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Abstract The incidence of fungal infections is increasing at an alarming rate, presenting
an enormous challenge to healthcare professionals. This increase is directly
related to the growing population of immunocompromised individuals, resulting
from changes in medical practice such as the use of intensive chemotherapy and
immunosuppressive drugs. HIV and other diseases which cause immunosuppres-
sion have also contributed to this problem.

Superficial and subcutaneous fungal infections affect the skin, keratinous
tissues and mucous membranes. Included in this class are some of the most
frequently occurring skin diseases, affecting millions of people worldwide.
Although rarely life threatening, they can have debilitating effects on a person’s
quality of life and may in some circumstances spread to other individuals or
become invasive. Most superficial and subcutaneous fungal infections are easily
diagnosed and readily amenable to treatment.

Systemic fungal infections may be caused by either an opportunistic organism
that infects an at-risk host, or may be associated with a more invasive organism
that is endemic to a specific geographical area. Systemic infections can be life
threatening and are associated with high morbidity and mortality. Because diag-
nosis is difficult and the causative agent is often confirmed only at autopsy, the
exact incidence of systemic infections is difficult to determine. The most fre-
quently encountered pathogens are Candida albicans and Aspergillus spp. but
other fungi such as non-albicans Candida spp. are increasingly important.
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Fungi exist in two basic forms: yeasts and
moulds. Yeasts are typically single, small, oval cells,
whereas mould colonies consist of filamentous
strands called hyphae. Some fungi are dimorphic,
existing as either yeasts or moulds depending on
the external environment (e.g. temperature).

Most fungi are ubiquitous, propagating success-
fully in their natural environments with no need for
human or animal substrates. Some species, how-
ever, are adventitious pathogens in humans, caus-
ing superficial, subcutaneous or systemic infection.
Most fungi causing systemic (or deep seated) infec-
tion do so by direct inhalation into the lung or by
invasion of a wound site. Others, such as Candida
albicans, are commensal inhabitants of the gastro-

intestinal tract and skin, which under certain con-
ditions may proliferate and migrate into the sys-
temic circulation, for example, when introduced
into the body via medical devices such as vascular
catheters.

Some fungi cause disease in otherwise healthy
individuals, but many species become pathogenic
only when the host is debilitated in some way, for
example, when the immune system is compro-
mised. The number of individuals in this situation
is increasing because of the complications of ad-
vanced HIV infection and developments in modern
medicine, such as intensive chemotherapy and the
use of immunosuppressive drugs.[1,2] Mortality
among infected patients may be as high as 75 to



100%,[3] presenting a major challenge to healthcare
professionals.

1. Superficial Fungal Infections

Superficial fungal infections occur in the outer-
most layers of the skin, nails, hair and mucous
membranes. In recent years, the incidence of these
infections has risen steadily, mainly because of the
increasing number of immunocompromised
patients and the growing popularity of health clubs
and communal swimming pools, which facilitate
the spread of infection.[4]

1.1 Infections of the Skin and
Keratinised Tissues

Superficial fungal infections include some of
the most frequently observed skin diseases, affect-
ing millions of people worldwide.[5] Dermato-
phytes – specifically, Trichophyton spp., Micro-
sporum spp. and Epidermophyton spp. – are
responsible for most superficial fungal infections,
although yeasts and some non-dermatophyte
moulds can also be causative agents.

Dermatophytes infect the stratum corneum of
the epidermis and keratinised tissues derived from
it, such as hair or nail. Fungal transmission occurs
through direct contact with infected people, ani-
mals, soil or fomites. Specific dermatophyte infec-
tions are named according to their location on the
body (see table I). Tinea pedis is the most prevalent
fungal infection in the developed world and is usu-
ally caused by Trichophyton rubrum or T. menta-
grophytes var. interdigitale.[6] Individuals with
tinea pedis may be susceptible to secondary bacte-
rial infection with, for example, group A strepto-
coccus.[7] Tinea capitis is another frequently oc-
curring superficial disease, primarily affecting
children over the age of 6 months (fig. 1a).[8] Dur-
ing the past 50 years, the predominant causative
agent of this infection has changed from Micro-
sporum audouinii to T. tonsurans,[9] which now ac-
counts for as many as 96% of infections in the
USA[10] and an increasing number of infections in
the UK.[11] Tinea versicolor, an infection of the
stratum corneum, is caused by Malassezia furfur,

a commensal yeast of the skin.[12] Some patients
with tinea versicolor are at risk of the infection
becoming invasive.[13]

