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Emerging Fungal Pathogens

E.J. Anaissie!”, G. P. Bodey!, M. G. Rinaldi?

Fungi such as Fusarium spp., Curvularia spp., Alternaria spp. or Trichosporon beigelii, had
been thought to represent contamination or harmless colonization when isolated from
humans. More recently, the role of these and other newly recognized fungi as serious patho-
gens has been clearly established. Three diverse groups of fungi are responsible for these
infections: the agents of phaeohyphomycosis and hyalohyphomycosis and certain yeasts.
These infections, which have been encountered in both presumably healthy and immuno-
compromised individuwals, tend to be localized in the former, and disseminated and frequent-
ly fatal in the latter group of patients. A major concern is that these organisms are not uni-
formly susceptible to amphotericin B. Standardization of antifungal susceptibility testing
may, therefore, be helpful in determining the antifungal drug of cheice for each infection.
It is also hoped that the advent of newer antifungals and biologic response modifiers will

have a significant impact on the morbidity and mortality of these emerging infections.

Invasive fungal infections are occurring with in-
creasing frequency in immunocompromised patients,
particularly among those with malignancies and the
acquired immunodeficiency syndrome (AIDS) (1-4).
Broad spectrum antibacterial agents, adrenal corti-
costeroids, cytotoxic chemotherapy, organ trans-
plantation and prolonged use of indwelling catheters
have all contributed to this phenomenon. While most
invasive fungal infections were previously thought to
be due to Candida spp., Aspergillus spp., Crypto-
coccus neoformans, the Zygomycetes, Coccidoides
immitis, Histoplasma capsulatum variety capsulatum,
and Blastomyces dermatitids, reports from multiple
institutions are now emphasizing the importance of
several newly recognized fungal pathogens (3, 5—10).
This paper will review the role of some specific agents
responsible for these opportunistic infections.

Phaeohyphomycosis

Phaeohyphomycoses are fungal infections incited by
a group of darkly pigmented (dematiaceous) fungi
whose etiologic agents form in tissue, either yeast-like
cells that are solitary or in short chains, or hyphae
that are septate, often irregularly swollen to toruloid,
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branched or unbranched, or any combination of the
above mentioned forms (11). These fungi are de-
matiaceous due to the presence of melanin in their
cell walls. It is not unusual that these fungi are con-
fused in tissue with the more common Aspergillus
spp. At many institutions, the preliminary histo-
pathologic diagnosis of infections caused by some of
these dematiaceous fungi is aspergillosis. However,
on staining with the Fontana-Masson technique (a
melanin specific stain}, the dematiaceous elements are
seen and the correct diagnosis is made, The often-
used Gomori methenamine silver stain stains all fungi
black irrespective of their natural pigmentation and
in some instances the hematoxylin and eosin and/or
periodic acid Schiff stains will not allow visualization
of the dematiaceous nature of fungi in tissue. Hence,
the Fontana-Masson technique becomes useful. This
staining method can also be particularly helpful when
the fungal cultures are negative.

There are considerable differences in the clinical spec-
trum of infection and response to therapy among
various agents of phacohyphomycosis (3). Because of
these differences and the similarity in histopathology,
correct identification of the infecting organism is
essentjal for appropriate therapy. While antifungal
chemotherapy may play a role in some cases of
phaeohyphomycosis, surgery is important for both
diagnosis and treatment, especially when the paranasal
sinuses or the central nervous system are involved
(12). Phaeohyphomycosis represent a significant and
increasingly prevalent group of oppourtunistic fungal
diseases. Approximately 71 species classified in 39
genera have been documented to cause human and
animal infection thus far (13). Table 1 lists all the
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Table I: Agents of phacohyphomycosis.

