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Fungal Infections in the Immunocompromised Host
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In recent years many remarkable changes occurred in our way of life, producing opportunities for
microbes. All these changes are related to the recent emergence of previously unrecognized diseases, or
the resurgence of diseases that, at least in developed countries, were thought to be under control. This
concept is reviewed regarding fungal infections and their agents in the immunocompromised host. The
changing pattern of these infections, the portals of entry of fungi into the human host, fungal pathogenicity and the main predisposing factors are analyzed. Opportunistic fungal infections in cancer, organ
transplant and acquired immunodeficiency syndrome patients are reviewed, specially candidiasis and
aspergillosis.
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In this century and, more increasingly in the
past two decades, many remarkable changes occurred in our way of life, producing opportunities
for microbes. All these changes are related to the
recent emergence of previously unrecognized diseases, or the resurgence of diseases that, at least in
developed countries, were thought to be under control. This concept is also valid for the mycoses. As
for all the infectious diseases, emergence of fungal infections result from (1) changes in human
demographics and behavior; (2) changes in technology and industry; (3) changes in economic development and land use; (4) increasing and rapid
international travel and commerce; (5) microbial
adaptation to all the man produced changes. Consequently, this may lead to breakdown of public
health measures (Cohen 1998).
Fungi have only emerged as significant pathogens during the past few decades when they became more and more frequently diagnosed as opportunistic infections in immunocompromised
hosts. A review of the world’s literature by Hurley
in 1964 contained only 48 cases of disseminated
candidiasis (Bodey & Anaissie 1989). In neutropenic cancer patients, the increase in the incidence
of fungal infections was first described by Stefanini
and Allegra (1957). Between 1943 e 1947, only
3% of patients with acute leukemia developed a
fungal infection, compared to 22% between 1954
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and 1956. Intensive cancer chemotherapy, organ
transplantations, wide spectrum antibiotics and
widespread use of parenteral alimentation are some
of the major contributors to this current situation
(Bodey & Anaissie 1989).
FUNGAL PATHOGENICITY

With few exceptions pathogenicity among the
fungi is not necessary for the maintenance or dissemination of the species. The ability of fungi to
cause human disease appears to be an accidental
phenomenon and the mycoses are primarily related
to the immunological status of the host and environmental exposure, rather than to the infecting
organism (Rippon 1988, Kwon-Chung & Bennett
1992, Ellis 1994).
Most fungi are unable to grow at 37°C. Thus,
thermotolerance to survive at this temperature is
essential to fungal growth within human body.
Similarly, as most fungi are saprophytic, their enzymatic pathways function better at the redox potential of non-living substrates than at the lowered
oxidation-reduction state of living tissue. However,
many fungi prove to be able to surpass these two
major physiologic barriers (Ellis 1994).
Host defenses are of non-specific and specific
nature. The non-specific defenses include the antifungal activity of natural excretions, such as saliva and sweat; the protective effects of the endogenous normal microbiota of the skin and mucous
membranes in competing for space and nutrients,
thus limiting the growth of potential pathogens;
and the mechanical barrier of the skin and mucous
membranes preventing entry of fungi. Additionally, the body has the highly efficient non-specific
inflammatory system to combat fungal proliferation involving the action of neutrophils, mono-
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nuclear phagocytes and other granulocytes. The
specific or acquired immunity defending from fungal growth in tissue consist basically of the cellmediated immunity regulated by T-lymphocytes.
The role of specific antibodies or humoral immunity regulated by B-lymphocytes is not so clear. In
short, the mechanism of fungal pathogenicity is its
ability to adapt to the tissue environment and to
withstand the lytic activity of the host’s defenses
(Ellis 1994).
Table I lists the three major components of the
host defenses against fungi and the diseases or conditions associated with fungal infections. The spectrum of fungal infections is different according to
the major deficit in host defenses. For example,
candidiasis in patients with impairment in T-cell
defenses presents as muco-cutaneous infection and
rarely disseminate. On the other hand, neutropenic
patients develop disseminated infection much more
frequently. In the hospital setting, disruption in the
cutaneous and mucosal barriers play a major role.
Indeed, nosocomial candidiasis occurs more frequently in patients admitted in intensive care unit,
where the presence of catheters and the use of antibiotics is very frequent.
PORTALS OF ENTRY

