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Key cells involved in the protection 
against fungi

Netea Nature Rev Microbiol 2008

Combined deficiencies!



35,876 incidents of IFIs registered 

• N°1: Candidemia (43.4%)
• N°2: Pneumocystis jirovecii pneumonia (26.1%) 
• N°3: Invasive aspergillosis (23.9%)  
• N°4: Cryptococcosis (5.2%)  
• N°5: Mucormycosis (1.5%) 

• Invasive aspergillosis 1.8% per 100,000 persons. 
Mucormycosis 0.12% per 100,000 persons. IFI: 
invasive fungal infection.

• Bitar et al. Emerg Infect Dis 2014;20:1149–55.



Trends of IFI incidence during a decade in France

+ 7,8%

+ 4,4%

+ 7,3%

+ 
13,3%

- 14,2%

- 14,8%

Bitar, Lortholary et al. Emerg Infect Dis 2014, in press



NRCMA, unpublished data









Yeasts

Cryptococcus gattii

Emerging yeasts



Encapsulated yeast : Cryptococcus neoformans/gattii
Major risk factor = cellular immune deficiency HIV++

q AIDS defining illness (extra-pulmonary)
q 6 % of severely immunodepressed ARV naive 

patients in Southern & Central Africa/South-East 
Asia (Bicanic CID 2009; Micol JAIDS 2007; Temfack submitted) :
ü1st cause of meningitis in adults (Africa) 

ü4th cause of infectious mortality worldwide (Park, AIDS 2009)

üMortality ≥ 50% within first 15d

q Major impact of antiretroviral therapy

Cryptococcosis in 2018



Cryptococcus spp. 
an encapsulated environmental 

yeast

Serotypes

Species

Varieties

   Distribution
          

    Environment

Hosts

A  &  D

neoformans

var. grubii/neoformans

USA-Europe
Cosmopolitan (A)

Soil, agrums, 
Bird droppings

Immunocompromised (HIV)

B  &  C

gattii = true species

-

Tropical & 
subtropical 

B : Eucalyptus
    C : Amand trees 

±Immunocompetent   
          



C. neoformans infection pathogenesis
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ü Ecology: 50 tropical trees (eucalyptus), subtropical, temperate

• Emerging in HIV-infected patients in Africa

• Outbreak:

– Since 1999: Vancouver Island, Canada (99-2007: 218 cases)

– Since 2005: Oregon & Washington, USA (2004-2011: 96 cases)

Cryptococcus gattii

Present in : 
-Australia, New Zealand+++
-South Am, Africa, Japan, 
Europe:
-Autochtonous in France  
(Guyana)
-Spain, Greece, Italy

Springer,EID 2010, Galanis, EID, 2010, 
Harris CID 2011, Hagen EID 2013 



• US
• 50% ID patients

• Mortality: 33%

• Risk factors for death:

– Steroids

– Lack of neurological 
sign

• Canada

• 38% patients ID

• Mortality: 8.7%

• Risk factors for death:

– Age

– Neurological signs

• Clinical presentation:

– Respiratory signs: 
76.6%

Cryptococcus gattii: clinical presentation

Harris JR, CID 2011 Galanis, EID 2010

Respiratory signs after return from an endemic area



Characteristics of C. gattii genotypes

Guery et al. In press 2015
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• 26 fungemias, 22 deaths at M1
• 16/18 outbreak cases belonged to clade A
• Eighteen cases within 8 weeks; 10 healthcare centers
• Several clade A cases (including GI tract colonization) since January 2015
• Source?
Clade characterization

• Whole-genome sequencing (Illumina) 
• Clone-specific genotyping

Multicenter outbreak of infections by Saprochaete clavata
September 2011 – October 2012 (n = 30)

Vaux Mbio 2014



Molds



Risk factors for mold infections
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children Burned
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23–60% death at 3 months
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IFI complicating new biotherapies in 
hematology

• Ibrutinib (BTK inhibitor): 
– Phase1 CNS lymphoma 7/18 IA; IA with steroids, PjP cases, 

cryptococcosis

• Idelalisib (PI3 kinase inhibitor):
– PjP = primary prophylaxis

• Ruxolitinib (JAK 2 inhibitor)
• Venetoclax (BCL2 inhibitor)
• mTOR inhibitors
• Brentuximab (CD30 Ab)
• Blinatumomab (CD3-CD19 Ab)
• HDAC inhibitors
• Anti-PD1 Ab
• Anti-CTLA4 Ab

– Few IA cases

– PjP prophylaxis ?

NO SIGNAL OF IFI

Literature review: ongoing
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 International Guidelines on antifungal 
prophylaxis in AML and allo-HSCT 



Breakthrough invasive fungal disease in patients 
receiving posaconazole primary prophylaxis 

Lerolle, CMI 2014

C.glabrata fungemia n = 2
IPA n = 3
Fusariosis n = 2
Mucormycosis n = 2 

« The low pretest risk of invasive aspergillosis in 
the context of effective antimold prophylaxis 

renders serum GM surveillance of asymptomatic 
patients unreliable » Duarte CID 2014



Invasive mold infections following azole 
prophylaxis

Duke, 2004-2013
24 breakthrough IMI

Duration prophylaxis: 51d
73% appropriate through levels
83% intrinsic resistance of mold

Lamoth, CID 2017



Diagnostic 

work-up of 

patients

 under

 antifungal 

cover

Management issues in breakthrough fungal 
infections



Resistance in fungi

Susceptible speciesResistant species

Intrinsic resistance +++ Acquired resistance

Resistant isolate

Susceptible isolate

1. Appropriate identification at the species level +++

2. ATF: Most often selection of species with higher MIC values

« Low process »
No horizontal transmission



Triazole resistant Aspergillus spp.

• How to get a resistant infection
– “Primary” resistance in antifungal naïve patients

• Intrinsically resistant species

• Isolate with acquired resistance (environment)

– “Acquired” resistance in the AF-treated patient 
• Long-term treatment in the individual patient (chronic infection)



Aspergillus section Fumigati

• 10 anamorphs 
– A. brevipes

– A. duricaulis 

– A. fumigatiaffinis *

– A. fumigatus

– A. fummisynnematus

– A. lentulus *

– A. novofumigatus

– A. turcosus

– A. unilateralis

– A. viridinutans *  

n23 telemorphs (Neosartorya)
– N. assulata
– N. aurata
– N. aureola
– N. australensis
– N. coreana
– N. denticulata
– N. ferenczii
– N. fennelliae
– N. fischeri
– N. galapagensis
– N. glabra
– N. hiratsukae

– N. laciniosa
– N. mulplicata
– N. papuensis
– N. pseudofischeri 

*
– N. quadricincta
– N. spinosa
– N. stramenia
– N. spathulata
– N. tatenoi
– N. udagawae
– N. warcupii

Samson in “Aspergillus fumigatus and Aspergillosis” 2008; courtesy of M Arendrup
Isolates in red have been isolated from humans, * resistant to one or more AFs



Azole-resistance in A. fumigatus

Verweij, Drug Resist Updates 2009; Howard, Emerg Infect Dis 2009

Manchester

Numerous 
different 

resistance 
mechanisms

Nijmegen

One mechanism 
responsible for 

>94% R

(TR34/L98H)



TR34/L98H
TR53

TR46/Y121F/T289A
G54?