Alternaria Phaeonnellomyces
Anthopis Phaeosclera
Bipolaris Phiglemonium
Botryodiplodia Phoma
Botryomyces Phyllosticta
Chaetomium Phyllosticting
Cladosporium Pseudomicrodochium
Collectotrichum Pyrenochacta
Curvularia Ramichloridium
Dactylaria Sarcinomyces
Exophiala Scolecobasidium
Exserohilum Scytalidium
Hendersonula Stenella
Hormonema Taeniolella
Leeythophora Tetraploa
Moniliella Trichomaris
Mycocentrospora Ulocladium
Oidiodendron Wangiella
Peyronellaea Xylohypha

currently known agents of phaeohyphomycosis in
humans and animals. Four genera have been most
frequently encountered in humans and are: Curvularia,
Bipolaris, Exserohilum, and Alternaria.

Curvularia spp. are common soil inhabitants. Despite
their ubiquity in the environment, human infections
caused by Curvularia spp. have been uncommon and
have recently been reviewed (14). Three species have
been associated with human infection. These are:
Curvularia lunate (20 cases), Curvularia geniculata
(2 cases), and Curvularia pallescens (1 case). Only
four patients had disseminated infection. Sites of
involvement included paranasal sinuses (6 cases),
cornea (6 cases), lower respiratory tract (5 cases),
skin and subcutaneous tissues (2 cases), bone, endo-
cardium and nasal septum (1 case each). One case of
peritoneal catheter obstruction has also been reported
(15). The pathogenesis of the infection is unknown,
although skin inoculation has been incriminated in
four instances. A case of endocarditis occurred four
months after implantation of an aortic valve (16).
Only two patients were systemically immunosuppres-
sed. The patient with endocarditis was being treated
with adrenal corticosteroids while a second patient
was receiving chemotherapy for acute leukemia
(16, 17). The latter patient had a dual infection of
the nasal septum with Curvularia and Alternaria.
Infection occurred during neutropenia and responded
to surgical excision of the involved tissue and resolu-
tion of myelosuppression.

At the M.D. Anderson Cancer Center (MDCC) we
recently cared for a patient with Curvularia sinusitis.
The patient was a 25-year-old male with Hodgkin’s
disease who was receiving high dose chemotherapy
and allogenic bone marrow transplantation. While
profoundly neutropenic, he developed fever and
clinical and radiologic evidence of sinusitis. Biopsy

of the nasal septum revealed acute branching septate
hyphae and the presumptive histopathologic diagnosis
was aspergillosis. Nasal septum cultures yielded
Curyularia and the Fontana-Masson stain showed
dematiaceous fungal elements. The patient recovered
uneventfully following extensive surgical debride-
ment, amphotericin B and resolution of his myelo-
suppression. The majority of reported patients with
localized disease had improvement or resolution of
theit infection. Patients with disseminated disease
however tended to do poorly (14). Because of the
paucity of cases, there is no established therapy for
Curvularia infections. At present, antifungal therapy,
together with surgical debridement, would represent
a rational approach to therapy. The antifungal agent
of choice remains to be determined. In vitro suscepti-
bility studies suggest that amphotericin B, miconazole
and ketoconazole could be used. All strains tested
have shown resistance to 5-fluorocytosine (14).

The genera Bipolaris and Exserohilum are fungi that
were erroneously classified as Helminthosporium
spp. or Drechslera spp. They are fungi with wide geo-
graphic distribution. According to McGinnis et al.
(18), it appears that only Bipolaris australiensis,
Ripolaris hawaiiensis, Bipolaris spicifera, Exserohilum
longirostratum, Exserohilum mcginnisii and Exsero-
hilum rostratum are confirmed agents of phaechypho-
mycosis. Infections caused by these agents share
many clinical and pathological similarities with those
due to Aspergillus spp., such as dissemination in the
immunocompromised host, vascular invasion, tissue
necrosis, involvement of the central nervous system
and sinuses, and association with allergic broncho-
pulmonary disease (5). The most common form of
disease caused by species of Bipolaris and Exsero-
hilum is sinusitis occurring in otherwise healthy
patients with nasal polyposis and allergic rhinitis (19,
20). The treatment of choice for this condition
appears to be amphotericin B and surgical excision of
infected tissues (5). The role of ketoconazole and the
newly synthesized azole derivatives needs to be
studied in this setting.

