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Abstract

mon yet fatal condition.

Mucormycosis is a perilous fungal infection that primarily affects individuals with compromised immune systems. The
escalating incidence of conditions such as diabetes, cancer and the use of immunosuppressive drugs renders more
individuals susceptible to contracting this disease. This report delves into the case of a 45-year-old woman from Tan-
zania with diabetes who succumbed to rhino-cerebral mucormycosis. Despite aggressive treatment, which often
involves disfiguring surgical debridement and administration of antifungal drugs, the mortality rate remains high.
Additionally, we present a comprehensive literature review of the various clinical aspects of Mucormycosis, an uncom-
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Introduction

Mucormycosis is an uncommon severe fungal infection
caused by fungi of the Mucorales order which are part
of a group of fungi known as Mucormycetes. Mucorales
are ubiquitous and can be found in diversified environ-
ments such as soil, decaying organic matter, compost,
and contaminated food sources [27, 36]. While the
most common causative agents in human infections
are Rhizopus (Rhizopus oryzae), Mucor circinelloides,
Mucor velutinosus, and Rhizomucor pusillus, other
organisms of clinical relevance in this order include,
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Cunninghamella bertholletiae, Apophysomyces elegans,
Lichtheimia (previously referred to as Absidia), Sakse-
naea vasiformis, Actinomucor elegans, and Syncephalas-
trum racemosum [6, 18, 27].

The actual incidence of mucormycosis remains uncer-
tain; however, its mortality rate ranges from 31% and
approaches 96% in the settings of disseminated disease
[18, 28, 34]. The disease almost always occurs in immu-
nocompromised patients, diabetes mellitus (DM) being
one of the most common underlying medical comorbidi-
ties [5, 18, 22]. Establishing the diagnosis of this condi-
tion is often challenging and requires a high index of
suspicion, many a time necessitating invasive diagnos-
tic investigations [32]. Here, we present a case of fatal
mucormycosis involving the orbital and sinonasal regions
in a patient with diabetes.

Case presentation

A 45-year-old female, known diabetic on metformin
for 3 years, presented at our facility with left eyelid and
facial swelling for 1 week associated with bloody nasal
discharge mixed with pus, congestion and stuffiness,
blurred vision, fever, and black lesions on the nasal
bridges. This was also associated with headache and pain
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above the eyes. She had no history of smoking tobacco
or alcohol use. On physical examination, she was febrile
(38.1 °C axillary temperature), with the rest of the vital
signs within the normal limits. Local examination of the
face and left eyelid revealed a tender, swollen, hyper-
pigmented left eyelid with crusted yellowish discharge,
diminished vision, and restricted eye movement. A rhi-
noscopy was done which revealed a gangrenous anterior
septum and a necrotic left inferior turbinate with no sep-
tal perforation. Laboratory investigation results indicated
a high random blood glucose level, elevated blood urea
nitrogen, serum creatinine, and leukocytosis with a pre-
dominance of neutrophils (Table 1). A Computer Tomog-
raphy (CT) scan of the head showed bilateral air pockets
in the orbits (Fig. 1A, B), bilateral cortical bone disconti-
nuity of the medial-lateral walls of the maxillary sinuses
with multiple air pockets seen in the maxillary sinuses
as well as subcutaneous multiple air locules surround-
ing left maxillary and zygomatic regions in keeping with

Table 1 Details of laboratory investigations performed on

admission
Laboratory tests and Results Referencerange Sland CU
parameters
Full blood count
White blood cells 3488  4-10 X 10A9/L
Neutrophils 92.48 40-80 x 10A9/L
Lymphocytes 3522 20-40 X 10A9/L
Monocytes 3.321 2-10 X 10A9/L
Red blood cells
Hemoglobin 7.221  10.4-13.6 gm/dL
Hematocrit 25.95 36-46 /1
Mean cell volume 8502  83-99 fl
Mean cell hemoglobin 2366 27-32 pg
Renal function test
Blood urea nitrogen 8.5 2.5-6.7 mmol/L
Serum creatinine 125 27.0-88.0 pumol/L
Blood glucose
Random blood glucose >30 <78 mmol/L

umol/L micromole/liter, CU conventional units, gm/dL gram/deciliter, gm/L gram/
liter, L liter, mmol/L millimoles/liter, s seconds, S/ International System of Units,
U/L units/liter, fl femtoliter, pg picogram

(See figure on next page.)
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emphysematous changes (Fig. 1C, D), the brain paren-
chyma was normal (Fig. 1E, F).

