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Abstract Fusarium species have started appearing increas-
ingly as the main cause of infections, particularly in
immunocompromised patients. In this study, we aimed
to present the first epidemiological data from Turkey,
analyze fusariosis cases that have been monitored in a
university hospital during the past 20 years, identify the
responsible Fusarium species, and determine antifungal
susceptibilities. A total of 47 cases of fusariosis was
included in the study. Fusarium isolates were identified
by multilocus sequence typing (MLST). Antifungal sus-
ceptibility was tested by the broth microdilution method
according to the Clinical and Laboratory Standards In-
stitute (CLSI) methodology. Of the Fusarium infections,
23.4 % were superficial, 44.7 % were locally invasive,
and 31.9 % were disseminated. A significant increase
was observed over the years. The Fusarium fujikuroi

species complex (FFSC) proved to be the most frequent
agent group (17 cases; 51.5 %), followed by the Fusar-
ium solani species complex (FSSC) (14 cases; 42.4 %),
the Fusarium dimerum species complex (FDSC), and
the Fusarium oxysporum species complexes (FOSC)
(one case each). Amphotericin B had the highest
in vitro activity against all species. Voriconazole and
posaconazole showed interspecies variability across and
within Fusarium species complexes. In conclusion, our
data support the fact that regional differences exist in
the distribution of the Fusarium species and that
species-specific differences are observed in antifungal
susceptibility patterns. The monitoring of local epidemi-
ological data by determining fungal identity and suscep-
tibility are of importance in guiding the clinical follow-
up of patients.
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Introduction

The large genus Fusarium contains mainly species with
a saprobic or plant-pathogenic lifestyle, but also con-
tains species infamous for their adverse health effects:
some have mycotoxigenic properties and/or have the
ability to cause opportunistic infections in humans and
animals [1]. Most of the former Fusarium species are
now known to be species complexes composed of clus-
ters of cryptic species with little to no morphological
differences. Multilocus sequence typing (MLST) is nec-
essary to distinguish between such species [2–5]. Now
that the Bone fungus = one name^ rule has been
adopted, a proposal was made to conserve the name
Fusarium above linked sexual state names like
Haemonectria and Gibberella [6], and a plea to keep
the taxonomy of clinically important species as stable
as possible [7]. In line with these proposals, we main-
tain a concept of the genus Fusarium in the broadest
sense according to Geiser et al. [6].

Most of the opportunistic Fusarium pathogens identified in
the literature are members of the F. solani species complex
(FSSC), the F. oxysporum species complex (FOSC), and the
F. fujikuroi species complex (FFSC), and less often of the
F. incarnatum-equiseti species complex (FIESC), the
F. d imerum spec i e s complex (FDSC) , and the
F. chlamydosporum species complex (FCSC) [5, 8, 9]. Some
species and haplotypes causing infections have a worldwide
distribution, while local variation also exists [10].

Prevalent fusariosis in otherwise healthy individuals most-
ly concern onychomycosis, skin infections, and keratitis, and
an occasional mycetoma, especially in areas with warmer,
drier climates [11]. Deep and disseminated infections are con-
fined to severely immunocompromised patients. Disseminat-
ed infections seem predominantly related to hematological
disorders [12], sometimes with a link to a pre-existing nail
or cutaneous infection [13, 14]. The observed number of
fusarioses has been reported to increase over the past several
decades: this may be partly due to the growing number of
immunocompromised patients and their prolonged average
survival time, partly due to prophylactic therapeutic ap-
proaches against opportunistic fungal infections which have
little impact on Fusarium, and partly to our improved ability
to identify the infective agents [14, 15].

Most opportunistic Fusarium species are relatively to very
resistant to antifungal drugs in vitro, although anti-fungal sen-
sitivity profiles may differ between species [2, 16, 17]. While
refractory onychomycoses are not life-threatening, timely and
effective treatment for deep and disseminated fusariosis is
very important. Joint guidelines on the treatment of
hyalohyphomycoses recommend amphotericin B and
voriconazole for the treatment of systemic fusariosis [18], de-
spite variable minimum inhibitory concentration (MIC) test

results for both drugs [2, 16, 17, 19]. Hence, accurate identi-
fication of the species involved is of importance for epidemi-
ological studies and for guiding clinical follow-up of the pa-
tients [2, 13].

