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Abstract In order to better understand the epidemiology of
fusariosis in Europe, a survey collecting information on the
clinical characteristics of the patients infected by Fusarium as
well as on the infecting isolates was launched. A total of 76
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cases of invasive fusariosis occurring from January 2007 to
June 2012 were collected and Fusarium isolates were identi-
fied by sequencing the translation elongation factor 1« (TEF)
gene. Also, antifungal susceptibility was tested by broth
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microdilution according to the European Committee on Anti-
microbial Susceptibility Testing (EUCAST) and the Etest. Dis-
seminated disease was considered proven in 46 cases and
probable in 17 cases. Localised infection was seen in 13 cases.
Gibberella fujikuroi species complex (SC), including Fusarium
verticillioides and F. proliferatum, and F. solani SC were the
most frequent actiology of disseminated and localised infec-
tions, respectively. The crude mortality rate was 46 %, the
highest associated with F. solani SC (67 %) and F. proliferatum
(62.5 %). A wide range of antifungal susceptibilities was ob-
served. Amphotericin B was the most potent antifungal in vitro,
and itraconazole the least effective. The azoles exhibited lower
minimum inhibitory concentrations (MICs) against
F verticillioides strains, with posaconazole having a slightly
better performance, while F. solani SC isolates were resistant to
all three azoles tested. The essential agreement between the
Etest and the EUCAST method was 100 % for itraconazole and
voriconazole, and 96 % for amphotericin B and posaconazole.
In conclusion, we confirm that fusariosis is a rare but severe
event in Europe, that G. fujikuroi SC is the predominant cause
of deep infections and that different species have different
antifungal in vitro susceptibility patterns.

Introduction

Fusarium species are ubiquitous moulds that cause a broad
spectrum of infections in humans, including superficial, local-
ly invasive and disseminated infection [1]. The clinical pre-
sentation largely depends on the immune status of the host and
the fungal portal of entry [1, 2]. In the immunocompetent or in
patients with immune function partially preserved, Fusarium
spp. cause superficial infections, such as keratitis and
onychomycosis. Occasionally, they may cause localised in-
fections, such as allergic or invasive sinusitis [1, 2]. In con-
trast, in immunocompromised patients, invasive and dissem-
inated infections occur, mainly associated with prolonged and
profound neutropaenia or severe T-cell immunodeficiency [1].

Fusariosis represents between the second and third most
frequent mould infection in patients with haematological
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malignancies and in haematopoietic stem cell transplantation
(HSCT) recipients. The acquisition of infection is through the
inhalation of airborne conidia, breaks in the skin due to
trauma, vascular access or onychomycosis. In such patient
populations, it occurs as a severe disseminated infection with
mortality rates of up to 75 % [1, 2].

Approximately 200 species, grouped into ten species com-
plexes (SCs), are included in the Fusarium genus. Most of
them are soil inhabitants or plant pathogens, and about 70
species, mainly identified by multilocus sequence typing
(MLST), have been involved in human or animal infections
[3, 4]. Isolates more frequently encountered in human disease
belong to three groups: the Fusarium solani SC, the
F oxysporum SC and the Gibberella fujikuroi SC [1, 3].

F solani is reported as the cause of approximately 50 % of
the infections, followed by F. oxysporum (20 %),
F. verticillioides (10 %) and F. moniliforme (now classified
as F verticillioides, belonging to G. fujikuroi SC, 10 %) [1, 5].
In contrast with data from the literature [1, 3], in Italy,
F verticillioides is the most prevalent species, followed by
F solani (25 %). In particular, F. verticillioides was the most
frequent species (57 %) in deep-seated infections and F. solani
was more common in superficial infections (46 %) [6].

Fusarium species are, in vitro, relatively resistant to the
most common systemic antifungal agents. However, different
species have been shown to have different patterns of suscep-
tibility, with the majority of F. solani isolates exhibiting re-
duced susceptibility to azoles [6—11]. The clinical relevance of
these in vitro data is unclear, as no in vitro—in vivo correlation
has yet been demonstrated for the antifungal management of
fusariosis [1, 12].

In order to better understand the epidemiology of fusariosis
in Europe, the European Confederation of Medical Mycology
(ECMM) launched a survey collecting information on the
clinical characteristics of patients infected by Fusarium, as
well as on the infecting isolates.

In the present report, cases of invasive fusariosis were
analysed with respect to their molecularly identified infecting
isolates and their in vitro susceptibility to antifungal agents.
Data concerning superficial infections, including keratitis,
onychomycosis and intertrigo, will be the subject of another
report.

