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INTRODUCTION

Fusarium species are important plant pathogens causing vari-
ous diseases such as crown rot, head blight, and scab on cereal
grains (72), and they may occasionally cause infection in animals
(32). In humans, Fusarium species cause a broad spectrum of
infections, including superficial (such as keratitis and onychomy-
cosis), locally invasive, or disseminated infections, with the last
occurring almost exclusively in severely immunocompromised pa-
tients (74). Fusarium species may also cause allergic diseases
(sinusitis) in immunocompetent individuals (111) and mycotoxi-
cosis in humans and animals following ingestion of food contam-
inated by toxin-producing Fusarium spp. (72).

Fusarium species are widely distributed in soil, subterranean
and aerial plant parts, plant debris, and other organic substrates
(72) and are present in water worldwide as part of water structure
biofilms (28). The widespread distribution of Fusarium species
may be attributed to their ability to grow on a wide range of
substrates and their efficient mechanisms for dispersal (14).

More than 50 species of Fusarium have been identified,
including plant and animal pathogens, but a few cause human
infections. In a literature review of 259 cases of fusariosis
(excluding cases of keratitis and onyclomycosis) (74), updated
with 35 additional cases published between 2001 and 2005 (4,
5, 7, 9, 18, 19, 24, 25, 36, 37, 41–43, 48, 54, 58, 65, 68, 69, 71, 82,
87, 91, 93, 95, 101, 102, 106, 107, 110, 113), the infecting species
was found to have been reported in 124 cases. Twelve species
were associated with infection; Fusarium solani was the most
frequent (�50% of cases), followed by Fusarium oxysporum
(�20%) and Fusarium verticillioidis and Fusarium moniliforme
(�10% each). Other infecting species included Fusarium
dimerum, Fusarium proliferatum, Fusarium chlamidosporum,
Fusarium sacchari, Fusarium nygamai, Fusarium napiforme,
Fusarium antophilum, and Fusarium vasinfectum. Fusarium so-
lani is also the most frequent pathogen in fusarial keratitis (23)
and, with F. oxysporum, accounts for most cases of onychomy-
cosis caused by Fusarium species (12, 39, 73).

PATHOGENESIS

Host Defenses

Although little information is available regarding host de-
fenses against Fusarium species, invasive fusariosis shares
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many features with invasive aspergillosis and other invasive
mold infections, including its occurrence in patients receiving
high doses of corticosteroids and those with prolonged and
profound neutropenia. The importance of immunity in the
pathogenesis of fusariosis is supported by in vitro and in vivo
experimental studies (38, 57, 94, 112), the unique susceptibility
of severely immunocompromised patients to disseminated
fusariosis (11), and the strong correlation between immune
reconstitution and outcome (75).

The innate immunity plays a major role in the defense
against mold infections (100). Macrophages and neutrophils
damage fusarial hyphae, and their effect is primed by gamma
interferon, granulocyte colony-stimulating factor (G-CSF),
granulocyte-macrophage colony-stimulating factor (GM-CSF)
(38), and interleukin-15 (112). The effect of interleukin-15 is
mediated by the release of interleukin-8 and by direct stimu-
lation of hyphal damage. More recently, the role of Toll-like
receptors in the innate immune recognition of fungi has been
recognized (94), and although little is known about fusariosis
and Toll-like receptors, this system is likely important in inva-
sive fusariosis as well.

Animal models of fusariosis have been developed to study
the pathogenicity of Fusarium species. Immunocompetent and
neutropenic mice were challenged with F. solani conidia. Mor-
tality correlated with inoculum size. In nonneutropenic mice
the infection was characterized by necrotizing abscesses with
hyphae, hemorrhage, and neutrophil and macrophage infiltra-
tion. By contrast, neutropenic mice did not exhibit an inflam-
matory cellular reaction and had a significantly higher fungal
burden (57).

