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Invasive disease due to Mucorales:
a case report and review of the
literature

Objective. To review the mycology, pathogenesis, clinical characteristics,
investigations, and treatment modalities of mucormycosis.
Data sources. A local case of mucormycosis; MEDLINE and non-MEDLINE
search of the literature.
Study selection. Key words for the literature search were ‘mucormycosis’
and ‘Mucorales’; all available years of study were reviewed.
Data extraction. Original articles, review papers, meta-analyses, and
relevant book chapters were reviewed.
Data synthesis. Mucormycosis is a fungal infection that is rare but increas-
ingly recognised in the growing population of immunocompromised patients.
It is caused by saprophytic non-septate hyphae of the order Mucorales. The
pulmonary and disseminated forms commonly occur in patients with
haematological malignancy, especially acute leukaemia and lymphoma, and
those receiving treatment with immunosuppressive effects. The rhinocerebral
form is more prevalent in patients with diabetes mellitus, particularly those
with the complication of diabetic ketoacidosis. The use of amphotericin B
combined with surgery remains the mainstay of treatment. The prognosis
largely depends on prompt correction of the underlying risk factors. New
strategies to combat this life-threatening infection will result from better
understanding of its pathogenesis.
Conclusion. A high index of suspicion is needed, in appropriate clinical
settings, to diagnose and aggressively treat this infection in view of the
high mortality rate for susceptible patients.
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Introduction

Mucormycosis is an opportunistic fungal infection
caused by a filamentous fungus.1,2 The infection is
relatively uncommon but cases are being recognised
early and treated effectively with a combination of
antifungal agents and surgery, leading to improved
survival.1,3 The increasing prevalence of mucormyco-
sis is due to wider use of cytotoxic chemotherapy and
immunosuppressive agents, resulting in a more severe
and prolonged immunocompromised state.4 Risk factors
for mucormycosis include haematological malignancy,
namely leukaemia and lymphoma, diabetes mellitus,
especially in poorly controlled patients and those
with complications of diabetic ketoacidosis.2 The
use of steroids and immunosuppressive agents in
bone marrow and solid organ transplantation,5 broad-
spectrum antibiotics and cytotoxic chemotherapy,
and dialysis for uraemic patients, particularly with
desferrioxamine therapy, are known predisposing
causes.1,5-7 Malnutrition in children in developing
countries also carries a risk of mucormycosis with
gastrointestinal involvement, and cerebral mucormy-
cosis has been reported in intravenous drug user via
the haematogenous route.7 Thus, the infection is
often an indication of a serious predisposing condition.
This review focuses on the epidemiology, present-
ing signs and symptoms, diagnosis, treatment, and
new directions in the approach to management of
mucormycosis.

Case report

A 57-year-old HIV-negative Filipino presented with
fever and prostration. He had a known history of poorly
controlled non–insulin-dependent diabetes mellitus,
managed with self-administered oral hypoglycaemic
agents for 18 months. On admission, his fasting blood
glucose and glycosylated haemoglobin (HbA1c) were
10.3 mmol/L (normal range, 3.9-6.1 mmol/L) and
11.4% of total haemoglobin (normal range, 4-7% of
total haemoglobin), respectively. On admission, he
had a fever (temperature, 39.2°C), chills, and rigor.
Examination showed a grossly overweight patient with
fever, sternal tenderness, and borderline hypotension.
Chest radiography was unremarkable. Peripheral
blood smear revealed blasts and a leucoerythroblastic
picture (white blood cell count, 4.9 x 109 /L [normal
range, 3.2-9.8 x 109 /L]; neutrophil count, 0.83 x 109 /L
[normal range, 1.8-7.8 x 109 /L]; lymphocyte count,
2.16 x 109 /L [normal range, 1.0-4.8 x 109 /L]; blast
count, 1.67 x 109 /L [normal range, 0 x 109 /L]; haemo-
globin level, 115 g/L [normal range, 140-175 g/L];
and a platelet count of 61 x 109 /L [normal range,

150-450 x109 /L]. Bone marrow examination confirmed
acute monoblastic leukaemia-M5. Blood culture grew
Salmonella enteritides (group D).