Methods

Cases of invasive fusariosis, for which the infecting isolate
was available, were recorded on a questionnaire form. The
collected data included: demographics, type of infection, un-
derlying diseases and predisposing factors, antifungal treat-
ment and outcome, and mycological data.

Data were collected prospectively from January 2009 to
June 2012, and retrospectively for the years 2007 and 2008.
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Disseminated fusariosis was defined as proven or probable
according to the European Organization for Research and
Treatment of Cancer/Invasive Fungal Infections Cooperative
Group and the National Institute of Allergy and Infectious
Diseases Mycoses Study Group (EORTC/MSG) definitions
[13].

The Fusarium isolates—identified in the respective hospi-
tals on the basis of morphological characteristics or by matrix-
assisted laser desorption/ionisation (MALDI-TOF) or by se-
quencing—were sent to the Laboratory of Medical Mycology
of the University of Milan, Italy, for further identification and
susceptibility testing. The isolates were stored as freeze-dried,
on potato agar slants and in distilled water. Isolates were
identified to the genus level using morphological characteris-
tics on potato dextrose agar (PDA).

Molecular identification was performed by sequencing the
translation elongation factor 1o« (TEF) gene [14]. Genomic
DNA was extracted using the PrepMan™ Ultra Sample Prep-
aration Reagent (Applied Biosystems, Foster City, CA, USA).
A standard polymerase chain reaction (PCR) was used to
amplify the TEF gene region using the primers efl (ATGG
GTAAGGAGGACAAGAC) and ef2 (GGAAGTTACCAG
TGATCATGTT). The TEF PCR products (=700 bp) were
visualised on 2 % agarose gel stained with ethidium bromide
and used as a template for DNA sequencing using BigDye
Terminators (Applied Biosystems) in a 310 ABI PRISM
sequencer (Applied Biosystems). Nucleotide sequences were
analysed using FinchTV software version 1.4.0. and blasted in
the FUSARIUM-ID server at http://fusarium.cbio.psu.edu [4,
15, 16].

Isolates were tested for in vitro susceptibility to
itraconazole (Janssen, Beerse, Belgium), posaconazole
(Merck Sharp & Dohme, White House Station, NJ, USA),
voriconazole (Molekula Ltd., Wimborne, Dorset, UK) and
amphotericin B (Sigma-Aldrich, St. Louis, MO, USA), both
by the broth microdilution method according to the European
Committee on Antimicrobial Susceptibility Testing (EUCAS
T) methodology [17] and the Etest.

Broth microdilution assay was performed in RPMI 1640
with glutamine, without bicarbonate (Sigma) supplemented
with glucose to a final concentration of 2 %. Inoculum sus-
pensions were prepared from 2—5-day-old cultures. The co-
nidia suspensions were counted in a haemocytometer chamber
and diluted to a final working inoculum of 2-5 x 10° cfu/mL.
Plates were incubated at 35°C for 48—72 h. The minimum
inhibitory concentration (MIC) value was the concentration of
drug yielding no fungal growth at visual reading. All tests
were performed in duplicate. Candida parapsilosis ATCC
22019 and C. krusei ATCC 6258 were included as quality
controls in each run.

Susceptibility was also determined using Etest strips
(bioMérieux, Marcy I’Etoile, France), according to the manu-
facturer’s instructions. The surface of RPMI agar medium was

inoculated using a sterile swab dipped in an inoculum suspen-
sion of 0.5-5 x 10° conidia/mL. Plates were incubated at
35°C for 48-72 h. The MIC was the lowest drug concentra-
tion at which the elliptical inhibition zone intercepted the scale
on the antifungal strip. When needed, MICs determined by the
Etest were elevated to the next two-fold dilution concentration
of the broth microdilution test to allow comparison.

The MIC values obtained with the two methods were
compared to assess the essential agreement defined as differ-
ences of £2 two-fold dilutions between the results obtained by
the two techniques.

Results

A total of 76 cases were collected from seven European
countries. The contribution of each country is reported in
Table 1.

Table 2 summarises the characteristics of patients affected
by Fusarium infection. According to the EORTC/MSG
criteria [13], disseminated disease was considered proven in
46 cases, as documented by at least two positive blood cul-
tures (29 cases) or one positive blood culture, together with
skin or another organ involvement proven by culture and
microscopy or histology (10 cases) or by positive culture,
combined with hyphae at microscopy or histology, of skin
biopsy in the presence of multiple lesions (4) or lung biopsy
(2) or pleural fluid (in the absence of a broncho-pleural
fistula).

Infection was considered probable in 17 cases, as a
Fusarium species was isolated from bronchoalveolar lavage
or sinuses in the presence of host factors, clinical signs or
symptoms, and hyphae seen at microscopy.