Nail infections, or onychomycoses, are thought
to account for approximately 33% of all fungal skin
infections and 50% of all nail disorders (see fig.
1b).[14] Studies suggest that they affect between 2%
and 13% of the population worldwide and up to
30% of groups at high risk, such as the elderly.[15]

The incidence of onychomycosis among people
with diabetes is particularly high; this group is
nearly 3 times as likely to be infected as healthy
individuals[16] and is at risk of developing serious
sequelae if the infection is neglected. The dermato-
phytes T. rubrum and T. mentagrophytes are the
principal causes of onychomycosis, accounting for
approximately 90% of toenail infections and 50%
of fingernail infections, although non-dermato-
phyte yeasts (C. albicans and other non-albicans
Candida spp.) and moulds (Aspergillus spp., Fu-
sarium spp., Acremonium spp., Scopulariopsis spp.
and Scytalidium spp.) appear to be causative patho-
gens in an increasing number of cases.[17-19]

Most fungal infections of the skin and kerati-
nised tissues are treatable and are readily diag-
nosed through a combination of patient history,
physical examination, and microscopy and culture
of skin or nail specimens. However, the causative
agent is not routinely identified.

In most patients, the symptoms are mild and not
life threatening, but the impact on the patient’s
quality of life can be severe.[20-23] In onychomy-
cosis, for example, toenail dystrophy may interfere
with walking, standing, exercise or proper shoe fit,
and fingernail infection may limit daily activities
such as dressing or typing. Patients with unsightly
infected nails may also be embarrassed by the
condition, which, in turn, can affect their personal
relationships and social lives by causing loss of
confidence and self-esteem.[23-25]

Superficial fungal infections, particularly of the
toenails and feet, can also act as a reservoir of or-
ganisms, which could spread to other areas of the
body or other individuals. Immunocompromised
patients, in particular, should be examined for early

2 Garber

  Adis International Limited. All rights reserved. Drugs 2001; 61 Suppl. 1



Table I. Clinical classification of some frequently observed fungal infections

Infection type Disease Typical causative pathogen Clinical manifestation

Superficial
(outermost layers of
skin, nails, hair,
mucous membranes)

Tinea pedis (feet) Trichophyton rubrum,
T. mentagrophytes var.
interdigitale

Scaling and itching between the toes, which may
spread to the sole

Tinea capitis (scalp) T. tonsurans, Microsporum
audouinii

Scalp hair loss and scaling, sometimes with
crusting, oozing and itchiness

Tinea unguium or
onychomycosis (nails)

T. rubrum, T. mentagrophytes var.
mentagrophytes, Candida spp.,
and some moulds, e.g.
Aspergillus spp., Scopulariopsis
spp., Scytalidium spp.

Thickened, discoloured and broken nail, with
separation of the nail plate from its bed

Tinea versicolor (chest,
back, neck and arms)

Malassezia furfur Individual reddish, slightly scaly lesions on white skin;
hypo- or hyperpigmentation on black or white skin

Mucosal candidiasis:
oral candidiasis
genital candidiasis

Candida spp. (usually
C. albicans)

White plaques (often on the soft palate and buccal
mucosa)
Itching, redness, thick white discharge and irritation
when urinating

Subcutaneous
(skin and
subcutaneous tissues)

Sporotrichosis Sporothrix schenckii Localised cutaneous or subcutaneous lesion,
which may spread via the lymphatic system and
form further lesions

Chromoblastomycosis Dematiaceae family Raised, crusted lesions of the skin

Chronic mucocutaneous
candidiasis

Candida spp. (predominantly
C. albicans)

Various manifestations including: white fissured
lesions; hyperkeratotic, granulomatous and
vegetating lesions; autosomal recessive trait
associated with endocrine disorders, e.g.
hypoparathyroidism

Systemic
(deep tissue invasion
of one or more internal
organs)

Opportunistic:
Invasive
candidiasis/candidaemia

C. albicans and other
non-albicans Candida spp.

Prolonged antibiotic-resistant fever, often
associated with weight loss, abdominal pain, and
hepatic and/or spleen enlargement; CT scan may
reveal small radiolucent lesions in liver or spleen in
patients with chronic invasive candidiasis
(hepatosplenic candidiasis)

Invasive aspergillosis Aspergillus spp. Prolonged antibiotic-resistant fever; histopathological
appearance of nonpigmented, septate hyphae with
dichotomous branching; CT scan shows
characteristic halo and/or air crescent signs;
radiography may reveal single or multifocal lesions

Cryptococcosis Cryptococcus neoformans Meningitis most common clinical manifestation;
haematogenous spread may occur, giving rise to
widespread cutaneous lesions

Zygomycosis Rhizopus spp.
Absidia spp.
Mucor spp.

