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Abstract Fusarium spp. causes infections mostly in
patients with prolonged neutropenia. We describe the
case of a disseminated Fusarium solani infection in a
patient with acute myeloid leukemia which never
reached complete remission during its clinical course.
The patient had profound neutropenia and developed
skin nodules and pneumonia in spite of posaconazole
prophylaxis. F. solani was isolated from blood and
skin biopsy, being identified from its morphology and
by molecular methods. By broth dilution method, the
strain was resistant to azoles, including voriconazole
and posaconazole, and to echinocandins. MIC to
amphotericin B was 4 mg/L. The patient initially
seemed to benefit from therapy with voriconazole and
amphotericin B, but, neutropenia perduring, his clin-
ical condition deteriorated with fatal outcome. All
efforts should be made to determine the correct
diagnosis as soon as possible in a neutropenic patient
and to treat this infection in a timely way, assuming
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pathogen susceptibility while tests of antimicrobial
susceptibility are pending. A review of the most recent
literature on invasive fungal infections is reported.
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Introduction

It is well known that invasive mold infections (IMI)
may occur in patients affected by hematological
malignancies and by other medical conditions associ-
ated with immunosuppression. In particular, Asper-
gillus spp. are the commonest pathogens causing IMI,
but new diagnostic techniques have contributed to the
detection of other fungal pathogens such as Tri-
chosporon, Fusarium, Scedosporium, Alternaria [1,
2]. Although primary antifungal prophylaxis (PAP) is
routinely administrated in immunocompromised
patients and in those with acute myeloid leukemia
(AML) during remission induction chemotherapy, the
occurrence of rare IMI is still described and is
associated with treatment failure and high mortality
rate. Fusarium spp. are second only to Aspergillus as a
cause of IMI in hematological malignancies, and its
cure remains a challenge for both clinicians and
microbiologists [3-8]. We report the case of a
disseminated F. solani infection in a primary refrac-
tory AML patient who initially benefited from
voriconazole plus L-amphotericin therapy, while
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worsening perduring neutropenia. Duration of neu-
tropenia, rather than the microbiological features
themselves, appears to be crucial for the outcome in
this kind of IMI.

Case Description

A 44-year-old male was referred to the Hematological
Unit of Policlinico, Bari, Italy, in April 2014 with
fatigue and weight loss. At admission, results of a
physical examination were normal, but laboratory
tests showed severe anemia (hemoglobin 6.7 g/dL,
platelet count 43 x 10°/uL, leukocyte count
4.5 x 10°/uL and neutrophil count 1.8 x 10°/uL).
Both liver enzyme activities and renal function were
normal with levels of C-reactive protein at 4 mg/L.
Patient diagnosis was of AML with poor prognosis
(AML with complex karyotype, NPMI1Awt, FLT3
ITD unmutated; MO or AML without maturation;
according to French—American—British classification
and WHO 2008, respectively) [9], and he promptly
underwent remission induction chemotherapy with
“3 4 77 protocol (cytarabine 100 mg/mq for 7 days
and doxorubicin 50 mg/mq for 3 days) while on
prophylaxis with posaconazole (600 mg daily), with-
out obtaining complete remission (CR). The re-
induction chemotherapy protocol (FLAG-Ida) (flu-
darabine 30 mg/mq/daily for 5 days, cytarabine 2 g/
mgq/daily for 5 days, idarubicin 10 mg/mq/daily for
three days) also failed to achieve CR. At, respectively,
440 and +12 days from the start of the remission
induction and re-induction chemotherapy protocol,
and with profound neutropenia (<500 granulocytes/
pL), he developed high fever (up to 40 °C) without
chills. Three sets of blood were drawn for fungal and
bacterial culture (BD BACTEC™, Italy) and sent to
the Laboratory of Microbiology and Virology of
Policlinico, Bari, Italy. The subculture of the broth
blood culture on Sabouraud dextrose agar (bioMér-
ieux, Italy) yielded a fast-growing fungal colony after
3 days of incubation. The obverse and reverse color
was white, and a cottony texture was observed. A
cotton blue-lactophenol stain was performed. At
microscopic observation, typical hyaline septated
hyphae branching at 45 °C and hyaline multicelled
macroconidia with two to five septa, banana in shape,
were present. The mold was identified on its morpho-
logical characteristics as Fusarium spp. and identified
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as Fusarium solani by molecular methods, sequencing
the translation elongation factor lo (TEF gene)
according to the method previously reported at the
Laboratory of Mycology at the University of Milan,
Italy [2]. Antibodies (IgG and IgM) against Candida
and Aspergillus were negative as was the Quan-
tiFERON test for diagnosis of latent tuberculosis.
Serum [1-3] B-p-glucan was not assessed. Serum
Candida mannan antigen and Aspergillus galactoman-
nan antigen (Bio-Rad—Milan, Italy) were also nega-
tive. The patient developed skin lesions with central
darkening due to ischemia and necrosis. The skin
lesions were randomly scattered over the body and in
particular over his face, trunk and upper limbs (Fig. 1).
Microscopic examination of a skin biopsy showed the
presence of hyphal elements, and a mold with the same
morphological characteristics of that grown from the
blood culture was isolated and identified as F. solani.
There was also lung involvement, the patient having a
nonproductive cough. Abnormal thoracic computer-
ized tomography findings were of bilateral lung
nodules (Fig. 2a). Minimum inhibitory concentrations
(MICs) were determined by both the broth microdi-
Iution method (BMD) following the European Com-
mittee on Antimicrobial Susceptibility Testing
(EUCAST) [10] and by Etest. MICs determined by
BMD methods were: posaconazole > 32 mg/L,
voriconazole = 16 mg/L, itraconazole > 16 mg/L
and amphotericin B = 4 mg/L. MICs detected by
Etest were: posaconazole > 32 mg/L, voriconazole
> 32 mg/L, fluconazole > 256 mg/L, caspofungin
> 32 mg/L, anidulafungin > 32 mg/L, micafungin
> 32 mg/L, flucytosine > 32 mg/L. Amphotericin

