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sino-pulmonary 
� broken skin 
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release of conidia
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Nucci & Anaissie CID 2002

Poor prognosis of 
disseminated infection



Underlying diseases in patients 
with invasive fusariosis
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Nucci et al Cancer 2003 (33 patients)
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Underlying diseases in patients 
with invasive fusariosis

Lortholary et al AAC 2010 (73 patients)
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Underlying diseases in patients with 
invasive fusariosis

Fusarium infections in 61 hematopoietic stem cell transplant 
recipients from 9 hospitals

54 cases in allogeneic HSCT, 
20.19 per 1000 recipients

7 cases in autologous HSCT,
4.21-5.0 per 1000 recipients4.21-5.0 per 1000 recipients

Nucci M et al. CID 2004; 38: 1237-42

Trimodal distribution 
of cases diagnosed 
after allogeneic HSCT



Treatment of disseminated fusariosisTreatment of disseminated fusariosis

�Lack of data from clinical trials



Amphotericin BAmphotericin B

Efficacy rates

�32% for amphotericin B 

�46% for amphotericin B lipid formulations

Nucci et al Cancer 2003

Nucci et al CID 2004

Perfect CID 2005





� 47% success rate� 47% success rate

� Baseline neutropenia impacted success adversely 

� Success varied by underlying condition and infection site

� Combination therapy (13 pts) was no better than 
treatment with voriconazole alone



Treatment of disseminated fusariosisTreatment of disseminated fusariosis

�Lack of data from clinical trials

�Potential efficacy of posaconazole and of 
voriconazole recently shown by retrospective 
analyses 
voriconazole recently shown by retrospective 
analyses 

�Outcome improved by a rapid and efficient 
diagnosis in terms of identifying the aetiology 
of the infection



Diagnosis of disseminated fusariosisDiagnosis of disseminated fusariosis

� Positive bloodcultures due to adventitious sporulation

�Interpretation of growth from other biological materials depends on 
the clinical context

�Radiological findings are not specific 

�Skin lesions often the initial clue to diagnosis 

�Morphological discrimination at histology is difficult



Guarner, J. et al. 2011. Clin. 
Microbiol. Rev. 24(2):247-280

Morphology, description, 
diagnosis, and comment 
for fungal infections that 
present with hyphae or 
pseudohyphae in tissues

� Immunohistochemestry 
� In situ hybridization

useful to identify the fungus



Diagnosis of disseminated fusariosisDiagnosis of disseminated fusariosis

� Positive bloodcultures due to adventitious sporulation

�Interpretation of growth from other biological materials depends on 
the clinical context

�Radiological findings are not specific 

�Skin lesions often the initial clue to diagnosis 

�Morphological discrimination at histology is difficult                              

� 1,3-β-D-glucan test cannot distinguish Fusarium from other fungal 
infections

�Galactomannan assay is sometimes positive in case of disseminated 
fusariosis



9 out of 11 patients with 
disseminated infection 
had repeated positive GM

Cross-reactivity of Fusarium
in Aspergillus GM assay

Tortorano et al J Clin Microbiol 2012; 50: 1051-3

All 12 Fusarium 
tested isolates 
produced positive GM
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Pathogens in 
immunocompetent 

hosts
Arthritis/osteomyelitis
following trauma

Peritonitis in 
association with 
peritoneal dialysis

Mycotoxins

Plant pathogens

Pathogens in 
immunocompromised 

hosts

Arthritis/osteomyelitis
following trauma

Onychomycosis            

Hay & Baran AJAD 2011

Keratitis 
consequence of corneal trauma
associated with contact lens wear



Epidemic curve for the outbreak of Fusarium keratitis 
associated with contact lens wear (Singapore).

Confirmed cases of Fusarium keratitis in the United States, 
June 2005-July 2006 Month of illness onset of confirmed 
cases of Fusarium keratitis reported to the Centers for 
Disease Control and Prevention.

20052005--2006 outbreaks of 2006 outbreaks of 
FusariumFusarium keratitis keratitis 
associated with contact associated with contact 
lens wearlens wear

Khor, W. et al. JAMA 
2006;295:2867-2873

Disease Control and Prevention.

Chang, D. C. et al. JAMA 
2006;296:953-963

Patients with fungal keratitis.
Patient 1 has classic characteristics of fungal keratitis, 
which include stromal infiltrate with indistinct, feathery 
edges, and satellite lesions.