Medical azoles

The environmental route
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From :
Atlas of Clinical Fungi 2014

De Hoog, Guarro, Gené & Figueras
Molds other than 

Aspergillus and 
Mucorales

++ Aspergillus spp.

++ Fusarium spp.
++ Scedosporium spp.

++ Hormographiella aspergillata



Incidence of various mold infections in allo-
HSCT

Caira, Exp Rev Antiinfect Ther 2011



Variable epidemiology (region & hospital) of 
non-Aspergillus molds infections in 

transplant recipients in the USA

RESEARCH

ranging from 89 to 2,551 HCTs and from 239 to 2,111 
SOTs (Table 2). The median number of cases at a site was 
8 (interquartile range 2–11 cases).

Patient Characteristics (Surveillance Cohort)
Of the 169 case-patients, 96 (56.8%) were male, and 

141 (91.6%) were white (Table 3); median age was 49 years 
(range 36–57 years). Proven IFIs comprised 95 (56.2%) 
cases. Active diabetes at the time of infection, either 
glucocorticoid-associated or as a preexisting condition, 
was present among 46 (43.8%) mucormycosis patients, 9 
(56.8%) fusariosis patients, and 7 (25.9%) scedosporiosis 
patients. The overall crude mortality rate at 90 days was 
56.6% (90/169).

The lower respiratory tract was the most commonly 
involved site for all mold illnesses (53.1% of mucormycosis, 
38.9% of fusariosis, and 59.3% of scedosporiosis) (Table 
3). Disseminated disease (17.4% of all cases) was also 
frequent (13.3% of mucormycosis, 22.2% of fusariosis, and 
25.9% of scedosporiosis).

Of the 124 HCT recipients with 1 of these infections, the 
most common indication for HCT was acute myelogenous 
leukemia (35 [28.2%] cases), followed by non-Hodgkin 

lymphoma (26 [21.0%] cases) (Table 3). Most HCT 
recipients received a human leukocyte antigen (HLA)–
matched, allogeneic graft from a related donor (54 [43.5%] 
patients), followed by HCT recipients with an unrelated 
donor (47 [37.9%] patients) (Table 3). In the 60 days 
before diagnosis of infection, neutropenia was reported in 
4 (25.0%) patients with scedosporiosis, 39 (50.6%) with 
mucormycosis, and 17 (54.8%) with fusariosis. Acute graft-
versus-host disease was present in 32 (41.6%) patients with 
mucormycosis, 7 (22.6%) with fusariosis, and 6 (37.5%) 
with scedosporiosis.

Of the 45 transplant patients with mold infections who 
had received an SOT, 19 (42.2%) had received a lung and 
12 (26.7%) had received a kidney (Table 3). Twenty-four 
(54.5%) patients experienced organ rejection in the 30 days 
before infection occurred.

Many cases occurred early after transplant, but late-
onset infection was also prevalent. Among HCT recipients, 
67 (54.4%) infections occurred <6 months after transplant; 
17 (13.8%) occurred >2 years after transplant (Figure 1). 
Among SOT recipients, 17 (37.8%) infections occurred 
within the fi rst 6 months; 15 (33.3%) occurred >2 years 
after transplant. Median time to IFI for liver transplant 
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Table 2. Regional and hospital variability of Mucorales, Fusarium spp., and Scedosporium spp. invasive infections, as reported in 
TRANSNET, United States, 2001–2006* 

US region,† 
hospital code 

No. transplant recipients  No. (%) cases 
HCT SOT Mucorales, n = 105 Fusarium spp., n = 37 Scedosporium spp., n = 27 Total, N = 169

Northeast 7 (6.7) 3 (8.1) 2 (7.4) 12 (7.1) 
 A 608 1,532 5 (4.8) 1 (2.7) 1 (3.7) 7 (4.1) 
 B 245 377 1 (1.0) 2 (5.4) 1 (3.7) 4 (2.4) 
 C 1,107 NA 1 (1.0) 0 0 1 (0.6) 
South 46 (43.8) 23 (62.2) 11 (40.7) 80 (47.3) 
 D 2,551 NA 18 (17.1) 12 (32.4) 1 (3.7) 31 (18.3) 
 E 646 549 6 (5.7) 3 (8.1) 6 (22.2) 15 (8.9) 
 F 363 NA 5 (4.8) 3 (8.1) 1 (3.7) 9 (5.3) 
 G 523 1,201 4 (3.8) 2 (5.4) 2 (7.4) 8 (4.7) 
 H 342 1,532 5 (4.8) 1 (2.7) 1 (3.7) 7 (4.1) 
 I 808 377 4 (3.8) 0 0 4 (2.4) 
 J 89 728 3 (2.9) 0 0 3 (1.8) 
 K 2,040 239 1 (1.0) 1 (2.7) 0 2 (1.2) 
 L 110 1,210 0 1 (2.7) 0 1 (0.6) 
 M 449 NA 0 0 0 0
 N 511 NA 0 0 0 0
Midwest 35 (33.3) 9 (24.3) 7 (25.9) 51 (30.2) 
 O 970 2,111 8 (7.6) 5 (13.5) 4 (14.8) 17 (10.1) 
 P 1,028 1,391 8 (7.6) 2 (5.4) 0 10 (5.9) 
 Q 361 1,210 8 (7.6) 0 0 8 (4.7) 
 R 315 2,111 5 (4.8) 0 3 (11.1) 8 (4.7) 
 S 546 755 6 (5.7) 2 (5.4) 0 8 (4.7) 
West 17 (16.2) 2 (5.4) 7 (25.9) 26 (15.4) 
 T 1,512 NA 9 (8.6) 2 (5.4) 4 (14.8) 15 (8.9) 
 U 854 NA 8 (7.6) 0 3 (11.1) 11 (6.5) 
 V 1,019 NA 0 0 0 0
*TRANSNET, Transplant-Associated Infection Surveillance Network; HCT, hematopoietic cell transplant; SOT, solid organ transplant; NA, not available 
because of nonparticipation in surveillance for this transplant type. 
†Northeast: Massachusetts, New York, Pennsylvania; South: Alabama, Arkansas, Florida, Georgia, Maryland, North Carolina, Tennessee, Texas; 
Midwest: Iowa, Michigan, Minnesota, Nebraska, Wisconsin; West: California, Washington. 

Park EID 2011Transnet, 23 centers, 2001-2006



Time for occurrence of non-Aspergillus mold 
infections in transplant recipients

Park EID 2011Transnet, 23 centers, 2001-2006

RESEARCH

recipients was 81 days, compared with 533 for non–liver 
SOT recipients (p = 0.035).

Exposure to Antifungal Drugs
Voriconazole was the most frequently administered 

antifungal agent before infection in mucormycosis 
patients (47 [44.7%]) (Table 4). In contrast, fewer patients 
with fusariosis (27.0%) or scedosporiosis (11.1%) had 
received voriconazole (Table 4). Of the 47 patients with 
mucormycosis who received voriconazole, 28 (59.6%) 
were receiving voriconazole as prophylaxis, 15 (31.9%) 

were receiving it as empiric therapy, and 4 (8.7%) were 
receiving it as treatment for a suspected or other proven 
fungal infection.

