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Medical mycology involves the study of pathogenic fungi and their identification in the laborato-
ry. Mycology has developed into a field that demands the attention of all clinicians treating patients
in hospitals. Interest in medical mycology has grown in recent years due to a dramatic rise in the
rates of fungal infections. An overview of well-known medically significant opportunistic fungi, such
as Candida, Cryptococcus, Aspergillus and Zygomycetes, as well as emerging fungal pathogens,
are discussed. Antifungal failures in these individuals are high; consequently, mortality rates are
also high, despite standard therapy with amphotericin-B, lipid-associated formulation of ampho-
tericin-B and the azoles. This underscores the need for new approaches and therapies to improve
outcomes in high-risk individuals. (J Natl MedAssoc. 2003;95:1211-1215.)
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Medical mycology involves the study of patho-
genic fungi and their identification in the laborato-
ry. Interest in medical mycology has grown in
recent years due to a dramatic rise in the rates of
fungal infections. During the 1980s to early 1990s,
systemic mycoses became the seventh leading
cause of death among infectious diseases in the
United States, while mortality related to these
infections rose three-fold.'

Fungi of medical importance grow as yeasts or
molds. Yeasts are single-celled fungi that multiply
by budding, while molds are multicellular, fila-
mentous fungi. Fungi cause a wide spectrum of
disease states-the most common being relatively
minor, localized infections of the skin or mucous
membranes. Familiar examples are athlete's foot,
tinea corporis, onychomycosis, and vaginal infec-
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tions. However, an increasing number of fungi are
able to cause systemic infections with involvement
of internal organs.'

Invasive fungal infections are more prevalent
than before, due to increasingly large populations
of patients at high risk secondary to immunosup-
pression. Additionally, any of the following are
underlying risk factors: increased numbers of
organ or bone marrow transplants,2 complicated
surgical procedures and use of prosthetic devices,2
more-aggressive intensive care medicine in prema-
ture infants and adults,3 more-aggressive cancer
chemotherapy,4 administration of broad-spectrum
antibiotics,5 and increased intravenous drug use
and human immunodeficiency virus (HIV) pan-
demic with longer survival of patients with
acquired immune deficiency syndrome (AIDS).6

Most fungi are harmless to healthy individuals,
but to patients with underlying medical problems
or immunosuppression, fungi can become devas-
tating, opportunistic pathogens. The most common
invasive fungal infections in immunocompromised
hosts are candidiasis, aspergillosis, cryptococcosis,
and zygomycosis.7 Since the 1 950s, and until
recently, the key opportunistic fungal pathogens
with which clinicians had to contend were Candida
albicans, Aspergillus fumigatus, and the Zygo-
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mycetes, which cause mucormycosis. Today, non-
albicans Candida have become more frequent, as
have other Aspergillus species.

Candida species are the most common oppor-
tunistic pathogens in immunocompromised patients.7
Candida species can cause deep-seated, invasive
infections and account for the majority of all major
systemic mycoses. Manifestations of infection range
from candidemia to disseminated disease with
involvement of multiple organs. Candidemia is
usually a nosocomial infection with multiple pre-
disposing factors, including high-risk surgery
requiring total parenteral nutrition, dialysis, or pro-
longed stay in the intensive care unit;3 premature
neonates; and patients with hematologic malignan-
cies receiving potent mucotoxic antineoplastic reg-
imens.4

Aspergillosis refers to diseases caused by
Aspergillus, most commonly Aspergillusfumigatus
and Aspergillus flavus. These organisms are ubiq-
uitous in the environment, and the portal of entry is
most commonly the lung. Aspergillus has a
predilection for vascular tissue and often invades
blood vessels to the extent that the supplied organ
is infarcted. Pulmonary involvement is the most
common manifestation of invasive aspergillosis
and develops as acute pneumonia.2 Patients at high-
est risk for invasive aspergillosis are those with
prolonged neutropenia, allogeneic hematopoietic
transplant recipients (particularly in the setting of
intensive immunosuppressive therapy to treat graft-
versus host disease,8 and lung transplant recipients.

