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The incidence of invasive opportunistic fungal
infections (IOFIs) has increased substantially over the
past 30 years. Currently, IOFIs are important causes of
morbidity and mortality among patients with
haematological malignancies or those undergoing stem
cell transplantation (SCT).1 It is estimated that IOFIs
develop in 10% to 25% of patients with acute
leukaemia and those receiving SCT. The case fatality
rate exceeds 50% and is approximately 100% in
invasive aspergillosis (IA), especially in patients with
persistent neutropaenia.2 The role of neutropaenia for
the development of IOFI has been well-known and
the other risk factors include permissive
environmental conditions, selective antifungal pressure
and expanding population of immunocompromised
host.1 Increasing awareness of IOFIs, improved culture
techniques and the advances in radiological imaging
techniques have also been contributed to the
increasing incidence of IOFIs.1 Candida and Aspergillus
species traditionally account for the majority of
documented infections. However, recent
epidemiological reports indicate a shift towards non-
Albicans Candida (NAC) and other emerging yeasts
and moulds such as Trichosporon, Fusarium, Scedosporium
and Zygomycetes.3 This text aims to provide a general
overview of emerging invasive fungal pathogens with
a more detailed description of Fusarium species as an
example of emerging mould infections.

I n v a s i v e  N A C  I n f e c t i o n s

NAC species are responsible for 35% to 65% of all
candidemias. They are seen most frequently in cancer
patients, especially in those with haematological
malignancies and SCT (40% to 70%). The proportion
of NAC among Candida spp. is increasing – NAC
species represented 10% to 40% of all causes of
invasive candidiasis before 1990; but since then the
incidence has increased by up to 65%. The most
common NAC species are C. parapsilosis (20% to 40%
of all NAC), C. tropicalis (10% to 30%), C. krusei (10%
to 35%) and C. glabrata (5% to 40%), and less
commonly C. lusitaniae (2% to 8%) and C.
guilliermondii (1% to 5%).4 Specific risk factors for
NAC include previous colonisation, leukaemia, SCT,
prior surgery, renal failure, use of indwelling vascular
catheter and prior azole therapy or prophylaxis.5–7

NAC species differ from C. albicans by higher mortality
rates and resistance to currently available antifungal
agents. Fluconazole resistance could be observed in up
to 95% of C. krusei, 35% of C. glabrata and 4% to 25%
of C. tropicalis and C. lusitaniae.3 Amphotericin B
resistance is also seen in a small proportion of species.
However, this might be a significant problem in certain
species such as C. lusitaniae, C. rugosa, C. krusei and C.
guillermondii.3 Therefore, species-directed therapy
should be applied according to the isoletes identified.4

O t h e r  Eme r g i n g  F u n g a l  P a t h o g e n s

A wide variety of previously uncommon
opportunistic fungi are increasingly encountered as
the causes of life-threatening infections in
neutropaenic patients. These emerging fungal
pathogens may be classified as hyaline septated
moulds (Aspergillus terreus, Aspergillus ungus, Fusarium
spp., Acremonium spp., Paecilomyces spp., Trichoderma
spp. and dermatophytes, particularly Microsporum and
Trichophyton spp.), dematiaceous septated moulds
(Scedosporium apiospermum, Bipolaris spp.,
Cladophialophora bantiana), zygomycetes (Rhizopus
spp., Mucor spp., Absidia spp.), yeasts (Cryptococcus
neoformans, Trichosporon spp.) and dimorphic fungi
(Penicillium marneffei, Coccidioides immitis). Infections
by these pathogens have extraordinarily high-case
fatality rates.8–10

Henceforward, this article will focus on difficult-to-
treat Fusarium species, which were recently
demonstrated as a nosocomially transmissible fungus
as an example for emerging moulds.11,12

F u s a r i u m  S p e c i e s

Fusarium spp. are cosmopolitan soil saprophites and
facultative plant pathogens. Since the early 1970s,
disseminated infection with Fusarium spp. has
become an increasingly common problem in
immunosuppressed patients.