The importance of T-cell defenses against Fusarium is illus-
trated by the occurrence of disseminated fusariosis in nonneu-
tropenic hematopoietic stem cell transplant (HSCT) recipients
(76). These patients have severe T-cell immunodeficiency
caused by multiple therapies for their underlying disease and
for graft-versus-host disease (GvHD). Further supporting the
importance of T-cell immunity and phagocytes is the major
impact of corticosteroid therapy on the outcome of fusariosis,
as shown by the much higher death rate among recipients of
such therapy than among patients who were not receiving
corticosteroids (75).

Virulence Factors

Fusarium species possess several virulence factors, including
the ability to produce mycotoxins, including trichothecenes,
which suppress humoral and cellular immunity and may also
cause tissue breakdown (72). In addition, Fusarium species
have the ability to adhere to prosthetic material and to produce
proteases and collagenases (55).

Fusarium solani is the most virulent species, as shown in a
murine model of fusariosis in immunocompetent animals. In
that study, 13 isolates belonging to four Fusarium species were
injected intravenously into immunocompetent mice. Five F.
solani strains caused death in all animals tested, as opposed to
100% survival of animals infected with F. oxysporum, F. verti-
cillioides, or F. proliferatum (66).

Genetic virulence determinants of Fusarium oxysporum have
been recently studied in immunosuppressed mice. Animals
were inoculated with microconidia of a well-characterized to-

mato-pathogenic isolate (wild type), which resulted in dissem-
inated infection and death. Inoculation of mutants with knock-
out mutations in genes encoding three known virulence factors
for tomato plants (a mitogen-activated protein kinase, a pH
response transcription factor, or a class V chitin synthase) led
to discrepant results regarding pathogenicity for plants and
animals. The mitogen-activated protein kinase gene, which is
essential for virulence in fungal plant pathogens, was not nec-
essary for virulence of F. oxysporum in this model. Conversely,
the pH response transcription factor was required for animal
virulence but not for plant virulence. Most mice infected with
the chitin synthase knockout mutant isolates died within 24 h,
as opposed to 5- to 12-day survival with the wild-type strain.
Postmortem studies suggested that these animals died of re-
spiratory insufficiency, probably as a result of severe lung dam-
age, rather than the usual pattern of more generalized lesions
seen in the other experiments. This unusual fast-killing effect
was thought to be due to the presence of numerous large (30-
by 25-�m) lemon-shaped or irregularly swollen mutant
conidia, causing physical obstruction to lung interstitial capil-
laries. These morphological alterations in conidia of the chitin
synthase knockout mutants are caused by defects in cell wall
integrity (79).

EPIDEMIOLOGY AND CLINICAL SPECTRUM
OF FUSARIOSIS

Fusarium species cause a broad spectrum of infections in
humans, including superficial, locally invasive, and dissemi-
nated infections. The clinical form of fusariosis depends largely
on the immune status of the host and the portal of entry of the
infection.

Among immunocompetent hosts, keratitis and onychomyco-
sis are the most common infections. Less frequently, the infec-
tion may occur as a result of skin breakdown, such as burns and
wounds (74), or the presence of foreign bodies, such as kera-
titis in contact lens wearers (23), which at times causes out-
breaks of fusarial keratitis (16). Peritonitis in patients receiving
continuous ambulatory peritoneal dialysis has also been de-
scribed (34, 52, 92). Other infections in immunocompetent
patients include sinusitis (56), pneumonia (62, 97), thrombo-
phlebitis (69), fungemia with or without organ involvement
(74, 104), endophtalmitis (35, 86), septic arthritis (51), and
osteomyelitis (10). Two recent outbreaks of fusarial keratitis
were recently described in the United States (164 cases) and
Singapore (66 cases). Case-control studies in the two popula-
tions of patients showed that keratitis was more likely to occur
in patients who used a specific contact lens solution (ReNu
with MoistureLock) (17, 98).