Alternaria spp. are ubiquitous fungi known to be soil
saprobes and plant pathogens. Inhalation of conidia
has been associated with bronchial asthma and hyper-
sensitivity pneumonitis (21—-23). Human infections
caused by Alrernaria spp. have occurred in presumably
healthy and immunocompromised patients, and in-
cluded cutaneous infections, keratitis, paranasal
sinusitis with osteomyelitis, peritonitis in a patient
undergoing peritoneal dialysis and a granulomatous
pulmonary nodule (12, 24). The most common
species involved in human infections is Alternaria
alternata although infection by other species has also
been reported. Therapy consists of surgical debride-
ment and amphotericin B. In vitro and clinical
resistance of Alternaria spp. to ketoconazole have
been demonstrated {24).
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Other dematiaceous fungi have been reported to
cause human disease. Their role has been recently
reviewed by Rippon (12).

Hyalohyphomycosis

An important group of emerging fungal infections
have been termed hyalohyphomycosis. This umbrella
term encompasses all opportunistic fungal infections
caused by non-dematiaceous moulds whose basic
tissue form is in the nature of hyaline, light colored,
hyphal elements that are branched or unbranched and
occasionally toruloid (13). Table 2 lists some docu-
mented species causing hyalohyphomycosis. Impor-
tant human pathogens included in this group are the
genera Fusarium, Scopulariopsis, Pseudallescheria and
Scedosporium.

Fusarium derives its name from its fusiform conidia
(25). Fusarium spp. are important plant pathogens
and common soil fungi (6). Systemic illness following
the ingestion of cereals contaminated with Fusarium
spp. was first reported in 1913 in Russia (26). At the
end of the World War Il as many as one million people
may have been poisoned by infected grain. Contami-
nation with Fusarium spp. occurs in grains that re.
main under the snow in winter and are harvested in
the spring (27). In Russia the resulting disease is
known as alimentary toxic aleukia. It begins with
gastrointestinal symptoms and weakness and culmi-
nates in aplastic anemia and death if ingestion of con-
taminated grain persists. Clinical disease is attributed
to ingestion of a mycotoxin rather than to systemic
infection.

Fusarium spp. have long been recognized as etiologic
agents of localized infections of the skin, nails and
cornea (28, 29). Reports of deep tissue infections
have been rare. Endophthalmitis has been reported
usually following trauma or ocular surgery (30, 31).
Skin and subcutaneous infection occurred in four
cases, one after renal transplantation (32), one during
the course of chronic granulomatous disease (33), and
two in otherwise healthy hosts (34, 35). Three

Table 2: Agents of hyalohyphomycosis.

Acremonium Myriodontium
Anxiopsis Paecilomyes
Beauvaria Penicillium
Chrysosporium Pseudallescheria
Coprinus Scedosporium
Fusarium Schizophyllum
Geotrichum Scopulariopsis
Gibberella Scytalidium
Gymnasceila Tritrachium
Microascus Volutella

patients were reported to have developed osteomye-
litis, following a puncture wound in one case (36),
prolonged antibiotic treatment in another (37), and
severe bilateral lower leg fractures and extensive soft
tissue damage in the third (38). Trauma was the only
predisposing factor in the patient with arthritis (39),
and peritoneal dialysis was implicated in the patho-
genesis of peritonitis associated with Fuserium spp.
(40). One patient with brain abscess had an under-
lying chronic mononucleosis-like syndrome (41). Also,
one case of invasive intranasal Fusarium oxysporum
infection was reported in a diabetic patient (42).

