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ABSTRACT
Mucormycosis is an angio-invasive infection caused by the Mucorales fungus. Although it is an uncommon condition, it is
becoming more common among immunocompromised people. Primary disease is usually caused by an airborne infection
that starts in the upper or lower airways and leads to sinusitis, rhino cerebral Mucormycosis, or pulmonary infection.
Although infection dissemination to the skin, brain, and other locations is uncommon, direct infection extension to adjacent
areas is common if patients do not receive vigorous surgical and medical treatment. Rhino-orbit cerebral, cutaneous,
disseminated, gastrointestinal, and pulmonary forms can all be found. Despite the intensive therapy, there is an overall
higher death rate. The primary goal and purpose of this study is to provide an overview of Mucormycosis, as well as the
diagnostic and therapeutic options.
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INTRODUCTION

A chronic, subacute, and frequently progressive spectrum
of fungal infections from the order of Mucorales from the
Zygomycete class is described by the name
"mucormycoses" [1]. Mucormycosis is a rare fungal illness
that is frequently present in soil, manure, plants, fresh
fruit, veggie, air, mould, and even in the healthy
individuals. It affects the sinus, brain and lungs and can
jeopardise people who are diabetical or have a significant
immune defect [2]. The pathologist R. D. Baker from the
United States adopted the name "Mucormycosis" for
denoting a mycosis of some Mucorales members [3]. The
first instance of Mucormycosis was recorded in 1885, by
the German doctor Paltauf and characterised as Mycosis
Mucorina. N Rhizopus oryzae is the most prevalent
organism identified from mucormycosis patients and ~70
percent of all mucormycosis cases is accountable [4].
A large range of opportunistic bacterial and fungal
infections have been associated with coronavirus 2019
(COVID-19) caused by severe acute coronavirus-2 (SARS-
CoV-2). The predominant fungal pathogens for co-
infection in COVID-19 persons have been reported as both
Candida and Aspergill [5]. Recently, there have been more
and more reports of many occurrences of mucormycosis in
patients living with COVID-19 worldwide, especially in
India.

Epidemiology

The clinical manifestation of mucormycosis is determined
by the underlying medical state of the patient. The most
prevalent form of mucormycosis is rhino-orbito-cerebral
mucormycosis (44–49%), followed by cutaneous (10–
16%), pulmonary (10–11%), disseminated (6–11.6%),
and gastrointestinal (2–11%) mucormycosis [6].
Mucormycosis is becoming more prevalent. Because there
are few people, there are few population-based studies
which differ in capture dates, populations, and defining or
diagnostic processes, the actual incidence/prevalence is
unknown [7]. Mucormycosis is becoming more prevalent
over the world, with an alarming increase in the number
of cases reported from developing countries such as India.
Mucormycosis is prevalent in India with a rate of 0.14
instances per 1000 people, which is nearly 80 times higher
than the rate in affluent countries [8,9].
Chakrabarti et al. published three successive
investigations from a single location in India, finding that
the incidence of mucormycosis was 12.9 cases per year in
the first decade, 35.6 cases per year over a 5-year period,
and 50 cases per year over an eighteen-month period [10].
A single tertiary-care centre in India has documented
three successive case series on mucormycosis: 129 cases
over ten years (1990–1999), 178 instances over the next
five years (2000–2004), and 75 cases over an 18-month
period in 2006–2007. Following this, many more Indian
centres have reported multiple series of this disease in
various risk groups. Three case series on mucormycosis
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have been documented in India, including 129 cases over
10 years (1990–1999), 178 cases over the next five years
(2000–2004), and 75 cases over an 18-month period in
2006–2007. Following this, multiple series of this disease
have been documented in various risk groups in many
more Indian centres. The findings show an overall
mucormycosis prevalence of 0.14 instances per 1000
people in India, with a prevalence range of 208 177 to
137 807 cases (Mean: 171 504; SD: 12 365.6; 95 percent
CI: 195 777–147 688) and a mean of 65 500 (38.2%)
related deaths each year [7,11,12].