Fig. 1 Cutaneous lesions on upper limbs caused by F. solani
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Fig. 2 a CT scan of thorax: right and left upper lobe nodules with ground-glass opacity associated. b Reduction of right and left lesions

after liposomal amphotericin B plus voriconazole

was not tested. Unfortunately, the data from the
susceptibility testing were available only after 20 days.
Meanwhile, he was empirically treated with a combi-
nation antifungal therapy: liposomal amphotericin B
(L-AmB) (5 mg/kg/day) and voriconazole (4 mg/
kg/day; 6 mg/kg/first day loading dose). After 28 days
of treatment, improvement was documented by the
disappearance of cutaneous manifestations and a CT
thoracic scan showed a reduction of lesions (Fig. 2b).
The patient was discharged with oral voriconazole
(400 mg daily) and an improved clinical condition
(resolution of skin lesions and negativity of blood
culture) in spite of refractory AML (granulocyte
count < 1 x 103/uL, platelet count 5 x 103/uL,
hemoglobin level 8.5 g/dL, bone marrow blasts 60 %
of the re-induction treatment). After 28 days of com-
bination therapy and 23 days of oral voriconazole, the
patient underwent chemotherapy with clofarabine
(22.5 mg/mq for 5 days) and cytarabine (1.5 g/mq for
5 days) while maintaining oral voriconazole. After
13 days, febrile neutropenia appeared together with
cutaneous manifestations. L-AmB was again started,
and voriconazole switched to parenteral administration.
After 9 days, his clinical condition rapidly worsened
with severe lung involvement (Fig. 3) and his hemopa-
rameters (pO2: 60 mmHg; pCO2: 55 mmHg) required
noninvasive ventilation. The patient was transferred to
the intensive care unit for severe respiratory failure. He
progressed to death after 1 day.

Discussion

The incidence of disseminated invasive fungal infec-
tion, often with a fatal outcome, has risen dramatically

Fig. 3 Chest radiograph: consolidative lesions with central
lucency involving basal and medial lobes of the right lung