More mucormycosis patients received an amphotericin 
B formulation after diagnosis (78.1%) than did fusariosis 
(51.4%) and scedosporiosis (33.3%) patients (Table 
4). Patients with fusariosis (20 [54.1%] of 37) and 
scedosporiosis (15 [55.6%] of 27) most commonly received 
voriconazole after IFI diagnosis.

Incidence Cohort
Follow-up data were available for 15,820 HCT 

recipients from 22 sites. Among these, 17% died, 13% 
experienced relapse, and 1% underwent retransplant 
in the fi rst 12 months after transplant. Mucormycosis 
was diagnosed in 44 (0.3%) persons. Overall 12-month 
cumulative incidence for mucormycosis in HCT recipients 
was 0.29% (Figure 2). Recipients of an organ or cells 
from an allogeneic HLA-unrelated donor had the highest 
12-month cumulative incidence of mucormycosis at 0.85%; 
allogeneic HLA-matched related donors had a cumulative 
incidence of 0.58%; and allogeneic HLA-mismatched 
related donors had a 12-month cumulative incidence of 
0.25% (Figure 2).

Follow-up data were available for 16,457 SOT 
recipients from 15 sites. Of these, 6% died; 2% of kidney 
transplant recipients returned to chronic dialysis; and 
2% underwent retransplant within 12 months after the 
transplant. In 12 (0.07%) persons, mucormycosis was 
diagnosed within the fi rst 12 months after transplant. 
In SOT recipients, the overall 12-month cumulative 
incidence of mucormycosis was 0.07% (Figure 3). Patients 
receiving lung transplants and liver transplants had the 
highest incidence of mucormycosis (0.18% and 0.16%, 
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Figure 1. Months from transplant to development of invasive 
mucormycosis, fusariosis, or scedosporiosis among hematopoietic 
cell (HCT) and solid organ (SOT) transplant recipients as reported 
in the Transplant-Associated Infection Surveillance Network, United 
States, 2001–2006.

Table 4. Antifungal medications received before and after diagnosis of invasive mold infection, TRANSNET data, United States, 2001–
2006*

Antifungal drug 
Mucorales, no. (%), 

n = 105 
Fusarium spp., no. (%), 

n = 37 
Scedosporium spp., 

no. (%), n = 27 
Total, no. (%), 

N = 169 
Received before diagnosis 
 Amphotericin B† 7 (6.7) 5 (13.5) 3 (11.1) 15 (8.9) 
 Fluconazole 35 (33.3) 17 (45.9) 5 (18.5) 57 (33.7) 
 Itraconazole 13 (12.4) 4 (10.8) 8 (29.6) 25 (14.8) 
 Voriconazole 47 (44.8) 10 (27.0) 3 (11.1) 60 (35.5) 
 Caspofungin 18 (17.1) 3 (8.1) 3 (11.1) 24 (14.2) 
 Posaconazole 0 1 (2.7) 0 1 (0.6) 
Received after diagnosis 
 Amphotericin B† 82 (78.1) 19 (51.4) 9 (33.3) 110 (65.1) 
 Fluconazole 4 (3.8) 0 0 4 (2.4) 
 Itraconazole 10 (9.5) 2 (5.4) 8 (29.6) 20 (11.8) 
 Voriconazole 39 (37.1) 20 (54.1) 15 (55.6) 74 (43.8) 
 Caspofungin 26 (24.8) 12 (32.4) 11 (40.7) 49 (29.0) 
 Posaconazole 24 (22.9) 3 (8.1) 3 (11.1) 30 (17.8) 
*TRANSNET, Transplant-Associated Infection Surveillance Network. Numbers do not total 100% because of concomitant receipt of multiple antifungal 
agents.
†Any amphotericin B formulation. 



Cumulative incidence of fusariosis and 
scedosporiosis according to donor in HCT 

recipients

Park EID 2011Transnet, 23 centers, 2001-2006

 Invasive Mold Infections in Transplant Recipients

respectively). Four Scedosporium spp. (3 lung SOTs, 1 
kidney) and 2 Fusarium spp. (1 lung SOT, 1 liver) infections 
occurred within the fi rst 12 months after transplant (data 
not shown).

We estimated cumulative incidence for mucormycosis 
and for Fusarium spp. and Scedosporium spp. infections 
combined for the 9 subcohorts from May–August 2002 
through January–April 2005 (Figure 4). Cohorts ranged 
from ≈1,200 to 1,400 transplant recipients each. Estimated 
cumulative incidence of Fusarium spp. and Scedosporium 
spp. infections in the 9 subcohorts did not increase over 
time. Incidence ranged from 0% during January–April 
2004 and September–December 2004 to a high of 0.30% (4 
infections) during May–August 2004.

The incidence of mucormycosis in HCT recipients 
varied, with generally higher incidences in 2003 and 
2004 than in 2002. Initially, the 12-month cumulative 
incidence for mucormycosis was 0.08% (1 infection) for 
the cohort receiving transplants during May–August 2002. 
The cumulative incidence was higher for all subsequent 
cohorts and peaked at 0.69% (9 infections) in the cohort 
receiving transplants during September–December 2004. 
In the subsequent cohort that received transplants during 
January–April 2005, incidence declined to 0.16% (2 
infections). These 39 Mucorales infections occurred at 
13 of the 21 sites, with these 13 sites contributing 1–7 
infections each. The pattern was similar across the 9 
subcohorts when we excluded the site with most cases (site 
D) and limited the analysis to allogeneic transplants only 
(data not shown). In addition, the total follow-up time of 

allogeneic HCTs did not appreciably increase (Figure 4). 
Mucormycosis incidence rates appeared to decrease for 
the cohorts receiving transplants during the fi rst 4 months 
(January–April) of each year in the 2003–2005 surveillance 
period.

Discussion
We describe the modern epidemiology of common 

non-Aspergillus invasive mold infections at multiple 
tertiary care sites throughout the United States. During the 
TRANSNET surveillance period, the estimated cumulative 
incidence of mucormycosis among HCT subcohorts 
receiving transplants in 2003 and 2004 was generally higher 
than in 2002. Public health offi cials and clinicians should 
be aware of these emerging mold infections, particularly in 
susceptible hosts, such as transplant recipients.

The worrisome possibility of an increase in 
mucormycosis incidence has gained attention recently, 
particularly because this disease has an extremely high 
case-fatality rate (9,10). Most supporting information about 
the emergence of this mold has come from compilations 
of case series (11,12), single-center studies (13–15), or 
registries (16,17). One national study in France used 
administrative data to demonstrate an increase over a 10-
year period (18). In contrast, our analysis is based on a 
comprehensive database from a surveillance program that 
included a large number of centers with a broad geographic 
distribution. Furthermore, all cases were independently 
evaluated by using standardized case defi nitions (EORTC-
MSG criteria [8]).
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Figure 2. Twelve-month cumulative incidence for invasive A) Mucorales infections and B) combined Fusarium and Scedosporium spp. 
infections among donor types of hematopoietic cell transplant recipients reported in the Transplant-Associated Infection Surveillance 
Network, United States 2001–2006. Infection data by transplant type: allogenic URD, 2,483 patients, 20 with Mucorales infection, 9 with 
Fusarium or Scedosporium spp. infection; allogenic MRD, 3,499 patients, 19 with Mucorales infection, 11 with Fusarium or Scedosporium 
spp. infection; allogenic MMR, 427 patients, 1 with Mucorales infection, 2 with Fusarium or Scedosporium spp. infection; autologous, 9,326 
patients, 4 with Mucorales infection, 2 with Fusarium or Scedosporium spp. infection; overall, 15,820 patients, 44 with Mucorales infection, 
24 with Fusarium or Scedosporium spp. infection. URD, unrelated donor; MRD, matched related donor; MMR, mismatched related donor.