May manifest as rhinocerebral, pulmonary,
gastrointestinal or cutaneous mucormycosis;
disseminated mucormycosis can follow, spreading
most frequently to the brain, with possible metastatic
lesions in the spleen, heart and other organs

Other invasive infections Malassezia spp. Catheter-associated sepsis related to
hyperalimentation with lipid emulsions; pneumonia
may also be present

Trichosporon spp. Infrequent disseminated disease occurs in
granulocytopenic patients, with fatal outcome;
bloodstream infections manifest as skin and
lung lesions and give false positives in
cryptococcal antigen tests

Fusarium spp. Infection of mycetoma, endophthalmitis, facial
granuloma, osteomyelitis and brain abscess;
disseminated disease in neutropenic patients with
positive blood cultures and skin lesions
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signs of superficial disease because they are at
increased risk of these infections developing into
an invasive form. Thus, there is a strong rationale
for treating patients with non–life-threatening but
disfiguring skin conditions.

1.2 Infections of the Mucous Membrane

Mucosal candidiasis affects the oesophagus,
mouth, genitals or moist areas of the skin. Vaginal
candidiasis is the most frequently occurring gynae-
cological infection in healthy women, with up to
95% of cases being caused by C. albicans.[26,27]

The condition is readily diagnosed and can be
treated effectively with topical or oral azoles.[28]

Mucosal candidiasis is a common complication
of HIV infection, with more than 90% of individ-
uals with progressive HIV disease developing oro-
pharyngeal candidiasis at some time during the
course of their disease (fig. 1c).[29] Although C.
albicans is the predominant causative agent in this
condition, a number of non-albicans Candida
strains are currently emerging.[30] Oropharyngeal
candidiasis usually responds well to topical and
systemic azole therapy,[30] although treatment-
resistant Candida strains have emerged in severely
immunosuppressed HIV-infected patients with
recurrent disease.[31] The frequency of oropharyn-

geal candidiasis is reduced in HIV-infected patients
treated with, and responding to, protease inhibitor
therapy.[32]

2. Subcutaneous Fungal Infections

Although subcutaneous mycoses can dissemi-
nate, they are usually limited to the dermis and sub-
cutaneous tissues. Disease is caused by a variety of
pathogens, which are often restricted to tropical
and subtropical regions of the world. Sporotricho-
sis, for example, is caused by the dimorphic fungus
Sporothrix schenckii and is the most prevalent sub-
cutaneous infection in parts of Latin America.[33]

The fungus is found in soil and vegetation and usu-
ally causes disease in farmers or gardeners, espe-
cially those who tend roses. Infection manifests as
a lesion, which may spread to other subcutaneous
sites via the lymphatic channels. Lymphocuta-
neous sporotrichosis is a non–life-threatening
disease and normally responds well to treatment
with itraconazole.[34] However, diagnosis can be
delayed because the clinical presentation may
mimic diseases caused by mycobacteria and other
infectious agents.

Chromoblastomycosis is a chronic cutaneous or
subcutaneous fungal infection caused by members
of the Dematiaceae family found in wood, vegetable

Table I. Continued

Infection type Disease Typical causative pathogen Clinical manifestation

Endemic:
Blastomycosis Blastomyces dermatitidis Chronic progressive form may disseminate to skin,

genitourinary tract, bone or central nervous
system, involving ulcerative or verrucous
cutaneous lesions

Histoplasmosis Histoplasma capsulatum Pulmonary, extrapulmonary or disseminated
infection, which includes hepatosplenomegaly,
pancytopenia and oral ulcers; multiple cutaneous
lesions may be evident in HIV-infected patients

Coccidioidomycosis Coccidioides immitis Primary pulmonary infection, which may
disseminate to extrapulmonary sites, resulting in
cutaneous/soft tissue infection, osteomyelitis,
arthritis and meningitis

Paracoccidioidomycosis Paracoccidioides brasiliensis Pulmonary and/or disseminated disease,
frequently involving skin, mucosa and lymph nodes

Penicilliosis Penicillium marneffei Multiple organ involvement, manifesting as
lymphadenitis, skin lesions, subcutaneous
abscesses, bone lesions, arthritis, enlarged spleen,
or lung, liver or bowel lesions

CT = computed tomography.