In this study, cases of fusariosis acquired in a tertiary-care
university hospital in Turkey over the past 20 years were an-
alyzed. All preserved Fusarium isolates were identified using
an MLST approach suitable for the state-of-the-art identifica-
tion of species complexes, species, and haplotypes, resulting
in an overview of the Fusarium species occurring as etiolog-
ical agents of disease. Antifungal susceptibility profiles were
made for all these isolates to help clinicians develop appropri-
ate therapies that have a high probability of successfully
treating fusarioses.

Materials and methods

Setting and epidemiological data

Uludağ University Healthcare and Research Hospital is an
800-bed tertiary-care teaching institution in Bursa, Turkey.
There are seven adult (Reanimation, Thoracic–Heart–Vascu-
lar Surgery, Cardiology, Plastic Surgery and Burns Unit, Neu-
rology, Brain Surgery, and Lung Diseases) and two pediatric
(Neonatal and Pediatric) intensive care units, as well as hema-
tology and oncology wards and kidney, liver, and bone mar-
row transplantation units. The mycology unit of the medical
microbiology laboratory receives specimens from patients ad-
mitted to the hospital and all fusariosis data regarding diagno-
sis and sites of infection were obtained retrospectively from
laboratory records from 1 June 1995 till 31 December 2014.
All cases were classified as superficial, locally invasive, or
disseminated infections. The microscopic appearance of hy-
pha and recovery of Fusarium spp. from specimens like skin,
nails, and corneal scrapings were considered superficial infec-
tions. Disseminated disease was documented either by at least
two positive blood cultures, or one positive blood culture to-
gether with skin or another organ involvement proven by cul-
ture and microscopy. Locally invasive pulmonary, sinonasal,
and skin fusarioses were considered when Fusarium species
were isolated from the respiratory tract, sinuses, or skin biop-
sies in the presence of risk factors, clinical signs, and symp-
toms, and when hyphae were seen at microscopy.

Isolates

Fusarium isolates have been collected and deposited in 10 %
glycerol at −80 °C in the culture collection of Uludağ Univer-
sity Healthcare and Research Hospital from 1 June 1995 to 31
December 2014. The initial identification as Fusarium species
was based on macroscopic and microscopic morphological
features. Isolates which were able to grow after subculturing
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twice on Sabouraud dextrose agar (SDA) were also deposited
in the reference collection of the CBS-KNAW Fungal Biodi-
versity Centre in Utrecht, the Netherlands, and these were
characterized based on MLST.

DNA extraction and sequencing

The DNA of strains were extracted with the CTAB-based
method ofMöller et al. [20]. Tentative identification of species
(complexes) was by nuclear ribosomal internal transcribed
spacer (ITS) sequencing with primers ITS1 and ITS4 [21]
and a part of the translation elongation factor 1-alpha (tef-
1α) gene with primers EF1 and EF2 [22]. To determine the
exact haplotypes within species, partial sequences of the rpb2
gene [5], the intergenic spacer region IGS [3], the large ribo-
somal subunit LSU, and the beta-tubulin gene [23] were ob-
tained as needed. For sequence typing of members of the
FSSC, LSU and rpb2 [2] were used in addition to ITS and
tef-1α, for members of the FDSC and the FFSC, rpb2 and β-
tubulin [23], and for the FOSC, IGS and rpb2 [3]. All strains
could, thus, unambiguously be assigned to the species or hap-
lotype level.

All polymerase chain reaction (PCR) assays were done
with Bioline Taq Polymerase in 12.5-μl volumes. Amplicons
were purified with Sephadex G-50 Fine (GE Healthcare, Upp-
sala, Sweden), then subjected to direct sequencing with the
ABI PRISM BigDye Terminator Cycle Sequencing Kit (Ap-
plied Biosystems, Foster City, CA, USA), and analyzed on an
ABI PRISM 3730xl sequencer. Sequences were edited using
SeqMan in the Lasergene software (DNASTAR, Madison,
WI, USA).