Patients with hematologic malignancies receiving
cytotoxic chemotherapy and patients with extensive
burns are at an increased risk of dissemination. In-
cluding our own cases, a total of 29 cases have al-
ready been reported (6, 43—45). The majority of the
patients had a hematological malignancy while two
patients had extensive burns. At the MDCC, Fusarium
spp. produced a variety of infections, including skin
and soft tissue infection, fungemia, major organ in-
fection, and most commonly disseminated disease.
Eleven patients have been documented to have
disseminated or major organ infection. Fusarium spp.
involved in human infection include solani, oxyspo-
rum and moniliforme. One case each of Fusarium
antophylum, Fusarium proliferatum and Fusarium
chiamydosporum have also been reported. At the
MDCC, we recently cared for an additional patient
with disseminated Fusarium proliferatum infection.
Some investigators consider Fusarium moniliforme
to be the same as Fusarium proliferatum (46).

The clinical characterstics of patients with disse-
minated Fusarium infection are similar in many
respects to those with disseminated aspergillosis.
They share in common the occurrence of nodular
erythematous skin lesions with central necrosis. The
portal of entry for both infections include the para-
nasal sinuses, lung and skin (6). However, infection
with Fusarium spp. is associated with a significantly
higher incidence of skin and subcutaneous lesions and
a much higher yield of the organism in blood culture
specimens than infection with Aspergillus spp. (6, 43).

Because the clinical features of Fusarium infections
are not characteristic, and because of the histo-
pathologic similarities between aspergilli and fusaria,
fungal cultures are essential for establishing the
diagnosis. Microscopically, Fusarium colonies begin
as a white patch which quickly develops a pink,
purple or yellow center with a lighter periphery.
Microsocpically, the characteristic microconidia and/
or macroconidia may be seen. Species differentiation
may be difficult because of the propensity of fusaria
to undergo rapid morphologic changes. Recently,
immunohistologic staining has been used successfully
for tissue diagnosis (47) and represents a most en-
couraging trend in diagnostic mycology.
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Probably the most important factor predicting the
outcome of Fusarium infection is the immune status
of the host. All patients with an underlying malignan-
cy and disseminated Fusarium infection had severe
neutropenia at the onset of their infection (6). Ex-
cept for three patients reported by Merz et al. (43),
no patient with disseminated muitiple organ infection
survived even when adequate doses of amphotericin B
were given (6). Prophylactic amphotericin B in three
patients failed to prevent the infection (48). In the
above mentioned report, three of four patients with
disseminated Fusarium infection responded. Of note,
two of these three patients had resolution of myelo-
suppression (43).

The susceptibility of Fusarium isolates 1o antifungal
agents seems to suggest resistance to amphotericin B,
miconazole, ketoconazole and S-fluorocytosine, In
view of the favorable results obtained by Merz et al.
(43), these authors have recommended the use of
amphotericin B at a dose of 1.5 mg/kg/day plus
5-fluorocytosine 25 mg/kg every 6 hours adjusted
to achieve maximal serum levels of < 60 meg/ml.

Scopulariopsis spp. are common soil saprobes with
wide geographical distribution. The fungus has not
been associated with invasive human infection until
recently, when it was noted to cause pneumonia and
disseminated infection in a patient with acute leu-
kemia (49). Two additional patients with disseminated
Scopulariopsis infection have been reported (50).
One patient had chronic myelogenous leukemia and
had undergone ailogeneic bone marrow transplanta-
tion after treatment with cyclophosphomide and
total body irradiation. While neutropenic, the patient
developed disseminated infection and the fungus was
isolated from the nasal septum, blood, lungsand brain.
The organism was highly resistant to amphotericin B
in vitro. The mould was identified as Scopulariopsis
candida, a new agent of human hyalohyphomycosis.
The second patient had acute leukemia and developed
a very persistent local case of hyalohyphomycotic
ear invasion which remained until the time of death,
despite multiple debridements and antifungal therapy
with several antimycotics for 9 1/2 months. Yet an-
other case of locally invasive disease caused by
Scopulariopsis brevicaulis has been followed up by
one of the authors. This patient was a 40-year-old
white male with aplastic anemia. Following a stormy
course due to his disease and therapy thereof, the
patient developed invasive halohyphomycosis of the
greater right toe caused by Scopulariopsis brevicaulis
(histopathologically and culturally confirmed) which
eventually required amputation. It is of interest that
the patient developed invasive disease adjacent to the
great toe nail, the site of the most frequent form of
non-invasive disease due to Scopulariopsis brevicaulis.