The patient was started on broad-spectrum antibiotics
including Metronidazole, Ceftriaxone and Meropenem,
hematinic, and other drugs as per diabetic treatment
protocols. Renal function monitoring as well as dietary
control were done accordingly. She then underwent a
left hemi-maxillectomy, orbital exenteration, and surgi-
cal debridement a week after admission. Tissue submit-
ted for histopathological examination revealed multiple
broad pauci-septate/nearly aseptate fungal hyphae which
were thin-walled and occasionally branched at right
angles as well as surrounding necrosis and invasion of
the fibrous and adipose tissues (Fig. 2). She was then
started on IV Liposomal Amphotericin B at 250 mg OD
for a total of 21 days. The response to treatment in the
first three weeks of admission was satisfactory and was
later kept on itraconazole 200 mg OD for 7; however, the
patient’s condition deteriorated thereafter, necessitating
the placement of a tracheostomy and mechanical ventila-
tion. On the fourth week of admission, she succumbed to
the illness.

Discussion

Epidemiology

Mucormycosis infection results from inhalation of spo-
rangiospores. However, in rare instances, the infection
results from wound inoculation by contaminated dress-
ing materials and instruments [27, 36]. Individuals at
an increased risk of contracting this infection include
diabetic patients with recurrent episodes of ketoacido-
sis, burn and trauma patients, patients receiving iron
chelation therapy, and immunocompromised individuals
suffering from cancer and those receiving chemother-
apy [18]. Additionally, chronic sinusitis with impaired
mucociliary function has also been associated with an
increased likelihood of developing the rhino-cerebral
form of mucormycosis [21]. Nonetheless, the major
underlying risk factors in the order of frequency in Africa
include DM, malignancies, and neutropenia [22].

The incidence of mucormycosis is unclear and under-
reported due to the challenges in diagnosing the condi-
tion as most cases require histological or microbiological
confirmation [27]. However, a study conducted in France

Fig. 1 A, B Non-contrasted CT scan of the brain at the level of the orbits, axial plane, soft tissue window (A) and bone window (B) show bilateral
air pockets in the orbits (arrow) and left extraconal region (white curved arrow) and greater wing of sphenoid bone (yellow curved arrow). The
lens, optic nerve and extraocular muscles are intact. C, D Both are CT scan images of the head, axial views at the level of the maxillary sinuses, bone
window shows bilateral cortical bone discontinuity of the medial lateral walls of the maxillary sinuses (white arrows), bilateral soft tissue densities
(24-37 HU) with multiple air pockets seen in the maxillary sinuses LT > > RT (star), subcutaneous multiple air locules are also seen surrounding

left maxillary and zygomatic regions (curved arrows) in keeping with emphysematous changes. E is non-contrasted brain CT axial plane and F

is contrasted brain CT axial plane. Both images show normal brain parenchyma and attenuation
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revealed an increasing annual incidence from 0.7 to 1.2
per million persons between 1997 and 2006, where, a
higher incidence rate was observed among patients with
hematological malignancies, with an annual increase of
24% from 1997 to 2006 [15]. In France, mucormycosis is
now the fifth leading cause of invasive fungal infections,
accounting for 1.5% of all cases [2]. In India, where the
disease is more prevalent, the incidence rose from 13
cases per year between 1990 and 1999 to 50 cases per
year between 2006 and 2007 [28].