Identification

Strains were identified by BLAST identification of the obtain-
ed sequences in GenBank, the CBS database, the Fusarium ID
[22] and FusariumMLST [5] databases. Besides phylogenetic
placements with species/haplotypes within species, com-
plexes were checked with the above mentioned available da-
tabases specific for the found species complexes.

Antifungal susceptibility testing

Isolates were tested for in vitro susceptibility to fluconazole
(FLC; Pfizer Central Research Sandwich, Tadworth, Surrey,
UK), itraconazole (ITC: Janssen Research Foundation,
Beerse, Belgium), posaconazole (POS: Merck, Whitehouse
Station, NJ, USA), voriconazole (VOR: Pfizer Central Re-
search, Sandwich, Tadworth, Surrey, UK), amphotericin B
(AMB; Bristol-Myers Squibb, Woerden, the Netherlands),
caspofungin (CAS; Merck Sharp & Dohme BV, Haarlem,
the Netherlands), and anidulafungin (AND; Pfizer Central Re-
search, Sandwich, Tadworth, Surrey, UK) by the broth

microdilution method according to the Clinical and Laborato-
ry Standards Institute (CLSI) methodology [24]. The MICs of
amphotericin B, flucytosine, fluconazole, itraconazole,
voriconazole, and posaconazole were determined visually:
an inverted mirror was used for comparing the growth in wells
containing the drugs with that in the drug-free control well.
The results were also read using a microtitration plate spec-
trophotometric reader (Anthos htIII; Anthos Labtec Instru-
ments, Salzburg, Austria). The minimum effective concentra-
tions (MECs) of anidulafungin and caspofungin were read
using a plate microscope (Olympus SZX9; Olympus Neder-
land, Zoeterwoude, the Netherlands), at 25× to 50× magnifi-
cation. Paecilomyces variotii (ATCC 22319), Candida
parapsilosis (ATCC 22019), andC. krusei (ATCC 6258) were
used for quality controls in all experiments. The ranges and
geometric means (GMs) of the MICs and MECs were deter-
mined for each species and drug after 48 h of incubation. If no
growth was observed or the growth was not adequate, the
incubation was extended to 72 h. All experiments on each
strain were performed using three independent replicates on
different days.

Statistical analysis

Differences between years andMIC/MEC distributions between
the groups were compared using the Chi-square test; differences
were considered statistically significant at a p-value of ≤0.05.

Results

We identified 47 cases of Fusarium infection from 1995 to
2015: 11 (23.4 %) were superficial, 21 (44.7 %) were locally
invasive, and 15 (31.9 %) were disseminated. A significant
increase in the number of fusarioses in 5-year intervals was
observed over the past several years (p < 0.001; Fig 1). Patient
data on underlying disorders are provided in Table 1. Dissem-
inated infections were mainly associated with hematological
malignancies (80 %; 12 out of 15 cases). In the remaining
patients with disseminated fusariosis, two were severely im-
munosuppressed due to malign melanoma and Wegener’s
granulomatosis, respectively, and a third was a low-birth-
weight newborn (Table 1).

Local invasive infections (21/47; 44.7 %) were seen in
patients with diverse underlying disease conditions
(Table 1). Fusarium spp. grew from respiratory tract speci-
mens in ten patients who suffered from hematological malig-
nancy (n = 1), solid organ carcinoma (n = 3), and various
chronic diseases (n = 6). Local sinonasal infections, proven
by nasal biopsy samples with positive microscopy and culture,
were seen in five patients, four of whom had hematological
malignancies and one had aplastic anemia. In six patients,
Fusarium was grown from skin biopsy samples with no
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growth in blood cultures. Two of these patients had a hema-
tological malignancy, while one had solid carcinoma.
Fusarium isolates were repeatedly cultured from skin biopsies
of lower extremity lesions in a paraplegic patient [25]. Of the
last two patients, one had chronic renal failure, while the other
had hydatid cysts.

The main superficial infections were keratitis and
onychomycosis (72.7 %; 8 out of 11). In two chronically ill
patients and one patient suffering from burn wounds,
Fusarium growth was obtained from skin scrapings.