Localised infection was seen in 13 cases. Fusarium
spp. grew from pleural fluid in the presence of
bronchopleural fistula in one case and from peritoneal
fluid in the presence of peritoneal dialysis in another. In
three haematological malignancy patients, two of whom
were recipients of an HSCT, the fungus was repeatedly
cultured from urine in the absence of signs of renal
disease. In another case, the fungus was considered the
aetiology of a lung mycetoma, as hyphae were seen at
histology and only F. proliferatum was cultured from
the surgical sample. Hyphae were seen at direct micros-
copy and Fusarium spp. were repeatedly cultured from
skin biopsy from accidental traumatic lesion (three
cases) or diabetic ulcer (two cases), or from a single
skin lesion in a leukaemic patient.

Disseminated infections were mainly associated with hae-
matological malignancies (47 out of 63 cases). Seventeen
patients received an allo-HSCT.

The Fusarium species responsible for infection are
listed in Table 3. G. fujikuroi SC was the most frequent
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Table 1 Contribution of different countries to the European Confedera-
tion of Medical Mycology (ECMM) Fusarium Working Group

Country Collected cases
Total Disseminated Localised infection

infection

Proven Probable
Czecl/Slovak Republic 3 1 1 1
Greece 9 8 1
Italy 46 20 14 12
Norway 3 2 1
Serbia 10 10
Sweden
Turkey 2
Total 76 46 17 13

actiology of proven or probable disseminated infections
(36/63, 57 %), namely, F. verticillioides caused 19 cases
(30 %) and F. proliferatum 17 cases (27 %). F. solani
SC was involved in 11 (17 %) proven or probable
infections and F. oxysporum SC in 9 (14 %). In contrast,
F solani SC predominated in localised infections.

F proliferatum isolates were collected from five countries
(12 from Italy, four from Serbia, two from Greece and one
each from Norway and Sweden), F. verticillioides from Italy
(14), Serbia (5), Greece (2) and Czech Republic (1).

F. oxysporum isolates were composed of five from Italy, three
from Greece, one from Serbia and one from Sweden. F. solani
were found in Italy (11 cases, mainly as the cause of localised
infections), Turkey (2), Greece, Sweden and Czech Republic,
one case each.

Skin involvement occurred in 18 cases of disseminated
proven or probable infections. F. proliferatum caused skin
lesions in 7 out of 17 (41 %) invasive infections, F. solani
SC in 6 out of 11 cases (54.5 %), F. verticillioides in two cases
(10 %) and F. oxysporum SC in only one. F. solani SC was
responsible for four out of six skin localised infections.

During the study period, five clusters of cases were
observed. Four cases of F. verticillioides fungaemia
occurred in the same centre in a two-month period
and four cases of F. proliferatum disseminated infections
were diagnosed in another centre during a 3-day inter-
val. In other hospitals, two to three cases of fusariosis,
caused by different species, were observed within a
restricted period of time.

Data concerning antifungal treatment were available for 49
patients with disseminated Fusarium infection (38 proven and
11 probable). Twenty-six patients received monotherapy,
mainly voriconazole given to 13 patients and lipid-based
amphotericin B given to eight patients. Eighteen patients were
treated with two drugs, mainly lipid-based amphotericin B
associated with voriconazole, and the other three patients
received three antifungals.

Table 2 Characteristics of the 76
patients affected with Fusarium
infection

Fusarium infection

Disseminated infection Localised infection

Proven Probable
Age in years, median (range) 45 (5-86) 57 (20-90) 65 (15-77)
Gender, male/female 26/20 11/6 10/3
Underlying conditions
Haematological malignancies 32 15
Acute myeloid leukaemia 11 2 2
Acute lymphoid leukaemia 7
aAplasti.c anemia; promyelocytic Chronic myeloid leukaemia 2
leukaemla} pafoxysmal nocturnal Unspecified leukaemia 5 6 |
hemoglobinuria
b . Lymphoma 5 1
Severe neutropenia Reft o with blast ) )
1
* Osteosarcoma (4); lung (2); efractory ana.emla with excess blasts
astrocytoma (1); liver (1) Myelodysplastic syndrome 1
a b
9Lung (2); prostate (1) Other 3 2
°Lung (1); kidney (1) HSCT
fChronic granulomatous disease; Allo 10 7 1
chronic mastoiditis; hemodialy- Auto 1
sis; liver transplantation Solid cancer g° 3d 9e
¢ Diabetes (3); accidental trauma Other 4f 78

(3); peritoneal dialysis (1)
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Table 3 Distribution of isolated
Fusarium species according to
infection type