Cryptococcosis refers to disease caused by
cryptococcus neoformans. This fungus is ubiqui-
tous in the soil, and infection usually occurs by
inhalation of airborne organisms. The incidence of
clinically significant infection in the general popu-
lation is very low, but immunosuppressed individ-
uals are prone to more serious infections and rapid
progression. Cryptococcosis occurs principally in
patients with severe T-cell compromise, especially
in AIDS patients and transplant recipients.

Zygomycosis (also called mucormycosis) is
caused by a number of molds, and the leading
pathogens in this group are species of the genera
Mucor, Rhizopus, Rhizomucor, and Absidia. These
fungi are ubiquitous in the environment and found
in soil, on decaying matter, as well as on fruit and
bread. The most common form of zygomycosis is
rhinocerebral disease, in which the fungi prolifer-
ate in the nasal sinuses and invade surrounding tis-

sues, extending into the facial soft tissues, nerves,
blood vessels, orbits, and brain.9 Invasive infections
by zygomycetes occur in a similar patient popula-
tion, like aspergillosis, and additional risk factors
for zygomycosis are diabetic ketoacidosis and iron
overload states.
A wide variety of fungi isolated from neu-

tropenic patients were not previously recognized as
human pathogens. Many of these are soil or plant
fungal pathogens that clinicians have not been
trained to recognize. With more widespread use of
intensive cytotoxic antineoplastic regimens and
allogeneic hematopoietic and solid organ trans-
plantation, these growing numbers of unusual fun-
gi of low virulence may become significant oppor-
tunistic pathogens. 10 These fungi are often referred
to as "emerging pathogens" and include the class
of phaeohyphomycosis, hyalohyphomycosis, the
recently reclassified Pneumocystis carinii, and oth-
er yeasts.

Many fungi appear histologically identical to
Aspergillus. Fusarium is one of them. It is the most
prevalent plant fungus worldwide and now recog-
nized as a human pathogen. Fusarium infection
usually follows inhalation, but some have originat-
ed from cutaneous lesions associated with infected
nails. Fusarium infection is life threatening and
associated with poor prognosis.

Many other fungi, such as Pseudallescheria
boydii, Penicillium marneffei, and Malassezia fur-
fur, are gaining attention as human pathogens.'0
Pseudallescheria boydii causes a soft-tissue and
pulmonary disease in immunosuppressed individu-
als, and it resembles aspergillosis histologically.
Penicillium marneffei is an environmental fungus,
endemic in Southeast Asia, that can cause serious,
life-threatening infections in immunosuppressed
individuals. P marneffi has gained particular atten-
tion during this era of the AIDS pandemic.

Pneumocystis causes pneumonia in immuno-
compromised patients and is a common opportunis-
tic infection in AIDS. This organism was originally
thought to be a protozoan; however, further study
has proven it to be a yeast-like fungus closely relat-
ed to organisms of the class Ascomycota."" l2 Each
species of Pneumocystis appears to be specific for
the mammal in which it is found.'3 The species that
infects humans is Pneumocystis jiroveci. Based on
the phenotypic differences between human strains
of Pneumocystis and other mammalian strains, the
name Pneumocystis jiroveci was first proposed by
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Frenkel in 1976.'1 However, the name was not pub-
lished under the prevailing specifications of the
International Code of Zoological Nomenclature."3
DNA analysis has now demonstrated that
Pneumocystis jiroveci is found only in humans,
while Pneumocystis carinii is a species found only
in rats.'3 Even though it is still acceptable today to
refer to the disease caused by Pneumocystisjirove-
ci as Pneumocystis carinii pneumonia, the correct
designation for the human form of Pneumocystis
should be Pneumocystisjiroveci.

Currently, in the developed world, the incidence
of AIDS-associated opportunistic mycoses has dra-
matically declined, primarily as a result of treatment
with highly active antiretroviral therapy (HAART).'4
Subsequently, discontinuation of secondary prophy-
laxis against selected systemic fungi is feasible in
individuals with satisfactory CD4 lymphocyte count
and decreased viral load responses to HAART.
However, characteristics of the responses to antifun-
gal agents in individuals with opportunistic mycoses
have changed, in that some patients may develop
"paradoxical" exacerbations of disease, if they
respond favorably to HAART. This may be due to
immune reconstitution and is often referred to as
"Immune Reconstitution Inflammatory Syndrome"
(IRIS).'5 Paradoxical deterioration in clinical status
attributable to the recovery of the immune system
during HAART is now been reported to be associat-
ed with some fungal pathogens.'6"17