MLST was performed on 46 revivable isolates from 33 of
the 47 patients (70.2 %) described above (Table 2). The FFSC
proved to be the most frequent agent group (17 cases; 51.5%),
followed by the FSSC (14 cases; 42.4 %), and the FDSC and
the FOSC (one case each). The distribution of the isolated
species differed among the patients with various clinical pre-
sentations. Members of the FFSC were the most frequent eti-
ological agents of disseminated infections (8/12; 66.7 %),

followed by Fusarium petroliphilum of the FSSC (4/12;
33.3 %) (Table 3).

Although there was no growth from blood cultures, the
isolation of Fusarium proliferatum from skin and nasal biopsy
specimens in some severely immunocompromised patients
with hematological malignancy (n = 3), aplastic anemia (n =
1), and chronic renal failure (n = 1) underlined the predomi-
nance of the FFSC in deep invasive diseases. In one aplastic
anemia and in two cancer patients who had symptoms of respi-
ratory tract infection, F. proliferatum was grown from respira-
tory specimens like bronchoalveolar lavage, pleural fluid, and
sputum. The FSSC caused localized infections in four patients.
Three of them suffered from hematological malignancy, while
in a patient with larynx cancer, F. solani s.s. (FSSC-5) was
obtained from three different sputum specimens. One isolate
of F. dimerum (FDSC) and one of F. oxysporum (FOSC) grew
from skin biopsies and sputum samples in patients with para-
plegia and hepatic cirrhosis, respectively.

The FSSC was responsible for most (6/7; 85.7 %) of the
superficial infections (Table 3): Fusarium keratoplasticum
was isolated from two onychomycosis cases, and F. solani
s.s. (FSSC-5) was isolated from nail, corneal, and skin scrap-
ings in patients with onychomycosis (one patient), keratitis
(two patients), and diabetes mellitus (one patient), respectively.

Antifungal susceptibility tests were performed for 32
strains (isolated from 33 patients) which were identified by
MLST. The overall results obtained from visual and/or spec-
trophotometric readings were similar for the MIC endpoints
after 48 and 72 h of incubation. The GM values of MICs (mg/
L) across all isolates used in this study were as follows (in
increasing order): amphotericin B, 0.84 mg/L; voriconazole,

Fig. 1 Increasing incidence ofFusarium infections over the past 20 years
in the studied university hospital in Turkey

Table 1 Underlying diseases of
patients with Fusarium infections Underlying disease (no. of patients) Fusarium infections, no. of patients

Superficial Locally invasive Disseminated

Hematological malignancya (19) 7 12

Solid organ carcinomab (5) 4 1

Chronic disorderc (12) 2 9 1

No underlying disease; keratitis (4) 4

No underlying disease; onychomycosis (4) 4

Other (3) 1d 1e 1f

Total (47) 11 21 15

aAcute myeloid leukemia (11), acute lymphoblastic leukemia (5), multiple myeloma (1), myelodysplastic syn-
drome (1), T-cell lymphoma (1)
b Larynx cancer (1), lung cancer (1), malign melanoma (1), adrenal cortex cancer (1), pancreas cancer (1)
c Peripheral artery disease (2), aplastic anemia (2), Wegener’s granulomatosis (1), cerebrovascular disease (1),
renal transplant (1), chronic renal failure (1), hepatic cirrhosis (1), paraplegia (1), chronic obstructive pulmonary
disease (1), diabetes (1)
d Burn
e Hydatid cyst
f Low-birth-weight newborn
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Table 2 List of molecularly identified Fusarium isolates during the period 1995–2014

Patient Specimen Isolation
date

Infection Underlying disease CBS
number

Alternative
number

Fusarium species

Patient 1 Blood 09-03-2010 D Acute myeloid leukemia 139006 28623 Fusarium petroliphilum (FSSC)

Patient 2 Nasal biopsy 26-04-2013 LI Myelodysplastic syndrome 138932 40009 Fusarium petroliphilum (FSSC)

Patient 3 Blood 16-07-2013 D Acute lymphoblastic leukemia 139011 40686 Fusarium petroliphilum (FSSC)

Nasal biopsy 08-07-2013 139009 40600 Fusarium petroliphilum (FSSC)

Skin biopsy 12-07-2013 139010 40625 Fusarium petroliphilum (FSSC)

Skin biopsy 12-07-2013 139019 40654 Fusarium petroliphilum (FSSC)