 Invasive Mold Infections in Transplant Recipients

respectively). Four Scedosporium spp. (3 lung SOTs, 1 
kidney) and 2 Fusarium spp. (1 lung SOT, 1 liver) infections 
occurred within the fi rst 12 months after transplant (data 
not shown).

We estimated cumulative incidence for mucormycosis 
and for Fusarium spp. and Scedosporium spp. infections 
combined for the 9 subcohorts from May–August 2002 
through January–April 2005 (Figure 4). Cohorts ranged 
from ≈1,200 to 1,400 transplant recipients each. Estimated 
cumulative incidence of Fusarium spp. and Scedosporium 
spp. infections in the 9 subcohorts did not increase over 
time. Incidence ranged from 0% during January–April 
2004 and September–December 2004 to a high of 0.30% (4 
infections) during May–August 2004.

The incidence of mucormycosis in HCT recipients 
varied, with generally higher incidences in 2003 and 
2004 than in 2002. Initially, the 12-month cumulative 
incidence for mucormycosis was 0.08% (1 infection) for 
the cohort receiving transplants during May–August 2002. 
The cumulative incidence was higher for all subsequent 
cohorts and peaked at 0.69% (9 infections) in the cohort 
receiving transplants during September–December 2004. 
In the subsequent cohort that received transplants during 
January–April 2005, incidence declined to 0.16% (2 
infections). These 39 Mucorales infections occurred at 
13 of the 21 sites, with these 13 sites contributing 1–7 
infections each. The pattern was similar across the 9 
subcohorts when we excluded the site with most cases (site 
D) and limited the analysis to allogeneic transplants only 
(data not shown). In addition, the total follow-up time of 

allogeneic HCTs did not appreciably increase (Figure 4). 
Mucormycosis incidence rates appeared to decrease for 
the cohorts receiving transplants during the fi rst 4 months 
(January–April) of each year in the 2003–2005 surveillance 
period.

Discussion
We describe the modern epidemiology of common 

non-Aspergillus invasive mold infections at multiple 
tertiary care sites throughout the United States. During the 
TRANSNET surveillance period, the estimated cumulative 
incidence of mucormycosis among HCT subcohorts 
receiving transplants in 2003 and 2004 was generally higher 
than in 2002. Public health offi cials and clinicians should 
be aware of these emerging mold infections, particularly in 
susceptible hosts, such as transplant recipients.

The worrisome possibility of an increase in 
mucormycosis incidence has gained attention recently, 
particularly because this disease has an extremely high 
case-fatality rate (9,10). Most supporting information about 
the emergence of this mold has come from compilations 
of case series (11,12), single-center studies (13–15), or 
registries (16,17). One national study in France used 
administrative data to demonstrate an increase over a 10-
year period (18). In contrast, our analysis is based on a 
comprehensive database from a surveillance program that 
included a large number of centers with a broad geographic 
distribution. Furthermore, all cases were independently 
evaluated by using standardized case defi nitions (EORTC-
MSG criteria [8]).

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 17, No. 10, October 2011 1861

Figure 2. Twelve-month cumulative incidence for invasive A) Mucorales infections and B) combined Fusarium and Scedosporium spp. 
infections among donor types of hematopoietic cell transplant recipients reported in the Transplant-Associated Infection Surveillance 
Network, United States 2001–2006. Infection data by transplant type: allogenic URD, 2,483 patients, 20 with Mucorales infection, 9 with 
Fusarium or Scedosporium spp. infection; allogenic MRD, 3,499 patients, 19 with Mucorales infection, 11 with Fusarium or Scedosporium 
spp. infection; allogenic MMR, 427 patients, 1 with Mucorales infection, 2 with Fusarium or Scedosporium spp. infection; autologous, 9,326 
patients, 4 with Mucorales infection, 2 with Fusarium or Scedosporium spp. infection; overall, 15,820 patients, 44 with Mucorales infection, 
24 with Fusarium or Scedosporium spp. infection. URD, unrelated donor; MRD, matched related donor; MMR, mismatched related donor.



Management of mucormycosis in 
hematology



547 cases
Incidence: 0.9/106/year
0.7 case/106 in 1997 
1.2 case/106 in 2006

BEH, 2013

Increasing incidence of zygomycosis 
(mucormycosis), France, 1997–2006)

• Emerg Infect Dis Sept 2009

Dounia Bitar, Dieter Van Cauteren, Fanny Lanternier, Eric Dannaoui, Didier Che, 
Francoise Dromer, Jean-Claude Desenclos, and Olivier Lortholary



n 2003–2008, allo HSCT France1
n Mucormycosis prevalence: 0.4% (N=29)
n 225 days after allo 0–2693
n 23 breakthrough infections
n 10 prior post-transplant infection
n 89% patients corticosteroids 1 mg/kg

1. Xhaard Clin Microbiol Infect 2012; 2. Park Emerg Infect Dis 2011; 
3. Kontoyiannis Clin Infect Dis 2010.

2 3

Percentage of IFI

63% of non-Aspergillus mold infections 
in transplant patients

43%8%

83%

2 3 Transnet



Pulmonary mucormycosis

• Associated with hematological malignancy

• Primitive, dissemination

• Symptomes, non specific

– Fever, pain, hemoptysis

– Lung inflitrate

– Halo possible

– Necrosis : 
• Extension

• Vessels: bleeding–  Dissemination



+ Mucormycoses pulmonaires

Danion et al, Semin Resp Dis 2015



+

Danion et al, Semin Resp Dis 2015



Reverse halo sign

• IFI (n=189)

• 7 reverse halo sign (4%)

– 1/132  aspergillosis

– 6/ 37  mucormycosis (19%)

Wahba H, CID 2008



Reverse halo sign

• Single center 
experience

• Acute leukemia

Legouge, CID, 2014



+ Chirurgie et mucormycose pulmonaire

Chretien, CMI 2016

Etude monocentrique, 92% LA



Recommendations for first-line treatment of 
mucormycosis

ECIL-6

Tissot et al. Haematologica 2017



Recommendations for salvage and maintenance 
therapy of mucormycosis

ECIL-6

Tissot et al. Haematologica 2017



+ Isavuconazole et mucormycose 
45

Vital study 1st line
Isavuconazole

N=21

AmBizygo study
L AmB high dose

N=33

Chirurgie 43% 71%

Response W4 31%

            Partial response 13%

           Complete response 19%

            Décès 21%

Response W6 14%

             Partial response 0

            Complete response 14%

            Stable 43%

            Décès 33%

Response W12 10% 48%

            Partial response 5% 19%

            Complete response 5% 29%

            Stable 43% 6%

            Décès 43% 38%



Management of disseminated fusariosis in 
Hematology

Fusarium spp. = 25% of non-Aspergillus molds in HSCT [Park, EID 2011] 



Fusarium spp.

