-azole R

15 (10.3%) caspofungin R

Independently associated with:

• Azole preexposure (voriconazole)

• Hematological malignancy

• Mechanical ventilation

Independently associated with:

• Echinocandin preexposure 

• Mono/lymphocytopenica

• Total parenteral nutrition



Drug resistant Candida glabrata in cancer patients

• Retrospective study

• MD Anderson Cancer Center Houston (Texas)

• March 2005-Sept 2013

D. Farmakiotis et al, EID 2014

146 C. glabrata candidemia episodes (144 patients)

30 (20.5%) fluconazole R 15 (10.3%) caspofungin R

10 (6.8%) multidrug R
9 fluco/caspo

1 caspo/amphoB

Independently associated with:

• Echinocandin preexposure 

• Total parenteral nutrition

30% 66.6%



Drug resistant Candida glabrata in cancer patients

D. Farmakiotis et al, EID 2014

2008 breakpoint for R

Strong correlation of all-cause 

mortality rates with in vitro 

caspofungin MICs but not with 

other factors classically associated 

with poor outcomes

2012 breakpoint for R

2012 intermediate susceptiblity



BELGIAN DATA







Scientists have warned that potentially deadly fungal infections are acquiring resistance to many of the 

medicines currently used to combat them. More than a million people die of fungal infections every 

year, including about 7,000 in the UK, and deaths are likely to increase as resistance continues to rise.

Researchers say the widespread use of fungicides on crops is one of the main causes of the rise 

in fungal resistance, which mirrors the rise of resistance to antibiotics used to treat bacterial infections 

in humans.

“There are close parallels between bacterial and fungal resistance, though the problems we face with the 

latter are particularly worrying,” said Prof Adilia Warris, a co-director of the newly opened Centre for 

Medical Mycology at Abderdeen University. 

“There are more than 20 different classes of antibacterial agents. By contrast, there are only four 

classes of anti-fungal agents. Our armory for dealing with deadly fungi is much smaller than the 

one we have for dealing with bacteria. 

Doctors have recently uncovered another worrying development: outbreaks of fungal infections – mainly 

cryptococcus – that have appeared in previously healthy people. In one outbreak, in the northwest US, 

dozens of people died.

In the wake of these developments, it was decided by Britain’s Medical Research Council to open its 

Aberdeen mycology centre earlier this year. 

It will employ experts in the field to gain new understanding of how fungi move into the human body and 

survive there. It will also work on the development of new drugs and tests for pinpointing specific fungi 

that are infecting patients.

“Fungal infections are going to be an increasing problem in coming years and we need to 

develop the best defences,” said Brown. 



Routes of resistance development in A. fumigatus

ENVIRONMENT

PATIENT Long-term triazole treatment for aspergilloma

or cavitary lung disease

Triazole fungicides in 

agriculture

TR34/L98H

TR46/Y121F/T289A

Variety of resistance mechanisms

• High genetic diversity between azole-resistant 

isolates from unrelated patients

• Lack of sporulation and reduced growth rate may 

occur

• Patients with IA and chronic 

Aspergillus diseases

• Low genetic diversity between 

azole-resistant isolates from 

unrelated patients

• No apparent fitness cost

PE Verweij et al, CID 2015, Epub ahead of print.



Global presence of azole resistance in A. fumigatus

PE Verweij et al, CID 2015, Epub ahead of print.

Countries that reported the TR34/L98H and TR46/Y121F/T289A 

resistance mechanism in clinical or environmental A. fumigatus



High prevalence of azole resistance in patients on 

the hematology ward in Utrecht

• 105 positive cultures collected; proven IA (5), probable IA (48) and no infection (52) 

• 21/105 (20%) isolates were resistant to at least one azole

• 16/105 (15.2) isolates showed pan-azole resistance 

• 16/17 (94.1%) of voriconazole resistant isolates exhibit cyp51A gene mutation

Fuhren et al., JAC 2015, 70: 2894-2898. 



BELGIAN DATA



E. Vermeulen et al., AAC 2015 

Belgium nationwide surveillance





Management  of patients with IA in regions with 

no/minimal azole resistance in the environment



Management  of patients with IA in regions with 

≥ 10% environment resistance

10%

AZOLE 

RESISTANCE

HIGHER  

EFFECTIVENESS OF 

VORICONAZOLE 



MIC determination

• CLSI/EUCAST

• Commercial systems

Triazole resistance 

screening agar (VIPcheckTM)

Sensitivity 97% 

Specificity 98%

Molecular methods

• In house

• AsperGenius® assay

Resistance multiplex 

– L98H 

– Tandem repeat 34 

– T289A 

– Y121F 

Triazole resistance detection in Aspergillus

• Always perform susceptibility testing if antifungal therapy is 

intended – contact the lab!

• Both azole-susceptible and azole-resistant phenotypes can 

be simultaneously present in culture, test multiple colonies!









http://www.medmycol.be/


