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●
Fungal infections (mycoses) often occur in
healthy people. For example, over 70% of
women in the general population have an

episode of vaginal candidiasis in their lifetime. However,
this article will focus on the clinical problem of fungal
infections in patients whose immune system is
compromised for whatever reason, because this often
causes severe illness or death.

Immunosuppression is not only the result of diseases 
of the immune system, but is increasingly a consequence
of treatment such as chemotherapy which impairs
immune function. Limiting this so-called ‘iatrogenic’ or
‘physician-induced’ immunosuppression is a major
challenge to modern-day physicians.

● Host defence to fungal infections
The body’s natural barriers, i.e. the skin and epithelial
surfaces, form the first line of defence against many
mycoses. Hence, any breach in these barriers, such as
burns, intravenous catheters or the destruction of
epithelial surfaces, as in gastrointestinal surgery, pose a
major risk of fungal invasion. Fungal entry is followed by
defence reactions such as phagocytosis and fungal
killing, mainly by white blood cells, the neutrophils and
mononuclear phagocytes. Therefore, the risk of infection
is also increased by diseases and treatments that reduce
the numbers of phagocytes, such as cancers, or those
causing neutrophil dysfunction, such as diabetes
mellitus. Optimal phagocytosis requires blood factors
such as complement and chemotaxins that direct
neutrophils to pathogens, which may be defective in an
immunocompromised patient. More specific immunity
to particular fungi relies on presentation of fungal

antigens to T-lymphocytes by dedicated antigen-
presenting cells which activate effector cell pathways in
cell-mediated and humoral immunity, resulting in long-
lasting immune defences. 

Although a single factor may lead to immuno-
compromise, both suppression of immune function and
the risk factors for the establishment of a fungal infection
are often combined in seriously ill patients. For example,
a patient with acute myeloblastic leukaemia, whose
circulating immature blood cells (blasts) are dys-
functional, will undergo chemotherapy, which
dramatically reduces the number of neutrophils
(neutropenia). The treatment commonly involves a
catheter made of foreign material being placed into the
patient’s vein to administer drugs and nutrition,
providing a portal of entry for fungi. Furthermore, 
the use of antibiotics to combat infections that are a
frequent consequence of neutropenia will alter the
microbial flora of the gastrointestinal tract and allow
fungal overgrowth. It is not difficult to see how such a
patient is at particular risk of severe mycoses.

● Clinical patterns of fungal infection in the
immunocompromised host
Serious fungal infections affecting the immuno-
compromised can be broadly split into those associated
with a predominant quantitative or qualitative impair-
ment of neutrophils, and those where impairment of 
T-lymphocytes and mononuclear phagocytes cause
defective cell-mediated immunity.

● Mycoses associated with quantitative or qualitative
impairment of neutrophils
The three most common infections in this group are
candidiasis, aspergillosis and zygomycosis. Immuno-
compromise allows the organisms to spread around the
body, seeding multiple organs, which can result in
clinical disease. The major risk factor for Candida
and Aspergillus infections is the degree and duration 
of neutropenia, where neutrophil counts below 100 
cells ml–1 for 7 days or more are particularly associated
with both bacterial and fungal infection.

Disseminated candidiasis is most commonly 
caused by Candida albicans, a normal commensal of the
alimentary tract. Gastrointestinal, cardiac and
transplant surgery are all major risk factors, not only
because of the surgery itself, but also because such
operations commonly require periods of post-operative
intensive care and the attendant use of in-dwelling
catheters and antibiotics as described above.
Disseminated abscesses occur in multiple organs,
including the brain, eyes, kidney, heart, liver and spleen.
Candidaemia (the presence of Candida cells in the blood)
of immunocompromised patients is almost always
associated with disseminated disease, carrying with 
it a high mortality of up to 40%. Sight-threatening
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BELOW:
Fig. 1. Candida endophthalmitis.
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endophthalmitis, as depicted in Fig. 1, is associated with
candidaemia in over 25% of cases.

Unlike Candida, Aspergillus spp. are commonly found
in the atmosphere, and so infection by Aspergillus
fumigatus is predominantly via the respiratory route.
Invasive aspergillosis from a focus of rapidly progressive
Aspergillus pneumonia is most commonly found in the
immunocompromised. The complications of this
infection include damage to pulmonary vessels, leading
to blood in the sputum (haemoptysis), and growth of the
fungal hyphae through to the pleural surface which may
cause collapse of the affected lung (pneumothorax). The
chest X-ray may be normal until relatively late into the
disease, but the greater sensitivity of computerized
tomography (CT) may reveal characteristic features such
as single or multiple nodules with a surrounding ‘halo’
(Fig. 2). As in candidiasis, dissemination of the fungus in
the bloodstream may follow, causing skin and
gastrointestinal ulceration, infected clots in the brain
leading to a stroke, or microabscesses within multiple
organs. Despite adequate treatment, invasive asper-
gillosis carries a high mortality.