Immunocompromised patients at high risk for fusariosis are
those with prolonged and profound neutropenia and/or severe
T-cell immunodeficiency (11). Unlike infection in the normal
host, fusariosis in the immunocompromised population is typ-
ically invasive and disseminated (74). In a study of 84 patients
with hematologic diseases, the infection occurred more fre-
quently in patients with acute leukemia (56%), and most pa-
tients (83%) were neutropenic at diagnosis (75). In the allo-
geneic HSCT population, the infection has a trimodal
distribution, with a first peak in the early posttransplant period
(during neutropenia), a second peak at a median of 70 days
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after transplant among patients with acute GvHD receiving
corticosteroids, and a third peak �1 year after transplant dur-
ing treatment for chronic extensive GvHD. Severe T-cell im-
munodeficiency and not neutropenia is the major risk factor
for fusariosis in these patients (76). The overall incidence of
fusariosis is �6 cases per 1,000 HSCTs; the incidence is lowest
(�1.5 to 2/1,000) among autologous recipients, intermediate
(�2.5 to 5/1,000) in matched related and matched unrelated
allogeneic recipients, and highest (20/1,000) among recipients
of mismatched related donor allogeneic HSCTs (76). Locally
invasive and usually late infections may also develop among
solid organ transplant recipients (96), but these appear to be
less common than those among HSCT patients.

The principal portal of entry for Fusarium spp. is the air-
ways, followed by the skin at site of tissue breakdown and
possibly the mucosal membranes.

Airborne fusariosis is thought to be acquired by the inhala-
tion of airborne fusarial conidia, as suggested by the occur-
rence of sinusitis and or pneumonia in absence of dissemina-
tion. The role of skin as a portal of entry is supported by the
development of infection following skin breakdowns due to
trauma (automobile accidents, bamboo), burns or onychomy-
cosis in normal hosts (74), and the development of cellulitis
(typically at sites of tissue breakdown such as toes and fingers),
which may remain localized or lead to disseminated infection
in immunocompromised patients (11, 75).

Given the ubiquity of Fusarium species in the environment,
fusariosis may potentially be acquired in the community, as
suggested by the presence of airborne fusarial conidia in out-
door air samples (2, 11, 89). In a prospective study, Fusarium
species were recovered from a hospital water system (water,
water storage tanks, shower and sink drains, shower heads, and
sink faucet aerators) and from hospital air and other environ-
ments (2). Fusarium species were also present in the outdoor
air. Showering and other water-related activities appeared to
be an efficient mechanism for the dispersion of airborne
fusarial conidia and transmission to the immunocompromised
host, as shown by the close molecular relatedness between
water and patient isolates. The genetic diversity of patient and
environmental isolates of Fusarium oxysporum recovered from
three locations in the United States was recently studied. The
results indicated that a geographically widespread clonal lin-
eage was responsible for �70% of all clinical isolates, and
strains of this clonal lineage were genetically similar to those
isolated from the water systems of three U.S. hospitals (78),
further supporting the risk of nosocomial waterborne
fusariosis.

CLINICAL MANIFESTATIONS OF FUSARIOSIS IN
IMMUNOCOMPROMISED PATIENTS

The clinical manifestations of fusariosis depend on the por-
tal of entry of the infection and the intensity and duration of
immunosuppression. Disseminated infections typically occur
among the severely immunocompromised patients, as opposed
to more localized infection when immune function is some-
what preserved.

Endophtalmitis

While fusarial endophtalmitis in immunocompetent individ-
uals usually occurs as a complication of advanced keratitis (26)
or ocular surgery, such as cataract extraction (33), fusarial
endophtalmitis in the immunocompromised host more com-
monly results from hematogenous seeding in the setting of
disseminated infection (91, 106).

Sinusitis

In the immunocompetent host, Fusarium spp. may cause
allergic sinusitis (111) or chronic noninvasive or invasive sinus-
itis (56, 103). By contrast, sinusitis is always invasive in immu-
nocompromised hosts (60, 99, 108). Fifty-four of 294 reported
cases of fusariosis (18%) had sinus involvement, more com-
monly among patients with acute leukemia and prolonged and
profound neutropenia (52/54) and in the context of dissemi-
nated fusariosis, suggesting that sinuses may serve as site for
dissemination (75).

The clinical manifestations of fusarial sinusitis are indistin-
guishable from those caused by Aspergillus spp.: nasal dis-
charge and obstruction. Necrosis of the mucosa is a hallmark
and is a consequence of the angioinvasive nature of these
mycoses. Periorbital and paranasal cellulitis may be present
(75).

