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Fungal	agents

Yeasts

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

Moulds



CID 2010



Emerg Infect Dis 2011

1208 SOT recipients
166 cases of non-Aspergillus 
molds
The Mucorales (105 patients) were 
the most common of these molds, 
followed by Fusarium spp. (37 pts), 
and Scedosporium spp. (27 pts).



Emerg Infect Dis 2011



Emerg Infect Dis 2011



Mucorales	are	characterized	by	wide	hyphae	(10-
20	mm),	irregularly	shaped,	with	acute	angle	

ramifications.
They	are	ubiquitarian,	saprophytic,	aerobic	agents,	
that	find	an	otpimal	substratum	for	their	growth	
in	meat	and	sugar	at	a	temperature	of	about	

25°C-35°C



Classes	of	“high	risk” patients	for	
Mucormycosis

v Substratum	with	high	acidity	(Ketoacidosis)	
v Macrophage	inhibition	in	controlling	spores	
germination	(steroids	=	Autoimmune	diseases)

v Altered	neutrophils	chemotaxis	(Diabetes)
v Ferrioxamine	transformation	in	ferrirhizoferrin	(IRC
and	Trasfusion	overload	recipients)

v Immunosuppressive	therapy	(graft	=		HSCT	and SOT)
v NEUTROPENIA	(hematological	malignancy=		↑↑AML)



No underlying disease (n = 18) 
Immunocompetent patients with trauma are included

Skiada CMI 2011



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



CMI 2011



GR SPA FRA FRA BEL CH ITA EU
Mono Multi Multi Multi Mono Mono Multi Multi

24 6 531 101 31 19 60 230
Petrikkos	et	al.	CMI	2014

Case-series	collected	
between	1993-2007



Over a 10-year period
31 proven/probable cases



50 pts with zygomicosis and 50 controls from 2003 through 2007 

• the success rate among case patients was 60%
(30 of 50 patients). 

• In  4 case patients the diagnosis of zygomycosis was 
made at autopsy

• 5 received 7 days of antifungal therapy before death 
(9 dead pts )

• the initial treatment consisted of L-AmB in 17 (42%), 
AmB lipid complex in 8 (20%), AmB deoxycholate in 
5 (12%), posaconazole in 5 (12%), and a 
combination of antifungal agents in 6 (15%)

J Infect Dis 2009



J Infect Dis 2009



CID 2010



Lanternier CID 2012



Mucormycosis now 
represents a major threat in 

transplant recipients, 
accounting for 2% and 8% of 
invasive fungal infections in 
recent cohorts of solid-organ 

and allogeneic stem-cell 
transplant recipients, 

respectively. Mucormycosis 
most often occurs late, >3 
months after transplant, 
although cases occurring 

early have been observed, 
especially among liver 
transplant recipients

Lanternier CID 2012

The overall mortality rate among SOT with mucormycosis is 38%–48% 



• 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



Galactomannan
negative	in	case	of	mucormycosis	(as well as glucan)

Galactomannan
mold	active	prophylaxis	decrease	the	predictive	value	(low	incidence	
of	IA)

serum	GM	assay

onot	reliable	as	surveillance	in	asymptomatic	pts	on	effective	
prophylaxis	(results	negative	or	FP)
ouseful	to	diagnose	pts	with	a	clinical	suspicion	

Duarte	CID	2014;	

Diagnosi



Legouge	et	al,	CID	2014

Diagnosi: “reversed halo sign” may be suggestive



23%

18%

15%9%
8%

8%

6%
4% 4%

2%
1% 1% 1%

organizing	pneumonia

paracoccidioido

TBC

plm	embolism

aspergillosis

zygomycosis

sarcoidosis

adeno-k

plm	edema

“RHS	should	be	considered	a	relatively	non	specific	sign”
Only	8%	of	reversed	halo	sign	are	in	Mucormycosis

2012



Early	diagnosis	and	monitoring	of	mucormycosis	by	detection	of	
circulating	DNA	in	serum:	retrospective	analysis	of	44	cases	

collected	through	the	French	Surveillance	Network	of	Invasive	
Fungal	Infections	(RESSIF).