The patient was given intravenous cefoperazone-
sulbactam 1 g twice daily for 14 days and ciprofloxacin
200 mg twice daily for 5 days. Induction chemotherapy
including cytarabine 190 mg daily for 7 days and
daunorubicin 95 mg daily for 3 days was started on
day 9 of admission to hospital. Six days after chemo-
therapy, he developed a neutropenic fever, with a
temperature of 38.8°C, which did not respond to broad-
spectrum antimicrobial therapy. Examination for
sepsis, including blood culture, sputum, and urine
analysis was negative. Two days later, he was noted to
have blood-tinged sputum, associated with increasing
shortness of breath. Repeated chest X-rays showed
enlarging multiple round lesions in both lung fields.
Antimicrobial therapy was reviewed and imipenem,
amikacin, and amphotericin 0.7 mg/kg/d were com-
menced on the same day.

The patient further deteriorated with acute respira-
tory distress, arterial hypoxaemia, and systemic hypo-
tension requiring mechanical ventilation and intensive
care. Bronchoscopy was performed, which showed
diffuse inflammation of the bronchial mucosa. Apart
from scanty enterococci recovered from bronchoal-
veolar lavage (BAL), the concentrated BAL smear
showed numerous broad, non-septated hyphae with
wide-angled branching, suggestive of mucormycosis,
and fungal culture of the specimen later yielded
Cunninghamella bertholletiae. The diagnosis was
pneumonia due to Cunninghamella spp. Despite
increasing the dose of liposomal amphotericin to
3 mg/kg/d, he developed multiorgan failure and
finally died 24 hours later. Tissue invasion by fungal
hyphae and the presence of disseminated infection
could not be confirmed by histology, as his relatives
did not consent to autopsy.

Discussion

Mycology
Mucormycosis is an infection caused by ubiquitous
fungal agents of the order Mucorales.2 The fungi
occur in air, soil, and food and are filamentous con-
sisting of broad irregular hyphae of 15 to 20 mm in
diameter, mostly non-septated with right-angled
branching (Fig). The infection is commonly due to
Rhizopus, Rhizomucor, Absidia, and Mucor from the
family of Mucoraceae and, rarely, C bertholletiae
caused by Cunninghamellaceae (Table 1). Differen-
tiation among these genera is based on the morphology
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of the asexual cycle, physiologic characteristics, and
zygospore production.2 The fungi are aerobic organ-
isms that grow in most culture media after 2 to 5 days
of incubation at temperatures of 25°C to 55°C, pro-
ducing fluffy white, grey, or brownish colonies.2 Posi-
tive growth is highly suggestive of infection in relevant
clinical settings, although it is not diagnostic owing to
occasional colonisation.8 Histological examination
showing tissue invasion by this fungus is diagnostic.

Pathogenesis
Rhinocerebral and pulmonary mucormycosis is an air-
borne infection acquired by inhalation of spores (3 mm
to 6 mm in diameter) into the paranasal sinuses, lower
airways, and alveoli.1,9 As the fungi are aerobic, they
have a special predilection for the nasal sinuses and
lungs. Similar to Aspergillus, Mucorales characteris-
tically spreads in the tissues by vascular invasion,
since blood vessels are the best source of oxygen.1 The
invasion of blood vessels by hyphae leads to arterial
thrombosis, tissue infarction, and necrosis, whereas
venous invasion causes haemorrhage, exemplified by
haemoptysis in pulmonary mucormycosis. There is no
unifying theory of the predisposing underlying immuno-
logical defect. Immunity against mucormycosis is likely
to occur at multiple levels, from the inhibition of spore
germination by alveolar macrophages, to the damage
of hyphae by serum factors, alveolar macrophages, and

neutrophils. A study has shown that the combined
effects of diabetes, ketosis, and low pH negated the in-
hibitory property of serum towards spore germination.10