in patients with prolonged neutropenia due to
leukemia therapy. Therefore, Fusarium spp. are
becoming more commonly recognized as opportunis-
tic pathogens in neutropenic patients. Recently, other
Fusarium spp. other than F. solani, such as F.
oxysporum, F. verticilloides, F. petroliphilum, F.
napiforme F. andiyazi and F. proliferatum have
emerged as a cause of invasive fusariosis in patients
with hematological malignancies or after organ trans-
plantation [11-15]. Disseminated fusariosis is
reported in patients with lymphoblastic leukemia
[16—18]. Fusarium spp. lung infection is reported also
in bone marrow transplant recipients and liver trans-
plantation [19, 20]. This infection has occasionally
been described in immunocompetent patients. Recon-
struction work has been implicated in F. verticilloides
bloodstream infections in seven immunocompetent
patients. The exposure to a high concentration of
spores during construction activities in the healthcare
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setting may explain these hospital-acquired infections
[21]. There are few reports of invasive fusariosis in
children. Over a 15-year period, five cases of IFI were
described in immunocompromised children [22], and
often as an outbreak in a children’s cancer hospital, F.
oxysporum and F. solani being the species isolated
[23]. Fusarium species possess several virulence
factors such as the production of mycotoxins able to
suppress humoral and cellular immunity, to cause
tissue breakdown and also to produce proteases and
collagenases [4]. Fusarium clinical manifestations
include invasive sinus infection, cutaneous and soft
tissue infection, fungemia, pulmonary infection and
dissemination to multiple organs with arthritis and
osteomyelitis [3, 4]. Fusarium spp. lung infections are
reported also in transplant patients especially in lung
transplant patients seeing as the principle portal of
entry of this mold is the airway [24, 25]. Disseminated
infections are reported also in bone marrow transplant
recipients and liver transplantation [19, 20]. Ocular
infections such as keratitis, endophthalmitis both in
immunocompetent and in immunosuppressed patients
are also reported. Recently, two outbreaks of Fusar-
ium keratitis occurring in contact lens wearers who
used a specific contact lens solution contaminated with
Fusarium were reported [26]. The neutropenic patient
with disseminated fusariosis (DF) typically has fever,
myalgias and, in 75 % of patients, skin lesions which
are difficult to distinguish from those caused by other
pathogens [1]. The presence of skin lesions at
admission to hospital of high-risk hematological
patients was significantly associated with the devel-
opment of fatal invasive fusariosis suggesting the use
of antimold prophylaxis in these patients [27]. In
addition, the mold has the tendency to invade blood
vessels causing tissue necrosis, thrombosis and infarc-
tion [28]. In invasive fusariosis, pneumonia occurs in
almost 50 % of cases and, as in our patient, alveolar
infiltrates, ground glass infiltrates, and pleural effu-
sions are present [29]. A risk factor for IFI in
hematological patients is active smoking, while
receipt of antithymocyte globulin or hyperglycemia
was associated with IFI in hematopoietic cell trans-
plant recipients [30]. A concomitant rhino-orbital
mucormycosis and a disseminated fusariosis in a
neutropenic patient have been reported, suggesting
that PCR methods in tissue section may increase the
diagnosis of dual mold infections [31]. Suggesting a
cross-reaction indicative of a possible cross
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reactionbetween antigens of F. solani and antigens
of Aspergillus [6].

The prognosis of fusariosis is directly linked with
the immune status of the patient, with high mortality
rates in patients with a persistent status of immunod-
eficiency. A fatal outcome of this infection is often
reported with probability of survival of 66.7 and
53.3 % at 6 and 22 weeks after diagnosis [6, 23, 32,
33]. Long-lasting profound neutropenia in our patient
may explain the initial benefit from antifungal therapy
and the ultimate lack of benefit. It has been docu-
mented that, in a hematological population, survival
rates slow from 50 to 21 % at 30 and 90 days after
diagnosis, respectively. Posaconazole prophylaxis
should have protected from IFI [5], but the F. solani
isolated in our patient was resistant both to posacona-
zole and to voriconazole. This might be a peculiarity
of our case which may explain the reason why, in
contrast with documented evidence [6], fusariosis was
so disseminated (skin involvement, pneumonia, fun-
gemia) in spite of the use of voriconazole [34, 35]. The
European Medicines Agency (EMA) has approved
posaconazole both for the treatment and prophylaxis
of invasive fungal infections in hematological patients
and stem cell transplant recipients [6, 36]. Although
there is evidence of posaconazole salvage therapy for
proven or probable fusariosis with an overall response
rate of 20 % in case of neutropenia [37], our strain of
F. solani was resistant to all azoles. Fusarium spp.
have variable in vitro susceptibility to fungal agents,
and high MICs to antifungal agents are reported.
Therefore, antifungal treatment that should be guided
by susceptibility testing may be very difficult. In
particular, among Fusarium spp., F. solani tends to be
the species most resistant to several antifungal agents
so limiting the antifungal armamentarium [2].

In vitro susceptibilities of Fusarium spp. to
echinocandins vary between species [38—40]. Recently
the three echinocandins (caspofungin, micafungin and
anidulafungin) were inactive against 10 Fusarium spp.
tested with MICs > 8 mg/L [41]. This was confirmed
by other authors on clinical isolates of Fusarium [42,
43]. F. solani, in particular, is intrinsically resistant to
echinocandins. Also in our experience the echinocan-
dins were inactive, in vitro, against the F. solani isolate.