Mucorales	qPCR	not	only	
could	confirm	the	IM	
diagnosis	when	other
63	mycological	arguments	
were	present	but	also	could	
anticipate	this	diagnosis.	
Quantification	of	64	DNA	
loads	may	also	be	a	useful	
adjunct	to	treatment	
monitoring

Millon	et	al,	CMI	2016

Good for	follow-up	!!



2016



v Ability	to	grow	under	varying	conditions	
v Production	of	several	virulence	factors	

(proteases,	subtilase)	
v Ability	to	accelerated	synthesis	and	remodeling	

of	membrane	and	cell	wall	–
v Assimilative	capacity	of	the	iron	from	Hb’ host

v Angio-invasive	growth	in	humans	

v Adaptability	in	hostile	conditions	

v Resistance	to	systemic	antifungal	therapies



ALGORITMO NEL PAZIENTE EMATOLOGICO

Pagano	et	al.,	Br	J	Haematol	2009;	146(6):597-606



Jeong	et	al.	Mycoses 2015

2005-2014
30	pts	with	

proven/probable	IM



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

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



How	is	the	better	dose	of	L-AmB	?

v 3	mg/kg	?	(Pagano	et	al,	Haematologica	2004)

v 3	→	5	mg/kg	?	(Petrikkos	et	al,	Eur	J	Clin	Micr	Infect	Dis	2003)

v 7.5	→15	mg/kg	?	(Walsh	et	al,	AAC	2001)

Probably		5-7	mg/kg	must	be	considered	the	better	
dosage



Lanternier	et	al.	JAC	2015



Fail to	demonstrate a	superior efficacy !!



Posaconazole	in	the	treatment	of	
proven/probable	Mucormycosis

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

Patients:	24 Recovered:	19

79%

vAll	refractory	or	resistant
v11	rhino-CNS	infection,	4	pneumonia
vPOS	800	mg/d	(200	mg	x4	o	400	mg	x2)
vDuration	therapy	ranged	from	8	to	1004	d

Patients:	91 Recovered:	55

60%

vAll	refractory	or	resistant
v22	rhino-CNS	infection,	37	pneumonia
vPOS	800	mg/d	(200	mg	x4	o	400	mg	x2)
vDuration	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

Marty et al, Lancet Infect Dis 2016



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



ü 12	Year	Retrospective	Review (37cases)
ü Rhino-orbito-cerebral	zygomycosis
üMonotherapy	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	



EMERGENCY	AND	ELECTIVE	PULMONARY	SURGICAL	RESECTION	IN	
HAEMATOLOGICAL PATIENTS	WITH	INVASIVE	FUNGAL	INFECTIONS:	A	

REPORT	OF	50	CASES	IN	A	SINGLE	CENTRE

Chretien	et	al.,	CMI	2015	



Tortorano et al, CMI 2014.



Tortorano et al, CMI 2014.



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 pts)



FUSARIOSIS ASPERGILLOSIS

CLINICAL 
FEATURES

Persitent fever √ √
Sinopulmonary infection √ √
Skin lesions √

50-70% <10%

Myalgias √
RADIOLOGY Subpleural opacity √ √

Cavitation √ √
HISTO-
PATHOLOGY

Angioinvasion √ √
Acute branching septate 
hyphae

√ √

MICROBIOLOGY Positive blood coltures √
50-70% <6%

1,3-β-D-glucan √ √

Fusarium versus Aspergillus



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



Diagnosis of	fusariosis

«Direct	microscopy:		A	III
Non	specific.	Positive	direct	microscopy	
supports	growth	 in	culture

Isolation	of	Fusarium in	culture	needed	 for	a	definitive	diagnosis	 in	presence	of	
hyphae	in	tissue
Fusarium	spp.	easily	recovered	on	routine	mycological	media	without	cycloheximide.
Caution	in	interpretation	of		growth	 (possible	contamination)
Blood	cultures	have	a	high	yield	.
Easily	isolated	from	skin	biopsy	(frequent	metastatic	skin	lesions)

« Culture:	AIII

Non	specific.	Hyaline	septate	acute	
angle	branching	hyphae	similar	to	
those	of	Aspergillus

«Histopathology:	A	III

Guarnier	CMR	2011

« Chest	CT:		A	III Non	specific Marom AJR 2008

Tortorano et al, CMI 2014. 