Patient 4 Blood 12-05-2014 D Acute myeloid leukemia 139324 43248 Fusarium petroliphilum (FSSC)

Patient 5 Blood 20-05-2014 D Acute myeloid leukemia 139013 43325 Fusarium petroliphilum (FSSC)

Patient 6 Nail scraping 02-01-2008 S Onychomycosis 139016 22840 Fusarium solani s.s. (FSSC-5)

Patient 7 Sputum 04-03-2008 LI Larynx cancer 138927 23239 Fusarium solani s.s. (FSSC-5)

Sputum 05-03-2008 139205 23250 Fusarium solani s.s. (FSSC-5)

Sputum 11-03-2008 138999 23292 Fusarium solani s.s. (FSSC-5)

Patient 8 Skin scraping 16-05-2012 S Diabetes 139007 36403 Fusarium solani s.s. (FSSC-5)

Patient 9 Nasal biopsy 31-05-2013 LI Acute myeloid leukemia 139008 40273 Fusarium solani s.s. (FSSC-5)

Patient 10 Cornea scraping 15-11-2013 S Keratitis 139012 41672 Fusarium solani s.s. (FSSC-5)

Patient 11 Cornea scraping 04-08-2014 S Keratitis 139199 43937 Fusarium solani s.s. (FSSC-5)

Cornea scraping 08-08-2014 139200 43976 Fusarium solani s.s. (FSSC-5)

Patient 12 Nail scraping 05-02-2010 S Onychomycosis 139005 28341 Fusarium keratoplasticum (FSSC)

Patient 13 Nail scraping 13-07-2012 S Onychomycosis 139017 37057 Fusarium keratoplasticum (FSSC)

Patient 14 Skin biopsy 14-12-2009 LI Acute myeloid leukemia 139197 27854 Fusarium solani s.s. (FSSC-6)

Patient 15 Blood 26-07-2000 D Acute lymphoblastic leukemia 138998 7810 Fusarium proliferatum (FFSC)

Patient 16 Nasal biopsy 24-08-2004 LI Acute myeloid leukemia 138924 14663 Fusarium proliferatum (FFSC)

Patient 17 Skin biopsy 01-12-2005 LI Chronic renal failure 138925 17857 Fusarium proliferatum (FFSC)

Patient 18 BAL 02-05-2008 LI Aplastic anemia 139000 23660 Fusarium proliferatum (FFSC)

Patient 19 Skin biopsy 07-05-2008 LI Acute myeloid leukemia 139001 23690 Fusarium proliferatum (FFSC)

Patient 20 Blood 11-08-2008 D Acute lymphoblastic leukemia 139003 24321 Fusarium proliferatum (FFSC)

Patient 21 Sputum 06-11-2008 LI Lung cancer 139004 24861 Fusarium proliferatum (FFSC)

Patient 22 Cornea scraping 16-01-2012 S Keratitis 138929 35142 Fusarium proliferatum (FFSC)

Patient 23 Nasal biopsy 16-05-2012 LI Aplastic anemia 138930 36392 Fusarium proliferatum (FFSC)

Nasal biopsy 22-05-2012 139203 36465 Fusarium proliferatum (FFSC)

Patient 24 Blood 14-06-2012 D Malign melanoma 138928 29541 Fusarium proliferatum (FFSC)

Patient 25 Nasal biopsy 05-07-2013 LI Acute myeloid leukemia 139198 40572 Fusarium proliferatum (FFSC)

Patient 26 Blood 03-06-2014 D Acute lymphoblastic leukemia 139014 43498 Fusarium proliferatum (FFSC)

Nasal biopsy 09-05-2014 138933 43242 Fusarium proliferatum (FFSC)

Blood 05-06-2014 138934 43445 Fusarium proliferatum (FFSC)

Blood 09-06-2014 139201 43474 Fusarium proliferatum (FFSC)

Patient 27 Pleural fluid 28-11-2014 LI Pancreas cancer 139325 45004 Fusarium proliferatum (FFSC)

Patient 28 Blood 30-10-2007 D Acute myeloid leukemia 139015 22525 Fusarium verticillioides (FFSC)

Patient 29 Blood 17-09-2012 D T-cell lymphoma 139018 37791 Fusarium verticillioides (FFSC)

