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Fusarium spp 

Mycotoxins 

Plant pathogens 

Zearalenone 
Nonsteroidal estrogen 

Fumonisins 

Leukoencephalomalacia in equines 
and rabbits  
Neural tube defects 

Link with esophageal cancer ?? 

Trichothecenes  
(>60 sesquiterpenoid metabolites) 

Potent inhibitors of eukaryotic protein synthesis 

        Alimentary toxic aleukia 

Trichothecenes 

       Bioterrorism  ?? 



Fusarium spp 

Mycotoxins 

Pathogens in  
immunocompetent  

hosts 
Arthritis/osteomyelitis 
following trauma 

Peritonitis in 
association with 
peritoneal dialysis 
 
 
 

Onychomycosis             
 
 
 
 
Hay & Baran AJAD 2011 

Keratitis  
consequence of corneal trauma 
associated with contact lens wear 
          
 
    

Plant pathogens 



Fusarium spp 

Pathogens in  
immunocompromised  

hosts 
Portal of entry: 
 

«  sino-pulmonary  
«  broken skin  
«  pre-existing onychomycosis  Rapid dissemination of 

infection due to sustained 
release of conidia 

Positive 
bloodcultures 

Metastatic skin lesions 
 
 
 
 
 
 
 Nucci & Anaissie CID 2002 

Poor prognosis of 
disseminated infection 

Pathogens in  
immunocompetent  

hosts 

Mycotoxins 

Plant pathogens 



Underlying diseases in patients 
with invasive fusariosis 
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Most of the cases associated with 
haematological malignancies 



Underlying diseases in patients 
with invasive fusariosis 

Tortorano et al EJCMID 2014; 33: 1623-30 
 

Haematological malignancies    47 
       acute myeloid leukaemia 13 
       acute lymphoid leukaemia 7 
       chronic myeloid leukaemia 2 
       unspecified leukaemia 11 
       lymphoma 6    
       other 8 



Underlying diseases in patients 
with invasive fusariosis 
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almost exclusively 
in allo-HSCT 



Invasive fusariosis: risk factors 

Allogeneic HSCT 
 early onset (≤40 days):  
  AML  
  antithymocyte globulin 
  hyperglycemia 

 

 late onset (>40 days): 
  history of invasive mold disease    
 nonmyeloablative conditioning regimen      
GVHD (grade III/IV)   

 
Acute myeloid leukemia 

  smoking 

Garnica M et al CID 2015 



Diagnosis 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 

Ø  Immunohistochemestry  
Ø  In situ hybridization  
 

 useful to identify the fungus 



Diagnosis 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 

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

Cross-reactivity of Fusarium 
in Aspergillus GM assay 

All 12 Fusarium 
tested isolates 
produced positive GM 



Identification of Fusarium species 

« 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   
 

≈ 70 medically relevant species  



Al-Hatmi AMS, Meis JF, de Hoog GS (2016) Fusarium: Molecular Diversity and Intrinsic Drug 
Resistance. PLOS Pathogens 12(4): e1005464. https://doi.org/10.1371/journal.ppat.1005464 





Treatment of fusariosis is frustrating 
 
30-day survival 

54% (60% in proven and 47% in probable disseminated fusariosis) 
 

                            Tortorano et al EJCMID 2014  
 

Clinical response to voriconazole alone/combined 
      47% (5% in neutropenic and 63% in nonneutropenic patients)  
 
 

90-day survival 
53.3-60% with voriconazole alone/combined 
53% with lipid amphotericin B 

 
 
 
These results despite elevated voriconazole MIC 
 
Key determinants of outcome 

•  recovery of immune status of the host (neutropenia) 
•  surgical debridement  

Stempel JM et al Open Forum Infect Dis 2015 
Nucci F et al  Semin Respir Crit Care 2015 

Lortholary O et al AAC 2010 



Fusarium     
(no. of tested isolates) Antifungal G-MIC MIC50 MIC90 
proliferatum  (16) Amphotericin B 1.35 1 2 
 Itraconazole 12.88 ≥16 ≥16 
 Posaconazole 5.91 ≥16 ≥16 
 Voriconazole 6.44 8 ≥16 
     

verticillioides (15) Amphotericin B 2.89 4 4 
 Itraconazole 1.74 1 2 
 Posaconazole 0.35 0.25 0.5 
 Voriconazole 1.20 1 2 
     

solani (14) Amphotericin B 1.05 1 2 
 Itraconazole 16.00 ≥16 ≥16 
 Posaconazole 13.79 ≥16 ≥16 
 Voriconazole 13.12 ≥16 ≥16 
     

oxysporum (6) Amphotericin B 1.12 1 2 
 Itraconazole 16.00 ≥16 ≥16 
 Posaconazole 4.00 1 ≥16 
 Voriconazole 2.52 2 8 
 