Fungal infections are usually classified according to the initial site of infection into (1) superficial mycoses, which are limited to the outermost
layers of the skin, the nails and hair; (2) subcutaneous infections, involving the dermis, subcuta-

neous tissues and bone; (3) systemic mycoses, usually acquired through inhalation, causing initially
lung lesions, but may spread to many other organs.
Whereas this classification is commonly used for
the mycoses observed in the normal host, opportunistic fungal infections which occur in individuals
who are debilitated or immunosuppressed as a result of an underlying disease or its treatment, usually are not referred according to the initial site of
infection.
Many of the opportunistic fungi are ubiquitous
saprobes in the soil, on decomposing organic matter or in the air. Although new species of fungi are
regularly identified as cause of disease in
immunosupressed hosts, most of the reported opportunistic fungal infections still remain candidiasis, aspergillosis, cryptococcosis and mucormycosis (zygomycosis). Besides, many endemic systemic mycoses are increasingly frequent as opportunistic infection in immunosupressed patients,
mainly histoplasmosis and coccidioidomycosis. In
contrast to the ubiquitous distribution of the agents
of aspergillosis, mucormycosis, candidiasis and
cryptococcosis, the agents of systemic mycoses
have a restricted geographical distribution, limited
to regions where these organisms occur in nature.
For instance, this is valid for Histoplasma
capsulatum var. capsulatum, Paracoccidioides
brasiliensis, Blastomyces dermatitidis, Coccidioides immitis, Cryptococcus neoformans var. gattii,
which may cause opportunistic infection in immunosuppressed individuals. In addition, nosocomial

TABLE I
Predisposing factors associated to defects of the host defenses against fungi
Predisposing factors of the host:
1) Disturbance of the epithelial barrier caused by:
• Broad spectrum or multiple antibiotic therapy
• Indwelling catheters
• Peritoneal dialysis
• Burns, ulcers, trauma, surgeries
• Increased gastric pH, cytotoxins, radiotherapy
2) Defects or dysfunction of mononuclear phagocytes, neutrophils + other cells caused by:
• Chemotherapy, radiotherapy
• Aplastic anaemia
• Chronic granulomatous disease
• Diabetes mellitus
3) Defect or dysfunction of T-lymphocyte cell mediated immunity caused by:
• Aids
• Hodgkin’s disease
• Transplantation
• Chemotherapy, radiotherapy
• Leukemia
• Corticosteroids
Source: Ellis 1994
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outbreaks of aspergillosis, candidiasis and other
yeast infections have become increasingly important (Rippon 1988, Kwon-Chung & Bennett 1992,
Richardson & Warnock 1993, Hazen 1995, Wheat
1995, Patterson et al. 2000). The portal of entry,
related to the source of the infective fungi are summarized in Table II.
MYCOSES IN CANCER AND ORGAN TRANSPLANT
(INCLUDING NEUTROPENIC) PATIENTS

In the neutropenic patient virtually any fungus
able to grow at 37°C that gains access to the bloodstream may cause disseminated infection. Neutropenia, chemotherapy induced damage of the mucosae and the use of broad spectrum antibacterial
drugs that destroy the normal microbiota, are the
major cause of systemic fungal infections in these
patients, especially candidiasis (Ellis 1994). The
importance of the opportunistic fungal infections
in cancer and organ transplant patients, can be estimated on the basis of several reports (Table III).
Candidiasis is the most frequent nosocomial
mycosis in cancer patients and Candida species
constitute the leading cause of positive blood cultures for fungi. However, Aspergillus species,
Fusarium species, Trichosporon species and
dematiaceous fungi have also emerged as important nosocomial pathogens, most of them refractory to systemic antifungal therapy. These trends
in hosts and pathogens have converged with the
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simultaneous development of new diagnostic,
therapeutic and preventive procedures and strategies, which may improve the management of these
infections (Walsh et al. 1994).
MYCOSES IN AIDS PATIENTS

The emergence of the HIV infection and the
consequent epidemic of acquired immunodeficiency syndrome (Aids) have been responsible for
a dramatic increase in human infections caused by
Candida species and Cryptococcus neoformans.
Mucosal candidiasis occurs in almost all Aids patients, with C. albicans responsible for more than
85% of infections. Haematogenous dissemination
occurs rarely in candidiasis, probably because the
polymorphonuclear function is good enough to prevent it. C. neoformans is the second most important fungus causing disease in patients with Aids.
The prevalence of cryptococcosis varies from 36% in Europe, 6-10% in the USA and 10-30% in
some tropical countries, especially in Central Africa. In Brazil, the prevalence is estimated to vary
5-10%. Cryptococcosis in Aids patients is considered incurable and needs lifelong therapy to suppress the infection. Almost all cases are caused by
C. neoformans var. neoformans (Dupont et al.
1992, 1994, Ellis 1994, Kappe et al. 1998). Other
fungal infections have been diagnosed in Aids patients, such as the group of systemic mycoses
caused by the dimorphic fungi in the correspond-

