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Fungal agents 

Yeasts Moulds 

Candida 
Cryptococcus 
Trichosporon spp 
Rhodotorula 
 

Modified from de Pauw et al, Med J Hematol Infect Dis 2011  
 

SEPTATE 
HYPHAE 

Aspergillus spp 
Scedosporium 
Fusarium 

ASEPTATE 
HYPHAE 

Zygomycetes 

Dermatophytes 
Trichophyton 
Microsporon 

Dimorphics 
Histoplasma 
Blastomyces 
Coccidioides 
Penicillium 



Lanternier  et al. Clin Infect Dis 2012 

Attributable mortality rate is near 70-75% 





  The most frequent infection 

form is the 

  rino-cerebral   
   one, linked to the capability 

of fungi to penetrate in the 
body through nasal and 
nosepharyngeal mucosa 

(typical of diabetic patient) 

    In neutropenic patients 
can be instead more 
easily observed the 

picture of mycotic 
pneumonia with a 

penetration mechanism 
similar to the previous 

one 



 
  

 Optimal for PCR-based diagnosis 

 Complications <1%.  

 NO false positivity 

     (NO CONTAMINATION) 

 Sensibility 80%; PPV 100%  

 Diagnosis in  53% of not diagnostic BAL 

                        

 

 

Int J Hematol. 2009 Jun; 89(5):624-7. Epub 2009 May 27. 

Role of CT-guided percutaneous lung biopsy 

 in diagnosis of pulmonary fungal infection  

in patients with hematologic diseases. 
Shi JM, Cai Z, Huang H, Ye XJ, He JS, Xie WZ, Zhang J, Zhou XY, Luo Y, Lin Y, Li L, Zheng WY, Wei GQ, Lin MF. 

Nosari A et al, Haematologica 2003 

Carrafiello G et al Radiol Med 2006 

Laas-Florl et al Clin Infect Dis 2007 

Gupta S. Hematologic Oncology 2009 
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Amphotericin B, posaconazole, and isavuconazole  

have activity against Mucorales 

References: 1. Sabatelli F, et al. Antimicrob Agents Chemother. 2006;50(6):2009-2015. 2. Yamazaki T, et al. Int J Antimicrob Agents. 2010;36(4):324-31. 3. González GM. 
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AMB, amphotericin B. 

Activity Variable activity Little or no activity 

TRIAZOLES  

 

AMB 

FIRST GENERATION SECOND GENERATION 

Fluconazole Itraconazole Voriconazole Posaconazole  Isavuconazole 

Aspergillus spp1-4         

Fusarium spp.1,7         

Chromoblastomycosis1,8 

Phaeohyphomycoses1,9,10         

Scedosporium apiospermum1,11,12         

Scedosporium prolificans1,11,12         

Mucorales1,13         

Number of  

isolates 

MIC50 VALUES 

Voriconazole Posaconazole  Isavuconazole AMB 

Lichtheimia corymbiferaa  12 16 0.125 1 ≤0.03 

Rhizopus oryzaea   6 8 0.5 1 0.25 

Rhizopus microsporusa 26 8 0.5 1 0.125 

Rhizomucor pusillusa 9 8 0.06 0.5 ≤0.03 

Lichtheimia ramosaa 5 8 ≤0.03 0.25 ≤0.03 

Mucor circinelloides G-Ia 5 >16 0.5 8 ≤0.03 

Mucor circinelloides G-IIa 9 >16 2 8 0.06 



Factors influencing the course of Zygomycosis 
Pagano et al, Haematologica 2004 

 Univariate analysis 
 Age 
 Sex (M vs F) 
 Hematological disease 
 Steroids use 
 Hematological disease phase 
 PMN recovery (yes vs no) 
 Infection site (lung vs other) 
 AmB compounds vs other 
L-AmB vs other treatments 

P-value  
ns 

0.033 
ns 
ns 
ns 

0.01 
ns 

0.01 
0.001 

At a multivariate analysis only the treatment with L-AmB  
[RR=0.5 (CI 0.3-0.8; p=0.0001)] is  significant 



Delaying > 6 days AMB-based therapy was 
associated with a doubling in mortality 

≤6, n=35

>6, n=35

48,6%
82,9%
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Chamilos et al. Clin Infect Dis 2008 
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Posaconazole in the treatment of 
proven/probable Mucormycosis 

