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ARTICLE INFO ABSTRACT

Mucormycosis (MCM) is a life-threatening infection that carries high mortality rates despite recent
advances in its diagnosis and treatment. Mucormycosis  occurs in patients who are
immunocompromised because of diabetic ketoacidosis, neutropenia, organ transplantation, and/or
increased serum levels of available iron. Because of the increasing prevalence of diabetes mellitus,
cancer, and organ transplantation, the number of patients at risk for this deadly infection is increasing.
This literature review emphasis on the types, risk factor, diagnosis and treatment of mucormycosis.
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INTRODUCTION

The 2019 novel coronavirus (2019-nCoV) or severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) first
reported in Wuhan, Hubei province in China, quickly spread to
other parts of the world forming a global pandemic1.The
disease pattern of COVID-19 can range from mild to life-
threatening pneumonia with associated bacterial and fungal
coinfections2. Due to the associated comorbidities (e.g.,
diabetes mellitus, chronic obstructive pulmonary disease) and
immunocompromised conditions (e.g., corticosteroid therapy,
ventilation, intensive care unit stay), these patients are prone to
develop severe opportunistic infections. There are reports of
the development of severe opportunistic infections such as
oropharyngeal candidiasis, pneumocystis jiroveci pneumonia,
pulmonary aspergillosis, bloodstream candida infections, etc.,
in patients affected with COVID-19 disease3. There are also
few isolated case reports of rhino-orbital mucormycosis in
COVID-19 disease. Some authors described that a significant
decrease in lymphocyte count and an increase of neutrophil
count together with an inflammatory storm, occur more
frequently in patients who developed severe COVID-19 and
co-infections.4
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In India compared with the western world, including a high
incidence of this disease; uncontrolled diabetes and diabetic
ketoacidosis as the principal risk factor; rhino-orbito-cerebral
(ROC) form as the most common clinical presentation; isolated
renal mucormycosis as a new entity; and a wide and varied
spectrum of pathogens involved in such infections5. Seasonal
variations in incidence of mucormycosis with respect to
temperature, rainfall and humidity have also been noted6. This
literature review emphasis on the types, risk factor, diagnosis
and treatment of mucormycosis.

What is Mucor mycosis?: Mucormycosis (sometimes called
zygomycosis) is a serious but rare fungal infection caused by a group
of molds called mucormycetes.  These fungi live throughout the
environment, particularly in soil and in decaying organic matter, such
as leaves, compost piles, or rotten wood7.People get mucormycosis by
coming in contact with the fungal spores in the environment. .

Types of Mucor mycosis

 Rhinocerebral (sinus and brain) mucormycosis
(ROC) is an infection in the sinuses that can spread to
the brain. This form of mucormycosis is most common
in people with uncontrolled diabetes and in people who
have had a kidney transplant.8,9
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 Pulmonary (lung) mucormycosis is the most common
type of mucormycosis in people with cancer and in
people who have had an organ transplant or a stem cell
transplant.

 Gastrointestinal mucormycosis is more common
among young children than adults, especially premature
and low birth weight infants less than 1 month of age,
who have had antibiotics, surgery, or medications that
lower the body’s ability to fight germs and sickness.10

 Cutaneous (skin) mucormycosis: occurs after the
fungi enter the body through a break in the skin (for
example, after surgery, a burn, or other type of skin
trauma). This is the most common form of
mucormycosis among people who do not have
weakened immune systems.

 Disseminated mucormycosis occurs when the
infection spreads through the bloodstream to affect
another part of the body. The infection most commonly
affects the brain, but also can affect other organs such
as the spleen, heart, and skin.

Types of fungi that most commonly cause mucormycosis

Examples are: Rhizopus species, Mucor species, Rhizomucor
species, Syncephalastrum species, Cunninghamella
bertholletiae, Apophysomyces species, and Lichtheimia
(formerly Absidia) species.9

Based on the clinical presentations, ROC is the most common
form of mucormycosis in India, possibly due to its association
with uncontrolled diabetes and diabetic ketoacidosis.5,11

According to the multiple case series reported from our tertiary
care centre in North India, the prevalence of different clinical
types amongst mucormycosis cases is: ROC (48– 55%),
cutaneous (13–15%), pulmonary (7–17%), disseminated (5–
12%), gastrointestinal (5–13%) and isolated renal (5–14%).12,13