Investigators have demonstrated that the fungistatic
activity of serum is caused by the presence of trans-
ferrin in the serum, which reduces the free iron avail-
able to the fungus for growth.10 Acidosis temporarily
disrupts the capacity of transferrin to bind iron in the
serum, thereby reducing the host inhibition of fungal
growth. The presence of a ketoreductase in the fungi
may allow them to utilise ketone bodies in their me-
tabolism, accounting for the increased susceptibility
in diabetic ketoacidosis. Waldorf,11 however, could not
detect any significant differences in germination of
Rhizopus oryzae between normal and diabetic sera
with the addition of iron that saturated the total iron-
binding capacity, nor with the addition of sufficient
transferrin to bind all free serum iron. Reduced neu-
trophil chemotaxis and adhesion to hyphae in diabetes
mellitus have been demonstrated.12 Alveolar macro-
phages in diabetes are also defective in inhibition of
spore germination and hyphae damage.11,13 Desferri-
oxamine therapy for patients undergoing dialysis is
associated with mucormycosis.7 The fungus can accu-
mulate iron to stimulate growth by utilising desferri-
oxamine as a siderophore.7,14  These combined effects
of acidosis and desferrioxamine accumulation in
uraemic patients may account for the prevalence of
mucormycosis in this group of patients. Mucormyco-
sis is rare in patients with AIDS,5,7 possibly reflecting
the relative importance of innate immunity against this
infection.

Clinical manifestations
Mucormycosis can manifest as different clinical forms,
namely rhinocerebral, pulmonary, disseminated,
gastrointestinal, cutaneous, and other rare forms.1,2 The
rhinocerebral form mainly occurs in patients with
diabetes, particularly those with the complication of
diabetic ketoacidosis, and presents with facial pain,
headache, fever, and mental obtundation.1,2,15 Orbital
involvement results in orbital cellulitis, ophthal-
moplegia, proptosis, and chemosis, and may extend
upwards to form a frontal lobe abscess. A black necro-
tic scar may be seen in oral extension. Radiological
investigations, including computed tomography scan-
ning and magnetic resonance imaging, are useful in
defining the anatomical extent of the rhinocerebral
mucormycosis when planning surgery. The scans may
show opacification of the sinuses, bony destruction,
and arterial or venous occlusion.1 Cerebral involvement
may be seen as lucency on a computed tomography
scan. Imaging is helpful for planning intervention
rather than establishing the diagnosis.

Fig. Microscopic view of fungal hyphae

Table 1. Families and genera of Mucorales of medical
importance

Family Genera

Mucoraceae Absidia, Apophysomyces,
Mucor, Rhizomucor,
Rhizophus

Cunninghamellaceae Cunninghamella
Mortierellaceae Mortierella
Saksenaeaceae Saksenaea
Syncephalastraceae Syncephalastrum
Thamnidiaceae Cokeromyces
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Table 2. Case reports of Mucoraceae and Cunninghamellaceae in the literature

Report Sex/age Organism Underlying risk System Treatment
(years) factor/disease involvement and outcome

Amin et al, NM* Absidia Premature infant Disseminated Death
199820

Amin et al, NM Absidia Congenital heart Pulmonary Death
199820 disease
Lake et al, M/45 Absidia Immunocompetent Pulmonary Pneumonectomy/
198821 amphotericin B

Survived
EI-Ani and Dhar, F/50 Absidia Metastatic anaplastic Pulmonary Death
198222 carcinoma—receiving

chemotherapy
Brown et al, M/54 Apophysomyces Severe sinusitis— Rhinocerebral Surgery/amphotericin B
199823 receiving oral steroids Survived
Chakrabarti et al, M/52 Apophysomyces Idiopathic Craniofacial Death
199724 myelofibrosis
Mathews et al, F/ - Apophysomyces Immunocompetent Necrotising fasciitis Surgery/amphotericin B
199725 of abdominal wound Survived