Pseudallescheria boydii, a fungus frequently isolated
from soil, is well known as a causative agent of

eumycotic mycetoma of the lower extremity. Recent-
ly, it became apparent that this fungal species may
cause a wide range of fungal diseases. These include
corneal ulcers, endophthalmitis, otitis, sinusitis,
pneumonia, endocarditis, meningitis, arthritis, osteo-
myelitis, and abcesses of skin, lung, thyroid and brain
(51). Like other agents of hyalohyphomycosis, the
fungus has histologic similarity to Aspergillus spp.
and cannot be distinguished from them on the basis
of histopathology alone. This distinction is not only
of academic interest since Pseudallescheria boydii is
resistant in vitro and in vivo to amphotericin B and
is susceptible to miconazole (51). Therefore, cultural
documentation of the fungus is essential for optimal
therapy. In addition to antifungal therapy, surgical
intervention may be necessary.

Scedosporium inflatum is characterized by its inflated
flask-shaped conidiogenous cells (52). Most reported
infections have been cases of osteomyelitis occurring
in normal patients and resulting from trauma. Addi-
tionally, one case each of keratitis, endocarditis,
pulmonary infection and peritonitis have been noted
(53). Since the original description of this fungus, one
of the authors has tested the in vitro susceptibility of
17 isolates (14 from humans and animals and 3 from
the soil of potted plants in hospital rooms). The
isolates were found to be resistant to amphotericin B,
ketoconazole, fluconazole and itraconazole. The poor
in vitro susceptibility of Scedosporium inflatum to
antifungal agents parallels the poor in vivo activity of
these drugs. Surgical debridement of infected tissue
appears to be the major means to halt progression of
the infection. Other agents have been associated with
serious human hyalohyphomycotic infections. These
infections were the subject of a recent review by
Rippon (53).

Yeasts of Emerging Importance

While Candida albicans, Candida tropicalis, Candida
parapsilosis and Torulopsis glabrata remain the most
commonly encountered pathogenic yeast fungi,
other species have been demonstrated to cause human
disease, particularly in the immunocompromised host.
At the MDCC we have recently encountered ten cases
of systemic candidiasis caused by Candida krusei, and
isolated cases caused by Candida guillermondii, Can-
dida pseudotropicalis, Candida zeylanoides, Candida
lusitaniae, Candida lipolytica and Candida rugosa.
Other yeasts have recently emerged as significant
human pathogens and will be discussed here.

Trichosporon beigelii (previously called Trichosporon
cutaneum), a known agent of white piedra, has been
associated with systematic and invasive fungal infec-
tions in patients with profound persistent neutro-
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penia and manifests itself by fever and multiple
necrotic skin lesions (3, 8—10). Cultures from blood
and urine are frequently positive. Over the last ten
years we have encountered 26 patients at the MDCC
with serious infections due to Trichosporon beigelil.
The extent of the infection was as follows: systemic
infection (18 patients), pulmonary infection (6 pa-
tients) and fungemia alone (2 patients). Sites of in-
fection in 18 patients with multiorgan involvement
included lungs (10 patients), liver, spleen and skin
(6 patients each). Other sites of involvement (bone,
bone marrow and gastrointestinal tract) were also
noted. Resolution of myelosuppression is the most
important factor for survival from serious infection
with Trichosporon beigelii. Of 14 patients treated
with amphotericin B, only those four whose neutro-
phil counts returned to normal survived. Data on the
susceptibility of Trichosporon beigelii isolates to
various antifungals are scarce. We tested the in vitro
susceptibility of 20 isolates from patients with cancer
to various antifungals. Results of the study showed
that 5-fluorocytosine was not significantly active
against Trichosporon beigelii isolates. Amphotericin B
had moderate activity with 60 % of isolates being
susceptible, while the azoles, particularly miconazole
and ketoconazole, were very active. On the basis of
these in vitro data and on limited clinical experience,
we believe that miconazole may be an effective treat-
ment for disseminated Trichosporon beigelii infection.
Additional data on the vivo activity of miconazole
and the combination of amphotericin B and 5-fluoro-
cytosine are needed to confirm our in vitro findings.