The condition has a male predilection and the most
common clinical forms include rhino-orbital-cerebral
(ROC) and sinus (39%) due to the mode of infection
which begins with inhalation of the spores and that
allows the fungus to spread on the paranasal sinuses and
adjacent sinuses [30], pulmonary (24%), cutaneous (19%),
gastrointestinal (2 to 9%) as well as disseminated mucor-
mycosis [28]. However, the underlying medical condi-
tions that increase the risk of infection can influence
the clinical presentation and outcome [4]. In diabetic
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Fig. 2 Photomicrographs (H&E) show multiple broad pause-septate/nearly aseptate fungal hyphae, thin-walled and occasional branching at right
angles in a necrotic background (A, B); and invading the fibrous tissue (C) and fatty tissue (D) (see black arrows), Elsewhere, cartilage tissue was seen
(asterisk)

patients, as of the presented case, the most common
presentation is ROC mucormycosis [12, 21, 37]. The
mortality rate for mucormycosis varies depending on
the clinical presentation and underlying medical con-
dition, with an overall mortality rate as high as 50% [4].
In patients with diabetes, mortality rates range from 4
to 75% [4, 22, 28]. Disseminated mucormycosis presents
with the highest mortality rates ranging up to 96%, while
the cutaneous form presents with the lowest reported
overall mortality of 25% [4, 22, 26, 27].

Pathophysiology

Several virulent factors are implicated in mucormy-
cotic infections, one of which includes the organism’s
capacity to sequester iron, which is not readily avail-
able under normal physiological conditions in humans
[27]. Mucormycetes exhibit a high affinity for iron per-
mease (FTR1), enabling their survival in iron-deprived
environments [36]. While iron chelators used in iron
toxicity treatment are inhibitory, deforaxime, acting
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as a xenosiderophore, has been found to increase the
risk of mucormycosis by enhancing Mucorales growth
and pathogenicity, akin to elevated plasma concentra-
tions of free iron [7, 27]. This poses a particular risk for
diabetic patients since ketoacidosis in diabetics is often
associated with elevated serum plasma free iron levels
compared to non-diabetic individuals [14]

Mucorales display angiotropic behavior and pos-
sess a propensity to invade endothelial cells, leading
to both local and disseminated disease. This invasion
is facilitated by the spore surface protein, coat protein
homology 3 (CotH3), which binds to the endothelial
cell receptor and glucose-related protein 78 (GRP78),
thereby promoting invasion and subsequent throm-
bosis and gangrene [5, 27]. Additionally, vascular
endothelial growth factor (VEGF), a well-known pro-
angiogenic factor that fosters neovascularization has
been associated with mucormycosis; facilitating disease
progression and spread into adjacent tissues [41].

Notably, the condition is more prevalent in patients with
neutropenia as opposed to those with HIV-related immu-
nodeficiency and those with neutrophil dysfunction such
as those with diabetes and ketocidosis underpinning the
crucial role of neutrophils rather than T cells in phagocy-
tosis and limitation of spore proliferation [4, 16, 41]. Muc-
orales also produce enzymes such as protease and ketone
reductase, which aid survival in high glucose and acidic
conditions, thereby increasing the risk of infection and
severe diseases in diabetic ketoacidosis cases, as observed
in this scenario [8, 14, 27].

The primary host defense against Mucorales involves
phagocytes, which are essential in controlling spore
proliferation and killing through the production of
oxidative metabolites, cationic peptides, and defensins
[8]. These pathogens bind to toll-like receptor-2 (TLR-
2) and stimulate the release of nuclear factor kappa [
(NK-kp), (interleukin-6) IL-6, interleukin-8 (IL-8), and
tumor necrosis factor-a (TNF-a) [14]. However, con-
ditions like hyperglycemia, acidosis, and steroid usage
can impair phagocytic function, leading to a weak host
defense mechanism [27]. Moreover, other risk factors,
such as chronic persistent sinusitis, result in the down-
regulation of epidermal differentiation complex factors
like S100 proteins and the SPINK5 gene, which play a
role in maintaining barrier functions in the upper res-
piratory tract mucosa [29].