Pneumonia

Lung involvement is common in invasive fusariosis (114 of
294 cases [39%]) and almost always occurs among immuno-
compromised (109/114) patients with disseminated infection.
Isolated fusarial pneumonia was reported in 14 patients (11
immunocompromised), usually manifesting as nodular and
cavitary lesions. As expected, lung involvement is associated
with higher mortality, even after controlling for immune status.

In a series of 84 patients with fusariosis and an underlying
hematologic disease, lung infiltrates (proven or presumed to be
due to fusariosis) were present in 54% of patients and, like in
aspergillosis, consisted of nonspecific alveolar or interstitial
infiltrates, nodules, and cavities. The clinical presentation was
nonspecific, with some presenting with a clinical picture similar
to invasive aspergillosis, with dry cough, pleuritic chest pain,
and shortness of breath (75).

Skin Involvement

Skin involvement in fusariosis can represent a primary site of
infection, usually a cellulitis of the toes, or a manifestation of
metastatic infection in patients with disseminated fusariosis.
Skin involvement in fusariosis was present in 181 patients
(70%) among 259 published cases of fusariosis (232 immuno-
compromised and 27 immunocompetent) (74).

Among immunocompetent hosts, lesions are usually local-
ized (13 of 14 patients) and occur after skin breakdown
(trauma or preexisting onychomycosis). Three patients pre-
sented with ulcerated lesions resembling chromoblastomycosis.
The single case of disseminated metastatic skin lesion occurred
in a child with no apparent underlying disease who developed
fever, pulmonary infiltrates, multiple erythematous papules
and nodules, and several blood cultures yielding Fusarium sp.
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Two cases of mycetoma caused by Fusarium spp. have been
recently reported (107, 113).

Among immunocompromised patients, skin lesions may also
be localized, usually as a result of skin breakdown caused by
trauma, or may lead to disseminated infection. Among 16
patients with metastatic skin lesions, a recent history of cellu-
litis at the site of onychomycosis (11 patients), local trauma (3
patients), or an insect bite (2 patients) was reported (74).
Patients with disseminated disease typically have multiple ery-
thematous papular or nodular and painful lesions, frequently
with central necrosis giving the lesions an echthyma gangreno-
sum-like appearance. Target lesions (a thin rim of erythema of
1 to 3 cm in diameter surrounding the above-mentioned pap-
ular or nodular lesions) may be present in approximately 10%
of patients, while bullae develop rarely. Fusarial skin lesions
can involve practically any site, with a predominance in the
extremities, and evolve rapidly, usually over a few days. Lesions
at different stages of evolution (papules, nodules, and necrotic
lesions) may be present in a third of patients, and concomitant
myalgias (suggesting muscle involvement) were described in
15%. Skin lesions were the single source of diagnosis in the
majority of patients with such lesions (100/181 [55%]).

Fungemia

A striking characteristic of fusariosis, as opposed to aspergil-
losis, is the high frequency of positive blood cultures, mostly in
the context of disseminated disease. Among 294 reported
cases, blood cultures yielded the organism in 119 (41%). Oc-
casionally fungemia is the only manifestation of fusariosis,
usually in absence of neutropenia, among patients with central
venous catheters. Antifungal treatment and catheter removal
result in cure in most such cases (1, 15, 27, 53, 70, 88, 109).

Disseminated Infection

Disseminated disease is the most frequent and challenging
clinical form of fusariosis in immunocompromised patients,
accounting for approximately 70% of all cases of fusariosis in
this population. Patients at risk for disseminated fusariosis
include those with acute leukemia and prolonged and pro-
found neutropenia and patients undergoing HSCT.

The most frequent pattern of disseminated disease is a com-
bination of cutaneous lesions and positive blood cultures, with
or without involvement at other sites (sinuses, lungs, and oth-
ers). The typical clinical presentation is that of a patient with
prolonged (�10 days) and profound (�100/mm3) neutropenia
who is persistently febrile and develops disseminated and char-
acteristic skin lesions, with a positive blood culture for a mold
(sometimes with adventitious sporulation reported as yeasts).
As expected, the death rate is higher among patients with
disseminated disease (141/188 [75%] versus 38/106 [36%]; P �
0.001), and this association remained statistically significant
even after controlling for the presence of neutropenia, HSCT,
underlying disease, and organ involvement.