Rhodotorula spp. are airborne contaminants found
in the skin, lungs, urine and feces. Rhodororula rubra
has been implicated in systemic infections, endo-
carditis, meningitis and peritonitis in patients on
peritoneal dialysis (54). Fungemia related to coloniza-
tion of catheters and hospital supplies and equipment
has been associated with a clinical picture of endo-
toxic shock. At the MDCC, we have recently encoun-
tered two patients with cancer and Rhodororula
rubra fungemia. Both had an adequate neutrophil
count at the onset of their infection and were clinical-
ly and hemodynamically stable. Cure of the infection
was achieved with removal of the offending central
venous catheter in one patient, and removal of the
central venous catheter and a short course of ampho-
tericin B in the other.

Malassezia furfur, known as the cause of the derma-
tologic disease pityriasis (tinea) versicolor, has been
recently recognized as causing systemic infections in
humans (55--58). Malassezia furfur is a small, uni-
polar budding yeast, which is found as normal skin
flora in humans. This organism lacks the ability to
synthesize medium and long chain fatty acids, and
needs an exogenous source of lipid for growth. In-
dividuals at risk of systemic infection with this fungus
are debilitated or immunosuppressed patients and

premature infants who have a long duration of
hospitalization, and are receiving hyperalimentation
with intravenous lipid through central venous catheter
(55). Some patients remain asymptomatic while
others develop fever (particularly adults) and/or
thrombocytopenia (particularly neonates). Dissemina-
tion to organ systems has not been demonstrated
except in one case where yeast forms consistent with
Malassezia furfur were seen in sections of the pulmo-
nary arteries of a neonate receiving intravenous lipid
(58). The diagnosis can be made by examination of
blood smears in which ovoid to ellipsoidal yeastlike
cells often can be identified intracellularly, Malassezia
furfur grows best at 35—37 °C, in an aerobic environ-
ment on Sabouraud agar overlaid with a few drops of
olive oil. Recently, a new medium has been developed
which allows successful primary isolation and identifi-
cation of Malassezia furfur (59).

Most patients will respond to removal of the offending
central venous catheter and discontinuation of the
lipid infusions. The addition of antifungals may be
necessary if infection persists after removal of the
infected central venous catheter and if patients have
severe thrombocytopenia. Available information on
the in vitro susceptiiblity of Malassezia furfur to
various antifungals suggests that the organism is
susceptible to amphotericin B and the azoles. Sus-
ceptibility to 5-fluorocytosine is variable.

Another Malassezia species, Malassezia pachydermitis,
has been associated with systemic infections in
humans (60). In contrast to Malassezia furfur, this
lipophylic fungus is able to grow on complex media
without fatty acid supplementation. The predisposing
factors for and symptoms of infection with Malassezia
pachydermatis appear to be similar to those described
for Malassezia furfur sepsis.