• Hyaline mould, septate, 

ubiquitous, soil, water, 

showers, water taps, air

• Toxins producer; plant 

pathogen

• Rapid growth (48h), canoe-

shaped macroconidia

• Taxonomic changes; species 

identification difficult:

–F. solani species complex : 
50%

–F. oxysporum species 
complex: 20%

–F. verticillioides / 
moniliforme : 10%

• Traumatism : skin, 

onyxis/perionyxis

• Invasive form: ≥ 80% 

hematological malignancies 

• Neutropenia +++, GVH, 

steroids

  lymphopenia, ± catheter

Angioinvasive disease: 

thrombosis and infarction

–In tissue: hyaline, septate, 

acute branching hyphae –



Fusariosis : better clinical suspicion = 
earlier diagnosis in hematology (n=84)

Poor prognostic factors :
Persistent neutropenia : HR = 5.43 [4% survival]
Corticosteroids : HR = 2.18 [30% survival]

No factor :  67% survival
Nucci Cancer 2003

Fever 92%

Skin lesions 77% (multiple 66%)

Lung infiltrates 54%

Sinusitis 36%

Dissemination 79%

Fungemia 55%

5,2 cm



Risk factors for fusariosis in 345 allo-HSCT 
recipients

Prospective cohort, 8 centers in Brazil; 15 fusariosis cases

Garnica, CID 2015



Galactomannan detection during invasive 
fusariosis

• 15/18 (83%) GM positive; Se 83%; Sp 
67%

Nucci, PLoS ONE 2014



Outcome of fusariosis

Caira, Exp Rev Antiinfect Ther 2011

Fungemia: independent factor for death
[OR 15.9; 1.1-231, p = 0.042]



Outcome of fusariosis according to PMN 
recovery  or fungemia

Campo, J Infect 2010



Outcome of fusariosis :
underlying condition and site of infection
Underlying condition

• NS

Site of infection

• Lung/sinus>Disseminated >Brain

Lortholary AAC 2010 

42% success rate
Vori similar to combination



In vitro susceptibility of Fusarium species

Fusarium spp. : intrinsic « multiple 
resistance »

• NRCMA, unpublished data

AMB ITRA VORI POSA CASPO TERBI MICA

Fusarium oxysporum complex 2/4 ≥8/≥8 4/8 2/≥8 ≥8/≥8 2/8 ≥8/≥8

Gibberella fujikuroi complex (n=63) 4/8 ≥8/≥8 4/8 4/≥8 ≥8/≥8 1/2 ≥8/≥8

Fusarium solani complex (n=143) 2/8 ≥8/≥8 8/≥8 ≥8/≥8 8/≥8 ≥8/≥8 ≥8/≥8

Fusarium dimerum complex (n=16) 0.5/0.5 ≥8/≥8 2/8 ≥8/≥8 8/≥8 0.5/2 ≥8/≥8



Fusariosis : principles of therapy

• Surgical removal of necrotic tissues (sinus, eye, skin, bone 

…)

• Removal of infected catheter

• Voriconazole =  first line, 9/21 : 44% favorable 

response; 

– 3 months survival = 71%

• Ampho B lipid  derivative

– Lipid complex:  5 mg/kg/d [46% efficacy]

• Granulocytes transfusions

Kontoyiannis Leuk Lymphoma 2004; Perfect CID 2005; Perfect CID 2003



Voriconazole for the management of 
fusariosis

• Retrospective 
international study

• 73 pts (++2nd line)
– Allogeneic SCT (18%)

– Hem malignancy (60%)

– Neutropenic = 64%

• Localization
– Brain (5%)

– Disseminated outside 
brain (67%)

– Chest/sinus (15%)

• Success = 47%
• D90 survival = 42%

• Lortholary, AAC 2010



Voriconazole:  
important considerations

• First-line therapy, but consider (according to geographical area) triazole resistant 
A. fumigatus (van der Linden, CID 2013)

• Oral therapy when possible (cost)

• Therapeutic drug monitoring: trough levels: >1 Pt< 5 mg/ml (Park, CID 2012)

– Efficacy and safety

• Hepatic dysfunction

– Reduce dosage

• Drug interactions

– Monitor immunosuppressive/other therapy 

• Metabolism

– Increased levels in patients likely to metabolize drug poorly (Asia, CYP-2C19 
polymorphism)

– May be associated with increased adverse events

• Renal dysfunction

– Only oral route feasible (legal mention)

– Recent literature on renal safety of iv formulation (Neofytos, CID 2012)

• Monitoring of long-term therapy:

– Fluorosis [Launay, CID Aug 2013]

– Skin phototoxicity and related consequences [“VoriPeau” Epaulard, CID 2013]



CID 2006



Changing outcome during invasive fusariosis 
: impact of antifungal therapy

n a z o l e ( 9 5 % C I 5 2 –6 8 ) , 5 3 % w i t h a l i p i d f o r m u l a t i o n o f

a m p h o t e r i c i n B ( 9 5 % C I 3 7 –7 2 ) , a n d 2 8 % w i t h d e o x y c h o l a t e

a m p h o t e r i c i n B ( 9 5 % C I 2 0 –3 6 ) ( p 0 . 0 4 ; l o g - r a n k t e s t f o r
t r e n d ) . I n t h e a s s e s s m e n t o f p r o g n o s t i c f a c t o r s , v a r i a b l e s n o t

s i g n i c a n tfi b y u n i v a r i a t e a n a l y s i s w e r e a g e , g e n d e r , c o u n t r y ,

p r e s e n c e a n d s e v e r i t y o f G V H D , n e u t r o p e n i a a t d i a g n o s i s o f

f u s a r i o s i s , c l i n i c a l p r e s e n t a t i o n , a n d p r i m a r y t r e a t m e n t w i t h a
l i p i d f o r m u l a t i o n o f a m p h o t e r i c i n B o r w i t h c o m b i n a t i o n

t h e r a p y . A s s h o w n i n T a b l e 3 , t h e v a r i a b l e s s i g n i c a n t l yfi
a s s o c i a t e d w i t h p o o r p r o g n o s i s ( d e a t h 9 0 d a y s a f t e r t h e

d i a g n o s i s o f f u s a r i o s i s ) b y m u l t i v a r i a b l e a n a l y s i s w e r e : r e c e i p t
o f c o r t i c o s t e r o i d s ( h a z a r d r a t i o ( H R ) 2 . 1 1 , 9 5 % C I 1 . 1 8 –3 . 7 6 ,
p 0 . 0 1 ) , n e u t r o p e n i a a t e n d o f t r e a t m e n t ( H R 2 . 7 0 ,

9 5 % C I 1 . 5 7 –4 . 6 5 , p <0 . 0 0 1 ) , a n d r e c e i p t o f d e o x y c h o l a t e

a m p h o t e r i c i n B ( H R 1 . 8 3 , 9 5 % C I 1 . 0 6 – 3 . 1 6 , p 0 . 0 3 ) .