DIAGNOSIS

The diagnosis of fusariosis depends on the clinical form of
the disease. The clinical picture is not of help in the diagnosis

of keratitis, since the clinical manifestations are similar regard-
less of etiology (bacteria or fungi). Culture of corneal scrapings
(most frequent) or tissue biopsy is usually required for a de-
finitive diagnosis.

Two characteristics suggest the diagnosis of disseminated
fusariosis in the severely immunocompromised host: skin le-
sions (either cellulitis or metastatic lesions) and positive blood
cultures for mold (Fig. 1). Unlike in aspergillosis, blood cul-
tures are frequently positive in fusariosis. This is possibly due
to the fact that Fusarium species produce yeast-like structures
(adventitious sporulation) that facilitate their dissemination
and growth in the blood (59).

While there are no specific recommendations for the collec-
tion and processing of blood cultures for the diagnosis of
fusariosis, a study compared the performances of a specific
fungal medium and a standard aerobic medium from Bactec.
When the inoculum was low (102 and 103 CFU/ml), fungal
growth was detected earlier in the fungal medium, with a mean
difference of 10 h for Fusarium dimerum, 14 h for Fusarium
solani, and 35 h for Fusarium verticillioides. These data suggest
that fungal medium should be preferably used in patients with
suspected invasive fusariosis (47).

The interpretation of the growth of Fusarium species from
different biological materials depends on the clinical context.
The clinician and the microbiologist must be cautious, because
Fusarium species may contaminate laboratory specimens and
pseudo-outbreaks of fusariosis may occur (40). In support of
infection is the isolation of several colonies from the same
specimen or of the same fungus from different specimens (as
opposed to isolating a single colony from only one biological
sample), a positive direct examination of the biological mate-
rial, and, most importantly, the site of isolation and the host.
For example, culture of sinus aspirate or respiratory secretions
in severely immunocompromised hosts should always be con-
sidered as diagnostic of fusarial infection, as opposed to
isolating Fusarium spp. from skin scrapings in an immunocom-
petent host.

Confirmatory diagnosis of fusariosis may require histopa-
thology. In tissue, the hyphae are similar to those of Aspergillus
species, with hyaline and septate filaments that typically di-
chotomize in acute and right angles. However, adventitious
sporulation may be present in tissue, and the finding of hyphae
and yeast-like structures together is highly suggestive of fusa-
riosis in the high-risk population. In the absence of microbial
growth, distinguishing fusariosis from other hyalohyphomyco-
ses may be difficult and requires the use of in situ hybridization
in paraffin-embedded tissue specimens (44).

Fusarium species grow easily and rapidly in most media
without cycloheximide. Although the genus Fusarium can be
identified by the production of hyaline, banana-shaped, multi-
cellular macroconidia with a foot cell at the base, species iden-
tification is difficult and may require molecular methods. Re-
cently, a commercially available PCR-based method was tested
with 21 clinical isolates of Fusarium species and 5 ATCC iso-
lates. Using sequencing identification as a gold standard, seven
of nine different species were identified (45).

The 1,3-�-D-glucan test is usually positive in invasive fusarial
infections but cannot distinguish Fusarium from other fungal
infections (Candida, Aspergillus, Trichosporon, and others)
which are also detected by the assay (77, 80). However, a
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positive 1,3-�-D-glucan test and a negative galactomannan test
in a high-risk patient with mold infection is highly suggestive of
fusariosis.