Clinical manifestations

The mechanism of transmission is reflected in the illness
symptoms, with rhinocerebral and pulmonary disorders
being the most prevalent. There are other cases of skin,
gastrointestinal, and allergy problems. Mucormycosis is
divided into rhino-orbito-cerebral (ROCM), pulmonary,
gastrointestinal, cutaneous, renal, disseminated, and
other miscellaneous forms that include infection of the
bones, heart, ear, parotid gland, uterus, urinary bladder,
and lymph nodes [13].
Mucorales affects the head and neck in several stages.
Infection originates in the palate or paranasal sinuses,
spreads to the orbit, and, if not treated promptly, spreads
to the brain.

Rhino-orbital-cerebral

Fever, lethargy, headache, orbital pain, sudden loss of
vision, ophthalmoplegia, proptosis, ptosis, dilated pupil,
corneal anaesthesia and clouding, chemosis, periorbital
cellulitis, sinusitis, epistaxis, facial palsy, trigeminal nerve
distribution sensory loss, and seizures are some of the
signs and symptoms [14,15]. Complications such as
cavernous sinus and internal carotid artery thrombosis
have also been documented [14–17]. Typically,
cerebrospinal fluid findings are non-specific and
unremarkable.
Early on, paranasal sinus involvement may appear on
computed tomography as benign mucosal thickening.
Later, bone destruction occurs. Mucorales enters the
retro-orbital area and frontal lobes via the ethmoid or
sphenoid sinuses [18,19]. It can also enter the brain via
the superior orbital fissure, ophthalmic arteries, the
perineural pathway, the cribiform plate, or the carotid
artery canal fluid findings are unremarkable as well as
nonspecific [20,21].
The typically characterised clinical signal of infection has
been black necrotic eschar seen on the palate or nasal
mucosa, but this lesion is not always present on
presentation of the patient. As a result of infection in the
nasal cavity or paranasal sinuses via palatal vessels,
involvement of the oral cavity usually manifests as palatal
ulceration or necrosis, followed by perforation of the
palate.
Ferry et al. observed a black eschar on the skin, nasal
mucosa, or palate in 19% (three of 16) of patients at
presentation, while the majority (68%) developed this

symptom afterwards [15]. Patients with early-stage
illness frequently have face cellulitis and anaesthesia,
nasal discharge, fever, headache, necrotic turbinates and
lethargy [15,16,22–26].

Pulmonary

This is the second most prevalent location of Mucorales
infection involvement [27,28]. The major mode of
infection is spore inhalation. Its clinical manifestation is
identical to that of invasive pulmonary aspergillosis. The
radiographic appearance of pulmonary mucormycosis is
similar to that of aspergillosis [15,24,29,30]. Both
infections have the ability to infiltrate blood arteries and
cause thrombosis. Patients with leukaemia have
historically been thought to make up the bulk of cases;
however, new studies have revealed that diabetes
mellitus is the most common underlying illness [31].
Infiltrate, wedge-shaped consolidation, nodule,
cavitation, mycetoma, lobar collapse, and, in rare cases,
pleural effusion are all radiographic manifestations. The
air crescent sign, which generally indicates invasive
pulmonary aspergillosis, was present in 12% of the 32
mucormycosis patients evaluated by McAdams et al. On
chest radiograph, 66 percent of the mucormycosis cases
showed consolidation and 41% had cavitation [32,33].

Cutaneous

Cutaneous mucormycosis can develop as a result of a
break in the skin's integrity caused by surgery, burns,
contaminated trauma, automobile accidents, abrasions,
lacerations, bone fractures, intravenous lines, insect
bites, cactus spine injuries, biopsy sites, allergen patch
testing, contaminated adhesive tapes, and intramuscular
injections.
Cutaneous mucormycosis can present as either a
superficial or a deep infection. Pustules, blisters, nodules,
necrotic ulcerations, echthyma gangrenosum-like lesions,
or necrotizing cellulitis can all occur.
Disseminated mucormycosis affects two or more
noncontiguous organs. The majority of individuals with
disseminated mucormycosis are neutropenic patients
with leukaemia or lymphoma [34,35]. In 23–62 percent
of cases of haematological malignancy, dissemination
occurs [23,25,35–39]. Organ transplantation,
chemotherapy, corticosteroids, and deferoxamine
medication are further risk factors for spreading. Many
patients are contaminated with several bacteria, viruses,
or fungi. Disseminated illness has a near-100 percent
mortality rate [16,28,39].