Patient 30 Blood 21-10-2014 D Acute lymphoblastic leukemia 139202 44597 Fusarium verticillioides (FFSC)

Skin biopsy 13-10-2014 139204 44536 Fusarium verticillioides (FFSC)

Patient 31 Blood 07-12-2012 D Acute myeloid leukemia 138931 38603 Fusarium andiyazi (FFSC)

Blood 11-12-2012 139195 38621 Fusarium andiyazi (FFSC)

Patient 32 Sputum 20-06-2007 LI Hepatic cirrhosis 138926 21689 Fusarium oxysporum (FOSC)

Patient 33 Skin biopsy 01-08-2008 LI Paraplegia 139196 24262 Fusarium dimerum (FDSC)

Skin biopsy 01-08-2008 139002 24264 Fusarium dimerum (FDSC)

BAL bronchoalveolar lavage; D disseminated; LI locally invasive; S superficial
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3.83 mg/L; posaconazole, 5.3 mg/L; caspofungin, 15.66 mg/
L; anidulafungin, >16 mg/L; itraconazole, 59.97 mg/L; flu-
conazole, 61.29 mg/L; and flucytosine, >64 mg/L (Table 4).
Of note, all of the species showed high MIC/MEC values for
flucytosine, fluconazole, itraconazole, anidulafungin, and
caspofungin.

Amphotericin B had the highest in vitro activity (ranging
from 0.125 to 4 mg/L) against all species, with the MIC rang-
ing from 0.125 to 4 mg/L. However, both voriconazole and
posaconazole showed interspecies variability across and with-
in Fusarium species complexes. The members of the FSSC
(MIC ranging from 2 to 8 mg/L) and especial ly
F. petroliphilum strains (MIC ranging from 8 to 16 mg/L)
showed higher MIC values than other species for
voriconazole. A similar pattern of susceptibility was also ob-
served with posaconazole against the FSSC (MIC ranging
from 0.125 to >16 mg/L).

Discussion

In the present study, cases of fusariosis occurring in a tertiary-
care university hospital in Turkey over the last 20 years were
evaluated. Both species distribution and antifungal suscepti-
bility of the isolates were determined. These are the first epi-
demiological data on fusarioses from Turkey. Similar to recent
surveys elsewhere, a statistically significant increase in the
incidence of fusarioses over the years was also determined
in this study [26, 27].

Fusarium species cause a broad spectrum of infections in
humans, including superficial, locally invasive, and dissemi-
nated infections [13, 14]. Clinical manifestations largely de-
pend on the immune status of the host and the portal of entry,
which include paranasal sinuses, lungs, and skin [13]. Among
immunocompetent hosts, keratitis and onychomycosis are the
most common infections and, occasionally, mycetoma by

Table 3 Fusarium species in
different types of infections Species Fusarium infections, no. of patients

Superficial Locally invasive Disseminated Total

F. petroliphilum (FSSC) 1 4 5

F. solani s.s. (FSSC-5) 4 2 6

F. keratoplasticum (FSSC) 2 2

F. solani s.s. (FSSC-6) 1 1

F. proliferatum (FFSC) 1 8 4 13

F. verticillioides (FFSC) 3 3

F. andiyazi (FFSC) 1 1

F. oxysporum (FOSC) 1 1

F. dimerum (FDSC) 1 1

Total 7 14 12 33

Table 4 Geometric means (GMs) of theminimum inhibitory concentrations (MICs)/minimum effective concentrations (MECs) andMIC/MEC ranges
obtained by testing the susceptibility of 32 Fusarium strains to antifungal agents

a Not examined; MIC: minimum inhibitory concentration; MEC: minimum effective concentration

Color code:
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Fusarium spp. is observed. Unlike infections in the normal
host, fusariosis in the immunocompromised population is typ-
ically invasive and disseminated. Disseminated infections oc-
cur mainly in patients with hematological malignancies and
have also occasionally been reported in the immunocompro-
mised patients due to transplantation, solid tumors, and auto-
immune disorders [13, 27–30]. In line with this, 80 % of the
patients with disseminated fusariosis in the present study had
hematological malignancy. The remaining patients with dis-
seminated infections were also severely immunocompro-
mised, e.g., due to solid tumor, autoimmune disease, or low
birth weight.