A PCR technique was developed for the detection of Fusar-
ium species in blood and tissues. Two primers were developed
and tested in a mouse model of disseminated fusariosis, as well
as in human blood inoculated with fusarial mycelia. The prim-
ers were highly specific for 11 medically important Fusarium
species, and the method was able to detect Fusarium species in
all blood samples. In the mouse model, four immunosup-
pressed mice were inoculated intravenously with conidia of
Fusarium solani. Cultures were positive for 15 of 27 tissue
samples (including blood). The correlation between PCR and
cultures of tissues was only 46%; 18% were culture positive
and PCR negative, and 11 were culture negative and PCR
positive. The authors attributed these discrepancies to poor
efficiency of the extraction protocol, reducing the sensitivity of
the PCR, and the presence of necrotic abscesses, rendering
cultures negative (50).

PROGNOSIS AND TREATMENT

Prognosis

The prognosis of fusariosis in the immunocompromised host
is directly related to the immune status of the patient, with high
death rates in patients with persistent immunodeficiency. An
analysis of 84 patients with hematologic diseases revealed sur-
vival rates at 30 and 90 days after diagnosis of 50% and 21%,
respectively (75). Multivariate predictors of poor outcome
were persistent neutropenia (hazard ratio, 5.43; 95% confi-

dence interval, 2.64 to 11.11) and recent corticosteroid therapy
(hazard ratio, 2.18; 95% confidence interval, 1.98 to 3.96). The
actuarial survival of patients was 0% for patients with both
unfavorable prognostic factors and 4% for those with persis-
tent neutropenia only. By contrast, patients who had no risk
factors or whose only risk factor was corticosteroid therapy had
a 67% and 30% survival rates, respectively (P � 0.0001).
Among HSCT recipients, 90-day survival after diagnosis was
only 13%, and the single predictor of poor outcome was per-
sistent neutropenia (hazard ratio, 12.05; 95% confidence inter-
val, 1.46 to 100) (76). A separate analysis of 294 reported cases
of fusariosis indicated that receipt of HSCT and presence of
neutropenia, disseminated disease, and lung involvement pre-
dicted death (74).

Treatment

In general, patients with localized infection are likely to
benefit from surgical debridement, while disseminated infec-
tion requires the use of systemic agents and immunotherapy,
when possible. Table 1 summarizes the therapeutic strategies
in invasive fusariosis.

Localized infection. Keratitis is usually treated with topical
antifungal agents, and natamycin is the drug of choice (23).
More recently, successful treatment with topical and oral vori-
conazole has been reported (13). Localized skin lesions in
immunocompromised patients deserve special attention. Since
the skin may be the source for disseminated and frequently
life-threatening fusarial infections, local debridement should
be performed and topical antifungal agents (natamycin or am-

FIG. 1. Algorithm for the diagnosis and management of fusariosis in immunocompromised patients.
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photericin B) should be used, prior to commencing immuno-
suppressive therapies.

Invasive and disseminated infection. (i) Antifungal suscep-
tibility. The typical antifungal susceptibility profile of Fusarium
spp. is that of relative resistance to most antifungal agents
(Table 2). However, different species may have different pat-
terns of susceptibility. Fusarium solani and Fusarium verticil-
lioides are usually resistant to azoles and exhibit higher am-
photericin B MICs than other Fusarium spp. By contrast,
Fusarium oxysporum and Fusarium moniliforme may be suscep-
tible to voriconazole and posaconazole (6, 20, 21, 29, 31, 67, 81,
85, 105). The relevance of these in vitro data is not clear,
because there are not enough data documenting a correlation
between MICs and the clinical outcome.

(ii) Clinical experience. Because of a lack of clinical trials
and the critical role of immune reconstitution in the outcome
of fusariosis, the optimal treatment strategy for patients with
severe fusarial infection remains unclear. Hence, comparisons
between different treatment reports are problematic. In a ret-
rospective analysis of 84 patients with hematologic diseases
and invasive fusariosis, treatment consisted of deoxycholate

amphotericin B (69 patients) or a lipid formulation of ampho-
tericin B (13 patients), with 2 patients not receiving treatment.
Twenty-seven patients (32%) responded to treatment, but only
18 patients (21%) were still alive 90 days after diagnosis. The
response rate to a lipid formulation of amphotericin B ap-
peared to be superior to that to deoxycholate amphotericin B
(46% versus 32%, respectively), but the difference was not
statistically significant (P � 0.36) (75).

