
Introduction to Medical Mycology
Magnitude of the problem  

Jacques Meis MD, PhD, FRCPath, FIDSA

Canisius Wilhelmina Hospital and 
Radboudumc, Nijmegen,The Netherlands



Disclosures

Consultancy, speakerfee, grants

Astellas,Basilea,Gilead,Merck



The Fungal kingdom 
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CLASSIFICATION OF FUNGI
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FUNGUS : PLANT OR ANIMAL?
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THE DIFFERENCE
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FUNGI ?

http://www.life-worldwide.org/awareness-advocacy/





Cryptococcal meningitis 
> 600,000 deaths annually. 
Invasive aspergillosis 
100,000 deaths annually
Chronic pulmonary aspergillosis 
450,000 deaths per year.
Candida bloodstream infection 
120,000 deaths per year

http://www.life-worldwide.org/awareness-advocacy/

IMPACT OF FUNGAL INFECTIONS: DEATHS



Magnitude of the problem

• Increasing cases of invasive fungal infections

• Poor performing diagnostic tools

• Increasing use of prophylaxis and empirical therapy

• Replacement of sensitive species by resistant ones

• Increasing awareness of the role of fungi in allergy

• Increasing drug and hospitalisation costs



Increasing rate of candidosis in the USA

Martin et al, NEJM 2003;348:1546

+300%

+300%

+600%
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Prevalence of invasive aspergillosis at autopsy

In 1992 60% of the 
IA patients were 
diagnosed at 
autopsy and had 
no treatment

Groll et al, J Infect 1996;33:23-32.



Changing incidence of fatal invasive 

mycoses in non-HIV patients in USA
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Epidemiological facts of Aspergillus infections

- Cancer patients with chemotherapy-induced neutropenia

- Transplant recipients receiving immunosuppressive 
therapy

- Prolonged intensive care treatment

- COPD, Post-tuberculosis and CF patients are targets





ASPERGILLUS INFECTIONS IN ICU UNITS 
Meersseman et al. Clin Microbiol Infect 2004;10,Suppl 3:266

1850 admissions  2000-2003
6.9% 

hematology COPD SOT autoimmune miscellaneous
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PLoS Med 2008;5:e219

Acquired resistance in A. fumigatus at the 
Radboud University Medical Center

94% TR34/L98H

2013

4.9%



Clinical isolates



Aspergillus calidoustus former A. ustus

Vagra et al. Euk Cell 2008

MP tree based on 
actin sequence data

Antifungal agent
MIC (mg/liter 

[range]) (n = 20)

Amphotericin B 1-2

5-FC 8->64

Itraconazole >16 (16)

Voriconazole 8-16

Posaconazole >16

Terbinafine 0.031-0.125

Caspofungin 0.25-4



Invasive fungal infection –current mortality rates

Mortality

Aspergillosis

Pulmonary aspergillosis 50-75% 

Cerebral aspergillosis 95%

Candidosis

Candidaemia 40%



Antifungal susceptibility in Candida spp.

Usually susceptible            Less susceptible Resistant

Fluconazole
C. albicans C. tropicalis C. glabrata                                            
C. parapsilosis C. krusei
All others

Amphotericin B
C. albicans C. lusitaniae C. krusei 
C. tropicalis C. glabrata
C. parapsilosis

Caspofungin
C. albicans C. parapsilosis C. glabrata

emerging
C. tropicalis C. guilliermondii
C. glabrata C. lusitaniae
C. krusei



Candidaemia – Survival According To Species

Viscoli C et al. Clin Infect Dis 1999.



Candida species causing bloodstream infection 
worldwide and India

Int J Infect Dis 2010; 14: e954
Scand J Infect Dis 2009; 41: 275
J Postgrad Med 2005; 51: S16

Species USA

(n=4570)

Europe

(n=7659)

L. America 

(n=1710)

Asia

(n=5803)

India

(n=2592)

C. albicans 52 61 42 32 16

C. glabrata 20 15 5 8 5

C. parapsilosis 12 12 22 13 4

C. tropicalis 12 7 18 25 37

C. krusei 2 2 3 3 5

C. guilliermondii 0 1 3 5 11

Other Candida

species
3 3 7 13 23

Slide Dr. A. Chakrabarti



The threat of opportunistic fungal infections 

• Candidosis

• Aspergillosis

• Mucormycosis

• Fusarium spp.

• Scedosporium spp.

• Trichosporon spp.

• Penicillium spp.

>80%

Opportunistic fungi
Include all species from

A (Aspergillus)
To 

Z (Zygomycetes)





 
Orange Penicillium 

Scientific Name:  Penicillium vanoranjei 
 
Country of Discovery:  Tunisia   
  
Distinguished by the bright orange color it displays when produced in colonies, this fungus was named as 
a tribute to the Dutch royal family, specifically His Royal Highness the Prince of Orange. It was reported 
in a journal published by the National Herbarium of the Netherlands. The newcomer was isolated from 
soil in Tunisia. This species also produces a sheet-like extra-cellular matrix that may function as 
protection from drought. 

Persoonia 2013;31: 42–62



Case 1 Case 2 Case 3





Probable diagnosis?

