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ABSTRACT

Background: Fusarium is an environmental mold that causes deep or superficial mycosis in

immunocompromised or immunocompetent patients respectively.

Methods: This epidemiological study evaluated the frequency of Fusarium infections in our
university hospital center in France over a decade from 2007 to 2016 and its

representativeness in the main clinical infections.

Results: A total of 715 Fusarium sp. were isolated from various sampling sites.. Fusarium
was detected in 0.47% of blood cultures, 31.1% of ophthalmic samples, and 8.48% of nail

samples. The frequency of Fusarium infections was stable over this decade.

Conclusions: The main Fusarium species complexes recorded in this study were Fusarium
oxysporum species complex and Fusarium solani species complex, indicating the importance
of Fusarium as a fungal agent that should be considered in clinical practice. A focus on

invasive fusarioses shows that they all occur in hematology patients.
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INTRODUCTION

Fusarium species are molds largely distributed in the environment, including water and soil,
and are significant plant pathogens [1]. In immunocompetent patients, the genus Fusarium
causes exclusively localized pathology; however, in immunocompromised hosts, principally
burn and hematological patients, the infections are locally invasive or disseminated [2]. The
most frequent fungal infections caused by Fusarium are onychomycosis and Kkeratitis [3],
although other clinical presentations are observed, such as fungemia, mycetoma, skin
infection, lung disease (including allergic disease, hypersensitivity pneumonitis, colonization
of a pre-existing cavity, pneumonia in severely immunocompromised patients), and other rare
infections (endocarditis, urinary tract infection, osteomyelitis, etc.) [4,5,6,7]. The genus
Fusarium is divided into phylogenetic species complexes. The most frequent involved in
human infections are Fusarium solani species complex (FSSC), Fusarium oxysporum species
complex (FOSC), Fusarium dimerum species complex (FDSC), Gibberella fujikuroi species
complex (GFSC), and Fusarium incarnatum - Fusarium equiseti species complex (FIESC)
[8]. All antifungals used in clinical practices have shown poor in vitro activity against these
fungi [8,9]. No recommendation currently exists for the treatment of onychomycosis and
keratitis caused by Fusarium species. Conversly, voriconazole is recommended for the

treatment of invasive fusariosis [10,11].

The aim of this study was to evaluate the frequency of Fusarium infections in our university
hospital center in France. This retrospective study over a decade from 2007 to 2016 focused
on the evolution of the number of Fusarium isolates, their representativeness in the related
clinical infections (septicemia, ophthalmic involvement, and onychomycosis), and the species

complexes involved.



MATERIALS AND METHODS

This study received an ethics committee approval. It focused on the local epidemiology of
fusariosis in a 1600-bed university hospital over a decade from 2007 to 2016. This center has
a hematology sector with 15,000 days of hospitalization per year and carries out 140 bone

marrow transplants per year.

Data collection

All analyses performed by the laboratory were registered in the laboratory computing system
(GLIMS V8.11.6). The study focused on the Fusarium strains involved in human pathology
and the isolates involved in a possible colonization were not considered. For nail samples,
only pure cultures for Fusarium were counted. For other sample types, each strain is
considered to be infectious and was counted. The data collected were as follows: the number
of Fusarium cultures by species complex, by sample type, by clinical origin, and by year; the
number of mycological samples by year; the number of positive mycological cultures by
origin and by year; the number of mycological positive cultures by year with a description of

the fungi isolated in blood cultures, ophthalmologic samples, and nail samples.

For invasive fusarioses the type of immunosuppression has been sought on the patient's

clinical record.

Identification of fungal species was carried out using phenotypic methods, except for cases
involved in invasive fusarioses diagnosed after 2009 for which a molecular identification by

translation elongation factor (TEF) sequencing was performed [12].

Indicators

Two indicators were defined: 1) the annual cases numbers of superficial or deep fusarioses and

the types of specimens concerned; ii) the proportion of Fusarium involved in the main clinical



forms (sepsis, keratitis, and onychomycosis) calculated by the ratio: number of Fusarium

isolates / number of positive samples.

Statistics

For every parameter, mean (m), standard deviation (SD), and variation coefficient (CV) were
calculated. One point over 2 SD from the mean was considered as significantly different from
the mean. The Mann-Kendall test was applied to show the evolution of the parameters.

XLSTAT 2017.02 was used. The level of alpha risk was 5%.

RESULTS

Evolution of Fusarium sp. culture

During the study period, 715 Fusarium sp. involved in pathology were isolated from various

sampling sites (Figure 1).
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Figure 1: Evolution of the number of Fusarium isolates between 2007 and 2016.

The average number of Fusarium isolates per year is 71.5 and no year is moving away from 2

standard deviations despite a decrease in the number of clinical isolates in 2015 and 2016.