following lower segment
caesarean section

Naguib et al, M/50 Apophysomyces Renal transplant Post-traumatic Surgery/amphotericin B
199526 recipient cutaneous infection Survived
Radner et al, M/19 Apophysomyces Immunocompetent Rhinocerebral Surgery/amphotericin B
199527 Survived
Meis et al, M/69 Apophysomyces Immunocompetent Osteomyelitis of Intertroracoscapular
199428 humerus amputation/

amphotericin B
Survived

Continued on page 184

Pulmonary mucormycosis commonly involves the
upper lobes with better aeration. The endobronchial
form is mainly found in patients with diabetes,4,16 pre-
senting with bronchial obstruction and haemoptysis.9,17

Signs and symptoms are non-specific. Cough, dyspnoea,
chest pain, and haemoptysis are common symptoms,
and fever is the most consistent sign. The typical
clinical picture is a profoundly ill neutropenic pa-
tient with unremitting fever despite broad-spectrum
antibiotics, progressive infiltration as shown on chest
X-ray, and rapidly deteriorating respiratory failure.
Findings on chest X-ray include patchy consolidation,
single or multiple areas of rounded pneumonia of
increasing size and number, and a cavitating lesion.
The actual extent of pulmonary involvement can be
much greater than that shown in chest X-rays, since
the vasoinvasion causes tissue necrosis which may
not be apparent on  X-ray.1 Eighty-seven patients with
pulmonary mucormycosis have been reviewed by
Lee et al4 since 1970—49 (56%) patients had diabetes
mellitus, of whom 10 (20%) patients had the com-
plication of ketoacidosis. The second largest group
comprised 28 (32%) patients with haematological
malignancy. Neutropenia occurred in 13 (46%) patients
in this group.The last group comprised 11 (13%)
patients with renal insufficiency, of whom 10 (11%)
were organ transplant recipients, and all 11 (13%) pa-
tients had no apparent underlying predisposing illness.

A high index of suspicion is needed to avoid delay
in diagnosis and treatment. Only 33% of mucormyco-
sis cases in haematological patients were diagnosed
by biopsy and bronchoalveolar lavage in the ante-
mortem period in Pagano et al’s study.18 The overall
survival rate of pulmonary mucormycosis is 44%, de-
pending on underlying predisposing conditions and
extent of the lesion. The cutaneous form is usually re-
lated to trauma and an outbreak was associated with
Elastoplast bandages contaminated by spores.2,19 In
addition, cutaneous disease may be part of the picture
in its disseminated form, which mainly occurs in pa-
tients with leukaemia. The gastrointestinal form may
present with gastrointestinal bleeding and features of
intra-abdominal sepsis, and is found in children with
protein-calorie malnutrition.1

Clinical syndromes caused by individual genera
of Mucorales were reviewed in a MEDLINE literature
search. Only those reports containing detailed descrip-
tions of the characteristics and species of Mucorales
were selected for analysis and have been summarised in
Table 2.20-51 The underlying diseases included haemic
malignancy (30), diabetes mellitus (10), solid organ
transplant recipients (6), and chronic renal failure (2).
Ten patients, who were immunocompetent, were mainly
infected with a cutaneous manifestation of Apophyso-
myces, which has the highest survival rate among the
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Continued from page 183

Report Sex/age Organism Underlying risk System Treatment
(years) factor/disease involvement and outcome

Eaton et al, M/ - Apophysomyces Immunocompetent Post-traumatic chest Surgery/amphotericin B
199429 wall/sternal infection Survived
Okhuysen et al, M/ - Apophysomyces Immunocompetent Cutaneous infection Surgery/amphotericin B/
199430 with secondary gamma-interferon

renal invasion Survived
Weinberg et al, M/59 Apophysomyces Immunocompetent Invasive cellulitis/ Surgery/amphotericin B
199331 osteomyelitis Survived
Lakshmi et al, M/ - Apophysomyces Immunocompetent Necrotising fasciitis Surgery/amphotericin B
199332 of abdominal wall Survived