Fusarium infection

Total Disseminated infection Localised infection
Proven Probable
Gibberella fujikuroi SC 43
F verticillioides 22 15 4 3
E proliferatum 20 14 3 3
F andiyazi 1 1
F. solani SC 16 7 4 5
E oxysporum SC 10 7 2 1
F dimerum SC 3 3
E globosum 1 1
F sporotrichoides 1 1
Due to contamination of the Not identified® ) 2

original isolate

The outcome at day 30 was available for 37 proven
and 11 probable infections. The crude mortality rate was
46 % (22/48), namely, 40.5 % and 63.3 % in proven and
probable disseminated infections, respectively. The highest
mortality was associated with F solani SC (6 out of 9,
67 %) and F. proliferatum (10 dead out of 16 infections,
62.5 %). F verticillioides infection had a 19 % crude
mortality.

A total of 54 isolates were tested for in vitro antifungal
susceptibility. The distribution of MIC values for
amphotericin B and azoles is shown in Table 4. The geometric
mean of the MICs (G-MICs) of amphotericin B for all 54
isolates was 1.51, ranging from 0.71 for F. dimerum to 2.89 for
F verticillioides. The MICs of azoles showed variable values:
the G-MICs ranged from 3.02 for posaconazole to 7.50 for
itraconazole. In addition, a large interspecies variability was
observed: G-MICs ranged from 0.35 to 1.74 for
F. verticillioides isolates, while considerably high azole MICs
were observed for F. solani SC isolates (G-MICs >13 for all
three azoles).

The essential agreement between the Etest and the
EUCAST method was 100 % for itraconazole and
voriconazole, and 96 % for amphotericin B and posaconazole.
MIC values obtained by the Etest were generally lower than
those obtained by the EUCAST method, even when the values
were in the £2 dilutions range.

Discussion

This is the first study reporting a multinational series of
patients with microbiologically proven fusariosis from Eu-
rope. The identification of the fungus grown in culture is
required for the diagnosis as histopathology, although an
essential method for the diagnosis is not specific, since hyaline

septate hyphae in tissue could correspond to different filamen-
tous fungi, including Aspergillus [18].

Most of the cases (39 cases) in the present survey were
proven by positive blood cultures. The high yield of blood
cultures in case of disseminated fusariosis is explained by
the adventitious sporulation of Fusarium in tissues [19].
Besides fungaemia, the most common clinical manifesta-
tions of fusariosis in our patients included multiple skin
lesions (18 cases) and sino-pulmonary involvement (24
cases).

Consistent with the observations of the literature, most
patients in this survey had haematologic malignancy or an
HSCT as underlying conditions [1, 2, 12]. Fusarium infection
in such patients results in a poor prognosis, with death rates of
up to 75 % [1, 2, 12]. In the current study, the crude mortality
was 46 %, but there were insufficient evidences to evaluate
mortality attributed to Fusarium infection.

F verticillioides and F. proliferatum, both belonging to the
same phylogenetic SC G. fujikuroi, were the species most
frequently identified as the cause of both disseminated and
localised infections, causing 57 % and 54 % of cases, respec-
tively. F. solani SC was identified as the aetiology in 17 % and
38 % of disseminated and localised infections, respectively,
but this difference was not statistically significant (p=0.13,
Fisher’s exact test). It seems, therefore, that clinical manifes-
tation is not species related.

These data confirm the distribution of Fusarium species
identified by molecular methods detected in our previous
experience from Italy, where F verticillioides was ranked as
the first cause of deep-seated fusariosis [6]. Our data differ
from those of the literature reporting £, solani as the cause of
approximately 50 % of the infections. However, in most of the
reported clinical cases of fusariosis, Fusarium isolates were
not speciated [2, 12, 20, 21]. In addition, the identification of
the isolates were mostly carried out by morphology that can
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lead to the misidentification of F. oxysporum as F. solani, due
to the morphological similarities shared by these two species
[22]. In general, molecular phylogenetic studies have shown
that morphological species recognition within Fusarium
greatly underestimates its species diversity [4]. Spread of the
different actiological species over the different European areas
may not be feasible due the limited number of isolates from
some countries.

Among the clusters of cases of fusariosis detected in
five hospitals during the study period, only two could be
considered an outbreak as the same species;
FE. verticillioides in one centre and F. proliferatum in
another hospital were identified as the cause of four cases
of fungaemia in a restricted period of time. The other

clusters of cases involving different species could be at-
tributed to episodic local favourable climatic conditions
rather than a common source of infection.