Mycology has developed into a field that
demands the attention of all clinicians treating
patients in hospitals. Systemic mycoses are more
prevalent than ever. The diagnosis of these infec-
tions remains largely dependent on clinical presen-
tation, the signs and symptoms of which result
from angioinvasion of the organism. Now, fungi
represent a substantial proportion of the pathogens
in hospitals with significant high mortality" 6 due to
the fact that there are no rapid, accurate diagnostic
tests that can confirm with certainty the presence
of invasive fungal disease. Fungal infections are
also difficult to distinguish from many bacterial or
other infections. Clinical manifestations of many
fungal infections are shared among a variety of
fungal pathogens as well.

Treatment Overview
Several new antifungal agents have been devel-

oped because of limitations among the already
available agents. The ideal antifungal agent should

have a broad spectrum of activity, be fungicidal
rather than fungistatic, available in oral and
injectable formulations, safe at efficacious doses,
cost effective, stable to resistance, and cause mini-
mal drug interactions. However, the development
of antifungal agents is a challenge, because there
are very few potential drug targets unique to fungi.
Also, because diagnosis and identification of fun-
gal species is indefinable, it may be difficult to
find an adequate-sized patient population to test
experimental agents in large-scale trials.

Amphotericin-B remains the most effective
broad-spectrum fungicidal agent employed today. It
acts directly on sterol ergosterol to increase the per-
meability of the fungal cell membrane.'8
Unfortunately, infusion-related side effects and sig-
nificant nephrotoxicity have always been problemat-
ic. These adverse effects have become increasingly
troublesome in the era of complex patients, such as
transplant recipients receiving nephrotoxic drugs. A
significant achievement has been the development
of "lipid-associated formulation of amphotericin-
B."19 These include liposomal amphotericin-B,
amphotericin-B lipid complex, and amphotericin-B
colloidal dispersion. All three products of lipid-asso-
ciated formulation of amphotericin-B are generally
less nephrotoxic than amphotericin-B, and they can
effectively manage deep-seated, invasive mycoses.'9
The proper doses and durations of treatment are still
uncertain, but higher daily doses than those of stan-
dard amphotericin-B should be given.'8"l9 The lipid-
associated formulation of amphotericin-B products
are relatively expensive compared to the standard
product of amphotericin-B deoxycholate and often
leads to the less frequent usage of the lipid formula-
tions of amphotericin-B products.

The systemically acting azoles are another
widely used class of antifungal agents. Chemically,
they are categorized as imidazoles-ketocona-
zole-or the triazoles-fluconazole, itraconazole,
and voriconazole. This class inhibits the
cytochrome P450 (CYP)-dependent C- 14 ade-
methylase, the enzyme necessary for the conver-
sion of lanosterol to ergosterol. This activity even-
tually depletes ergosterol and ultimately
compromises cell membrane integrity. The second-
generation antifungal triazole, voriconazole, is a
new standard of care for invasive aspergillosis
based on its superiority and survival benefit over
conventional amphotericin-B.20 With the success of
the triazole antifungals, more broad-spectrum and
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potent antifungal triazoles, such as posaconazole
and ravuconazole, are already in development.

The newer class of fungal agents, the echino-
candins, is lipopeptides derived from natural fun-
gal fermentation products. Caspofungin is the only
marketed compound in this class, and several oth-
ers are in various stages of development. The
echinocandins inhibits P-(1,3) glucan synthase.2'
Glucans are the most abundant polysaccharides,
comprising the greater part of the fungal cell wall,
thus ,B-(1,3) glucan synthase inhibition ultimately
compromises fungal cell wall integrity. Caspo-
fungin has been shown to be at least as effective as
conventional amphotericin-B but less toxic in
patients with candidemia.22 Clinical trials have
been initiated for other echinocandins, such as
micafungin and anidulafungin.
New classes of antifungal agents, combined

with drug target developments through genomics,
promise to increase the antifungal armamentarium.
Present treatment regimens, however, still need
improvement.
A number of challenges remain. We have not yet