D i s c u s s i o n

T o t h e b e s t o f o u r k n o w l e d g e , t h i s i s t h e l a r g e s t s e r i e s o f c a s e s

o f I F e v e r r e p o r t e d , w i t h d a t a b e i n g c o l l e c t e d b y i n v e s t i g a t o r s

f r o m 1 1 c o u n t r i e s . W e c o n r m e dfi o u r h y p o t h e s i s t h a t t h e
o u t c o m e o f I F h a s i m p r o v e d i n t h e l a s t d e c a d e . W e a l s o

c o n r m e dfi t h a t t w o h o s t f a c t o r s , i . e . r e c e i p t o f c o r t i c o s t e r o i d s

a n d p e r s i s t e n t n e u t r o p e n i a , a r e i m p o r t a n t p r e d i c t o r s o f p o o r

o u t c o m e . I n a d d i t i o n , w e o b s e r v e d i m p o r t a n t c h a n g e s i n
t h e r a p e u t i c p r a c t i c e s , w i t h a r e d u c t i o n i n t h e u s e o f d e o x y -

c h o l a t e a m p h o t e r i c i n B a n d a n i n c r e a s e i n t h e u s e o f v o r i c -

o n a z o l e a n d c o m b i n a t i o n t h e r a p y . F i n a l l y , p r i m a r y t r e a t m e n t

w i t h e i t h e r v o r i c o n a z o l e o r a l i p i d f o r m u l a t i o n o f a m p h o t e r -

i c i n B w a s a s s o c i a t e d w i t h b e t t e r o u t c o m e , w h e r e a s d e o x y -
c h o l a t e a m p h o t e r i c i n B p r i m a r y t r e a t m e n t w a s a s s o c i a t e d w i t h

p o o r o u t c o m e .
O v e r a l l , t h e c l i n i c a l p r e s e n t a t i o n o f I F w a s n o t d i f f e r e n t i n

t h e t w o p e r i o d s . F u n g a e m i a w a s m o r e c o m m o n i n p e r i o d 2 ,
p o s s i b l y a s a r e e c t i o nfl o f i m p r o v e m e n t s i n b l o o d c u l t u r e

s y s t e m s a n d m e d i a . T h e d i a g n o s t i c p r a c t i c e s d i d n o t c h a n g e

s u b s t a n t i a l l y o v e r t i m e , w i t h t h e e x c e p t i o n o f a h i g h e r
p r o p o r t i o n o f p a t i e n t s w i t h a h i s t o p a t h o l o g i c a l d i a g n o s i s i n

p e r i o d 2 . C l i n i c i a n s m i g h t h a v e b e c o m e m o r e a w a r e o f t h e

t y p i c a l c l i n i c a l p r e s e n t a t i o n o f I F i n s e v e r e l y i m m u n o s u p -

p r e s s e d h a e m a t o l o g i c a l p a t i e n t s [ 7 ] , a n d t h e i m p o r t a n c e o f
o b t a i n i n g t i s s u e ( m o s t l y b i o p s y o f s k i n l e s i o n s ) t o e s t a b l i s h t h e

d i a g n o s i s a s e a r l y a s p o s s i b l e . T h i s c o u l d h a v e c o n t r i b u t e d t o

t h e i m p r o v e d s u r v i v a l o b s e r v e d i n p e r i o d 2 .

T h e m o s t s t r i k i n g d i f f e r e n c e b e t w e e n p e r i o d s 1 a n d 2 w a s
i n t h e c h o i c e o f p r i m a r y t r e a t m e n t r e g i m e n , w i t h a r e d u c t i o n

i n t h e u s e o f d e o x y c h o l a t e a m p h o t e r i c i n B a n d a n i n c r e a s e i n

v o r i c o n a z o l e a n d c o m b i n a t i o n t h e r a p y ( v o r i c o n a z o l e i n a l l b u t

F I G . 1 . P r o b a b i l i t y o f 9 0 - d a y s u r v i v a l o f 2 3 3 p a t i e n t s w i t h i n v a s i v e

f u s a r i o s i s i n p e r i o d 1 ( 1 9 8 5 –2 0 0 0 ) a n d p e r i o d 2 ( 2 0 0 1 –2 0 1 1 ) .

F I G . 2 . P r o b a b i l i t y o f 9 0 - d a y s u r v i v a l o f 8 3 p a t i e n t s w i t h i n v a s i v e

f u s a r i o s i s i n p e r i o d 2 t r e a t e d w i t h d e o x y c h o l a t e a m p h o t e r i c i n B

( d - A M B ) , v o r i c o n a z o l e , o r a l i p i d f o r m u l a t i o n o f a m p h o t e r i c i n B ( L i p i d

A M B ) .

T A B L E 3 . F a c t o r s a s s o c i a t e d w i t h p o o r o u t c o m e ( d e a t h

9 0 d a y s a f t e r d i a g n o s i s ) i n 2 0 6 p a t i e n t s w i t h i n v a s i v e f u s a r i o s i s

w h o r e c e i v e d t r e a t m e n t

V a r i a b l e

U n a d j u s t e d A d j u s t e d

H R ( 9 5 % C I ) p H R ( 9 5 % C I ) p

H a e m a t o l o g i c a l d i s e a s e 5 . 7 0 ( 0 . 7 9 –4 1 . 2 4 ) 0 . 0 8 5 . 2 6 ( 0 . 7 1 –3 8 . 7 3 0 . 1 1
R e c e i p t o f

c o r t i c o s t e r o i d s
2 . 2 1 ( 1 . 2 4 –3 . 9 4 ) 0 . 0 0 7 2 . 1 1 ( 1 . 1 8 –3 . 7 6 ) 0 . 0 1

N e u t r o p e n i a a t e n d
o f t r e a t m e n t

2 . 6 1 ( 1 . 5 2 –4 . 4 6 ) <0 . 0 0 1 2 . 7 0 ( 1 . 5 7 –4 . 6 5 ) <0 . 0 0 1

D i s s e m i n a t e d d i s e a s e 1 . 7 2 ( 0 . 9 0 –3 . 2 6 ) 0 . 0 9 1 . 4 5 ( 0 . 7 2 –2 . 9 4 ) 0 . 3 0
P r i m a r y t r e a t m e n t w i t h

d e o x y c h o l a t e
a m p h o t e r i c i n B a

1 . 7 5 ( 1 . 0 2 –3 . 0 1 ) 0 . 0 4 1 . 8 3 ( 1 . 0 6 –3 . 1 6 ) 0 . 0 3

P r i m a r y t r e a t m e n t w i t h
v o r i c o n a z o l e a

0 . 6 1 ( 0 . 3 4 –1 . 1 1 ) 0 . 0 9 0 . 7 7 ( 0 . 3 8 –1 . 5 5 ) 0 . 4 7

H R , h a z a r d r a t i o .
a A s a s i n g l e a g e n t . N e i t h e r l i p i d a m p h o t e r i c i n B ( H R 0 . 6 7 , 9 5 % C I 0 . 2 7 –1 . 6 9 ) o r
c o m b i n a t i o n t h e r a p y ( H R 1 . 2 0 , 9 5 % C I 0 . 6 3 –2 . 2 8 ) w a s s i g n i c a n tfi b y u n i v a r i a t e
a n a l y s i s .