Soil contamination of the hands and feet, inhalation of
the aerosolised conidia and, less commonly, ingestion
of the conidia are the major routes of the acquisition.12

A more recent study has supported the hospital water
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supply system as a potential source of fusariosis.11

Burns, corneal and skin trauma, sinusitis and the
presence of any type of catheters breaching skin
integrity may increase the risk of the fusariosis by
overcoming the local host factors.13,14 However,
fusariosis occurs most commonly in patients with acute
leukaemia (70% to 80% of cases), prolonged
neutropaenia (more than 90% of cases) and in patients
who underwent SCT.15

After inoculation of Fusarium spp., the toxins
produced by this pathogen may enhance the
breakdown of tissues and consequently facilitate
entry of fusaria into the vascular structures and then
dissemination. Like Aspergillus spp., Fusarium spp.
have a propensity for vascular invasion, resulting in
thrombosis and tissue necrosis.16

Human diseases associated with toxigenic Fusarium spp.
include alimentary toxic alukia, Kashin-Beck disease
and scabby grain intoxication developing after
ingestion of infected cereals and grain.17 Foreign bodies
associated fusarial infections include keratitis in contact
lens wearers, peritonitis following peritoneal catheter
and central venous catheter-associated fungaemia.12

Fusarium spp. may also cause diseases following single
organ invasion such as keratitis, onychomycosis, skin
infections, otitis, bone and joint infections, invasive
intranasal infections, brain abscess and pneumonia.
Disseminated multiorgan infection may occur in case
of severe immunosuppression.

Disseminated infection commonly manifests itself with
fever and myalgia that are unresponsive to broad-
spectrum antibacterial chemotherapy during periods of
neutropaenia. Skin lesions occur in two-thirds of cases,
usually presenting as multiple erythematous
subcutaneous nodules, painful erythematous macules
and papules with progressive central infarction, or
target lesions.18 Lesions are most commonly seen on
the extremities but have also been reported on the
trunk and face. Skin lesions, indicating dissemination,
can occur within a day of the onset of fever. On the
contrary, in disseminated aspergillosis, skin lesions
develop in less than 10% of the patients.15

Isolation of the fungus from blood and biopsy from the
skin lesions are the two most effective ways for the
diagnosis.18 In sharp contrast to the rare isolation of
Aspergillus spp. from the bloodstream, the rate of
isolation of Fusarium spp. from the blood is more than
60%.15,18 Finding hyaline and septated hyphal elements
in skin biopsy specimen should aid in making rapid
therapeutic decisions. For the easy visualisation of the
hyphae in skin biopsy, Gomori methenamine silver or
periodic acid-Schiff stains should be used. In culture,
rapid growing, pink/orange-coloured colonies and
sickle-shaped macroconidia are the characteristic
features of Fusarium spp.

Although the clinical significance of antifungal
susceptibility and synergy testing and interpretative
breakpoints have not yet been established, it is
known that Fusarium spp. demonstrate high minimal
inhibitory concentration (MIC) values for
fluconazole, itraconazole, posaconazole and
ravuconazole (MIC >8µg/ml) and high minimal
effective concentration (MEC) values for
caspofungin (MEC >8µg/ml). Amphotericin B
demonstrates an MIC value between 1-4µg/ml.
Voriconazole is a promising antifungal in the
treatment of fusarium infections, with an MIC value
of 0.25-4µg/ml.19–21

Because the treatment of disseminated fusariosis is
plagued by high failure rates, alternative agents for
therapy have been sought. Some of the published in
vitro studies and case reports are summarised below.

Arikan et al.22 evaluated the in vitro interactions for
caspofungin and amphotericin B alone and in
combination against six isolates of Fusarium spp.
Combination of caspofungin plus amphotericin B
resulted in a synergistic effect in three isolates, additive
effect in one isolate and indifferent effect in two.
Notably, no antagonism was observed. Clancy et al.23

demonstrated synergistic effect of amphotericin B plus
azithromycin in 26 isolates of Fusarium spp.

Anecdotal data indicated that in Fusarium solani
infections, amphotericin B alone demonstrated
<50% success and all of the cases responded
successfully when treated with amphotericin B plus
5-flucytosine, or amphotericin B plus voriconazole
or voriconazole alone.24,25

However, in all reported cases, survival is almost always
associated with the recovery from neutropaenia.26

Other adjunctive therapeutic measures that may affect
the success of antifungal treatment include the removal
of indwelling catheters and the addition of colony-
stimulating factors or granulocyte transfusions.27,28

Con c l u s i o n s

Fungi as opportunistic pathogens in immuno-
compromised patients have become a serious health
threat over the last 30 years. Nowadays, while the
patients face more severe immunosuppression as a
part of treatment for their underlying diseases, and
several antifungal agents have become available to
treat common infections (such as those caused by
C. albicans and Aspergillus spp.), the less virulent
yeasts and moulds with increased antifungal
resistance emerge as important pathogens.
Clinicians are challenged to diagnose and treat those
infections by applying alternative diagnostic
measures and using new antifungal agents, if
necessary, in combination. ■
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