TABLE II
Portal of entry of the main groups of opportunistic mycoses according to source of the infections
Sources

→

Portal/s of entry

Soil, decaying
organic material

lungs

Humans/animals

skin
mucosae

→

Mycoses
Aspergillosis
Mucormycosis
Cryptococcosis
Hyalo + Phaeohyphomycosis
Systemic mycosesa
Candidiasis
other yeasts’ infections

a: endemic areas
TABLE III
Importance of fungal infections in cancer and organ transplant patient
Fatal fungal infection
Leukemia
Lymphoma
Solid tumor
Bone marrow transplant
neutropenia < 3 wks
neutropenia > 3 wks
Renal transplant

(up to)

Incidence of specific mycoses

(up to)

30%
15%
5%

Candidiasis
Aspergillosis
Zygomycosis
Cryptococcosis
Dimorphic systemic mycoses
Hyalo + Phaeohyphomycoses

44-80%
20-30%
Rare
Rare
Rarea
Rare

21%
57%
5-15%

Source: Ellis 1994; a: endemic areas
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ing endemic areas, mainly histoplasmosis and coccidioidomycosis (Wheat 1995). Cryptococcosis
caused by the yeast C. neoformans var. gattii should
be included in the latter group as it behaves as a
true pathogen like the dimorphic fungi
(Rozenbaum et al. 1992). The importance of the
opportunistic fungal infections in patients with Aids
can be estimated on the basis of several reports
(Table IV).
TABLE IV
Importance of fungal infections in patients with
acquired immunodeficiency syndrome
Incidence of specific mycoses
Oral candidiasis
Oesophageal candidiasis
Cryptococcosis
Histoplasmosis
Cocci + Paracoccidioidomycosis
Hyalo + Phaeohyphomycoses

(up to)
44-90%
45-55%
3-33%
5-30%a
Rarea
Rarea

Source: Ellis 1994; a: endemic areas

CANDIDIASIS AND ASPERGILLOSIS

The two major groups of fungal infections in
the immunocompromised host, candidiasis and
aspergillosis, because of their obvious and increasing importance, are treated apart.
Candidiasis - The relevance of nosocomial candidiasis has been subject of several studies. According to Beck-Sagué et al. (1993) an analysis of
data collected by the Centers for Diseases Control
(CDC) in 115 hospitals in the United States between 1980 and 1990 demonstrated an almost 2fold increase of the nosocomial fungal infections.
Moreover, 78.3% of these infections were caused
by Candida spp. Another study demonstrated an
487% increase in the incidence of fungaemia
caused by Candida spp. acquired in university
hospitals in the United States during the 80’s
(Banerjee et al. 1991).
The most important human pathogenic Candida species are C. albicans, C. parapsilosis, C.
tropicalis, C. glabrata, C. guilliermondii, C.
lusitaniae and C. krusei. In the meanwhile, the
number of new species related to different clinical
syndromes is increasing progressively as a consequence of new invasive diagnostic and therapeutic
procedures, as well as the increasingly debilitated
immunological status of the patients attended at
tertiary hospitals facilitates the infection by microorganisms of low pathogenicity. The most important predisposing factors mentioned to be involved
in these epidemiological changes are the pathologic
and iatrogenic immunosupression and the increase