Van Burik et al, CID 2006 Greenberg et al, AAC 2006 

Patients: 24 Recovered: 19 

79% 

All refractory or resistant 
11 rhino-CNS infection, 4 pneumonia 
POS 800 mg/d (200 mg x4 o 400 mg x2) 
Duration therapy ranged from 8 to 1004 d 

Patients: 91 Recovered: 55 

60% 

All refractory or resistant 
22 rhino-CNS infection, 37 pneumonia 
POS 800 mg/d (200 mg x4 o 400 mg x2) 
Duration therapy ranged from 6 to 1005 d 

 Two separate, but overlapping series of patients 
receiving posaconazole within compassionate use 

protocols of the manufacturer have been published 



Mucormycosis 

Infection Only 
N = 38 

Mucormycosis 
N = 46 

DRC Assessed 

Proven / Probable 
N = 37 

Intolerant 
N = 5 

Refractory 
N = 11 

Primary 
N = 21 

Marty et al, Lancet Infect Dis 2016 



Overall Response for Mucormycosis  

Overall     

Response  

at EOT 

Primary  

N = 21 

% 

Refractory 

N = 11 

% 

Intolerant 

N = 5 

% 

Total  

N = 37 

% 

Success 31.6 36.4 20.0 31.4 

   Complete 15.8 18.2 0 14.3 

   Partial 15.8 18.2 20.0 17.1 

Failure 68.4 63.6 80.0 68.6 

   Stable 31.6 18.2 40.0 28.6 

   Progression 36.8 45.5 40.0 40.0 



WHY? 

WHAT? 

The mortality rate of mucormycosis with 
monotherapy remains unacceptable 

The proposed strategy should have shown: 
1) Markedly improved survival in relevant 

animal models of IM. 
2) Available retrospective or observational 

clinical data, concordant with preclinical 
models 

3) Involvement of agents already approved 
for the use in humans 



 12 Year Retrospective Review (37cases) 
 Rhino-orbito-cerebral zygomycosis 
 Monotherapy with AmB formulation (31 patients) versus a combination 
of caspofungin and ABLC or L-AmB (6 patients) 

Pts receiving COMBO had 
a significantly higher 

response rate and survival  

LIMITS: LOW NUMBER  
most of pts had diabetes 
rhinocerebral forms only 

  all had surgery 

Combination Polyene-Echinocandin in Rhino-
Cerebral Zygomycosis    Reed et al.  Clin Infect Dis 2008 



Skiada et al, CMI 2011 

34% 



32 patients, 8 of them allo-HSCT (25%), not responsive to 
monotherapy and with an advanced disease 

Pagano et al, Haematologica 2013 

Lipid AMB + Posaconazole 





Surgery and Mucormycosis 

Surgery Yes 
Death/treated 

No 
Death/treated 

Morrison et al,  
BMT  1993 

1/3 9/10 

Tedder et al, 
Leuk & Lymph 1994 

4/36 38/56 

Pagano et al, 
Br J Haematol 1997 

0/5 17/21 

Petrikkos et al, Eur J Micr Infect 
Dis 2003 

6/17 7/7 

Sims et al, Arch Med Res 2006 2/12 2/4 

Total 13/73 
(17%) 

73/98 
(74%) 

Mortality in ECMM Study 
230 cases 

Surgical treatment related to decreased mortality (Odds 
ratio 0.21, 95% CI 0.09-0.48, p=0.001)  

Skiada et al, CMI 2011  

 



Saoulidis et al, CMI 2014 



11 pts in L-AmB + deferasirox Vs. 9 L-AmB + placebo 
Better results in diabetic patients 

 

characteristics 

 

L-AmB+ 

DFX 

 

L-AmB 

+placebo 

No. patients 11 9 

Active 

malignancy 

7 (74%) 3 (33%) 

Concomitant 

antifungal Tx 

6 (55%) 7 (78%) 



2009 











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 pt) 



Invasive and disseminated fusariosis 

HSCT (mainly allogeneic) 
 

 ITALY     0.2% (SEIFEM, Pagano et al CID 2007) 

 USA        3%  (TRANSNET, Kontoyiannis et al CID 2010) 

 BRAZIL   2%   (9 centers; Nucci et al CID 2004) 