Interpretative MIC breakpoints for Fusarium spp. have not
yet been identified. However, the MIC determination gives an
overview of in vitro resistance and, therefore, may support the
choice of antifungal treatment. Fluconazole and
echinocandins have apparently no effect, while amphotericin
B, voriconazole and posaconazole have lower MIC values,
even if voriconazole exhibits high MICs for F solani. In
contrast, . oxysporum and F. verticillioides are more suscep-
tible to voriconazole and posaconazole [1, 6, 23-25].

In accordance to the above findings, our results revealed a
wide range of susceptibility. They showed that amphotericin B

Table 4 In vitro susceptibilities of the 54 Fusarium spp. isolates determined by broth microdilution according to the European Committee on

Antimicrobial Susceptibility Testing (EUCAST) methodology

Fusarium (no. of tested isolates) Antifungal No. of isolates with an MIC (mg/L) of: G-MIC MICso  MICyg
0.12 0.25 0.5 1 2 4 8 >16
proliferatum (16) Ampbhotericin B 1 9 4 2 1.35 1 2
Itraconazole 1 14 12.88 >16 >16
Posaconazole 3 1 1 11 591 >16 >16
Voriconazole 4 3 3 6 6.44 8 >16
verticillioides (15) Ampbhotericin B 7 8 2.89 4 4
Itraconazole 9 4 2 1.74 1 2
Posaconazole 8 7 0.35 0.25 0.5
Voriconazole 1 9 5 1.20 1 2
solani (14) Amphotericin B 1 11 2 1.05 1 2
Itraconazole 14 16.00 >16 >16
Posaconazole 1 1 12 13.79 >16 >16
Voriconazole 1 2 11 13.12 >16 >16
oxysporum (6) Amphotericin B 5 1 1.12 1 2
Itraconazole 6 16.00 >16 >16
Posaconazole 3 3 4.00 1 >16
Voriconazole 2 1 2 1 2.52 2 8
dimerum (2) Amphotericin B 1 0.71
Itraconazole 16.00
Posaconazole 16.00
Voriconazole 1 1 5.70
andiyazi (1) Amphotericin B 1
Itraconazole 1
Posaconazole 1
Voriconazole 1
All species (54) Amphotericin B 3 26 15 10 1.51 1 4
Itraconazole 1 10 4 1 38 7.60 >16 >16
Posaconazole 11 8 4 2 28 3.01 4 >16
Voriconazole 2 11 10 7 7 17 4.16 4 >16

G-MIC: geometric mean of the MIC (mg/L)
MICso: MIC at which 50 % of isolates are inhibited
MICyy: MIC at which 90 % of isolates are inhibited
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was the most potent antifungal in vitro, and itraconazole the
least effective. Amphotericin B inhibited the fungal growth of
most isolates, including those belonging to the £ solani SC at
an MIC of <I mg/L, but it had higher MICs against the
F. verticillioides strains. The azoles, instead, exhibited
lower MICs against the F verticillioides strains, with
posaconazole having a slightly better performance,
whereas the opposite was true for F. solani, which had
high MICs to all three azoles tested. The true meaning
of these MICs in clinical practice is not known [26].
Voriconazole, the most often used azole in recent years,
appears clinically effective, despite the high MIC
values, especially against F solani [12, 27].

Posaconazole, which is licensed as salvage therapy against
invasive fusariosis, also seems to be clinically effective, but it
has not been extensively studied and there are no studies to
compare it with voriconazole [28].

The Etest was evaluated in comparison with the EUCAST
broth microdilution method and an overall essential agree-
ment of 96-100 % for amphotericin B and azoles was
obtained.

A limitation of the study is the poor participation of
the European countries in this survey, to which the
Italian contribution accounted for more than 60 % of
the cases. The real burden of this disease is not known,
as the incidence rate cannot be calculated due to the
lack of denominators.

Another limitation is that the isolates were identified by the
sequencing of a single locus (elongation factor 1) instead of
three different loci recommended for species identification
[4]. This approach, adopted for cost containment, allows
a correct identification at the SC level, but does not
always allow the identification of the cryptic species.
However, the identification of phylogenetic species in a
complex, for example, 60 species within F. solani SC,
most of which are named with an alphanumerical sys-
tem of nomenclature, could not have a medical rele-
vance [29].

In conclusion, we confirm that fusariosis is a rare but severe
event in Europe, that G. fijikuroi SC is the predominant cause
of deep infections and that different species have different
antifungal in vitro susceptibility patterns. At this point, we
would like to highlight the need for more studies to identify
reservoirs of Fusarium spp. in the hospital wards, to elucidate
the correlation between in vitro and in vivo susceptibilities. In
addition, we have a large collection of Fusarium clinical
isolates, coupled with clinical information, available for fur-
ther studies.
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