Gastrointestinal

Abdominal discomfort, haematemesis, and melena are
common signs and symptoms of gastrointestinal
mucormycosis. Given the substantial risk of GI
perforation and exanguination, surgical intervention
becomes necessary.
Patients with acute myelogenous leukaemia, lymphoma,
diabetic ketoacidosis, nonketotic diabetes mellitus,
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amoebic colitis, typhoid fever, pellagra, kwashiorkor,
malaria, malnutrition, meningococcaemia, and
prematurity who have undergone organ, bone marrow, or
peripheral blood stem cell transplantation, as well as
those with acute myelogenous leukaemia tend to develop
gastrointestinal mucormycosis [5,40,41].

Oral manifestations

• Halitosis.
• Redness and swelling of the gums.
• Pus discharge from the gums.
• Loosening of teeth (majorly maxillary teeth).
• Discoloration of the palate usually associated with

ulcerations, which may progress into ischemic
necrosis and bony denudation in certain cases.

• Headache and pain, usually on one side of the face.
• Swelling seen involving the middle third of the face on

the affected side.

Predisposing factors/underlying conditions

Mucorales cause human zygomycosis, which typically
develops as an opportunistic infection in
immunocompromised hosts. Diabetes, neutropenia, long-
term immunosuppressive therapy, chronic prednisone
use, iron chelation therapy, broad-spectrum antibiotic
use, severe malnutrition, and first breakdown within the
integrity of the cutaneous barrier such as trauma,
surgical wounds, needle sticks, or burns are all host risk
factors.

Diabetes mellitus and ketoacidosis

Diabetes mellitus is the most common underlying illness
in mucormycosis patients worldwide. Type II diabetes,
which is uncontrolled, is the most frequent. A recent
study comparing North and South India discovered
diabetic ketoacidosis in 90% of cases from North India
and 10% of those from South India. Diabetes has been
linked to 73.5 percent of mucormycosis cases in India, 75
percent in Iran, and 72 percent in Mexico
[10,13,16,42,43].

Hematological malignancies and hematological
somatic cell transplantation

In Europe, the United States, and Australia, the most
prevalent underlying disorders in mucormycosis are
hematopoietic malignancies (HMs) and hematopoietic
somatic cell transplantation (HSCT). In India, HM was a
risk factor of 1–9%. When a patient has chronic
neutropenia, the risk is increased. HSCT is also a
significant risk factor. Mucormycosis incidence ranged
from 0.08 percent to 0.69 percent among HSCT
recipients. In India, the incidence of HSCT as a risk factor
for mucormycosis has been reported to be 1%
[22,24,38,44–46].

Solid organ malignancies and solid organ
transplantation

Although not as common as HM and HSCT, solid organ
malignancies (SOMs) and solid organ transplantation
(SOT) are key risk factors for mucormycosis. A
prospective, matched case-control research found that
renal failure, diabetes, and prior voriconazole and/or
caspofungin use were associated with a higher risk of
mucormycosis, but tacrolimus, a calcineurin inhibitor,
was associated with a lower risk [47].

Corticosteroids and other immunosuppressive
medications

Long-term use of corticosteroids and other
immunosuppressive agents is a major risk factor for
mucormycosis. They're used to treat cancer, organ
transplants, and autoimmune illnesses. Corticosteroids
inhibit macrophage movement, ingestion, and
phagolysosome fusion. They will also cause drug-induced
Hyperglycemia. Mucormycosis is associated with long-
term (>3 weeks) high-dose systemic corticosteroids.
There have been reports of mucormycosis associated
with short doses of corticosteroids [48,49].

Iron overload

Because iron is crucial in the pathophysiology of
mucormycosis, elevated serum iron levels may be a risk
factor. Iron is typically bound to transferrin and ferritin
and is therefore unavailable to Mucorales fungi. The
affinity of those proteins to bind iron is diminished in
patients with diabetic ketoacidosis or other types of
acidosis [50,51].

Breakthrough mucormycosis

The use of antifungal prophylaxis or medication that is
effective against Aspergillus but not Mucorales
(voriconazole and echinocandins) is another factor that
will predispose to mucormycosis [23,52–54].

In condition where there is no underlying disease

In such situations, trauma or burns are the most common
predisposing factors, resulting to cutaneous disease.
Trauma can be minor (injection sites, animal bites,
gardening, etc.) or severe, such as an automobile
accident, natural disasters, or surgery. Mucormycosis has
also been documented as a result of a combat-related
injury.