following inguinal
herniorrhaphy

Huffnagle et al, NM Apophysomyces Multiple trauma Musculoskeletal Amputation/amphotericin B
199233 Survived
Cooter et al, NM Apophysomyces 25% full thickness Burn wound infection Amputation/amphotericin B
199034 burn Survived
Lawrence et al, M/56 Apophysomyces Immunocompetent Left kidney/urinary Surgery/amphotericin B
198635 bladder Survived
Wieden et al, F/ - Apophysomyces Diabetes mellitus Musculocutaneous Surgery/amphotericin B
198536 Survived
Webb et al, M/32 Mucor Liver transplant Rhinocerebral Death
199837 recipient
Szelenyi et al, NM Mucor Lymphoma—receiving Pulmonary Death
199638 2-chlorodeoxyadenosine
Fingeroth et al, F/23 Mucor Acute leukaemia— Cutaneous Amphotericin B
199439 receiving chemotherapy Survived
Santo et al, M/37 Mucor Behçet’s disease/ Pulmonary Pneumonectomy/
198640 diabetic ketoacidosis amphotericin B

Survived
Barnert et al, M/51 Mucor Diabetic ketoacidosis Rhinocerebral Surgery/ketoconazole
198541 Survived
St-Germain et al, M/40 Rhizomucor Acute leukaemia— Pulmonary Death
199342 F/48 receiving chemotherapy

M/18
St-Germain et al, F/53 Rhizomucor Acute leukaemia Disseminated Death
199342 M/18
St-Germain et al, F/48 Rhizomucor Acute leukaemia Pulmonary Death
199342 F/40
St-Germain et al, F/41 Rhizomucor Diabetes mellitus Cutaneous Amphotericin B
199342 Survived
St-Germain et al, M/38 Rhizomucor Acute leukaemia Disseminated Death
199342

St-Germain et al, M/72 Rhizomucor Acute leukaemia Rhinofacial Death
199342 F/42
St-Germain et al, M/11 Rhizomucor Acute leukaemia Rhinofacial Unknown
199342

St-Germain et al, F/20 Rhizomucor Acute leukaemia Disseminated Death
199342 M/58
St-Germain et al, M/76 Rhizomucor Myeloid metaplasia Disseminated Death
199342

St-Germain et al, M/86 Rhizomucor Uncertain Pulmonary Death
199342

Kameh et al, M/13 months Rhizopus Diabetic ketoacidosis Rhinocerebral Death
199743

Winkler et al, NM Rhizopus Renal transplant recipient Gastric Amphotericin B
199644 perforation Survived
Branton et al, M/61 Rhizopus Chronic renal failure/ Continuous ambulatory Death
199145 diabetic ketoacidosis peritoneal dialysis

peritonitis
Nakamura et al, NM Rhizopus Chronic renal failure— Disseminated Death
198946 receiving desferrioxamine

therapy
Dennis et al, NM Rhizopus Acute leukaemia— Gangrenous cellulitis Surgery/amphotericin B
198047 (2 cases) receiving chemotherapy of buttock Survived

Continued on page 185

}
}
}

}

}

}
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Continued from page 184

Report Sex/age Organism Underlying risk System Treatment
(years) factor/disease involvement and outcome

Dennis et al, NM Rhizopus Premature infant Gastric perforation Surgery/amphotericin B
198047 Survived
Hammer et al, M/53 Rhizopus Renal transplant recipient Rhinocerebral Death
197548

Cohen-abbo et al, M/8 Cunninghamella Lymphosarcoma—  Disseminated Death
199349 receiving steroids,

chemotherapy, and
radiotherapy

Cohen-abbo et al, M/13 Cunninghamella Post-necrotic cirrhosis Disseminated Death
 199349