The outcome was very poor among the 45 patients who
underwent HSCT, regardless of the receipt of deoxycholate
amphotericin B (30 patients), a lipid formulation of ampho-
tericin B (14 patients), or caspofungin (1 patient) (76).

In a retrospective study, amphotericin B lipid complex was
given to 26 evaluable patients with hematological malignancy
and fusariosis, usually as salvage therapy as a result of intol-
erance or lack of response to primary therapy (83). Thirteen
patients (46%) were neutropenic. At a median daily dose of 4.5
mg/kg (total cumulative dose, 5 g), the response rate (cure or
improvement) in the 26 evaluable patients was 46%. In an-
other study, voriconazole was given to 11 patients with fusa-
riosis, all intolerant or refractory to primary therapy (84). The

TABLE 1. Summary of recommendations for the management of invasive fusariosis

Strategy Recommendation(s)

Antifungal agents ..........................F. solani and F. verticillioides, high-dose amphotericin B; other Fusarium species, high-dose amphotericin B or
voriconazole; perform susceptibility testing

Immunotherapy .............................Growth factors (G-CSF or GM-CSF) or granulocyte transfusions for neutropenic patients; gamma interferon
and/or GM-CSF for patients with adequate neutrophil counts

Surgery............................................Debride necrotic tissue
Catheter management ..................Remove central venous catheter if isolated fungemia

TABLE 2. Antifungal susceptibility of Fusarium species

Species Reference No. of
isolates

MIC (�g/ml)

Amphotericin B Itraconazole Voriconazole Posaconazole

Range 50% 90% Range 50% 90% Range 50% 90% Range 50% 90%

Fusarium solani 21 24 NRa 1.0 4.0 NR �8.0 �8.0 NR �8.0 �8.0 NR NR NR
20 18 NR 1.0 4.0 NR �8.0 �8.0 NR �8.0 �8.0 NR �8.0 �8.0
29 5 0.25–8 NR NR �8.0 NR NR NR NR NR �8.0 NR NR
81 18 2–�16 NR NR NR NR NR 1–8 NR NR 4–�16 NR NR
85 6 1–2 1.3b NR 1–�16 8 NR 8–16 10.5b NR NR NR NR
31 3 0.12–4 NR NR �8 NR NR 4–�8 NR NR �8 NR NR
30 10 0.5–4 NR 4 8–�8 NR �8 NR NR NR NR NR NR
67 5 0.5–2 NR NR 2–32 NR NR 1–16 NR NR NR NR NR
6 18 1–�4 NR NR �16 NR NR 1–16 NR NR NR NR NR
105 10 1–2 1 2 �16 �16 �16 NR NR NR NR NR NR

Fusarium oxysporum 21 19 NR 0.5 2 NR �8 �8 NR 4 �8 NR NR NR
20 15 NR 0.5 1 NR �8 �8 NR 4 �8 NR NR NR
29 3 0.5–2 NR NR �8 NR NR NR NR NR 1–�8 NR NR
81 4 16 NR NR NR NR NR 2–4 NR NR 1–2 NR NR
85 6 2 2 NR 1–�16 8b NR NR NR NR NR NR NR
67 5 0.25–2 NR NR 0.5–�32 NR NR 0.5–16 NR NR NR NR NR
6 4 2–4 NR NR 0.5 NR NR 1–4 NR NR NR NR NR

Fusarium verticillioides 21 10 NR 2 8 NR �8 �8 NR �8 �8 NR NR NR
20 11 NR 2 �16 NR �8 �8 NR �8 �8 NR NR NR

Fusarium moniliforme 29 3 1–2 NR NR 2–�8 NR NR NR NR NR NR NR NR

a NR, not reported.
b Geometric mean MIC.
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response rate (complete or partial response) was 45%, with a
90-day actuarial survival of 71%. Posaconazole has also been
used as salvage therapy among 21 patients with proven or
probable fusariosis (90). The underlying disease was a hema-
tologic malignancy in 76%, and 38% of patients were neutro-
penic. All but one patient were initially treated with a lipid-
based formulation of amphotericin B. The overall success rate
(complete plus partial response) was 48%. As expected, pa-
tients with disseminated disease had a lower response rate
(3/10 [30%]) than patients with localized disease (7/11, 64%).
The positive results of these salvage therapy studies are in
sharp contrast with the 21% 90-day survival among 84 patients
with hematologic diseases (75) and the 13% 90-day survival
among 61 HSCT recipients (76), suggesting that a selection
bias was commonly present in trials of salvage antifungal ther-
apy, i.e., that patients treated with salvage regimens may have
a better prognosis simply by the fact that they survived long
enough to receive a second treatment.