Type of the positive specimens

Of the 715 strains of Fusarium isolated in the laboratory in the study period, a large majority
were isolated from 597 toe nail samples (83.5%) followed by 58 finger nail samples (8.1%).

Ophthalmic samples represented 5.6% (40) and blood cultures only 1.1% (8) (Figure 2).

Ophtalmic

5,59% Catheter
Sinus 112% /T —  (ogs

0,28% __ "\ !

Blood

Skin

Finger nail —Z
8,11%

Figure 2: Nature of the Fusarium positive samples.

Representativeness of Fusarium in the main clinical infections

Concerning fungemia, Fusarium was isolated in the study period on average in 0.47% (SD =

0.77) of fungi-positive blood cultures (Figure 3).
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Figure 3: Evolution of the frequencies of Fusarium isolates in the main clinical sites in the study period.

Fusariosis represents a rare etiology of fungemia in our center, like scedosporiosis, with less
than 1%, whereas Candida albicans (49.73%), Candida glabrata (19.10%), and Candida
parapsilosis (15.60%) are the main fungal agents involved. No trend was noted over this

period (p = 0.760).

Concerning keratitis, Fusarium was isolated on average in 31.1% (SD = 0.332) of positive
ophthalmic samples (Figure 3). No trend was highlighted (p = 0.123) despite great interannual
variability.  Fusarium (26.56%) represented the most frequent fungus isolated from
ophthalmic samples followed by Candida parapsilosis (17.97%), Candida lipolytica

(16.41%), and Candida albicans (10.94%; Figure 3).

Concerning onychomycosis, Fusarium was isolated on average in 8.48% (SD = 0.78) of
positive nail cultures (figure 3). No trend was recorded (p = 1.000). Fusarium was the fourth-
most filamentous fungus isolated in nail samples after Trichophyton rubrum, Trichophyton

mentagrophytes, and Aspergillus versicolor.



Description of cases of invasive fusarioses

During the study period, 10 cases of invasive fusarioses were described (Table

Case Year Localisation Clinical context hBi:nZ;l:::art ?:;] Fungal identification
1 2007 Blood culture Acute lymphoid leukemia Yes Fusarium sp.
2 2008 Skin Acute m}’;}c:ggi;ﬁegae:::ondaw to Yes Fusarium sp.
3 2009 Skin Acute myeloid leukemia 0 Yes Fusarium solani
4 2012 Bltéo:t}‘c;l:rlre Hodgkin's disease Yes Fusarium oxysporum
5 2012 Sinus Leukemia with large granular lymphocytes No Fusarium sp.
6 2013 Skin Acute myeloid leukemia secondary Yes Fusarium proliferatum
7 2013 Blood culture Acute myeloid leukemia 5 No Fusarium solani
8 2013 Blood culture Chronic myelomonocytic leukemia Yes Fusarium solani
9 2014 Sinus Acute myeloid leukemia 5 Yes Fusarium sp.
10 2015 Bloogléntﬂmre Acute myeloid leukemia 4 No Fusarium solani

Table 1: Description of the 10 cases of invasive fusariosis

D).

The diagnosis was made by means of blood cultures (5/10), skin biopsies (4/10) or sinus
sampling (2/10). All patients had haematological malignancies, most commonly acute

leukemia (7/10), and 70% had bone marrow transplants. Fusarium solani is found in 4 cases.

Species identification among Fusarium isolates

279 Fusarium isolates were not identified at the species level (39.02%). Among those
identified, Fusarium belonged to the F. oxysporum species complex (32.03%; 229/715)
followed by the F. solani species complex (20.57%; 147/715). Gibberella fujikuroi species

complex (GFSC) species complex (4.76%; 34/715), F. dimerum species complex (1.82%;



13/715) and F. chlamydosporum species complex (1.82%; 13/715) were also found in smaller

proportions (Figure 4).
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Figure 4: Distribution of species complexes among Fusarium isolates.

Fusarium solani species complex (FSSC), Fusarium oxysporum species complex (FOSC), Fusarium
dimerum species complex (FDSC), Gibberella fujikuroi species complex (GFSC), Fusarium
chlamydosporum species complex (FCSC)

DISCUSSION

The evolution of the number of Fusarium isolates in the laboratory is stable over the study
period but a slight decrease is observed over the most recent period 2015 - 2016. However,
this trend appeared to be non-specific for Fusarium due to the decrease of the global

laboratory activity. The frequency of Fusarium isolates was stable in our hospital over the



study period. However, in Brazil, an increased incidence of invasive and superficial fusarioses
was recorded between 2000 and 2005 and between 2006 and 2010 [12]. This study was
probably carried out after the emergence of fungal infections caused by filamentous fungi,

excluding aspergillosis [13].