Fusarium: In vitro antifungal susceptibility 

Fusarium: 
intrinsecally 
resistant to 
fluconazole and  
echinocandins  

Tortorano et al. EJCMID  2014 



Fusarium infections: 
community acquired or hospital acquired? 
Fusarium species  

« present in soil and outdoor air 

« present in hospital air  

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

 

 

 
Anaissie et al CID 2001 

Aerosolization from water source (showers, sinks..)  
                              sinopulmonary infection 

 

Showering            skin infection (break in integrity)   



Fusarium infections: 
protection of high risk individuals from exposure 

«  HEPA-filtered air 

«  Drinking of sterile water 

«  Bed bath instead of showering 

«  Cleaning and drying showerheads, bathroom 
    floor and  walls  

«  Evaluation by a dermatologist  



Community acquired 

Anderson Cancer Center, Houston (Sept 1987 – Dec 1997) 
 
70 cases of fusariosis (incidence 0.05 per 1000 inpatient days) 

 24 nosocomial acquired 
 13 ?? 
 40 community acquired 
   

§  Hospital water: negative for Fusaria 
 

§  Clustering during rainy summer season 
 

Raad I et al InfectContrHospEpid, 2002 

Fusarium infections 
hospital acquired or community acquired? 



FSSC 2
69%

FSSC 1
15%

FSSC other
7%

FOSC
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4%

A    

Hematology Patient  Isolates (n= 55)

FSSC 2
74%
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B       

Dermatology Patient Isolates (n= 43)

FSSC 1
30%
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50%

FIESC
16%

C       

Environmental Isolates (n= 68)

FSSC-2 predominant in clinical isolates 
FOSC predominant in hospital environment 
 

Scheel CM et al BMCInfectDis 2013 

University Hospital Rio de Janeiro  Nucci M et al EmergInfectDis 2013 

Cutaneous portal of entry in 66.7% 
of invasive fusariosis  

2000-05 2006-10 
Invasive fusariosis  
(per 1000 admissions) 

0.86 10.23 
 

Superficial fusariosis  
(per 1000 superficial cultures) 

7.23 16.26 



Is fusariosis increasing due to changes in the environment? 

The Cerrado Area: native vegetation replaced by pasture 
                                                  (Brachyaria) and soybean  

  

Rio de 
Janeiro 

F. solani  
frequently found in soybean 
cause destructive disease 

Cerrado River bank forest 

Pasture Soybean plantation 

Fungal diversity in the Cerrado Area: 
shift towards Ascomycetes in soils modified 
by human activities 
          Castro et al. Arch Microbiol 2008;190:129-39 

from slides kindly given by Marcio Nucci 



Outbreaks   
? 



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

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

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 CDC 

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

2005-2006 outbreaks of Fusarium 
keratitis associated with contact lens wear 

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 

Chang, D. C. et al. JAMA 2006 

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 

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) 

Large investigation (factory and unopen vials): 
no Fusaria recovered   



Outbreak in a children’s cancer hospital, Sao Paulo 
 
 

Feb 2009-June 2011: 10 confirmed cases 
(2 F.oxysporum, 8 not identified) 

 0.35 to 1.04 per 1000 pt days; 0.67 to 1.7 per 100 admissions 
 Crude mortality: 70%       Attributable mortality: 50% 

Livtinov N et al CMI 2015 

Environmental investigation: 
Fusarium from air, showers, tap. 

Water in taps and showers came from 
reservoirs (dirty and with slime)  

 
Cleaning of water reservoirs and chlorination 
à  water samples negative, 
     but Fusarium from air 

Installation of 0.2µm water filters on faucets and 
showers controlled the outbreak 



Outbreaks   
? 

Pseudo-outbreaks ? 
contamination of 
- bronchoscopes   
- disposable “sterile” containers 



CONCLUSIONS 
Epidemiology of Fusarium infection is changing due to 

« geoclimatic changes  
« human intervention (agriculture activities) 

Prompt diagnosis and prompt identification of outbreaks 
coupled with epidemiological investigations to identify 
source of contamination are needed  

«  water ??  
«  air ?? 
«  fomites ?? 
«  health care worker onychomycosis ??  

Importance of monitoring this rare, 
but severe fungal disease 

Grazie per l’attenzione 