4 Garber

  Adis International Limited. All rights reserved. Drugs 2001; 61 Suppl. 1



a d

c

f

b e

Fig. 1. Clinical presentations of some frequently observed fungal infections: (a) tinea capitis due to Trichophyton tonsurans;
(b) onychomycosis due to Trichophyton rubrum; (c) chronic oral candidiasis; (d) chromoblastomycosis; (e) cutaneous lesions in a
patient with disseminated candidiasis; (f) histopathological appearance of an aspergilloma. (Reproduced with permission from
Richardson et al.[8])
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debris and soil; these include Fonsecaea pedrosoi,
Cladosporium carrionii, F. compacta, Phialophora
verrucosa and Rhinocladiella aquaspersa (fig.
1d).[35] The disease has a worldwide distribution,
with most cases occurring in tropical and subtrop-
ical regions, such as the Amazon.[36] Diagnosis is
made by the histological examination of scrapings
or biopsy material, where the presence of sclerotic
bodies confirms the disease. The characteristic pri-
mary lesion may acquire a secondary infection,
leading to lymph stasis and elephantiasis and, in
rare cases, haematogenous spread to the brain,
lymph nodes, liver, lungs and other organs. There
is no standard treatment for this disease, but com-
binations of therapies have proved to be effec-
tive.[37]

Chronic mucocutaneous candidiasis is a rare
syndrome consisting of chronic infection of mu-
cous membranes (usually by C. albicans), which
may extend to the skin and nails. The condition is
associated with impaired cell-mediated responses
to Candida, although the underlying defect re-
mains poorly understood.[38,39]

3. Systemic Fungal Infections

3.1 Opportunistic Systemic Fungal Infections

Opportunistic systemic fungal infections occur
primarily when some aspect of the normal host
defence is compromised. Such infections are life
threatening and are associated with high rates of
death. Because of the growing population of im-
munocompromised individuals, the frequency of
systemic fungal infections is increasing signifi-
cantly.[1,2] Between 1980 and 1990, the number of
nosocomial fungal infections rose from 2.0 to 3.8
infections per 1000 discharges from US hospi-
tals.[40] A smaller study in one Taiwanese hospital
recorded an increase from 0.9 to 6.6 nosocomial
fungal infections per 1000 discharges between
1981 and 1993.[41]

3.1.1 High-Risk Patient Groups
Patients with haematological malignancies,

such as myeloid and lymphocytic leukaemias, are
at particularly high risk of infectious complica-

tions. Infections can occur when the patient devel-
ops neutropenia of long duration caused by the
haematological malignancy itself or the treatment
administered. For example, patients receiving bone
marrow transplants are given immunosuppressive
drugs (e.g. corticosteroids or cyclosporin) to pre-
vent or treat rejection. Intensive myelosuppressive
chemotherapy also causes neutropenia in patients.
Approximately 20 to 50% of patients who die from
haematological malignancies have evidence of in-
vasive fungal infections at autopsy.[42,43] In one
retrospective study, mortality was 73% for bone
marrow recipients with Candida infections and
84% for those with Aspergillus or other mould
infections. The death rate was even higher in pa-
tients with mixed Aspergillus and Candida tissue
infections.[3]

Solid organ transplant recipients who receive
immunosuppressive medications to limit the risk of
rejection also have an increased susceptibility to
systemic fungal infections. Fungal infections occur
in 5 to 45% of all solid organ transplant pa-
tients[44,45] and are a primary cause of morbidity
and mortality in this population. Burns patients are
another population at high risk; the wound site is
susceptible to colonisation by opportunistic fungi
such as Candida,[46] but nowadays this is generally
well managed and candidiasis in burns patients
may originate in the gastrointestinal tract or from
intravenous catheters.