Amphotericin B is considered the treatment of
choice for invasive fusariosis, but, although MICs from
1 to 4 mg/L are reported, interpretative breakpoints
have not been established and MICs > 4 mg/L are
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usually considered suggestive of resistance [44]. Actu-
ally, the lowest MICs have been found for amphotericin
B, although the MICs values varied between species, F.
solani being the specie showing the lowest MICs [2,
42], and resistance in F. solani causing disseminated
infections in acute leukemia has been reported [45]. A
recent epidemiological survey on invasive infections
due to Fusarium spp. in Europe has demonstrated that
azoles (posaconazole, voriconazole and itraconazole)
exhibited lower MICs against Fusarium verticillioides
strains, while 14 isolates of F. solani were resistant to
all the three azoles tested [2]. Taken together, although
the azoles exhibited variable activity against Fusarium
spp. several authors report successful outcome of
treated patients [6, 46]. Of note, the azoles were the
most active drugs against the new emerging species F.
napiforme [15]. Posaconazole and voriconazole were
the most frequently employed therapies in invasive
Fusarium infection and have been linked to the
improved survival rates observed in a study of Horn
et al. [6] even if in vitro susceptibility testing was not
performed. In particular, voriconazole possesses a
broad spectrum of activity covering Fusarium spp.
resistant to fluconazole [47, 48] and may be indicated
for treatment of fusariosis with a response rate of 45 %
[49], whereas other azoles (itraconazole, ravuconazole)
had no effect [42]. On the contrary, posaconazole failed
to be effective in 80 % of patients with leukemia and
persistent neutropenia [50] as occurred in our patient. A
recent study on 21 patients who received posaconazole
salvage therapy for proven or probable invasive
fusariosis and who had disease refractory or intolerant
to standard therapy reported an overall response rate to
therapy of, respectively, 48 % and 20 % for patients
with persistent neutropenia [37]. Combination therapy
with different classes of antifungal drugs is also
reported including amphotericin B and voriconazole
[44, 51, 52]. Considering the clinical condition of
patients affected by disseminated fusariosis (DF) and
the difficulty in predicting fungal susceptibility, com-
bination treatment of voriconazole and lipid-based
amphotericin B might be considered as first option
therapy, while susceptibility results are pending as in
our patient whose DF was characterized by subsequent
episodes of neutropenia, as already reported [44, 53].
In vitro studies in a murine model of disseminated
infection by Fusarium spp. showed that the combina-
tion of amphotericin B with posaconazole showed the
best results prolonging the survival of mice [54].

Fungal susceptibility appears to be crucial in this
patient setting, known to be of poor prognosis, while
there are conflicting results regarding testing. In fact,
there is evidence of susceptibility to voriconazole and
amphotericin B [19], although susceptibility testing of
mold performed by broth microdilution testing accord-
ing to CLSI or EUCAST guidelines is laborious, time-
consuming and requires skilled personal, and is there-
fore available in only specialized mycology laborato-
ries. The Etest has been used in some studies with
various degrees of agreement for amphotericin B. Of
note, because of the fact that the portal of entry is most
frequently the sinopulmonary tract, though it can be
through periungual and soft tissue infection, thorough
environmental cleansing procedures must be imple-
mented to reduce the possibility of mold infection in
immunocompromised patients, and in particular in
those with a severe neutropenia. The presence of a
positive culture for Fusarium spp. in alteration of the
skin and/or nails of the feet and/or hands (onychomy-
cosis, intertrigo) was significantly associated with the
subsequent development of invasive fusariosis, sug-
gesting the use of antimold prophylaxis in this setting
[27]. A future promising approach is the role of
granulocyte transfusions in profound neutropenia, an
important cause of death [55]. In conclusion, all efforts
should be made to determine the diagnosis of IFI as
soon as possible in a neutropenic patient and to treat the
infection in a timely way, assuming pathogen suscep-
tibility while antimicrobial susceptibility testing is
pending. In the light of the reported resistance to azoles
in F. solani, laboratories must be able to perform
susceptibility testing and to report antifungal resistance
by Etest. Essential agreement between the Etest and the
EUCAST method has been demonstrated to be 100 %
for itraconazole and voriconazole and 96 % for
amphotericin B and posaconazole. The Etest may
represent a simple method to determine the antifungal
in vitro susceptibility patterns [2].
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