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Opportunistic Fungi



Epidemiology

• On the increase
• Ever expanding populations at risk
• New immunotherapeutic treatments
•Prolonged immunosuppression and unexpected/understudied off-target 

effects  
• Selection pressure due to the increasing use of broad spectrum 

antifungal agents as prophylaxis.

•Mortality is high
• Late recognition
• Difficulty in diagnosis 
• Limited currently available therapeutic options  

Park et al, Emerg Infect Dis 2011



Skiada et al. J Fungi 2020



Ozbek et al, CMI 2023



Laboratory diagnostics

v Colonization by Zygomycetes seems
definitely rare (it’s easier to isolate a 
Rhizopus as a contaminating agent than
a Mucor)

v Culture studies show a low sensitivity
(more than 75% of cases with 
histologically diagnosed zygomycetes
pneumonia don’t develop fungi at
cultures)

v Reduced growth in culture
v Galctomannan and beta-glucan negative 

!



Radiological Pictures

Halo-Sign

Air-Crescent-Sign

Mucormycete
s

Aspergillus

No radiological differences

But “reversed halo sign” may be suggestive
Legouge et al, CID 2014



Multani et al, Mycoses 2019 

• 12 patients treated with surgery
• 13 with only antifungal



Nucci et al, Mycoses 2019 

Combined surgery and 
antifungals improves the 

prognosis of IM



Population Intention Intervention SoR QoE
Any To increase survival rates Surgical debridement A IIu

Any To cure and to increase survival rates Surgery in addition to antifungal treatment A IIu

Any To cure and to increase survival rates Amphotericin B, liposomal 5-10 mg/kg A IIu
Any To cure Isavuconazole PO/IV

3x200 mg d1-2, 1x200 mg/d from d3
B IIh

Any To cure Posaconazole DR tablet or IV
2x300 mg d1, 1x300 mg from d2

B IItu

Any To cure Posaconazole oral suspension 4x200 mg/d or 2x400 mg/d C IIu
Any To cure Amphotericin B, deoxycholate, any dose D I

Any To cure AmB formulation + caspofungin C III
Any To cure LAMB + caspofungin C IIh

Any To cure LAmB + MICA or ANID C III

Any To cure LAmB + POS DR tablet or iv C IIu

Hema malignancy To cure LAMB + posaconazole C IIu

Hema malignancy To cure AmB formulations + caspofungin C IIu

Hema malignancy To cure L-AMB + caspofungin C IIu

Hema malignancy To cure L-AMB + caspofungin + posaconazole C IIu

Global Guideline for the Diagnosis and Management of Mucormycosis: An initiative 
of the ECMM in cooperation with ESCMID/EFISG

Cornely et al, Lancet Infect Dis 2019 



Ibrexafungerp and olorofim have no activity against Mucorales, while 
opelconazole seems effective

Hoenigl et al, Drugs 2021



Scedosporium spp.

n Ubiquitous saprophytic hyaline 
moulds

n Found mostly in temperate climates 
n Regional/geographical variation in 

incidence
n Most common

n S. apiospermum species complex 
(SC)

n S. apiospermum and S. boydii
n S. aurantiacum

Risk factors 
n Hematological malignancy
n HSCT 
n T-cell immunodeficiency

Bupha-Intr et al, IMJ 2021



Neoh et al, Clin Micr Rev 2024



Neoh et al, Clin Micr Rev 2024



Imaging
n Imaging

n Determine the degree of dissemination
n Modality is determined by site of infection

n CT scan for chest vs. MRI for brain
n Identify sites for biopsy
n CT scan chest

n No specific lesions that would differentiate it from other rare 
moulds

n Determine response to treatment 
n Should be used in combination with microbiology results 

Bupha-Intr et al, IMJ 2021



Diagnosis
n Dissemination

n Blood cultures 
n Skin

n Obtain specimens
n Microscopy
n Culture

n Species identification
n Susceptibility testing

n Histology
n MALDI-TOF MS

n Genus level only 
n Molecular-based

n Not species specific
n Not standardised
n Panfungal on tissue samples
n ITS/b-tubulin sequencing 

on cultures



Neoh et al, Clin Micr Rev 2024

DRC-adjudicated response rate1

n (%)
ACM
n(%)