Concerning the nature of specimens involved in clinical pathology, finger nail and toe nail
samples were largely predominant for nearly 90% of samples. As previously described, this is

the major site from where Fusarium are isolated [5,15,17,18].

Concerning the representativeness of Fusarium in nail samples, these molds were found in
8.48% of positive samples without significant changes in this proportion over time. It is
difficult to compare this percentage with publications on the subject, as the prevalence of
Fusarium in onychomycosis is variable throughout the world (0% to over 50%) [16,18,21].
Nevertheless, this number is consistent with one study in 2016 that attributed 10% of
onychomycosis to Fusarium [21]. In this study, Fusarium was the second-most mold involved
in onychomycosis after Aspergillus versicolor. In a review of different epidemiological
studies in several countries, the most common molds are Scopulariopsis brevicaulis,
Fusarium sp., and Aspergillus sp. [22]. In our region, we generally isolate one Fusarium for

two Trichophyton mentagrophytes, or four T. rubrum in nail samples.

The proportion of Fusarium in positive ophthalmic samples averaged at 31.1% during the
study period. This number revealed large disparities between the years without being able to
formulate hypotheses. The genus Fusarium was the most represented fungal etiology in
ophthalmology. The level of Fusarium involvement in fungal keratitis varied significantly
between scientific studies, depending on the geography and the terrain. A review in 2015 of

fungal keratitis estimated that Fusarium was involved in 70% of traumatic infections, in 67%



of diabetic keratitis, and in 38% of keratitis in recurrent users of topical ophthalmic products
[23]. This strong individual influence, coupled with the risk of contamination of lens retention

fluids, may explain the inter-year variability of the Fusarium ophthalmic-isolation percentage.

The proportion of Fusarium in fungi-positive blood cultures was 0.48% and showed no
evolution over time. This fungus is rarely responsible for fungemia. In our center, we can
expect one Fusarium fungemia for 187 Candida albicans septicemia, 72 Candida glabrata, or
three Cryptococcus sp. positive blood culture samples. However, fungemia is observed in half
of the cases of systemic fusariosis [3]. Note that in our center, blood cultures are performed on

Bactec flasks incubated for 5 to 10 days and not with Mycosis flasks.

Ten cases of invasive fusarioses were diagnosed in our center. The documentation was
performed via blood cultures or skin biopsies. Clinically a disseminated fusariosis is
characterized by persistent sepsis despite broad-spectrum antibiotic therapy. Although all
localizations may be concerned, cutaneous involvement is predominant (approximately 80%
of cases), followed by pulmonary involvement (30% of cases). When observed, the skin
manifestations are multiple, sometimes painful and they easily reach the extremities of the
limbs. These lesions appear early, which explains why it is frequently the source
diagnosis[3,24]. The first description of disseminated fusarioses dates from 1973, in a child
with acute leukemia [25]. The majority of these infections occur in patients with
hematological disorders and mainly in those who have had hematopoietic stem cell
transplantation [24]. More rarely, disseminated fusarioses affects burned patients or transplant
ones. A retrospective international study showed that patients with hematological disorders
accounted for 60% of cases with invasive fusarioses, 18% of stem cell transplant patients,
12% of patients with chronic immunodeficiency, and the remaining 10% with other situations
[11]. In our study, all patients presented with hemopathies, mainly acute leukemias (70 %),

and 70% of them had a marrow transplant. Fusarium solani is the main species involved



(22%), followed by Fusarium proliferatum and Fusarium moniliforme (11% each) and
Fusarium oxysporum (10%) according to an international retrospective study [11]. The
potential gateway for invasive mycosis is subject to debate. In our study, case 2 presented an
intertrigo of the foot and case 4 a contamination of the catheter, in both case the same fungi is

detected in blood culture.

In this study, the two main Fusarium complexes identified were FOSC and FSSC. In human
pathology, in a study of a population of 717 isolates, the two main complexes found were
FSSC and FOSC with 60 and 18% of cases, respectively [26]. In a cohort of 72 invasive
fusariosis, FSSC and GFSC were the most represented in equal proportions [11]. Our
identification data is fragmented with 39.02% of the isolates identified only at the genus level.

In addition, this study was largely represented by nail infections.

In conclusion, the genus Fusarium is a fungal agent to consider in clinical practice,
particularly due to its invasive nature, the poor prognosis of systemic fusarioses [11]., and its
significant representativeness in keratitis. Treatment of Fusarium in a context of
onychomycosis is also important to consider along with treatment of dermatophytes,

particularly in immunocompromised as it can be a gateway for invasive fusariosis.
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