(iii) Combination therapy. Data on combination therapy for
fusariosis are limited to a few case reports: caspofungin plus
amphotericin B (64), amphotericin B plus voriconazole (25,
42), amphotericin B and terbinafine (95), and voriconazole
plus terbinafine (49). Given the scarcity of data and the poten-
tial publication bias, no solid recommendations can be pro-
vided.

(iv) Adjunctive therapies. In addition to antifungal
treatment, the optimal management of patients with fusariosis
includes surgical debulking of infected tissues (61) and re-
moval of venous catheters in the occasional patient with con-
firmed catheter-related fusariosis (109). The role of G-CSF or
GM-CSF, G-CSF-stimulated granulocyte transfusions, and
gamma interferon in the adjuvant treatment of fusariosis is not
established. However, given the poor prognosis of fusariosis,
especially in persistently neutropenic patients, G-CSF and
granulocyte transfusions are frequently used. In support, there
are isolated case reports of the successful treatment of invasive
fusariosis with a combination of medical treatment and some
of these measures (93).

(v) Monitoring of therapy. The criteria for response in in-
vasive fusariosis include disappearance of fever and clinical
symptoms attributed to the infection and resolution of funge-
mia and radiologic abnormalities. In patients with fusarial
sinusitis, nasal endoscopy should be repeated in order to as-
certain that no new necrotic lesions developed. The interpre-
tation of radiologic images may be problematic, since residual
(not necessarily active) lesions in the lungs and sinuses may
remain. Imaging methods that detect inflammation may be
used, such as positron emission tomography (63) or indium-
labeled white blood cell scintigraphy (8).

PREVENTION

Because of the poor prognosis associated with fusariosis and
the limited susceptibility of Fusarium spp. to antifungal agents,
prevention of infection remains the cornerstone of manage-
ment. In severely immunocompromised patients, every effort
should be made to prevent patient exposure (e.g., by putting
high-risk patients in rooms with HEPA filters and positive
pressure, avoiding contact with reservoirs of Fusarium spp.

such as tap water [2], and/or cleaning showers prior to use by
high-risk patients [3]).

Decreasing of immunosuppression should be attempted in
patients with prior history of Fusarium infection and can be
achieved by a reduction in or discontinuation of immunosup-
pressive agents, shortening the duration of neutropenia (selec-
tion of nonmyeloablative as opposed to myeloablative prepar-
ative regimens for allogeneic HSCT and the use of preemptive
G-CSF-elicited or G-CSF- and dexamethasone-elicited white
blood cell transfusions) (22, 46). If the organism is available,
antifungal susceptibility testing should be performed and an-
tifungal prophylaxis with an agent active against the recovered
fusarial strain should be considered. In addition, thorough
evaluation and treatment of skin lesions (particularly onycho-
mycoses, which serve as a portal of entry for fusariosis) should
be done prior to commencing antineoplastic therapy (74).

CONCLUSIONS

Infections by Fusarium species can be superficial or limited
to single organs in otherwise healthy patients. Such infections
are rare and tend to respond well to therapy. By contrast,
disseminated fusariosis affects the immunocompromised host,
especially HSCT recipients and patients with severe and pro-
longed neutropenia. Infection in this setting is frequently fatal,
and successful outcome is determined largely by the degree
and persistence of immunosuppression and the extent of in-
fection, with virtually a 100% death rate for persistently neu-
tropenic patients with disseminated disease. These infections
may be clinically suspected on the basis of a constellation of
clinical and laboratory findings, which should lead to prompt
therapy.
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