Saccharomyces Sspp. are ascosporogenous yeasts
usually employed as bakers and brewers yeasts.
Human infections associated with Saccharomyces
cerevisiage have included fungemia, peritonitis, endo-
carditis and pneumonia (61—63). In two patients, it
was felt that the infection was related to a central
venous catheter. Most patients had some form of
underlying disease, but the organism has not been
shown to cause death in any patient. In one instance,
massive ingestion of viable microorganisms was
presumed to be the source of the infection in a man-
ner similar to that which has been described with
Candida albicans (64). Removal of the offending
central venous catheter and antifungal therapy with
amphotericin B would represent the treatment of
choice of this infection. At the MDCC, we have
recently cared for two leukemia patients with Sac-
charomyces cerevisize fungemia. In one patient who
had an adequate neutrophil count, removal of the
central venous catheter was the only maneuver
required to control the infection. In the second
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patient, who was profoundly neutropenic, intra-
venous amphotericin B resulted in eradication of the
infection.

Other ascoporogenous yeasts which have been involved
in human infections are Pichia farinosq and Hansenula
spp. At the MDCC, a 12-year-old female with ab-
dominal teratoma had persistent fever and fungemia
with Pichia farinosa which required removal of the
central venous catheter. Hansenula spp., particularly
Hansenula anomala, have been associated with in-
fections in immunocompromised patients who had
manipulations of their central venous catheter (65).
Patients tended to respond rapidly to catheter re-
moval and amphotericin B. Most isolates were sus-
ceptible to amphotericin B. At the MDCC, a 34-
year-old leukemia patient developed high-grade
fever on broad-spectrum antibiotics and Hansenula
anomala was isolated from several blood cultures.
Administration of amphotericin B and removal of
the central venous catheter were necessary for con-
trol of his infection (66). In another patient with
fever and pleural effusion, Torulopsis pintolopesii
was the only organism cultured from pleural tissue
and lungs. Results of histopathologic examination of
pleura and lung tissue were compatible with infection
by this organism.

Disseminated infection caused by urease-negative
Cryptococcus neoformans, variety neoformans, has
been recently reported in a patient with AIDS,
Mycologists should be aware of the occurrence of
atypical strains of Cryptococcus neoformans, parti-
cularly those recovered from patients with AIDS
{67). Other yeasts have been occasionally implicated
in human disease. Their role has been recently re-
viewed by Rippon (54).

Lessons from the Past and Challenges for the Future

The emergence of these previously harmiess fungi as
significant human pathogens clearly demonstrates the
dynamic nature of medicine. We have learned that
early diagnosis is difficult, and that results of in
vitro susceptibility testing for fungi cannot, at the
present time, be relied upon for initiation of and/or
modification of antifungal chemotherapy. We have
also leamed that amphotericin B should not always
be considered the ‘“‘all-around” antifungal drug because
of the emergence of amphotericin B resistant Candida
strains (68), and the inherent resistance of several
other fungi to this drug (3). In addition, the poor
response of fungal infections to adequate antifungal
chemotherapy in persistently immunosuppressed in-
dividuals has emphasized the critical role of the
immune system in the fight against mycoses (1, 2).

With the growing number of patients with AIDS and
cancer, we should expect an increase in opportunistic

mycoses. More rapid and sensitive techniques are need-
ed for early diagnosis of these infections. Standardiza-
tion of in vitro susceptibility testing should be
possible and could contribute to the management of
infected patients. Better antifungal agents are clearly
needed (3, 69, 70). These agents should ideally have
the following characteristics: a) fungicidal activity
against a broad spectrum of fungi, b) good penetra-
tion into tissue including the central nervous system,
¢) potential for oral or parenteral administration,
d) low toxicity, and e) affordable price. In addition,
shortening the duration of post-cytotoxic neutro-
penia by the use of colony-stimulating factors may
become the best means of preventing the develop-
ment of these serious mycoses (71).

Conclusion

There is little doubt that newer fungi previously
considered as contaminants or harmless colonizers
have now emerged as significant human pathogens,
particularly in the immunocompromised host. Only
through collaboration between clinicians, pathologists
and microbiologists can these fungal infections be
recognized and treated early. It is hoped that the
advent of newer antifungal agents and biologic
response modifiers will result in a significant im-
provement in the prevention and treatment of these
life threatening opportunistic infections.
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