In	vitro susceptibility	of	Fusarium	spp.

INACTIVE
l 5- Flucytosine
Ø Ketoconazole
Ø Fluconazole
Ø Itraconazole
Ø Caspofungin
Ø Anidulafungin/Micafungin

ACTIVE
AmB	and	lipid	formulations

Ø Voriconazole
Ø Posaconazole/Ravuconazole
Ø Terbinafine
Ø AmB	+	Rifampicine
Ø AmB	+	Azithromycin

Tortorano et al, CMI 2014. 



Tortorano et al, CMI 2014. 



78% with HMs
Overall 90-day survival 42%

Ø primary = salvage therapy
Ø vori alone = combo

AAC	2010



Caira	et	al,	Expert	Rev	Antinfect	Ther	2011	

42%	(6-79%)	in	case	series

Fusariosis outcome in	HMs

52%	(45-82%)	in	clinical	trials



Nucci	et	al,	CMI	2014



Treatment of Fusarium infections
First line treatment of disseminated  infection in immunocompromised pts



Treatment of Fusarium infections
Second  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



v Isolated	from	soil,	polluted	water	or	sewage
v Comprises	two	species:	S.	prolificans	and	
S.	apiospermum	[Pseudallescheria	boydii	(anamorph	S.	
apiospermum)]	

Scedosporium	spp.

v Clinical	features	are	extremely	
variable

370	cases	of	Scedosporium spp.	
in	Texas
2000-2007	

Cortez	et	al,	 Clin	Microbiol	Rev2008;21(1):157-197

v Clinical	forms	and	outcome	strictly	
relate	to	immune		status



S.	prolificans
Pathogenesis

Soil	organism

Construction,	Gardening...Aerial	contamination

Colonization	of	
respiratory	tract

Pulmonary	infiltrates

Hematogeneous	spreadBrain

Skin

Kidney,	Liver,	
Spleen,	....

Neutropenia,	SOT......



S.PROLIFICANS S.APIOSPERMUM

EPIDEMIOLOGY Rare
Spain and Australia

More frequent
Worldwide 

1st CASE REPORTED 1984: osteomyelitis 1898: Madura foot
RISK FACTORS Neutropenic > 

immunocompetent
>> neutropenic pts

CLINICAL FORMS Mycetoma, eye, 
osteoarticular, lung, CNS, 
skin infections

Mycetoma, osteomyelitis, 
eye, sinus, lung, CNS 
infections

DIAGNOSIS Blood cultures 
frequently positive

Rarely positive

OUTCOME (AMR) 85-100% 65-75%
IN VITRO 
SUSCEPTIBILITY

Broad spectrum 
resistance

Voriconazole and 
posaconazole. Resistance 
to Amb and 
echinocandins

S.prolificans	vs apiospermum



Laboratory	diagnosis of Scedosporium	infections

«Direct	microscopy:		A	III
Non	specific.	Positive	direct	microscopy	
supports	growth	 in	culture

Non	specific.	Hyaline	septate	acute	
angle	branching	hyphae	similar	to	
those	of	other	hyalohyphomycetes

«Histopathology:	A	III

«In	situ	hybridization:	C	III
Reagents	not	commercially	available
Techniques	not	validated
Low	sensitivity	for	Pseudallescheria/Scedosporium

Hayden	Diagn	Mol	Pathol	2003
Montone	AmJClinPathol	2009



Tortorano et al, CMI 2014.