Cohen-abbo et al, M/3 Cunninghamella Acute leukaemia—  Pulmonary Amphotericin B
199349 receiving chemotherapy Survived
Cohen-abbo et al, M/7 Cunninghamella Acute leukaemia—  Pulmonary Death
199349 receiving chemotherapy
Cohen-abbo et al, M/54 Cunninghamella Chronic leukaemia  Pulmonary Death
199349 with splenectomy
Cohen-abbo et al, M/53 Cunninghamella Chronic leukaemia— Pulmonary Death
199349 receiving steroids and

chemotherapy
Cohen-abbo et al, M/69 Cunninghamella Diabetes mellitus, Cutaneous Amphotericin B and
199349 asthma—receiving amputation

steriods Survived
Cohen-abbo et al, M/59 Cunninghamella Thalassaemia, Pulmonary and Death
199349 liver cirrhosis hepatic
Cohen-abbo et al, M/70 Cunninghamella Thalassaemia minor Rhinocerebral Death
199349 with haemochromatosis,

diabetes mellitus
Cohen-abbo et al, M/40 Cunninghamella Renal transplant recipient Disseminated Death
199349

Cohen-abbo et al, M/42 Cunninghamella Thalassaemia major— Cutaneous and Amphotericin B
199349 receiving desferrioxamine lymph node Survived

therapy
Cohen-abbo et al, M/66 Cunninghamella Chronic leukaemia— Disseminated Death
199349 receiving steroids and

chemotherapy
Cohen-abbo et al, F/48 Cunninghamella Myelodysplasia— Pulmonary Death
199349 receiving desferrioxamine

therapy
Cohen-abbo et al, F/19 Cunninghamella Liver transplant recipient Disseminated Death
199349 for Wilson’s disease
Cohen-abbo et al, M/27 Cunninghamella AIDS, intravenous Skin and knee joint Death
199349 drug abuse
Cohen-abbo et al, M/55 Cunninghamella Chronic leukaemia,  Pulmonary Death
199349 diabetes mellitus
Cohen-abbo et al, M/61 Cunninghamella Immunocompetent Pulmonary Death
199349

Ng et al, M/70 Cunninghamella Myelodysplasia, Sinuses Amphotericin B
199450 diabetes mellitus Survived
Kontoyianis et al, M/66 Cunninghamella Chronic leukaemia Disseminated Death
199451

Kontoyianis et al, M/51 Cunninghamella Acute leukaemia Pulmonary/sinuses Death
199451

Kontoyianis et al, M/51 Cunninghamella Acute leukaemia Pulmonary Death
199451

* NM not mentioned

Mucoraceae family. Rhizomucor was the most commonly
encountered organism in patients with leukaemia, with
a mortality rate approaching 100%. Infections due to
Cunninghamella from Cunninghamellaceae also carried
a high mortality rate of 81%.49 Cunninghamella mainly
causes pulmonary and disseminated infection. There
is intrinsic resistance by in vitro sensitivity testing to

amphotericin, which may account for the higher mortal-
ity rate compared with infections by other Mucorales.

Investigation
Serology currently has no place in diagnosis.2,4 The
yield in sputum is low if the specimen is homogenised
before culture inoculation. This dicing procedure
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destroys the aseptate fungus and decreases the sensi-
tivity of sputum culture. Demonstration of tissue
invasion by hyphae in a biopsy specimen is the gold
standard.2,19 Differential diagnosis of vascular involve-
ment in tissue invasion includes Aspergillus spp. and
Pseudomonas spp. infection that can only be differen-
tiated with certainty by culture.1 Detection of hyphae
in bronchial washings obtained by fibreoptic broncho-
scopy after dissolving in 10% potassium hydroxide
is also highly suggestive of infection, although the
histology from open lung biopsy or transthoracic fine
needle aspiration is more diagnostic.2,8 It is important
to screen for coexisting sites of mucormycosis. For
instance, sinus involvement needs to be excluded in
pulmonary mucormycosis.