The principal portal of entry for Fusarium species
seems to be the airways or traumatic inoculation. Sinus
and lung involvement is common and these foci may
serve as sites for dissemination in immunocompromised
hosts. Clinical manifestations of fusarial sinusitis and
pneumonia are indistinguishable from those caused by
Aspergillus spp., but especially lung involvement is as-
sociated with higher mortality [13]. Involvement of the
skin is another important manifestation of fusariosis and
can represent a primary site of infection or a manifesta-
tion of secondary metastasis in patients with disseminat-
ed fusariosis. Among immunocompromised patients, skin
lesions may be the single source of diagnosis [13, 31].

In this study, nearly half (44.7 %) of the cases were
localized infections, while lung, sinuses, and skin in-
volvement was seen in different underlying conditions,
like hematological disorders, solid malignancies, and
chronic illnesses. Definitive diagnosis of Fusarium spe-
cies requires isolation of the agent from infected sites,
and culture identification from biopsy samples is espe-
cially important because of the histopathological similar-
ities between Fusarium and other hyalohyphomycetes
agents. Clinicians should be aware of local infections
that may occur during follow-up of high-risk patients,
and different samples are of importance in detection.

In vitro, the genus Fusarium can be identified by the pro-
duction of hyaline, crescent or banana-shaped, multicellular
macroconidia. However, species identification is difficult and
requires molecular methods [5, 18]. In this study, we used
MLST for identification to the species level.

Globally, the FSSC is the most common group encountered
in human infections and is present in approximately 50 % of
patients [13]. Being responsible for about 20 % of infections,
the FOSC ranks second [13]. In the present study, however,
the FFSC was found to be the most frequently detected com-
plex (51.5 %), followed by the FSSC (42.4 %), while the
FOSC was isolated from only a single patient. The F. andiyazi
strain isolated from one patient was the first isolation from a
human case that we previously reported [32]. In a recent sur-
vey conducted in Europe (involving our region as well), the
FFSC was also reported to be prevalent [31]. These data

support the view that regional differences exist in the distribu-
tion of Fusarium species [10].

A link between species identity and course of infection has
been observed in several studies. For example, the FFSC was
prevalently isolated from invasive and disseminated infections
[8, 10, 17]. F. proliferatum and F. verticillioides are the most
commonly encountered human opportunists in this complex.
Also, in our study, F. proliferatum was the predominant spe-
cies in locally invasive infections and along with
F. petroliphilum in disseminated infections [33]. The FSSC
has also been reported as the most commonly isolated species
complex in superficial infections, mainly keratitis and
onychomycosis, in America and Asia, while the FOSC ranks
first in such infections in Europe [9, 34–36]. Although the
number of cases was low in our study, the FSSC was respon-
sible in 85.7 % of superficial infections.

In the present study, flucytosine, fluconazole,
itraconazole, anidulafungin, and caspofungin were ineffec-
tive against all isolates. Species-specific differences in the
susceptibility of Fusarium isolates was apparent in the
MICs to amphotericin B, voriconazole, and posaconazole.
In agreement with previous reports [16, 37], amphotericin
B was the most effective agent across all isolates. The
European Society of Clinical Microbiology and Infectious
Diseases (ESCMID) and the European Confederation of
Medical Mycology (ECMM) recommend amphotericin B
and voriconazole as the first optional agents in the treat-
ment of cases with fusariosis [18]. However, in the present
study, these compounds were not effective against some of
the species, sometimes indicating high degrees of intraspe-
cific variability (Table 4). Some studies have reported that
the MIC values in F. verticillioides were high for
amphotericin B and low for posaconazole [16, 37]. Simi-
larly, we also observed activity of posaconazole against
this species, but with a limited degree of confidence.

In conclusion, our study indicated that regional differ-
ences exist in the distribution of Fusarium species and
that species-specific differences might also reflect in an-
tifungal susceptibility patterns. As the observed number
of fusarioses, particularly disseminated cases, are increas-
ing, monitoring of local epidemiological data by deter-
mining fungal identity and antifungal susceptibility test-
ing will definitely help clinicians develop appropriate
therapies that have a high probability of successfully
treating disseminated fusariosis.
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