107	cases	of	patients	treated	with	voriconazole	

Voriconazole in	scedosporiosis

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

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



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	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	reports50% (3/6) survival

«Itraconazole:		C	III Case	reports15% (3/12) survival

«Amphotericin	B:		D	III Case	reports4% (1/26) survival



Tortorano et al, CMI 2014.



Conclusions
v Difficulties	in	identifing	more	uncommon	
fungal	agents

v High	rate	of	unidentified	etiologic	agents
v Little	experiences
v Increasing	proportion	of	high	risk	patients

Knowledge	of	epidemiology and	susceptibility appear	to	
be	crucial	to	define	optimal	empirical	and/or	pre-
emptive	antifungal	treatments

Good	knowledge	of	armamentarium	of	antifungals





Hyperbaric	Oxygen	Therapy

Chamilos	&	Kontojiannis	Clin	Microbiol	 Infect	2005

N°28
Mean age 31 (0.5-74)
Underlying diseases
•Diabetes
•Trauma
•Others

17
5
6

Principal site: CNS 21
Post operative 23/25 (92%)
Median sesssion 22 (2-85)
Overall Survival 86%
Better outcome
24 sessions Vs. 6

p= 0.009

Cut-off 9 sessions p=0.003



Grade of 
Recommenda
tion

Definition

Grade A ESCMID (EFISG) and 
ECMM strongly
support a recommendation for use

Grade B ESCMID (EFISG) and 
ECMM moderately
support a recommendation for use

Grade C ESCMID (EFISG) and 
ECMM marginally
support a recommendation for use

Grade D ESCMID (EFISG) and 
ECMM support a recommendation 
against use

Level of 
Evidence

Definition

Level I Evidence from at least 1 properly designed randomized, controlled trial

Level II Evidence from at least 1 well-designed clinical trial, without randomization; 
from cohort or case-controlled analytic studies (preferably from >1 centre); 
from multiple time series; or from dramatic results of uncontrolled 
experiments

Level III Evidence from opinions of respected authorities, based on clinical 
experience, descriptive case studies, or reports of expert committees

Strength of Recommendations

Grade ECIL-5

A Good evidence to support a 
recommendation for use

B Moderate evidence to support 
a recommendation for use

C Poor evidence to support a 
recommendation for use

ECIL-6 EFISG	-2014



ECIL	6 EFISG
Surgery A	II A	IIU

Control	underlying	
conditions

A	II A	IIU

Prophylaxis
vPosaconazole
vOther	azoles
vSurgical	resection

n.i.
C	III
D	II
A	III

Timely	treatment n.i. A	IIU

Legend:	n.i.	=	no	indication;	u=	uncontrolled	trials	



ECIL	6 EFISG
Front-line	Treatment
vL-AmB
vABLC
vABCD
vd-AmB
vPosaconazole
vCombination

B	II
B	II
C	II
C	II
C	III
C	III

*A	IIU	
B	IIU
n.i.
D	I
B	IIU
C	III

Salvage
vPosaconazole
vL- AmB
vABLC
vCombo	lipid	AmB	+	Caspo
vCombo	lipid	+	Posa

B	II
n.i.
n.i.
B	III
B	III

A	IIU
B	IIU
B	IIU
C	III
B	IIU

Legend:	n.i.	=	no	indication;	u=	uncontrolled trials	;	*	(5	mg/kg)



ECIL	6 EFISG
G-CSF n.i. A	IIU

Granulocyte	
transfusion

n.i. C	IIU

Hyperbaric	oxygen C	III C	IIU

Maintenance
vPosaconazole B	III n.i.