Certain Rhizopus species like Rhizopus microsporus
and Rhizopus chinensis harbor an endosymbiotic bac-
terium called Bulkorlderia that produces a mycotoxin
known as rhizotoxin. This mycotoxin acts as an anti-
mitotic microcyclic polyketide metabolite, inhibiting the
host cell cycle [23].
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Symptomatology

Symptoms of mucormycosis are non-specific and may
overlap with symptoms of other fungal infections such
as aspergillosis, candidiasis, fusariosis, scedosporiosis,
and histoplasmosis [4, 27]. The hallmark of this disease
is tissue necrosis as a result of angioinvasion resulting in
a black eschar [27]. The spread of the disease is usually
fast, but there are rare descriptions of infections with an
indolent course [7].

The commonest presentation is the ROC form, as of
the presented case. Most patients with the ROC disease
present with fever, diplopia, headache, nasal congestion,
purulent nasal discharge, and sinus pain [7, 27, 36]. Infec-
tion involving the sinuses can spread to adjacent tissues
such as the palate, orbit, and brain,this spread generally
occurs over a short course of days. Few cases of ROC
infection have been reported to progress slowly over the
course of weeks [12]

Another form of presentation is related to pulmonary
infection which manifests as fever, chest pain, and hem-
optysis due to angioinvasion. Extension of the infection
to the heart and the mediastinum can also occur [27].
Pulmonary infections occur mainly in patients with neu-
tropenia and hematological malignancies [4, 28].

Cutaneous presentation can occur in both immuno-
competent and immunocompromised patients with an
equal distribution. These lesions start as painful ery-
thema and induration and progressively become necrotic,
forming a blackish eschar [4, 5, 36]. Other rare forms of
mucormycosis include gastrointestinal mucormycosis,
renal and disseminated mucormycosis.

Diagnosis
Diagnosing mucormycosis calls for a high index of sus-
picion. Imaging, histology, microbiology, and advanced
molecular techniques are some of the modalities used in
diagnosing this condition [32]. However, the gold standard
test is the identification of the organism by direct micro-
scopic examination, culture, and histopathology. Nonethe-
less, cultures are only positive in 50% of cases [4, 32].
Fungal elements are visible on hematoxylin and eosin
sections. Periodic acid-Schiff or Grocott-Gomori’s
methenamine silver staining is also used to highlight
fungal hyphae, hence allowing a detailed evaluation of
the morphology. Mucorales hyphae range in width from
6 to 25 pum, are non-septate or pauci-septate, and have
an uneven, ribbon-like appearance. The branching angle
varies and includes wide-angle (90°) bifurcations [32].
Moreover, Inflammation, whether neutrophilic or granu-
lomatous, dominates tissue histology and may be absent
in cases of severe immunosuppression [4, 32, 36]. There
are histopathological features that predict prognosis and
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treatment outcome. Higher fungal load, inflammatory
infiltrates in particular neutrophils, degree of necrosis,
and extent of angioinvasion are said to be associated with
poor outcomes. Shanmugasubdaram et al. and Jain et al.
recommended grading the stage of mucormycosis based
on those histopathological features [17, 31].

Molecular testing and immunohistochemistry with
monoclonal antibodies, anti-Rhizomucor-antibodies,
are used to further classify the species [4, 32]. Molecular
testing such as polymerase chain reaction (PCR), restric-
tion fragment length polymorphism (RFLP), and DNA
sequencing in paraffin-embedded tissue blocks have high
sensitivity and therefore useful in culture-negative sam-
ples when there is a high index of clinical suspicion and
can be used to confirm the presence of Mucorales in his-
tological specimens [10, 32].