Healthcare-associated mucormycosis

There have been numerous reports of healthcare-
associated mucormycosis, either as single cases or as
outbreaks. During an eighteen-month period, 75 cases of
mucormycosis were published in an Indian magazine,
with 9 percent being nosocomial.
• The most common cause of infection is the use of

non-sterile items. Bandages, adhesives, nitro-
glycerine patches, contaminated linen, wooden
tongue depressors, ostomy bags, and probiotics have
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all been implicated. There has even been a report of
an epidemic caused by allopurinol tablets and packed
food.

• Various treatments and medical devices, such as
catheters, insulin pumps, and finger sticks, as well as
tube insertion, teeth extractions, and surgery.

• Environmental factors can potentially be a source of
illness [3,55–59].

DIAGNOSIS

Clinical diagnosis

The Smith et al. [60] for the clinical diagnosis of
mucormycosis, developed in 1950, is currently regarded
the gold standard and include the following:
• Black, necrotic turbinate’s that are easily confused

with dried, crusted blood.
• Blood-tinged nasal discharge and face pain on the

same side.
• Soft peri-orbital or peri-nasal edema with colouring

and induration.
• Ptosis of the eyelid, proptosis of the eyeball, and

complete ophthalmoplegia.
• Multiple cranial nerve palsies unrelated to recorded

lesions.

Laboratory diagnosis and cultures

Mucormycosis diagnosis entails a careful examination of
clinical manifestations, resonance imaging modalities,
the use of computerized tomography (CT) in the early
stages, expert evaluation of cytological and histological
provision, the best application of clinical microbiological
technique, and the execution of molecular detection. The
detection of host variables greatly contributes to the
calculation of a patient’s risk of invasive mucormycosis.
The various laboratory procedures for detecting mucor
include PAS stains, interrogation, calcofluor, histological
investigation, Gomori methenamine silver stain, culture,
molecular approaches, and fluorescent in situ
hybridization. Kontoyiannis et al. had described in a
study that, a fundamental challenge in the detection of
mucormycosis is its indefinable clinical presentation and
repeated occult distribution, necessitating the use of a
sensitive nonculture-based investigative method. The
tissue-based analysis is the gold standard analytic
technique for confirmation. Mucormycosis frequently
presents as an intrusive image of perforation into bone
regions. There have been reports of oroantral
communication or perforation spreading to face tissues.
Confirmation of clinical diagnosis necessitates
microscopic analysis of biopsied tissue. Histopathological
examination of the tissue reveals broad, non-septate
hyphae with pathognomonic hyphae branching at right
angles. The hyphae will be seen with a deeper connective
tissue invasion. The particular staining procedure,
Grocott-Gomori methylamine silver stain, will aid in the
identification of non-septate hyphae. During histological
analysis, cases with bony perforations may show the
presence of fungal pathogens in marrow areas. It is worth

mentioning that cytological specimens obtained from
cases with a histological diagnosis of mucormycosis may
be devoid of organisms in fungal culture. A thorough
clinical examination of the oral cavity in invasive lesions
is recommended to achieve a clinical diagnosis, because
not all cases of mucormycosis will show the classical
diagnostic interpretation in imaging studies such as
radiographs, computerised tomography (CT), magnetic
resonance (MR), culture studies, or serological tests
[23,34,61].

Differential diagnosis

It includes maxillary sinus aspergillosis, maxillary sinus
neoplasia, soft tissue radio necrosis, soft tissue infarction
and other deep fungal infections.

TREATMENT

Multiple therapies, either at the same time or at different
times and intensities, are used to treat mucormycosis.
The most important concepts of mucormycosis treatment
are risk stratification for disease severity and aggressive
clinical and laboratory diagnosis. Mucormycosis is
treated using a combination of therapies, which can
be utilised at the same time or at different times and
intensities. Mucormycosis treatment revolves around risk
stratification based on disease severity and aggressive
clinical and laboratory diagnosis.

Antifungal Agents for mucormycosis

Amphotericin B lipid formulations

Amphotericin B (AMB) is the medicine of choice for the
primary treatment of mucormycosis. AMB's effectiveness
has been demonstrated in both lab (in vitro and in vivo)
and clinical investigations. The ideal dosage for AMB and
its formulations against mucormycosis is unknown, as it
is for many antifungal drugs and mycoses. According to
current guidelines, a good daily dose of LAMB and ABLC
is 5 mg/kg/day. AMB's in vitro action against Mucorales
varies greatly [62–64].