 BRAZIL   5.2%  (8 centers; Nucci et al CMI 2013) 

 
Acute myeloid leukemia 
 

 ITALY     0.4% (SEIFEM, Pagano et al Haematologica 2006) 

 BRAZIL   3.8%  (8 centers; Nucci et al CMI 2013) 

 
Solid organ transplant 
 very rare (mainly in lung recipients; Carneiro et al Medicine 2011) 
 

Metastatic skin lesions 
 
 
 
 
 Nucci & Anaissie CID 2002 



Caira et al, Expert Rev Antinfect Ther 2011  

42% (6-79%) in case series 

Fusariosis outcome in HMs 

52% (45-82%) in clinical trials 



In vitro susceptibility of Fusarium spp. 

INACTIVE 
 

 5- Flucytosine 

 Ketoconazole 

 Fluconazole 

 Itraconazole 

 Caspofungin 

 Anidulafungin/Micafungin 

ACTIVE 
 

 AmB and lipid formulations 

 Voriconazole 

 Posaconazole/Ravuconazole 

 Terbinafine 

 AmB + Rifampicine 

 AmB + Azithromycin 

 



78% with HMs 

Overall 90-day survival 42% 

 primary = salvage therapy 

 vori alone = combo 

AAC 2010 





 
Treatment of Fusarium infections 

 
First line treatment of disseminated  infection in immunocompromised pts  

Voriconazole:  A II 47% complete/partial response 

TDM required 
Perfect  CID 2003 
Campo J Inf 2010 
Lortholary AAC 2010 

IV: 6mg/Kg BID (1 day); 4mg/Kg BID (3 
days) 
Oral: 200mg BID 

Liposomal AMB:  B II 

Conventional AMB:  D II 

AMB lipid complex:  C III 

Fusarium may be resistant 
to AMB 

High dosage required 

Nucci Cancer 2003 
Jensen CMI 2004 
Musa BrJHaemat 2000 
Patterson Clin Ped 1996 

Echinocandins:  D III Fusarium intrinsically resistant 
Nucci  CID 2004 

Any combination:  C III 
Campo J Inf 2010 
Lortholary AAC 2010 

Unclear results 

Tortorano et al, CMI 2014.  



 
Treatment of Fusarium infections 

 
2nd line treatment of disseminated  infection in immunocompromised pts  

Posaconazole:  A II 48% complete/partial response 

Breakthrough infections during prophylaxis 

TDM required Raas  CID 2006 
Campo J Inf 2010 

200mg QID or 400mg BID 

Voriconazole:  A III TDM required Baden Transplantation 2003 



Adjunctive treatments for Fusarium infections  

Granulocyte transfusion +/- antifungals:  B  III 

Resolution of infection in pts who recovered of myelosuppression 

Limited number of pts 

Boutati Blood 1997 
Digani Leukemia 1999 
Spielberger  CID 1993 
Helm JAAD 1990 

Hematological/neutropenic  pts  

Lupinetti Ann Thor Surg 1990 
Lupinetti J Thor Cardiovasc Surg 1992 
Nucci  & Anaissie CMR 2007 
Edupuganti JCM 2011 
Moschovi Ped Int 2004 
Brint Ped Infect Dis 1992 
Sierra-Hoffman Scand Infect  Dis 2005 
Bader Scand Infect  Dis 2003 
 

Surgery:  A  III 

To cure solitary lung nodules 

Aggressive debridement of necrotic tissue 

Any patient population 

Catheter removal  (+ antifungal):  A  II 

To cure catheter related infection Velasco EJCMID 1995 



  Isolated from soil, polluted water or sewage 

 Comprises two species: S. prolificans and  

S. apiospermum [Pseudallescheria boydii (anamorph S. 

apiospermum)]  

  

Scedosporium spp. 