Rhinocerebral (sinus and brain) mucormycosis (ROC): The
initial symptoms of rhinocerebral mucormycosis are consistent
with either sinusitis or periorbital cellulitis14,15 and include eye
or facial pain and facial numbness, followed by the onset of
conjunctival suffusion, blurry vision, and soft tissue
swelling16,17. Fever is variable and may be absent in up to half
of cases15; white blood cell counts are typically elevated, as
long as the patient has functioning bone marrow17. If untreated,
infection usually spreads from the ethmoid sinus to the orbit,
resulting in loss of extraocular muscle function and proptosis.
Marked chemosis may also be seen. The infection may rapidly
extend into the neighboring tissues. Onset of signs and
symptoms in the contralateral eye, with resulting bilateral
proptosis, chemosis, vision loss, and ophthalmoplegia, is an
ominous sign that suggests the development of cavernous sinus
thrombosis. Upon visual inspection, infected tissue may appear
normal during the earliest stages of spread of the fungus.
Infected tissue then progresses through an erythematous phase,
with or without edema, before onset of a violaceous
appearance, and finally the development of a black, necrotic
eschar as the blood vessels become thrombosed and tissue
infarction occurs18. Infection can sometimes extend from the
sinuses into the mouth and produce painful, necrotic
ulcerations of the hard palate18.

Pulmonary (lung) mucormycosis: may develop as a result of
inhalation or by hematogenous or lymphatic spread. Symptoms
of pulmonary mucormycosis include dyspnea, cough, and

chest pain.19 Angioinvasion results in necrosis of tissue
parenchyma, which may ultimately lead to cavitation and/or
hemoptysis, which may be fatal if a major blood vessel is
involved.

Cutaneous mucormycosis may be primary or secondary.
Primary infection is usually caused by direct inoculation of the
fungus into disrupted skin and is most often seen in patients
with burns or other forms of local skin trauma,  and can occur
in patients who are not immunosuppressed. Primary infection
produces an acute inflammatory response with pus, abscess
formation, tissue swelling, and necrosis. The lesions may
appear red and indurated and often progress to black eschars.
Secondary cutaneous infection is generally seen when the
pathogen spreads hematogenously; lesions typically begin as
an erythematous, indurated, and painful cellulitis and then
progress to an ulcer covered with a black eschar.

Gastrointestinal mucormycosis is less common than the
other clinical forms and is believed to result from ingestion of
the organism. It typically occurs in malnourished patients or
premature infants. The stomach, colon, and ileum are most
commonly affected. Non-specific abdominal pain and
distension, nausea, and vomiting are the most common
symptoms, and gastrointestinal bleeding can occur. It is the
most common form of mucormycosis among neonates and is
challenging to diagnose partly because of its clinical
resemblance to necrotizing enterocolitis, a far more common
disease.20

Disseminated mucormycosis may follow any of the forms of
mucormycosis described above but is usually seen in
neutropenic patients with a pulmonary infection. The most
common site of spread is the brain, but the spleen, heart, skin,
and other organs can also be affected.

Diabetes as a risk factor: Amongst the diabetic patients,
poorly controlled type II diabetes is the most common risk
factor for mucormycosis, being involved in nearly 44–88% of
the cases mainly from north to south India, with nearly half of
them exhibiting ketoacidosis.6,12,13 Type I diabetes (10–15%)
and secondary diabetes have also been detected in some
patients.13,21,22 In contrast, diabetes was the risk factor in only
36% of the global series of 929 cases,23 17% of the Trans-
European series,24 16% of France series, 6% of Belgium serie
and 18% of Italy series25. It should be noted, however, that as
confounding factors, renal failure and alcoholism related
chronic liver disease have also been detected in patients along
with diabetes in India.12 Several factors relate the unique
predisposition of diabetic patients to mucormycosis. Firstly,
diabetes and ketoacidosis render the phagocytic cells
dysfunctional. Both neutrophils and macrophages exhibit an
impaired chemotaxis and defective killing by both oxidative
and non-oxidative pathways under such conditions, although
the precise mechanisms mediating these remain to be
elucidated.26,27 Secondly, patients with diabetic ketoacidosis
have an acidic serum pH with elevated levels of free iron,
which is a major nutrient element governing susceptibility to
Mucorales.26,28 Thirdly, elevated levels of glucose and iron,
similar to those observed during diabetic ketoacidosis, increase
the expression of GRP-78. GRP78 is a glucose-regulated
protein belonging to the HSP-70 family, which is mainly
present in the endoplasmic reticulum where it mediates several
cellular processes as a chaperon, including protein folding,
degradation of misfolded proteins, regulation of calcium
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homeostatis and sensing the endoplasmic reticulum
stress.26,27,28 Recent studies indicate that a fraction of GRP-78
is also translocated to the cell surface in many cell types,41
wherein it acts as the receptor mediating penetration and
damage of endothelial cells by Mucorales, leading to the
observed angioinvasion.26Mice with diabetic ketoacidosis have
an increased expression of GRP-78 in sinus, lungs and brain,
and anti-GRP-78 serum can protect such mice from
mucormycosis, indicating a plausible role of GRP-78
overexpression in susceptibility of diabetics to this disease.26,28