Triazoles

Triazoles work by reducing the amount of ergosterol in
the fungal cell wall. Fluconazole, itraconazole, and
voriconazole are triazole antifungals that have minimal
or no effect against Mucorales [65].

Isavuconazole

Isavuconazole is the physiologically active form of the
prodrug isavuconazonium sulphate and could be a novel
broad-spectrum triazole. It comes in intravenous and oral
forms, and it's given at a loading dose of 200 mg three
times a day for two days, then 200 mg every day after
that. 
Despite the lack of good clinical data, the use of a
combination of antifungals to treat mucormycosis in
immunocompromised patients has grown more
widespread. The benefits of such a therapeutic approach
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include synergistic effects and larger coverage, while the
drawbacks include probable antagonistic effects, drug
interactions, toxicity, and cost. The combination of AMB
+echinocandin was successful in 6 of 7 diabetic
individuals with rhino-orbital or rhino-
cerebral mucormycosis, compared to just 7 of 22 patients
treated with ABLC alone (p=0.02). Data on the efficacy of
combining AMB with a triazole in the treatment
of mucormycosis are limited [52,57,58,66,67].

Surgery

The heart of mucormycosis treatment is surgical excision
of necrotic tissues. Surgery combined with proper
systemic antifungal therapy has been demonstrated to
increase survival in pulmonary mucormycosis patients
compared to antifungal therapy alone. In patients with
early, circumscribed illness or major medical
comorbidities, endoscopic surgery is favoured to open
surgery. For significant disease, open operations such as
maxillectomy, ocular exenteration, and/or craniofacial
resection are favoured; nevertheless, no survival benefit
has been demonstrated for such a dramatic treatment,
especially in patients with limited expectation [62,68,69].

Adjunctive therapy 

Along with surgery and appropriate early antifungal
agents, reversing immunosuppression is a critical
component of mucormycosis therapy. The majority of
patients who die from this disease have poor bone
marrow recovery or require long-term
immunosuppressive therapy (such as those with GVHD).
As a result, any attempt to reverse neutropenia
in haematology patients should be made, either through
the use of hematopoietic growth factors or, in rare cases,
through leukocyte transfusions. For patients with
uncontrolled diabetes and/or ketoacidosis, aggressive
glycaemic control is critical. Iron chelators, which reduce
available iron and thus inhibit iron absorption, were
proposed as a possible adjunctive therapy by researchers
[70,71].

OVERVIEW

In a recent estimate for the year 2019–2020,
mucormycosis prevalence ranged from 0.005 to 1.7 per
million people worldwide, with India's prevalence
approximately 80 times higher (0.14 per 1000) than
developed countries. In other words, India has the
world's highest rate of mucormycosis. Despite this, India
has the world's second-largest diabetes mellitus (DM)
population and was the world's diabetes capital until
recently. Importantly, in India, diabetes mellitus is the
most prevalent risk factor for mucormycosis, whereas in
Europe and the United States, haematological
malignancies and organ transplant take the lead.
Early detection and treatment can lessen the need for
significant surgery and consequent deformity, as well as
enhance survival.
Clinicians should be aware of the risk of mucormycosis in
patients recovering from COVID-19, particularly those

who are receiving improper steroid therapy or have
uncontrolled diabetes. When treating COVID-19 patients,
a strong index of suspicion should be maintained
since mucormycosis, unlike COVID-19, is possibly curable
if detected early. There's also a need to be concerned
about steroid use in a responsible manner. There is also a
requirement to be concerned about the prudent use of
steroids. It may be prudent to avoid steroid and
immunosuppressive use for COVID-19 when there is no
oxygen requirement and no evidence of a florid
inflammatory response. Antibacterial use that is too early
or too aggressive can also be harmful. The key to
managing mucormycosis is early diagnosis and the
initiation of appropriate antifungal treatment, as well as
timely surgical intervention if necessary.
Because mucormycosis is an uncommon
disease characterised by variability of hosts and sites of
infection, as well as the multitude of offending Mucorales,
it is difficult to obtain reliable data for its treatment. As a
result, no prospective, randomised clinical research
exists. 
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