in the use of broad-spectrum antibiotics. However,
other factors may have contributed significantly,
such as higher awareness and improved and more
accessible diagnostic tools for diagnosing human
mycoses (Hazen 1995).
The growing number of patients with candidiasis caused by non-C. albicans species was observed worldwide. However, the pattern of its geographic distribution is not uniform. In the USA and
in some European countries a trend of increasing
non-C. albicans infections, mainly the infections
caused by C. glabrata and C. krusei, is observed.
It has been suggested that the decreased susceptibility of these species to commonly used antifungal drugs, such as fluconazole, may be an important factor to their emergence as opportunistic
pathogens (Johnson et al. 1995, Rex et al. 1995).
In Brazil, C. albicans was the agent of 53 (37%)
out of 145 episodes of candidemia in six different
tertiary hospitals, while the most common non-C.
albicans species were C. parapsilosis (25%), C.
tropicalis (24%), C. rugosa (5%) and C. glabrata
(4%). The relatively higher incidence of
candidemia caused by C. parapsilosis in southeast
Brazil may be due to mishandling of central venous
catheters (Colombo et al. 1999, Colombo 2000).
Aspergillosis - Aspergillus species grow well
on virtually any organic debris. They are saprobes
commonly or occasionally found in soil, decaying
vegetation, seeds and grains. Thermotolerant potentially pathogenic Aspergillus species were found
even in human dwellings, ventilation and air conditioning systems, marijuana, old houses, hospitals and other constructions, water. Therefore, they
are found almost everywhere. Beside candidiasis,
aspergillosis is the second most frequent nosocomial fungal infection. Outbreaks of hospital-acquired aspergillosis were attributed to demolitions
and re-buildings of old houses, hospitals and other
constructions very close to the places where the
risk patients were housed. Defective or incorrect
handling of air conditioning systems also represent risk for nosocomial aspergillus outbreks
(Rhodes et al. 1992, Summerbell et al. 1992,
Summerbell et al. 1994, Pitt 1994, Richardson
1998).
A. fumigatus is by far the most important agent
of aspergillosis, followed by A. flavus, A. terreus,
A. niger and several others occasionally found. The
predominance of A. fumigatus in contrast to other
Aspergillus species may be due to its ability to (1)
grow abundantly everywhere; (2) produce tiny
conidia, that easily can penetrate deep into the alveolar region; and (3) grow at 37°C (Pitt 1994).
Aspergillosis represent a wide spectrum of syndromes and clinical manifestations, including allergic aspergillosis, colonization of cavities with
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or without the formation of a fungus ball (mainly
in the lungs, paranasal sinuses, bronchiectasis),
acute to chronic necrotizing invasive forms, ocular infections (keratitis), otomycosis, endocarditis,
osteomyelitis, skin infections.
Invasive aspergillosis remains a major cause
of morbidity and mortality in immunosuppressed
patients. It is the second most frequently diagnosed
mycosis in patients treated with solid organ or bone
marrow transplants. The initial and most common
site of infection for invasive aspergillosis is the
respiratory tract (paranasal sinuses, lungs), followed by severely traumatized skin. From these
sites, dissemination to other organs by
haematogenous spread occurs frequently.
Aspergillus species, as well as all the other
hyphomycetes (agents of hyalohyphomycosis and
phae-ohyphomycosis) and the Mucorales, have the
tendency to invade the blood vessels causing
haemorrhagic infarction and thrombosis in these
severely immunosuppressed patients (KwonChung & Bennett 1992, Richardson 1998,
Patterson et al. 2000).
Many studies have shown that invasive aspergillosis is now more widely recognized, reflecting its main association with severe immunosuppression as a result of both neutropenia and compromised cell-mediated immunity. Computerized
tomography scanning of the lungs has proven to
be an excellent diagnostic method for early recognition of an “halo” sign with a ground-glass appearance surrounding a nodule, or the “air-crescent” sign with cavitation in later stage disease
(Bartlett 2000, Denning 2000).
CLOSING REMARKS

Many other opportunistic fungal infections not
mentioned herein may become an emerging health
problem in some particular risk groups. Malassezia
and Trichosporon are considered two emerging
pathogenic yeast-like basidiomycetous fungi
(Guého et al. 1994, 1998) and the importance of
Candida species other than C. albicans as opportunistic pathogens is frequently reported (Coleman
et al. 1998) as well as the increasing importance of
some hyphomycetes, such as Fusarium species,
Pseudallescheria boydii (Scedosporium apiospermum) and the Mucorales (Rippon 1988, KwonChung & Bennett 1992, Richardson & Warnock
1993).
Keeping in mind that fungi are significant and
increasingly cause of morbidity and mortality in
immunocompromised patients and that the opportunistic infections they cause are severe and life
threatening, a rapid diagnosis and efficient therapeutic measures are essential. Of course, collaboration between the clinicians and the laboratory is

157

absolutely necessary. Additionally, the precise diagnosis is based on the morphologic identification
of the tissue forms in biopsy material or pus by microscopy and culture. The final diagnosis of the agent
is achieved only after culture of material obtained
from the lesions. Detection of specific antibodies
and specific antigens and/or metabolites in body fluids or tissues may be of great value in the future,
specially molecular diagnostic techniques.
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