Khor, W. et al. JAMA 
2006;295:2867-2873



Phylogenetic diversity of 59 isolates (39 corneal 
isolates from 38 US confirmed case patients, and 
20 isolates from the keratitis outbreaks in 
Singapore and Hong Kong) inferred from multilocus 
DNA sequence data 

20052005--2006 outbreaks of 2006 outbreaks of 
FusariumFusarium keratitis keratitis 
associated with contact associated with contact 
lens wearlens wear

US isolates represent 19 unique genotypes: 

� 12 genotypes (30 isolates) within the Fusarium 
solani species complex (FSSC), 

� 5 genotypes (7 isolates) within the Fusarium 
oxysporum species complex (FOSC), 

� 1 genotype (1 isolate) Fusarium fujikuroi

� 1 genotype (1 isolate) Fusarium incarnatum

Chang, D. C. et al. JAMA 2006;296:953-963

Copyright restrictions may apply.



Fusarium superficial infections:
possible acquisitions ?

Fusarium species isolated from 

�surfaces of public swimming pool facilities
Bobichon H et al 1989Bobichon H et al 1989
Brandi G et al 2007

�area of a hospital physical therapy swimming 
pool (associated with Fusarium onychomycosis 
in  two patients attending the pool)

Buot G et al 2010



Fusarium infections:
community acquired or hospital acquired?

Fusarium species 

�present in outdoor air 

�recovered from hospital water system �recovered from hospital water system 
(water, water storage tanks, shower and sink 
drains, shower heads, sink faucet aerators)

�present in hospital air

Anaissie et al CID 2001



Fusarium infections:
protection of high risk individual from exposure

� HEPA-filtered air

� Drinking of sterile water

Bed bath instead of showering� Bed bath instead of showering

� Cleaning and drying showerheads, bathroom
floor and  walls 

� Evaluation by a dermatologist 



Fusarium infections:
outbreaks or clusters?

Distribution of cases according to month of diagnosis in different Italian hospitals

Hospital A, 2005

Hospital A, 2007

Hospital B, 2008

Hospital A, 2005

Hospital A, 2007

Hospital B, 2008Hospital B, 2008

Hospital B, 2009

Hospital C, 2009

J F M A M J J A S O N D

month of diagnosis

Hospital B, 2008

Hospital B, 2009

Hospital C, 2009

J F M A M J J A S O N D

month of diagnosis

F. solani F. verticilioides F. proliferatum

Probable 
contamination 
of a 
bronchoscope
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FusariumFusarium sppspp

Mycotoxins

Fumonisins

Leukoencephalomalacia in 
equines and rabbits 

Neural tube defects

Link with esophageal cancer ??

Pathogens in 
immunocompromised 

hosts

Pathogens in 
immunocompetent 

hosts

Plant pathogens

Zearalenone
Nonsteroidal estrogen

Trichothecenes
(>60 sesquiterpenoid metabolites)

Potent inhibitors of eukaryotic protein synthesis

Alimentary toxic aleukia

Trichothecenes

Bioterrorism  ??



� Classical morphological identification

Identification of Identification of FusariumFusarium speciesspecies

underestimates 
species diversity



Identification of Identification of Fusarium Fusarium speciesspecies

�Classical morphological identification underestimates 
species diversity

�ITS region sequencing not very useful in differentiating 
cryptic species (insufficient hypervariability)

�Sequencing of elongation factor 1α gene (EF-1α),         
β-tubulin (β-TUB), calmodulin (CAM), and RNA 
polymerase II second largest subunit (RPB2),     
revealed the presence of multiple cryptic species 

≈ 70 medically relevant species



Bootstrapped ML out-group-
rooted cladogram inferred from 
the combined DNA sequence data 
from three loci for 180 unique STs

Fusarium solani
species complex

O'Donnell, K. et al. 2008. J. Clin. Microbiol. 
46(8):2477-2490

�all mycosis-associated isolates 
restricted to clade 3 

�at least 20 phylogenetically distinct 
species



Identification of Identification of Fusarium Fusarium speciesspecies

�Classical morphological identification underestimates 
species diversity

�ITS region sequencing not very useful in differentiating 
cryptic species (insufficient hypervariability)

�Sequencing of elongation factor 1α gene (EF-1α),           
β-tubulin (β-TUB), calmodulin (CAM), and RNA 
polymerase II second largest subunit (RPB2),     
revealed the presence of multiple cryptic species

�MALDI-TOF: promising results  



Fusarium species most frequent cause  
of invasive infection

Nucci & Anaissie CMR 2007
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Fusarium species most frequent cause  
of invasive infection
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High resistance of Fusarium strains 
to the available drugs

Treatment of fusariosis in 
immunosuppressed and immunocompetent patients 

is a frustrating task



High resistance of Fusarium strains 
to the available drugs

Fusarium species 
• resistant to fluconazole
resistant to echinocandins• resistant to echinocandins

• high MICs of amphotericin B



High resistance of Fusarium strains 
to the available drugs

F. solani shows the highest MICs 
no significant differences among the cryptic species

Azor M et al AAC 2007

F. verticillioides shows a higher
susceptibility than the other 
important species of the genus

F. verticillioides
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