Deferasirox
vHematological
vNo	Hematological

A	II	(against) D	II
C	III

Legend:	n.i.	=	no	indication;	u=	uncontrolled	trials	



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



Mortality	in	HM	patients

RR:	4.10	(IC	95%	1.44-11.92,	p-value	0.002)

69% 64% 40%

Italian	experience
1987-2006

Pagano	 et	al,		J		Chemother	2009

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

2001-03 2004-06 2007-09

dead

alive

67% 45% 20%

USA	experience
2001-2009

Hammond	et	al,	Antimicrob	 Ag	Chemother	2011

p-value	0.04

p-value	0.002



Petrikkos	et	al.	CMI	2014



Lanternier		et	al.	Clin	 Infect	Dis	2012

Attributable mortality rate is near 70-75%



Risk 
factors

Site of infection Antifungal agents outcome

Diabetes
SOT

Rhino-orbital-cerebral, 
lung, sinus, gastric

Lipid-AmB+ posaconazole
Lipid-AmB+echinocandin

monotherapy

5/8 cured

8 patients	treated	with	combination	therapy	including	
DFX	at	the	dose	of	15-20	mg/Kg		



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%)



Diagnosis of	fusariosis

«β 1,3−D	Glucan	test	&	galactomannan:	B	III	

Glucan	usually	positive,	but	not	specific
Aspergillus GM	sometimes	positive	in	pts	with	fusariosis,	
GM	may	be	useful	 for	follow	up

«Immunohistochemestry:		C	III

«In	situ	hybridization:	C	III

Reagents	not	commercially	available
Techniques	not	validated

Guarner	&	Brandt	CMR	2011
Hayden	Diagn	Mol	Pathol	2003
Montone	AmJClinPathol	2009

Tortorano et al, CMI 2014. 



Diagnosis of	fusariosis

«Panfungal	PCRs:		C	II In	house	assays
In	combination	with	conventional	methods
High	negative	predictive	value

Landlinger	EJCMID	2009
Landlinger	Leukemia	2010
Lau	JCM	2007

«Multiplex	PCRs:	 C	III
In	house	assays;	not	yet	validated
Limited	number	of	species	covered

Lau	JCM	2008
Spiess	JCM	2007

Tortorano et al, CMI 2014. 



Invasive	Non-Aspergillus Mold	Infections	in	
HSCT	Recipients,	United	States,	2001-2006

15,820	HSCT
77	with	Mucorales/983	IFDs	

(0.08%)
Overall	12-month	cumulative	

incidence:	0.3%

0.85%

Park	et	al,	Emerg	Infect	Dis	2011



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



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	reportsUnclear	results



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



«Culture:		A	III Growth in 3-4 days

q Near-drowning	victims:	
isolation	from	aspiration	or	surgical	drainage	of	brain	abscesses
(rarely	from	respiratory	tract	or	csf)

q Immunocompromised	pts:	
isolation	from	respiratory	tract,	sinuses,	soft	tissues,	
blood	(mainly	S.	prolificans) Cortez	CMR	2008

q Cystic	fibrosis	pts:	
repeated	isolation	from	respiratory	tract		as	indicator	of	colonization
selective	media	supplemented	with	cycloheximide	or	benomyl		to	
allow		growth	of	Scedosporium	over	other	filamentous	fungi	
disseminated	 infection	in	immunosuppressed	 pts
(lung/liver	transplant)

Borman	MM	2010
Horrè	Mycoses	2010
Cimon	EJCMID	2000
Summerbell	JCM	1993
Rainer	AVanLeeu	2008

Laboratory	diagnosis of Scedosporium	infections



Tortorano et al, CMI 2014.



Identification	of	Fusarium species

«Morphology:		A	III Identification	to	genus	or	species	complex	level



Improvement	In	The	Outcome	Of	
Invasive	Fusariosis	In	The	Last	Decade

Nucci	et	al,	CMI	2013	

Unadjusted Adjusted
HR P-value HR P-value

Hematological	disease 5.70	(0.79-41.2) 0.08 5.26	(0.71-38.73) 0.11

Steroids 2.21	(1.24-3.94) 0.007 2.11	(1.18-3-76) 0.01

Neutropenia	at	end	of	
therapy

2.61	(1.52-4.46) <0.001 2.70	(1.57-4.65) <0.001

Disseminated	disease 1.72	(0.90-3.26) 0.09 1.45	(0.72-2.94) 0.30

233	pts	in	all	world