Day 42 Day 84 Day 42 Day 84
Overall
(n = 202)

58 (28.7) 55 (27.2) 23 (11.4) 32 (15.8)

Aspergillus spp.
(n = 101)

35 (34.7) 34 (33.7) 18 (17.8) 26 (25.7)

Lomentospora prolificans
(n = 26)

11 (42.3) 11 (42.3) 3 (11.5) 3 (11.5)

Scedosporium spp.
(n = 22)

8 (36.4) 5 (22.7) 2 (9.1) 2 (9.1)

Scopulariopsis spp.
(n = 6)

5 (83.3) 5 (83.3) 0 0

Other Olorofim-susceptible 
fungi
(n = 8)

1 (12.5) 2 (25.0) 0 1 (12.5)

Coccidioides spp.
(n = 41)

0 0 0 0

Olorofim for treatment of mould IFD in patients with limited or no treatment options: 
Results from a Phase 2b open-label study (NCT03583164, Study 32)

Johan Maertens, GR Thompson, Andrej Spec, Fariba Donovan, Stephen Walsh, Lesley Fitton, Aaron 
Dane, Daniela Zinzi, John H. Rex, Sharon Chen.    AAAM2024



Lomentospora prolificans
n Dematiaceous hyphomycete 
n Now phylogenetically distinct 

from Scedosporium spp. 
n Found in the soil in hot and 

dry climates
n Australia, Spain and USA

Risk factors
n Hematological malignancy
n HSCT 

n Fungaemia and 
disseminated infection

n Solid organ transplant 
n Less likely that HSCT

n 17% vs. 39%; p=0.045 
n Breakthrough infections on 

voriconazole 

Crit Rev Microbiol 2019; 45: 1; Clin Microbiol Infect 2015; 21: 490.e1; Med Mycol 2009; 
47: 359; Clin Infect Dis 2005; 40: 89



• Dissemination
• Blood cultures 
• Skin

• Obtain specimens
• Microscopy
• Culture

• Differentiate from 
Scedosporium spp. 
using cycloheximide

Ramirez-Garcia  et al, Med Mycol 2018

n Histology
n Pigmented hyphae

n MALDI-TOF MS
n Molecular-based

n Not standardised
n Examined in the CF population mainly
n Several methods

n Broad-based assay with subsequent 
sequencing, hybridisation or 
microarray 

Diagnosis



Jenks et al, mycoses 2020

41 patients from 8 Countries mainly
Australia and USA (California)



Neoh et al, Clin Micr Rev 2024

DRC-adjudicated response rate1

n (%)
ACM
n(%)

Day 42 Day 84 Day 42 Day 84
Overall
(n = 202)

58 (28.7) 55 (27.2) 23 (11.4) 32 (15.8)

Aspergillus spp.
(n = 101)

35 (34.7) 34 (33.7) 18 (17.8) 26 (25.7)

Lomentospora prolificans
(n = 26)

11 (42.3) 11 (42.3) 3 (11.5) 3 (11.5)

Scedosporium spp.
(n = 22) 8 (36.4) 5 (22.7) 2 (9.1) 2 (9.1)

Scopulariopsis spp.
(n = 6)

5 (83.3) 5 (83.3) 0 0

Other Olorofim-susceptible 
fungi
(n = 8)

1 (12.5) 2 (25.0) 0 1 (12.5)

Coccidioides spp.
(n = 41)

0 0 0 0

Olorofim for treatment of mould IFD in patients with limited or no treatment options: 
Results from a Phase 2b open-label study (NCT03583164, Study 32)

Johan Maertens, GR Thompson, Andrej Spec, Fariba Donovan, Stephen Walsh, Lesley Fitton, Aaron 
Dane, Daniela Zinzi, John H. Rex, Sharon Chen.    AAAM2024