Treatment
The present increased overall survival of patients with
mucormycosis is related to improved diagnosis, and
use of surgical intervention combined with effective
antifungal agents.1,3 Since survival is associated with
early diagnosis, a high index of suspicion and prompt
diagnosis by aggressive investigation such as tissue
biopsy, significantly affects the treatment outcome.
The importance of correcting or controlling the underly-
ing predisposing condition cannot be overemphasised.
Better glycaemic control in diabetes and adjustment
of immunosuppressing drugs are important factors in
determining the treatment outcome. There are reports
that show that correction of diabetic ketoacidosis
alone may cure mucormycosis.52 Higher mortality
rates in haematological and neutropenic patients (up
to 76% in a study by Pagano et al18) is due to an inabil-
ity to rapidly correct the host defence abnormalities
accompanying the underlying haemic conditions,
which become the determining factor in prognosis.18

Early and repeated surgical debridement of all grossly
involved tissue is important for local control of the
condition, especially in rhinocerebral, pulmonary, and
cutaneous mucormycosis,2 and early resection of the
pulmonary lesion is often necessary to prevent severe
haemoptysis. Amphotericin B is the most reliable anti-
fungal agent that is effective against mucormycosis.
Although the in vitro sensitivity is variable from
isolate to isolate, amphotericin B is clinically effective.
The recommended dose is 1 mg/kg/d, but a dosage of
up to 1.5 mg/kg/d may be needed for serious infection.
The duration of treatment is between 3 to 6 weeks
with a total dose of 2.0 to 4.0 g administered, depend-
ing on the clinical response, underlying disease, and
toxicity.1 Liposomal amphotericin B is advocated be-
cause of its reduced nephrotoxic effect and improved
cell penetration.5 The synergistic effect of amphoter-
icin B and rifampicin or fluorocytosine is not well

proven.1,2 Azoles have no consistent activity against
mucormycosis. Paradoxically, hyperbaric oxygen
therapy to inhibit mucor growth has been used as
auxiliary treatment in cutaneous and rhinocerebral
mucormycosis.53 The mechanism may be related to
generation of free radicals damaging the membranes,
inactivating the enzymes, and enhancing the bacteri-
cidal action of neutrophils. Hyperbaric oxygen may
reverse vascular insufficiency by vascular invasion and
occlusion, reducing the acidosis that would otherwise
enhance fungal growth. Oral antifungal prophylaxis
is ineffective. The use of a high efficiency particulate
air filter ventilation system to reduce the exposure
of neutropenic patients to the environment may be
considered for prophylaxis.54 There are preliminary
reports using an intranasal or aerosol form of ampho-
tericin B to prevent mucormycosis.9

New directions for treatment of mucormycosis
depend on a better understanding of the mycology and
mechanisms of host resistance. Improved survival in
mucormycosis relies on the efficacy of new anti-
fungal agents and methods to reverse host defence
abnormalities. Due to the angioinvasive nature of
the fungus, selective angioembolisation may be
considered to deprive the fungus of oxygen and nutri-
ents and achieve local control of the fungal growth.
Manipulation of the microenvironment of the fungus
to inhibit its growth may be considered. Reversing
an acidic environment by systemic alkalisation,
as in diabetic ketoacidosis, is a logical way to inhibit
fungal growth. The role of unsaturated transferrin to
diminish iron availability thereby inhibiting mucor
growth warrants further exploration. Immunomodu-
lators may be used to augment host defence. The use
of growth factors such as granulocyte-macrophage
colony-stimulating factor may shorten the period of
neutropenia and stimulate the phagocytic activity of
neutrophils and the proliferation of macrophages.55

The efficacy of granulocyte transfusion for patients with
prolonged neutropenia requires further investigation.

Conclusion

Mucormycosis has growing importance because of
the increasing population of immunocompromised
patients. Due to the high mortality and morbidity rates
of the fungal infection in this group of patients, a high
index of suspicion is warranted in the relevant clinical
situation. Early diagnosis by an aggressive investiga-
tive approach to obtain tissue biopsy and early sur-
gical intervention, combined with systemic antifungal
therapy will optimise the treatment outcome. Correc-
tion of the underlying risk factors is essential to achieve



HKMJ Vol 7 No 2 June 2001      187

Invasive disease due to Mucorales

a cure. Advances in treatment rely on better under-
standing of the interaction of the host and fungus.
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