1. Aspergillosis (azole resistant)

2. Scedosporiosis

3. Fusariosis

4. Penicilliosis

5. Invasive filamentous fungal infections





New Candida species in complex

C. albicans  C. dubliniensis <10%

 C. africana <1%

C. glabrata  C. bracarensis <2.2%

 C. nivariensis <0.5%

C. haemulonii

 C. auris < 0.1%

C. parapsilosis  C. orthopsilosis 1.4%

 C. metapsilosis 1.7%



Outbreaks of unusual cases of fungemia

• Pichia anomala

• Kodamaea ohmeri

• Candida haemulonii

• Pichia fabianii

• Candida auris

• C. guilliermondii

• C. lusitaniae

• C. dubliniensis

• C. inconspicua

• C. famata

• C. rugosa

• C. norvegensis



Clin Microbiol Infect. 2014; 20 (2) :83-9.
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 Geotrichum

 candidum

 Kodamaea ohmeri

 Malassezia

 furfur, globosa , pachydermatis and restricta

 Pseudozyma spp.

 Rhodotorula

 glutinis, minuta and mucilaginosa

 Saccharomyces 

 cerevisiae and boulardii

 Saprochaete

 S. capitatae (Magnusiomyces (Blastoschizomyces) capitatus formerly named Trichosporon capitatum
or Geotrichum (Dipodascus) capitatum) and Saprochaete clavata.

 Sporobolomyces

 Trichosporon

 asahii, asteroides, dermatis, inkin, jirovecii , loubieri , mucoides and mycotoxinivorans

Not rare per se

but

Rare as invasive pathogens



Identification to the species level

Genus Motivation SoR QoE Method

Cryptococcus Inter-species MIC variation documented B II ITS 1 + 2 (2nd option D1/D2 domain); MALDI-
TOF promising

Geotrichum Can be confused w other spp B II ITS 1 + 2 (2nd option D1/D2 domain); MALDI-
TOF promising

K. ohmeri Can be confused w C. guillermondii MIC 
differs (eg low candin MIC)

B III Biochemical tests  or ITS 1 + 2

Malassezia Mainly important in outbreak 
investigation

B II Phenotypically or ITS 1 + 2; MALDI-TOF 
promising

Pseudozyma To gain experience B III ITS 1 + 2 (2nd option D1/D2 domain)

Rhodotorula Less important for clin management C II ITS 1 + 2 (2nd option D1/D2 domain)

Saccharomyces Less important for clin management C II Biochemical tests or MALDI-TOF

Saprochaete Can be confused w other spp. B II ITS 1 + 2 (2nd option D1/D2 domain); MALDI-
TOF promising

Sporobolomyces Can be confused w other spp. B II ITS 1 + 2 (2nd option D1/D2 domain)

Trichosporon Inter-species MIC variation documented B II ITS 1 + 2 (2nd option D1/D2 domain); IGS1 
necessary for some species; MALDI-TOF 
promising

Species ID 

obligatory in 

outbreak investigation



THE ANTIFUNGAL APPEL TREE - 2014

isavuconazoleketoconazole

ravuconazole

fluconazoleitraconazole

posaconazole

voriconazole

polyenes

azoles

candins

caspofungin

micafungin

anidulafungin

LS-AMB

ABCDABLC

desoxycholate





YIELD OF GUIDELINE APPLICATION
Linder et al. Dtsch Artzebl Int 2011; 108:155-162

84.410 patients
diabetes type II
guideline-based

Stroke
Vascular complications

Neuropathy
Renal failure

Ischemic heart disease

23.180 patients
diabetes type II
controls

22%                                  24%



IMPACT OF ADHERENCE TO 
GUIDELINES AND SURVIVAL

Pagano et al. J Antimicrob Chemother 2010; 65:2013-2018

136 patients with proven/probable invasive aspergillosis

ADHERENCE NO ADHERENCE  

SURVIVAL at day 120

ADHERENCE TO GUIDELINES  

ECIL                      18%                          28%

IDSA                     21%                          30%

ECIL
28%

IDSA
55%



HAPPY WITH GUIDELINES?

ADVANTAGES:

 Evidence based

 Limits subjectivity

 Easily available

 Saves time

 Standard therapy

guaranteed

 Comparability data

 Evaluation possible

 Cost control possible



BUT

 Good evidence limited

 Offers pseudo-objectivity

 Missing recent data

 Reduces reflection

 Little space for

individual needs

 Comparison of data in

different populations

 Administrator paradise

HAPPY WITH GUIDELINES?



ADVANTAGES:

 Evidence based

 Limits subjectivity

 Easily available

 Saves time

 Standard therapy

guaranteed

 Comparability data

 Evaluation possible

 Cost control possible

BUT

 Good evidence limited

 Offers pseudo-objectivity

 Missing recent data

 Reduces reflection

 Little space for

individual needs

 Comparison of data in

different populations

 Administrator paradise

HAPPY WITH GUIDELINES?



Conclusions

• Fungi are her to stay and are a major threat in advancement 
of medicine

• Rare yeasts and filamentous fungi increasingly encountered 

• Rare due to low virulence not rare per se

How to interpret “overall” outcome (did the patient die 
with or because of the infection)

• Rapid taxonomic changes; molecular ID necessary
• Especially  for epidemiological purposes including outbreak 

investigation

• Guidelines are made by busy doctors; let your clinical 
judgement also take control



Trends in Medical Mycology 
(magnitude of solution)

• EXPECT the UNEXPECTED

• New and Emerging Species

• Molecular Identification

• Molecular Epidemiology

• Emerging Resistance