ª 2 0 1 3 T h e A u t h o r s
C l i n i c a l M i c r o b i o l o g y a n d I n f e c t i o n ª 2 0 1 3 E u r o p e a n S o c i e t y o f C l i n i c a l M i c r o b i o l o g y a n d I n f e c t i o u s D i s e a s e s , C M I , 2 0 , 5 8 0 – 5 8 5

CMI N u c c i e t a l . O u t c o m e o f i n v a s i v e f u s a r i o s i s 5 8 3

n a z o l e ( 9 5 % C I 5 2 –6 8 ) , 5 3 % w i t h a l i p i d f o r m u l a t i o n o f
a m p h o t e r i c i n B ( 9 5 % C I 3 7 –7 2 ) , a n d 2 8 % w i t h d e o x y c h o l a t e

a m p h o t e r i c i n B ( 9 5 % C I 2 0 –3 6 ) ( p 0 . 0 4 ; l o g - r a n k t e s t f o r
t r e n d ) . I n t h e a s s e s s m e n t o f p r o g n o s t i c f a c t o r s , v a r i a b l e s n o t
s i g n i c a n tfi b y u n i v a r i a t e a n a l y s i s w e r e a g e , g e n d e r , c o u n t r y ,
p r e s e n c e a n d s e v e r i t y o f G V H D , n e u t r o p e n i a a t d i a g n o s i s o f

f u s a r i o s i s , c l i n i c a l p r e s e n t a t i o n , a n d p r i m a r y t r e a t m e n t w i t h a
l i p i d f o r m u l a t i o n o f a m p h o t e r i c i n B o r w i t h c o m b i n a t i o n

t h e r a p y . A s s h o w n i n T a b l e 3 , t h e v a r i a b l e s s i g n i c a n t l yfi
a s s o c i a t e d w i t h p o o r p r o g n o s i s ( d e a t h 9 0 d a y s a f t e r t h e

d i a g n o s i s o f f u s a r i o s i s ) b y m u l t i v a r i a b l e a n a l y s i s w e r e : r e c e i p t
o f c o r t i c o s t e r o i d s ( h a z a r d r a t i o ( H R ) 2 . 1 1 , 9 5 % C I 1 . 1 8 –3 . 7 6 ,
p 0 . 0 1 ) , n e u t r o p e n i a a t e n d o f t r e a t m e n t ( H R 2 . 7 0 ,
9 5 % C I 1 . 5 7 –4 . 6 5 , p <0 . 0 0 1 ) , a n d r e c e i p t o f d e o x y c h o l a t e

a m p h o t e r i c i n B ( H R 1 . 8 3 , 9 5 % C I 1 . 0 6 –3 . 1 6 , p 0 . 0 3 ) .

D i s c u s s i o n

T o t h e b e s t o f o u r k n o w l e d g e , t h i s i s t h e l a r g e s t s e r i e s o f c a s e s

o f I F e v e r r e p o r t e d , w i t h d a t a b e i n g c o l l e c t e d b y i n v e s t i g a t o r s

f r o m 1 1 c o u n t r i e s . W e c o n r m e dfi o u r h y p o t h e s i s t h a t t h e
o u t c o m e o f I F h a s i m p r o v e d i n t h e l a s t d e c a d e . W e a l s o
c o n r m e dfi t h a t t w o h o s t f a c t o r s , i . e . r e c e i p t o f c o r t i c o s t e r o i d s

a n d p e r s i s t e n t n e u t r o p e n i a , a r e i m p o r t a n t p r e d i c t o r s o f p o o r
o u t c o m e . I n a d d i t i o n , w e o b s e r v e d i m p o r t a n t c h a n g e s i n

t h e r a p e u t i c p r a c t i c e s , w i t h a r e d u c t i o n i n t h e u s e o f d e o x y -
c h o l a t e a m p h o t e r i c i n B a n d a n i n c r e a s e i n t h e u s e o f v o r i c -

o n a z o l e a n d c o m b i n a t i o n t h e r a p y . F i n a l l y , p r i m a r y t r e a t m e n t
w i t h e i t h e r v o r i c o n a z o l e o r a l i p i d f o r m u l a t i o n o f a m p h o t e r -

i c i n B w a s a s s o c i a t e d w i t h b e t t e r o u t c o m e , w h e r e a s d e o x y -
c h o l a t e a m p h o t e r i c i n B p r i m a r y t r e a t m e n t w a s a s s o c i a t e d w i t h
p o o r o u t c o m e .

O v e r a l l , t h e c l i n i c a l p r e s e n t a t i o n o f I F w a s n o t d i f f e r e n t i n

t h e t w o p e r i o d s . F u n g a e m i a w a s m o r e c o m m o n i n p e r i o d 2 ,
p o s s i b l y a s a r e e c t i o nfl o f i m p r o v e m e n t s i n b l o o d c u l t u r e

s y s t e m s a n d m e d i a . T h e d i a g n o s t i c p r a c t i c e s d i d n o t c h a n g e

s u b s t a n t i a l l y o v e r t i m e , w i t h t h e e x c e p t i o n o f a h i g h e r
p r o p o r t i o n o f p a t i e n t s w i t h a h i s t o p a t h o l o g i c a l d i a g n o s i s i n
p e r i o d 2 . C l i n i c i a n s m i g h t h a v e b e c o m e m o r e a w a r e o f t h e

t y p i c a l c l i n i c a l p r e s e n t a t i o n o f I F i n s e v e r e l y i m m u n o s u p -

p r e s s e d h a e m a t o l o g i c a l p a t i e n t s [ 7 ] , a n d t h e i m p o r t a n c e o f
o b t a i n i n g t i s s u e ( m o s t l y b i o p s y o f s k i n l e s i o n s ) t o e s t a b l i s h t h e
d i a g n o s i s a s e a r l y a s p o s s i b l e . T h i s c o u l d h a v e c o n t r i b u t e d t o

t h e i m p r o v e d s u r v i v a l o b s e r v e d i n p e r i o d 2 .

T h e m o s t s t r i k i n g d i f f e r e n c e b e t w e e n p e r i o d s 1 a n d 2 w a s
i n t h e c h o i c e o f p r i m a r y t r e a t m e n t r e g i m e n , w i t h a r e d u c t i o n

i n t h e u s e o f d e o x y c h o l a t e a m p h o t e r i c i n B a n d a n i n c r e a s e i n
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Intention SoR QoE Comment

Voriconazole A II TDM

LAmB B II

ABLC C III

AmBd D II

Echinocandin D III Resistant

Any combination C III Limited reports
Not better than voriconazole

IFSIG guidelines for first line treatment of 
fusariosis in immunodepressed patients

Correction neutropénie

Réséquer les tissus infectés (sinus, œil, peau, os …)

Retrait d’un cathéter infecté



Preventive measures against fusariosis

• Skin integrity : avoid portal of entry
–  care of intertrigo, skin ulcer, nails

• Hygiene procedures:
– air

– water  (57% (+)/283 samples (Anaissie CID 
2001)

• Secondary prophylaxis

– Reduce immunosuppression if feasible

– Targeted therapy (voriconazole)

RESEARCH

Our results showed that interdigital intertrigo was as 
common as onychomycosis, occurring in 7 of the 14 cases 
with a cutaneous portal of entry. Onychomycosis is usually 
caused by Candida spp. and dermatophytes (12), but fusar-
ial onychomycosis is a known clinical entity (13). Further-
more, recent studies have suggested that nondermatophyte 
fungi (including Fusarium spp.) are emerging as causes of 
onychomycosis (14–16). By contrast, interdigital intertrigo 
is rarely caused by Fusarium spp. (17).