Changes in medical procedures have contrib-
uted to the increased incidence of systemic fungal
infections. The skin and mucosal surfaces normally
prevent micro-organisms entering the body, but, if
these barriers are compromised, for example, dur-
ing surgery or when indwelling catheters are used,
fungal cells are able to invade. Myelosuppressive
chemotherapy may also cause mucosal lesions,
allowing the invasion of fungi. Allogeneic bone
marrow transplant recipients face the additional
risk of developing graft-versus-host disease, which
can damage the mucosal surfaces and normally
requires an increase in immunosuppressive ther-
apy. In lung transplant recipients, the donor organ
can also be a reservoir for pathogenic fungi, which
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may have been dormant or harmless in the donor
but can be a source of post-transplantation infec-
tion in the immunosuppressed recipient.

Previous fungal infection may predispose high-
risk patients to subsequent systemic infections
because fungi can remain dormant for some time
and become reactivated when the patient is im-
munosuppressed.[47,48] High-risk patients with
damaged mucosal surfaces caused by bacterial or
viral infections may be at a higher risk of infection
by Candida spp. A high level of colonisation by
Candida in the gastrointestinal tract and oral cavity
may also increase the threat of systemic candidal
infection in patients at high risk.[47,48] An addi-
tional contributory factor is the use of antibiotics,
which disrupt the microbial flora, allowing col-
onisation by fungi. Antibiotic therapy also leads to
increased survival of patients who are predisposed
to fungal infection.

Immunocompromised patients readily acquire
fungal infections from their environment if stand-
ard safety procedures are not followed. For exam-
ple, Aspergillus spp. are airborne fungi and may be
propagated through ventilation systems. The risk
of infection can be greatly reduced by the use of
high-efficiency particulate air (HEPA) filtra-
tion.[49] Transmission of Candida from the hands
of medical professionals is also an important cause
of nosocomial infections. Handwashing is there-
fore vital, but unfortunately the rigorous compli-
ance necessary to reduce infection is not always
present.[50]

Other patients at risk include those with medical
conditions that compromise the immune system,
the most notable being advanced HIV immune
dysfunction or AIDS. Because of the extreme de-
gree of immunosuppression in this patient group,
fungal infections can be unusually virulent and
persistent. Between 60% and 90% of individuals
with progressive HIV disease develop at least one
fungal infection during the course of the dis-
ease.[29,51] Among the most frequently occurring
fungal infections in this group are candidiasis,
cryptococcosis, and less frequently aspergillo-
sis,[52] although, in specific geographical regions,

endemic mycoses are important (for example, coc-
cidioidomycosis, penicilliosis with Penicillium
marneffei, and histoplasmosis).[53,54]

Individuals with chronic granulomatous disease
(CGD), an inherited abnormality of the neutrophils
that serve as an important defence against fungi,
are also predisposed to infection. In one study of
245 patients with CGD, fungi – including Asper-
gillus and Candida – were isolated in 20% of
cases.[55]

3.1.2 Diagnosis
Diagnosis of systemic fungal infections is prob-

lematical and many infections are confirmed only
at autopsy.[43] The clinical symptoms are nonspe-
cific and similar to those of bacterial and viral
infections. In addition, the isolation of fungi from
clinical samples is unreliable and may be compli-
cated by the presence of a colonising commensal
organism, or ubiquitous fungi in the environment,
causing false-positive results.[56] Furthermore, the
collection of clinical samples often requires an in-
vasive procedure, which may not be advisable in
critically ill patients. Direct microscopic examina-
tion of clinical samples may provide a tentative
diagnosis, but this is often difficult to confirm by
culture because of the presence of atypical fungal
elements or sparse fungal populations. Serological
tests that detect antibodies are low in sensitivity
and specificity because many patients with sys-
temic fungal infections are immunocompromised
and therefore have an impaired antibody response.
However, even in immunocompetent individuals,
the delay between the onset of infection and the
development of the antibody response reduces the
practical value of these tests.

Improvements in the diagnosis of invasive
pulmonary aspergillosis include the greater use
of routine high-resolution computed tomography
(CT) scanning,[57] polymerase chain reaction
(PCR) for the detection of RNA or DNA[58] and
enzyme-linked immunosorbent assay (ELISA)
testing for circulating galactomannan, a component
of the fungal cell wall in Aspergillus.[59] None of
these tests has been proven to determine definitive
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invasive disease but positive results are generally
highly predictive of invasive disease.