optimized the strategies for early diagnosis, including
serologies and DNA diagnostics. Nonculture-based
early detection methods, including serology and anti-
gen detection, have been successfully used for diag-
nosis of some fungal pathogens (histoplasmosis, coc-
cidioidomycosis, and C. neofromans), and polymerase
chain reaction and galactomannan antigen detection
are promising strategies for early diagnosis of invasive
aspergillosis. Studies on antifungal drug combinations
are preliminary.'8 Also, we are yet to incorporate the
potential of our cytokines and immune modulators
into successful treatment strategies with our current
antifungal agents. In this era of HIV pandemic, and
immunity-improving HAART regimen, we need to
study the HIV-infected population with deep-seated
mycoses so as to avoid indefinite suppressive antifun-
gal therapy in these individuals.

CONCLUSION
The prevalence of invasive fungal infections has

increased significantly since the late 1970s. Of the
most common invasive infections, candidiasis and
aspergillosis disproportionately affect critically ill
surgical patients and immunocompromised individu-
als. Fungal infections are a major cause of morbidity
and mortality in the increasing numbers of immuno-
compromised patients. Early diagnosis is essential to
successful therapy ofthese infections, many ofwhich

are caused by angioinvasive molds, including
Aspergillus species, Fusarium, Zygomycetes, and
others. Despite the unprecendented increase in both
the frequency and the intensity ofinfection ofemerg-
ing opportunistic fungal pathogens, the number of
available antifungal agents is small.

Amphotericin-B has been the standard therapy for
critically ill patients with invasive fumgal disease, but
lipid-associated formulation of amphotericin-B, the
newer azoles, and new classes of antifungal agents,
such as the echinocandins, have shown activity
against a broad spectrum ofpathogens. Combinations
of antifungal therapies with immune reconstitution
may fuirther improve responses to treatment.
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Junior Faculty/Laboratory Director: The
Pulmonary & Critical Care Medicine
Division at the University of Maryland
School of Medicine is seeking a PhD at
the Instructor level with training in
Molecular and Cell Biology to oversee an
8-person laboratory focused on the regu-
lation of cytokine gene expression.
Experience in in vitro and in vivo DNA
footprinting, microarray, real-time PCR,
and 2D electrophoresis is desirable. Send
CV and three references to Jeffrey
Hasday, M.D., c/o JoAnn Gibbs, Depart-
ment of Medicine, Room N3E1 0, University
of Maryland Medical Center, 22 S.
Greene St., Baltimore, MD 21201.
Communication by e-mail acceptable
(Jhasday@umaryland.edu) The UM,B is
an AA/EEO/ADA Employer; women and
members of minority groups encouraged
to apply. Reference position 03-309-379.

Neuroradiologist
The Department of Radiology at Beth Israel Deaconess
Medical Center (BIDMC), Harvard Medical School, is
seeking applicants for a faculty position in Neuro-
radiology. Responsibilities include clinical service;
teaching of medical students, residents, and fellows;
and research in Neuroradiology. The Department has
five whole body GE and Siemens MRI systems (Two 3-T,
Three 1.5T). One of the 3T systems is dedicated to
research. There is a small bore high field imaging and
spectroscopy research system as well. There are seven
multislice CT instruments (a mixture of 16, 8, and 4 slice
units). Angiography is performed in a bi-plane digital
room. There are ample research opportunities with
excellent support in technique development, MR
spectroscopy, perfusion imaging, and image process-
ing. Candidates for this position must have board cer-
tification in diagnostic radiology, have or be eligible for
CAQ in neuroradiology, and be eligible for licensure in
the state of Massachusetts. Salary and academic rank
will be commensurate with experience and qualifica-
tions. Interested applicants should send curriculum
vitae to David B. Hackney, MD, Chief of
Neuroradiology, Professor of Radiology, Harvard
Medical School, Department of Radiology, Beth Israel
Hospital, 330 Brookline Ave., Shapiro 4th Floor, Boston,
MA 02215 (617) 667-2552; fax (617) 667-8212; e-mail
dhackney@ bidmc.harvard.edu.
Beth Israel Deaconess Medical Center is an EEO/AA employer.

Visit our website at http://radiology.bidmc.harvard.edu
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