The presence of diabetes mellitus and the individual degree of
hyperglycaemia also seems to be independently associated
with COVID-19 severity and increased mortality29,30.
Furthermore, the presence of typical complications of diabetes
mellitus (CVD, heart failure and chronic kidney disease)
increases COVID-19 mortality

Figure 1: Lightning bolts indicate mechanisms that are
accentuated in patients with type 2 diabetes mellitus (T2DM).
Infection with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2)31can lead to increased levels of inflammatory
mediators in the blood, including lipopolysaccharide32,
inflammatory cytokines33 and toxic metabolites. Modulation of
natural killer cell activity (increased or decreased) and IFNγ
production can increase the interstitial and/or vascular
permeability for pro-inflammatory products33. In addition,
infection with SARS-CoV-2 leads to increased reactive oxygen
species (ROS) production33. These effects lead to lung fibrosis,
acute lung damage and acute respiratory distress syndrome
(ARDS). ROS production and viral activation of the renin–
angiotensin–aldosterone system (RAAS) (via increased
angiotensin II expression) cause insulin resistance,
hyperglycaemia and vascular endothelial damage33, all of
which contribute to cardiovascular events, thromboembolism
and disseminated intravascular coagulation (DIC). Infection
also causes increases in the clotting components fibrinogen and
D-dimer34, leading to increases in blood viscosity33and
vascular endothelial damage, and associated cardiovascular
events, thromboembolism and DIC.

How is mucormycosis diagnosed?: Healthcare providers
consider your medical history, symptoms, physical
examinations, and laboratory tests when diagnosing
mucormycosis. Healthcare providers who suspect that you
have mucormycosis in your lungs or sinuses might collect a
sample of fluid from your respiratory system to send to a
laboratory. Rapid diagnostic methods include biopsy, KOH
mount and Calcofluor stain. Mucor is difficult to routinely
culture. Biopsy remains the mainstay of diagnosis and the
benefits of the procedure outweigh the risk, even in a ‘difficult
to access’ location or in the presence of coagulopathy. In a
tissue biopsy, in which a small sample of affected tissue is
analyzed in a laboratory for evidence of mucormycosis under a
microscope or in a fungal culture. You may also need imaging
tests such as a CT scan of your lungs, sinuses, or other parts of
your body, depending on the location of the suspected
infection.

Several antifungals now available for mucormycosis
treatment

Four factors are critical for eradicating mucormycosis: rapidity
of diagnosis, reversal of the underlying predisposing factors (if
possible), appropriate surgical debridement of infected tissue,
and appropriate antifungal therapy.

Mucormycoses: an indication of emergency surgery

Current guidelines recommend antifungal treatment, surgical
debridement, and correction of risk factors. Surgical
debridement has to be extensive, involving all necrotic areas
for rhino-oculo-cerebral infection, and repeated surgical
procedures are recommended to achieve local control and
improve outcome35. For pulmonary mucormycosis, the
indication and timing of surgical management outside
emergency care (hemoptysis) is still unclear36. In a European
series of 230 patients, surgical treatment reduced mortality by
79% 37, leading to discuss surgery when feasible for any
localization, however mandatory for rhino-cerebro-oculo-
cerebral and post-traumatic Mucor mycosis.38

Antifungal treatment
Table 1. Antifungal strategies for mucormycosis
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CONCLUSION
COVID-19 is associated with a significant incidence of
secondary infections, both bacterial and fungal probably due to
immune dysregulation. Additionally, the widespread use of
steroids/monoclonal antibodies/broad-spectrum antibiotics as
part of the armamentarium against COVID-19 may lead to the
development/exacerbation of preexisting fungal diseases.
Physicians should be aware of the possibility of invasive
secondary fungal infections in patients with COVID-19
infection especially in patients with preexisting risk factors and
should enable early diagnosis and treatment with the
subsequent reduction of mortality and morbidity. The use of
therapeutic agents should be monitored to achieve a
therapeutic effect at the lowest dose and shortest durations.
The use of broad-spectrum antibiotics, especially in the
absence of infection, should be re-evaluated.
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