 Clinical features are extremely 

variable 

370 cases of Scedosporium 

spp. in Texas 

 2000-2007  

Cortez et al, Clin Microbiol Rev 2008;21(1):157-197 

 Clinical forms and outcome strictly 

relate to immune  status 



CNS infections with Scedosporium 
apiospermum 

 Between 1948-1998 a total of 39 cases were collected  

 Solitary mass or multiple brain abscesses were the most 
frequent clinical manifestation (77%) 

 The majority of patients were under immunosuppressive 
therapy (12 = 31%) and near-drowning (11 = 28%) 

 High mortality : 29/38 (76%) 

 Survivors performed surgery escission 

 AmB no efficacy! Voriconazole maybe 

Nesky et al, CID 2000 



S. prolificans 

Risk cathegories 

 Neutropenia  

Hematologic malignancies 

 HSCT/SOT 

 HIV 

Prosthetic and native valve endocarditis 

Revankar et al. CID 2002;  Arthur et al. JCM 2001;  Bouza et al. Clin Microbiol Infect 
2004;  Idigoras et al. CID 2001; Wood et al. CID 1992; Tamm et al. Transpl Infect Dis 

2001; Greig  et al. J Infect 2001. 



S. apiospermum 
 

Risk cathegories 

 Neutropenia, hematological malignancy  

 HSCT/SOT 

 Chronic corticosteroid therapy 

 HIV 

 Chronic granulomatous disease 

 After near-drowning 

Castiglioni et al. Medicine 2002; Montejo et al. Mycoses 2002; Miele et al. Am J Transplant 
2002; Tapia et al. Br J Haematol 1994; Munoz et al. CID 2000; Rollot et al. Scand J Infect 
Dis 2000; Eckburg et al. CID 1999; Ichikawa et al. Acta Derm Venereol 1997; Gompels et 

al. J Clin Pathol 2002;  Ruchel et al. Mycoses 1995. 



107 cases of patients treated with voriconazole  

Voriconazole in scedosporiosis 

Overall Response: 57%  
Ranging from 91% for skin localization to 29% for uncommon sites 
(orbit,orecchio,corde vocali) 

Troke et al, Antimicrob Agents Chemother 2008;52(5):1743-50.  





Treatment of Scedosporium infections 
 in immunocompromised pts  

Voriconazole:   A II 

66% success rate (lowest in CNS or 
disseminated infection) 

TDM required 

Fortun EJCMID 2003 
Heath CMI 2009 
Husain CID 2005 
Luijk Case RepInfDis 2011 
Lamaris CID 2006 
Klopfenstein MedPedOnc 2003 

Liposomal AMB:  C III 

Conventional AMB:  D III 

Scedosporium spp usually 
resistant to AMB 

High dosage required 

Heath CMI 2009 
Husain CID 2005 

Combined therapy (Vori+LAmB; 
Vori+Caspo):  C III Case reports Unclear results 



Treatment of Scedosporium infections in pts 

with cerebral abscess  

First line treatment 

Voriconazole:  A III Buzina MM 2006 
Chakraborty Jneurosurg 2005 
Leechawengwong Mycoses 2007 

Good CNS penetration   
Surgery if possible 

Combined therapy  
    (Posa+LAmB; Caspo+Vori):  C III 

Case reports 

Second line treatment 



Treatment of Scedosporium infections 

GM-CSF  combined with antifungals 
                       in HSCT recipients:  B III 
                       
                       in CGD patients :  A II 

Antachopoulos Immunother 2012 

Bouza CID  1996 
RodriguezTudela MM 2009 

Surgical debridement 
                     of infected bone/soft tissue:  B III 
                       
                     of pulmonary lesions in  
                              HSCT/SOT recipients:  C III 

  Case reports 

Husain  CID  2005 



Treatment of Scedosporium prolificans infections 

Disseminated or pulmonary in immunocompromised pts 

Voriconazole:  B II Husain CID 2005 
Nishio KansenshogakuZasshi 2012 
Troke AAC 2008 

40% survival rate 

Pulmonary infection in immunocompromised pts 

 Vori/Posa+Terb:  B III Case reports 50% (3/6) survival 

Itraconazole:  C III Case reports 15% (3/12) survival 

Amphotericin B:  D III Case reports 4% (1/26) survival 



• Although isavuconazole has not been approved for the 
treatment of scedosporiosis, in vitro data suggests that it 
may have good activity against Scedosporium 
apiospermum, whereas S. prolificans was relatively 
resistant.  

• Indeed, isavuconazole demonstrates broad-spectrum 
activity against a global collection of opportunistic fungi; 
however, clinical experience with isavuconazole to treat 
scedosporiosis is limited, and its use is not routinely 
recommended. 