The increased incidence of IF observed in 2007 at our 
hospital and the unique aspect of a cutaneous portal of entry 

in most cases raised the possibility that the patients could 
have acquired IF by contact with contaminated water in the 
hospital. Our hypothesis was that patients had been admit-
ted with subtle skin breakdowns that became colonized by 
Fusarium spp. after contact with the hospital water, and lo-
cal infection and dissemination subsequently developed. In 
support of this hypothesis were the find i ngs of Anaissie et 
al., who reported that Fusarium spp. were recovered from 
57% of water samples and 88% of water-related structures 
in a hospital in the United States; molecular studies of the 
isolates revealed a close relatedness between patient and 
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Figure 1. Primary skin lesions in
patients with invasive fusariosis 
in the hematology unit at 
University Hospital, Federal
University of Rio de Janeiro, Rio
de Janeiro, Brazil, 2000–2010.
A) Onychomycosis; B) ulcer;
C) intertrigus; D) intertrigus
evolving to lymphangitis before 
dissemination. (First image in D
is the same patient as the firs t
image in C; second image in D
is the same patient as the fourth 
image in C.) E) Necrosis in a
lesion of intertrigus (evolution 
of the lesion shown in the third 
image in C).

Figure 2. Incidence of
invasive fusariosis among 
patients in the hematology 
unit at University Hospital,
Federal University of Rio
de Janeiro, Rio de Janeiro,
Brazil, 2000–2010.

Nucci, EID 2013



Management of disseminated 
scedosporiosis in Hematology



Scedosporium spp.

• Ubiquitous, septate molds

– Soil, sewage water, potted plants

• Scedosporium apiospermum complex

– Scedosporium boydii

– S. aurantiacum

– S. minutisporum

– S. dehoogi

– S. apiospermum

• Lomentospora prolificans



Underlying conditions

• Multicenter study: 270 cases
–  13 cases in SOT since 1999 + literature review since 1985 (44 SOT, 23 HSCT , 

190 non-transplant): 270 cases 

HSCT pts
78% S. prolificans

55% S. apiospermum



Scedosporiose

• Homme 42 ans
• 10 jours induction 

leucémie aigue 
myéloide

• Fièvre
• Lomentospora 

prolificans
• Voriconazole et 

terbinafine, transfusion 
de GB



Differences between S. 
apiospermum complex and 
Lomentospora prolificans

Caira, Exp Rev Antiinfect Ther 2011



Definitive diagnosis of scedosporiosis

• Microscopic examination
• Culture : blood, fluids, tissue biopsy 
• Molecular methods (ITS, calmodulin, Beta-tubulin)
• Histology:  see infra

S. apiospermum L. prolificans S. aurantiacum (16% in Australia)

Heath, CMI 2009



 What is the role of histology?
• Medium-size septate hyphae 
• Resemble aspergillosis unless conidia are present

Gomori methenamine silver stain

Haematoxylin-eosin

Ortoneda 2002
Courtesy: P Munoz



In vitro susceptibility of Scedosporium species

Scedosporium spp. : variable « resistance »

• NRCMA, unpublished data

AMB ITRA VORI POSA CASPO TERBI MICA

Scedosporium boydii (n=32) 8/≥8 0.5/2 0.25/0.5 0.5/1 1/2 ≥8/≥8 0.25/1

Scedosporium apiospermum (n=62) 8/≥8 1/≥8 0.5/1 1/2 1/2 ≥8/≥8 0.25/0.
25

Scedosporium dehoogi (n=7) ≥8/- 0.5/- 0.5/- 0.5/- 2/- ≥8/- 0.25/-

Lomentospora prolificans (n=24) 8/≥8 ≥8/≥8 8/≥8 ≥8/≥8 4/8 ≥8/≥8 4/≥8



Prognostic factors in Tx patients

• Voriconazole
–  Strong trend towards lower mortality (p = 0.06)

Total:                               107
Response:                  57%
  S. apiospermum (70):     64%
  S. prolificans (35):          44%
Median Therapy:         180d

0 20 40 60 80

Lung, sinus

Disseminat

CNS

Bone

S&ST

Response Incidence



• Scedosporioses prouvées ou 
probables N=107

• 65% S. apiospermum

• SOT 22%, hémopathie 
maligne 21%, HSCT 9% 

• 26% 1ère ligne

• Réponse au ttt : 57%  
(médiane de ttt 103 j)

• 47 décés, 73% attribuables

Troke et al, AAC 2008

Scedosporium – traitement par voriconazole



+ Scedosporium - Pronostic

Troke, AAC 2008



+

CMI, 2014

Treatment SoR QoR Comment

Voriconazole A II TDM

Itraconazole D III

Combination C III

L AmB C III

Posaconazole C III

IFSIG guidelines for first line treatment of 
scedosporiosis in immunodepressed patients



Emergence of Rasamsonia argillacea in CGD 
patients

• Two cases of G. argillacea inf

• Prior ITZ ± VCZ

• Disseminated infections

• Multiply in vitro resistance & 
clinical failure

• 7 cases of G. argillacea inf

• 5 previously identified as 
Paecilomyces variotii

• Disseminated infections

• 3 deaths

Machouart, JCM 2011 De Ravin, CID 2011



New filamentous fungi in hematology

• Hormographiella aspergillata
• Basidiomycete 
• Few reported cases
• Acute leukemia, allo HSCT
• Echinocandin resistant

Suarez F, JCM 2011



• Many other rare molds from environment
• Previously considered as contaminants

– Acremonium spp., Phialemonium curvatum

– Purpureocillium lilacinum/Paecilomyces variotii

– Trichoderma spp., Scopulariopsis brevicaulis

– Phaeohyphomycetes, Cokeromyces recurvatus,…

• Outbreak: Acremonium kiliense catheter related 
fungemia

• ± detected by biomarkers (BDG / GM)!
• Precise identification: strong databases
• No suggestive clinical/radiological features
• Optimal management?



What to do in case of suspected mold infection 
during / shortly after echinocandin exposure?

Maschmeyer & Patterson
Mycoses 2014



Multidisciplinary antifungal stewardship 
programs: Madrid experience

• Knowledge survey: Room for 
improvement.  Valerio, Enf 
Infecc Microbiol Clin 2014

• Antifungal use audit: Identifies 
how AF are used and targets for 
intervention. Valerio, JAC 2014

ü Non restrictive bed-side intervention: 
Safe and very cost-effective. Valerio, JAC 
2015

ü Combination of Candida biomarkers : 
Help for stopping antifungals. Martinez-
Jimenez, JAC 2015

Courtesy: P Munoz



Immunocompromised SOT and worldwide fungal risk
Lortholary O et al. CID 2013

Histoplasma capsulatum

Cryptococcus gattii

Coccidioides spp.

Talaromyces marneffei
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