Hoenigl et al, Lancet Infect Dis 2021

Hoenigl et al, Drugs 2021



Fusarium spp.
- Plant pathogen, soil saprophyte 
- Inalation, ingestion, direct inoculation
- Includes F.solani (50% isolates), F.moniliforme, F.oxysporum

A wide spectrum of clinical manifestations

Due to a device
Single organ 

infection

Disseminated

• cheratitis, 
endophtalmitis

•onicomicosis

• cheratitis by contact 
lens

• CVC related infection

• FUO

• skin

• lung/sinusitis

• sepsis

• cellulitis

• CNS

(immunocompromised)



Diagnosis

• Because of their ubiquitous nature, however, isolation of Fusarium species in culture may 
be due environmental contamination. 

• Therefore, the microbiologist and clinician must work 
together to interpret the results. 

• Clues for clinically significant results are:
þ Fungi seen on direct stain of tissue.
þ Site of isolation and the host.
þ Same fungus from multiple specimens.
þ Multiple colonies from same specimen.

In Tissue

From Blood

Multiple Specimens



n Histology
n Stain with PAS or GMS

n MALDI-TOF MS
n Research tool only

n Molecular-based
n Several methods

n Multi-locus sequence typing
n Real-time PCR

n Galactomannan
n Cross-reacts with Fusarium

n Sensitivity and specificity
n 83% and 67%

n In 73% of cases positive before 
clinical signs

n Prognostication ü

n b-D-glucan
n Sensitivity of 90% and specificity 

of 60% 
n 2 sequential tests with threshold 

>80 pg/mL 
ü

Diagnosis

Bupha-Intr et al, IMJ 2021



Nucci et al, J Fungi 2021



Nucci et al, J Fungi 2021



Hoenigl et al, Lancet Infect Dis 2021

Hoenigl et al, Drugs 2021



Del Principe et al, mycoses 2023

Patients
Characteristic N (%) S. capitata

N(%)
S. clavata

N(%) P value
Total patients 90 60(71%) 30(21%)
Gender, 0.45
Male 44 (49%) 31(70%) 13(30%)
Female 46 (51%) 29(63%) 17(27%)
Age, years .012
≥60 years 35(39%) 29(83%) 6(17%)
<60 years 55(61%) 31(56%) 24(44%)
Comorbidity .71
Yes 35(39%) 24(68%) 11(31%)
No 54(61%) 35(65%) 19(35%)
Underlying HM 0.18
AML 50(65%) 34(51%) 16(33%)
ALL 19(21%) 9(47%) 10(53%)
NHL 13(16%) 9(69%) 4(31%)
HL 2(2%) 2(100%) 0(0%)
Others 6(6%) 6(75%) 0(0%)
CVC .58
Yes 71(79%) 46(65%) 25(35%)
No 19(21%) 14(74%) 5(26%)

2010-2020
90 pts

75/90 blood infection



Del Principe et al, mycoses 2023



Forster et al, JCM 2022

While BDG sensitivity was 65%, none of the sera was GM positive. This findingwas supported by in vitro 
experiments analyzing fungal culture supernatants: M. capitatus secretes significant amounts of BDG 
but not GM. Specificity was 96% for BDG and 100% for GM. BDG sensitivity is comparable to that of 

candidemia



Chen et al, Lancet Infect Dis 2021



Duran Graeff et al, Mycoses 2014

Girmenia et al, JCM 2005

Geotrichum capitatum
Trichosporon capitatum

Blastoschizomyces capitatus
Saprochaete capitata



Chen et al, Lancet Infect Dis 2021

Geotrichum spp.



Chen et al, Lancet Infect Dis 2021

Geotrichum spp.



Key points

n A high level of suspicion is required
n Knowledge of the risk factors
n Prompt investigation with multiple tools
n Species identification critical to guide antifungal therapy
n Molecular tools are increasingly available and used for 

diagnosis
n Antifungal treatment is evolving
n Further research is required in the area of diagnostics and 

the development of further novel antifungal agents 