Sequential positive results from laboratory
diagnostic tests may be the best means of predict-
ing systemic fungal infection; however, because of
the life-threatening nature of the condition, there is
usually not sufficient time to obtain a definitive
diagnosis of the causative agent before treatment is
required. Another complicating factor when con-
sidering appropriate antifungal therapy is that
some patients are infected by more than one patho-
gen simultaneously.[3]

3.1.3 Epidemiology
Surveillance of bloodstream fungal pathogens is

important in the identification of changing epide-
miological trends. In the USA, for example, mon-
itoring is performed on a national scale by groups
such as the National Nosocomial Infections
Surveillance System (NNISS), the National Epide-
miology of Mycoses Survey (NEMIS) and the
Surveillance and Control of Pathogens of Epidemi-
ological Importance (SCOPE). Most nosocomial
fungal infections are reported to be caused by Can-
dida spp.,[40,43,60] although Aspergillus infections
are becoming more frequent.[61,62]

Candida
In one international autopsy survey of cancer

patients, Candida spp. were responsible for 58% of
all fungal infections (fig. 1e).[43] Candida spp. cur-
rently rank as the fourth most frequent cause of
nosocomial bloodstream infections, accounting for

8% of all cases.[63,64] Nosocomial candidiasis may
be either endogenous (acquired through previous
colonisation of the mouth, gastrointestinal tract,
vagina or skin) or, less frequently, exogenous (ac-
quired by cross-infection from another patient or
healthcare worker).

C. albicans is the most frequently isolated spe-
cies, causing between 48% and 60% of blood-
stream fungal infections.[40,60,63] However, a change
in the pattern of Candida-related disease has been
seen in recent years, resulting in the emergence of
a number of important non-albicans Candida spp.,
such as C. krusei, C. parapsilosis, C. tropicalis
and C. glabrata (table II).[60,63-67] In one study of
four hospitals over 3.5 years, the proportion of
non-albicans spp. rose from 40% to 53% of all
candidaemias during the study period.[66]

This epidemiological change has major clinical
implications because infections by some non-
albicans Candida spp. have higher complication
and death rates than C. albicans infections and
some species are resistant to antifungal agents.
There is some evidence that the use of fluconazole
prophylaxis has contributed to this shift in Candida
epidemiology among cancer patients,[68,69] al-
though the establishment of a causal relationship
remains controversial.[70]

Aspergillus
Aspergillus spp. are ubiquitous, occurring most

frequently in soil, water and decaying vegetation.
Most Aspergillus infections are acquired through

Table II. Distribution of Candida bloodstream isolates from a range of epidemiology surveys between 1952 and 1996

Patient group Candidaemia
episodes (n)

Study
period

Candida isolates from bloodstream infections (%) Ref.

C. albicans C. tropicalis C. glabrata C. parapsilosis C. krusei Other
Candida spp.

Cancer pts 1591 1952-92 54 25 8 7 4 2 65

Nonspecified pts
with confirmed
candidaemia

446 1990-94 52 16 6 11 4 2 66a

Pts in surgical ICU 42 1993-95 48 19 24 7 NS 2 60

Pts in neonatal ICU 35 1993-95 63 6 29 NS 3 60

Nonspecified pts
with nosocomial
candidaemia

379 1995-96 52 11 20 8 5 4 63,64

a Figures in original paper did not add up to 100%.

ICU = intensive care unit; NS = not specified; pts = patients; Ref. = reference no.
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the respiratory tract and are associated with hospi-
tal construction work or contaminated ventilation
systems.[71] Infections may also be acquired from
plants or from certain foods such as pepper.[72]

Aspergillus infections have increased significantly
in recent years, accounting for 30% of fungal in-
fections in one postmortem survey of cancer pa-
tients (fig. 1f).[43]

The incidence of Aspergillus infections in neu-
tropenic patients varies from centre to centre. In
one survey of nonallografted patients with multi-
ple myeloma who were treated at haematology or
oncology centres in Europe between 1984 and
1996, 45% of patients with definite or probable
invasive aspergillosis were considered to have died
as a result of the infection.[73] In another study,
Aspergillus spp. were isolated in 36% of patients
with nosocomial pneumonia in a bone marrow
transplant unit; the estimated crude mortality was
95%.[61] Aspergillus is the leading cause of fungal
infection in bone marrow transplant patients who
have received prophylaxis with fluconazole.[74]

Invasive aspergillosis is usually caused by
Aspergillus fumigatus and to a lesser extent by
A. flavus, A. niger and A. terreus. However, little
information is available on the relative proportions
of infections caused by the various Aspergillus spp.