While various studies have demonstrated the efficacy
of serum or plasma PCR assays, their clinical relevance
remains unknown [19]. However, invasive sampling can
be avoided if PCR-based testing on serum or plasma
samples is used. Furthermore, the detection of Mucor-
ales-specific T—cell lymphocytes by serological tests such
as enzyme-linked immunospot (ELISpot) assay has been
tested. The utility of such techniques as surrogate diag-
nostic markers for Mucorales remains under investiga-
tion [25].

Imaging also plays a crucial role in diagnosing mucor-
mycosis; however, radiological features are usually not
specific. CT scan for pulmonary mucormycosis has
been well studied, presenting classically as a reversed
halo sign showing enhanced consolidation with central
ground glass appearance. Other features include multi-
focal pneumonia which is usually indistinguishable from
bacterial or aspiration pneumonia [9]. In ROC mucormy-
cosis, both CT scan and contrasted MRI are useful, none-
theless, the former is cost-effective and readily available
[13, 35]. However, MRI is useful in detecting the disease
at an early stage before bone destruction is evident on
CT scans. Furthermore, MRI has proven to be useful in
the detection of sinus, extra sinus, intracranial, vascular,
orbital, optic nerve, and skull base involvement, all of
which have benefits to prognostication, staging, treat-
ment planning, and follow-up [35].

Treatment

The mainstay treatment for mucormycosis is the combi-
nation of surgical debridement, anti-fungal therapy, and
elimination of the underlying risk factors mentioned ear-
lier. Surgical debridement should be done as soon as the
diagnosis of mucormycosis is suspected. Debulking of
the infection by surgical debridement is associated with
improved outcomes for ROC and pulmonary mucormy-
cosis [6, 38]. Amphotericin B is the most active antifungal
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drug against the Mucolares, started as an initial dose
of 5-10 mg/kg for several months to years. Early treat-
ment with Amphotericin B is crucial in achieving disease
control, however, renal impairment following the drug is
not uncommon particularly for non-lipid-based Ampho-
tericin B. The lysosomal formulation as compared to
deoxycholate is well tolerated and has less nephrotoxicity
[3, 11, 40]. Step-down therapy following Amphotericin B
is with broad-spectrum azoles, i.e., Posaconazole and Isa-
vuconazole for patients who have responded to Ampho-
tericin B. The use of Posaconazole delayed-release tablets
(300 mg every 12 h on the first day, then 300 mg once
daily) [33] taken with food is favorable when switch-
ing to an oral regimen. One study done in patients with
COVID-19-associated Mucormycosis showed improve-
ment with triazoles, i.e., Posaconazole or Isavuconazole
as predominant antifungal therapy [33]. In this case,
Amphotericin B dosage was low due to impaired renal
function, and step-down treatment was done with itra-
conazole due to scarcity of the triazole, which may have
contributed to the mortality.

Combined antifungal therapy is still under clinical
trials but studies have shown better outcomes when
Amphotericin B is combined with triazoles such as
Posaconazole and Isavuconazole as well Echinocandins
particularly Caspofungin [20, 34] and especially in dia-
betic patient as in this case [24]. Although the use of
these antifungal therapies is well known, susceptibil-
ity varies across the species [20, 32]. In general, Mucor
spp. are more susceptible to Posaconazole, Isavucona-
zole, and Itraconazole as opposed to Rhizopus and Lich-
theimiaceae [1, 39]. Other antifungal medications such
as Voriconazole, Fluconazole, and Flucytosine are inef-
fective in mucormycosis [39].

Conclusions

Mucormycosis remains a fatal disease with poor out-
comes and necessitates high-index clinical suspicion.
The clinical presentation and outcome are influenced by
underlying risk factors, promptness of aggressive treat-
ment, and comorbidities altering treatment. Mucor-
mycosis should be staged early on to assess response to
treatment and follow-up should be done by imaging and
monitoring the drug minimum inhibitory concentra-
tion (MIC) to predict response. In Africa, where limited
information exists about mucormycosis, it is imperative
to conduct additional research to identify underlying risk
factors and understand the true burden of the disease,
given the increasing prevalence of diabetes mellitus and
other risk factors in the region.
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