Mucosal infection of the paranasal sinuses, more
commonly by Aspergillus flavus, can spread rapidly to the
surrounding tissues causing sinus pain, protrusion of the
eyes (proptosis) and threaten sight. Zygomycosis, a
collective term for Mucorales infections from the genera
Rhizopus and Absidia may mimic this infection.
Zygomycosis is most commonly associated with diabetic
ketoacidosis, where in vitro studies have shown that
raised blood glucose and acidaemia impair neutrophil
function. A black blood-stained nasal discharge
accompanied by a necrotic slough may occur as the
infection spreads to the perinasal skin. Complications
include growth into the brain, with a high case-fatality.
Pulmonary, gastrointestinal and cutaneous disease
sometimes occur and disseminated forms often develop
suddenly. Prompt surgical and medical intervention may
save lives but despite this there is still considerable
morbidity.

Although less common, infection with soil-borne
Fusarium species is an equally important mycosis in
neutropenia, causing localized, focally invasive and
disseminated infections. Surgical removal of the infected
skin and soft tissue found in about 75% of disseminated
cases and restoration of neutrophil function are effective
additions to antifungal medication.

● Mycoses associated with defects in cell-mediated
immunity
Impairment of the cell-mediated immune response to
fungal infection can be congenital or acquired, primary
or iatrogenic (such as from the use of corticosteroids or
chemotherapy). In the modern era, the HIV pandemic
has caused a major increase in fungal infections, which
often occur in disseminated and atypical forms. Some 

of the less common mycoses are distributed worldwide,
such as sporotrichosis, a chronic mycotic disease usually
restricted to skin, subcutaneous tissues and the
lymphatic system. However, many rare mycoses 
show geographic constraints. Examples include histo-
plasmosis from the river valleys of eastern USA;
paracoccidioidomycosis, the commonest respiratory
mycosis in Latin America; coccidioidomycosis from the
dry valleys of south-western USA and Mexico; and
penicilliosis from south-east Asia. A thorough travel
history is therefore essential when evaluating suspected
mycoses.

These types of disseminated infections are rare in HIV
cases compared with the incidence of seborrhoeic
dermatitis, oesophageal candidiasis and cryptococcal
infection. Seborrhoeic dermatitis caused by Malassezia
furfur occurs in patients with HIV infection at four-times
the rate of the normal population, and it is up to 10-fold
more common in AIDS. Oesophageal candidiasis is a
common AIDS-defining illness, although disseminated
infection is rare, unlike the situation in neutropenic
patients. Congenital T-lymphocyte dysfunction
associated with disorders of the endocrine system
predisposes infants to chronic mucocutaneous 
candidiasis, a condition also described at late onset in
patients with AIDS, or in adults with cancer of the
thymus or occult carcinoma.

Infection with Cryptococcus neoformans is the common-
est of the deep mycoses in AIDS, generally presenting 
as meningitis in the severely immunosuppressed. A
prolonged period of non-specific symptoms such as 
fever, malaise and headache, often in the absence of 
neck rigidity [which is a cardinal sign of inflammation 
of the lining of the brain and spinal cord (meninges)]
raises the suspicion of cryptococcal disease. The
cutaneous form may mimic the skin papules caused by 
Molluscum contagiosum virus. Similarly, penicilliosis,
an increasingly recognized mycosis caused by Penicillium
marneffei may also mimic Molluscum contagiosum virus.
Penicilliosis is a systemic, primarily air-borne infection
endemic in Thailand and south-east Asia. It is
increasingly reported among AIDS patients, with
approximately 3,000 patients diagnosed in northern
Thailand in the past decade.

The diverse and atypical presentation of disseminated
mycoses in the context of HIV underlies the importance of
tissue examination in the diagnosis of fungal infections.

ABOVE:
Fig. 2. CT appearance of
pulmonary aspergillosis showing
nodule with characteristic
surrounding halo.
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This was recently exempli-
fied in our unit by a West
African patient with HIV-
2 and advanced immuno-
suppression. The patient
complained of abdominal
pain in the right lower

quadrant, weight loss, fever and iron deficiency anaemia.
Colonoscopy revealed a cancer-like mass (pseudotumour)
at the junction of the small and large bowel (Fig. 3). The
cause was identified on biopsy as Histoplasma capsulatum,
a rare cause of disease in the gastrointestinal tract of
patients with HIV-2. Other diagnostic approaches, such
as production of a specific antibody response to
pathogens, is impaired in advanced immunosuppression,
often rendering them an unreliable diagnostic tool.

● Conclusion
The treatment of mycoses involves the use of antifungal
drugs. However, dealing with the factors predisposing or
contributing to infection should go hand-in-hand and is
arguably as important to long-term outcome as the drugs
themselves. This may include supporting neutropenia
with colony-stimulating factors, changing in-dwelling
catheters, improving control of blood glucose in
diabetics, or reconstituting the immune system of HIV
patients with highly active anti-retroviral drugs. 

We are taught that for every action there is an equal
and opposite reaction. As modern medicine advances
with more transplantation, increasingly successful
methods for treating cancer and improvements in the
care of the critically ill, the ‘reaction’ of iatrogenic
immuno-supression continues to take its toll in terms of
morbidity and mortality from fungal diseases. In the
developed world, immune reconstitution with highly
active anti-retroviral therapy for HIV has radically
altered the incidence of opportunistic pathogens,
including mycoses, whilst the lack of such vital disease-
modifying resources in the developing world will
continue to take its toll on those in need. 
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ABOVE:
Fig. 3. Disseminated
histoplasmosis presenting as a
pseudotumour of the large bowel.