Cryptococcus
Cryptococcal infection usually results from the

inhalation of Cryptococcus neoformans, which is
found primarily in soil contaminated by pigeon or
chicken excreta. Cryptococcus has a particular af-
finity for the central nervous system, resulting in
cryptococcal meningitis, and is one of the most
significant life-threatening fungal infections asso-
ciated with HIV.[75] Cryptococcal infection may
also be seen in non-immunocompromised individ-
uals[76] and in patients with impaired cell-mediated
immunity, for example, those undergoing solid
organ transplantation.[77]

Emerging Opportunistic Fungi
Rarer pathogens that have emerged during

recent years include P. marneffei, Fusarium spp.,
Malassezia spp., Trichosporon spp., Saccharomyces
cerevisiae and Blastoschizomyces capitatus.[54,78-80]

Penicilliosis, for example, is now the third most
frequently occurring opportunistic infection in
HIV-infected patients in Southeast Asia, and iso-
lated cases have also been reported in western
countries.[54] Invasive infection by M. furfur, a
commensal yeast of the skin normally associated
with the superficial fungal infection tinea versi-
color, has also increased in frequency in recent
years, and is associated with parenteral nutri-
tion.[13]

Fungal infections from the class Mucorales (e.g.
Mucor, Absidia and Rhizopus) are seen increas-
ingly in immunocompromised hosts[81] and may
sometimes be associated with diabetic pa-
tients.[82,83] Typically an airborne disease, Mucorales
infections are initiated in the upper or lower air-
ways and have clinical symptoms similar to those
of aspergillosis.

3.2 Endemic Mycoses

Endemic mycoses occur in specific geographi-
cal locations and are a major public health problem
in certain countries. They are becoming increas-
ingly widespread because of land development in
endemic areas and the proliferation of HIV infec-
tion. In addition, with travel becoming increas-
ingly available, an endemic disease may be identi-
fied in a patient thousands of miles from the point
of exposure. Examples in the USA include infec-
tions with Blastomyces dermatitidis in the central
and southeastern states, Histoplasma capsulatum
in the Mississippi river valley and Coccidioides
immitis in the southwestern states (table I).[84-86] In
Central and South America, endemic mycoses fre-
quently encountered include Paracoccidioides
brasiliensis infections and chromoblastomycosis.
In Southeast Asia, infections with P. marneffei are
a significant problem.[54] Life-threatening endemic
mycoses occur in both immunocompetent and im-
munocompromised hosts, and the efficacy of anti-
fungal agents for the treatment of these conditions
is constantly being evaluated.[87] However, the
clinical picture is not always specific; the symp-
toms of coccidioidomycosis, for example, are
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similar to those of Mycobacterium tuberculosis in-
fection.[88,89]

4. Conclusion

The incidence of local and systemic fungal in-
fections is increasing at an alarming rate. This is
primarily due to advances in medical practice,
which have resulted in the proliferation of severely
ill, immunocompromised, hospitalised patients.
The HIV epidemic and other diseases of the im-
mune system have added to this growing at-risk
population.

Superficial fungal infections are mild but may
spread to other areas of the body or, occasionally,
to other individuals. More seriously, but less fre-
quently, they may develop into invasive forms.
Although not life threatening, conditions such as
onychomycosis can have a severe impact on a pa-
tient’s quality of life and self-image. It is therefore
desirable to treat local fungal infections to prevent
the risk of spread.

Systemic fungal infections in immuno-
compromised patients, such as bone marrow and
solid organ transplant recipients, are associated
with high rates of mortality. C. albicans and Asper-
gillus spp. are the most prevalent pathogens in sys-
temic infections, but a recent shift in the burden of
disease has seen the emergence of a number of im-
portant non-albicans Candida spp. in addition to
rare infectious agents such as M. furfur. Although
the incidence of fungal infections can be reduced
by minimising risk factors in hospitals, such as
poor hygiene practice, our inability to reliably pre-
vent such infections highlights the need for effec-
tive treatments.
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