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Abstract Review Article

Mucormycosis is a rare but serious life threatening, angioinvasive fungal infection with high mortality rate. In 2™
wave of pandemic it has been increasing as an opportunistic infection in covid 19 recovered patients. The most
common organism is Rhizopus oryzae and is responsible for 70% of all cases of mucormycosis. India is dealing a
double blow as rapid increase in Covid-19 cases and also with this nasty rare fungal infection. More than 70% cases of
mucormycosis are from India. The fatality rate in mucormycosis if patient goes untreated is as high as 80%, If treated,
it is still 40-50%. Mucormycosis was predominantly seen in males (79%), both in people who were active (59%) or
recovered (41%) from COVID-19. Diabetes was present in 80% of cases, while concomitant diabetic ketoacidosis
(DKA) was present in 15% and corticosteroid treatment was given for COVID-19 in 76%. DM has been the most
common risk factor linked with mucormycosis and India is the diabetes capital of the world although hematological
malignancies and organ transplant takes the lead in Europe and the USA. Treatments need to be fast and aggressive,
because by the time even the presumptive diagnosis is made, often the patient has suffered significant tissue damage
that cannot be reversed. Liposomal Amphotericin B (>5mg/kg) combined with surgery is the first line therapy for
mucormycosis. Due to rapidly growing number of cases many Indian state Governments have declared it an epidemic.
Himachal government declared mucormycosis as an epidemic for one year on 21* May 2021 after detection of first

case on 20™ May 2021.
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INTRODUCTION

The novel coronavirus 2019 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 pandemic [1]. It has been associated with a wide
range of opportunistic fungal and bacterial infections
[2]. Mucormycosis is one of the emerging life-
threatening fungal infection in some of these covid 19
patients, It is also called black fungus and previously it
was termed as zygomycosis. Mucormycosis is a rare but
serious life threatening angioinvasive, non contagious
with high mortality rate caused by a group of molds
called mucormycetes. These fungi live throughout the
environment, particularly in soil and in decaying
organic matter, such as rotten wood leaves or compost
piles [3].

The most common organism is Rhizopus
oryzae, belonging to order Mucorales and is responsible
for 70% of all cases of mucormycosis [4-6]. India is
dealing with double blow due to increase in Covid-19

cases and also due to horrible and rare fungal infection
mucormycosis with more than two thirds cases are from
India [7].

This article reviews the evolution, disease
burden, pathogenesis, clinical features, epidemiology,
prevention and management of mucormycosis. The
current situation of global and Indian scenario along
with basic protective measures against mucormycosis
are reviewed in order to follow up research, prevention
and treatment, and to provide latest understanding of
this emerging life threatening disease.

Evolution

Mucormycosis is rare but life threatening
infection affecting less than 1.7/million population each
year. First case of mucormycosis was described by
Friedrich Kuchenmeister in 1855 [8]. Furbringer first
described the disease in lungs in 1876 [9]. In 1884,
Lichtheim established the development of the disease in
rabbits and described two species which later known
as Lichtheimia and Rhizopus. Arnold Paltauf coined the
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term 'Mycosis Mucorina' in 1885. In 1943, its
association with poorly controlled diabetes was reported
in three cases with severe sinus, brain and eye
involvement [8]. In 1953, it was isolated from Indian
forest soil [8] and also has also been reported in natural
disaster like 2004 Indian ocean Tsunami and 2011
Missouri tornado [10, 11]. This disease has made an
another health emergency in India during COVID-19
pandemic. As of 25" May 2021 the Indian Government
reported that more than 11,700 people were receiving
care for mucormycosis. Due to its rapidly growing
number of cases many Indian state governments have
declared it an epidemic and number of cases linked to
immunosppresive treatment for Covidl9 [12] . In
Himachal Pradesh 1* case of mucormycosis came into
noticed on 20™ May 2021

Disease Burden

Globally, in 2019-2020 the prevalence of
mucormycosis is 0.005 to 1.7 per million population,
while its prevalence in India is nearly 80 times higher
(0.14 per 1000) compared to developed countries [13-
15]. In India, Diabetes Mellitus, has been the most
common risk factor linked with mucormycosis and
India is the diabetes capital of the world [16] although
hematological malignancies and organ transplant takes
the lead in Europe and the USA [15]. DM is also the
leading risk factor associated with mucormycosis
globally, with an overall mortality of 46% [17]. The
fatality rate in mucormycosis cases is very high. In
untreated cases, mortality is high upto 80% and 40-50%
in treated cases. Intracranial involvement of
mucormycosis increases the fatality rate upto 90% [18].
Delay in diagnosis of disseminated mucormycosis even
of 12 hours could be fatal and 50% mucormycosis cases
are diagnosed only after post-mortem autopsy [19.

Mucormycosis was seen predominantly in
79% of males, in 80% cases of diabetes mellitus, 15%
cases of diabetic ketoacidosis and 3% cases of cancers.
For both severe COVID-19 and Mucormycosis,
Diabetes mellitus (DM) is one of an independent risk
factor. Mucormycosis involving nose and sinuses (90%)
was most common followed by rhino-orbital (57 %) and
ROCM type (22%) [2].

On May 19, the state of Rajasthan declared a
Mucormycosis epidemic. There 8 out of 40 Covid 19
survivors who developed Mucormycosis in the eye lost
their eyesight. As of 25" May 2021, the Indian
Government reported that more than 11,700 people
were receiving care for mucormycosis. Due to its
rapidly growing number of cases many Indian state
Governments have declared it an epidemic and
notifiable disease to the national health authorities [12].
In Himachal Pradesh till 28" May 2021, there were total
8 cases of mucormycosis and 2 of them died. All
patients had history of recent covid 19 infection.
Himachal government declared mucormycosis as an
epidemic and notifiable disease for one year on 21

May 2021.

Pathogenesis

Characteristic of Mucormycosis infections is
extensive angioinvasion that results in vessel
thrombosis and subsequent tissue necrosis [20, 21].

This angioinvasion likely contributes to the
ability of pathogen to disseminate hematogenously to
other target organs. Resulting, damage of and
penetration through endothelial cells or proteins lining
blood vessels is likely to be a critical step in the
pathogeneesis of Mmucormycosis. Therefore,
understanding the pathogenesis and mechanisms by
which these processes occur may lead to new
interventions and approaches to prevent and/or treat
mucormycosis [22].

Types of Mucormycosis

e Cutaneous (skin) mucormycosis- occurs when
there is a break in the skin e.g, after surgery, a burn,
or other type of skin trauma.

¢ Rhinocerebral (sinus and brain) mucormycosis -
infection in the sinuses that can spread to the brain.
This form is most common in people with
uncontrolled diabetes and who have had a kidney
transplant [23, 24].

e  Pulmonary (lung) mucormycosis - most common
in people with cancer and who have had an organ
transplant or a stem cell transplant.

e  Gastrointestinal mucormycosis - more common
among young children, especially premature and
low birth weight infants less than 1 month of age.

e Disseminated mucormycosis- when the infection
spreads through the blood to other part of the body.
The infection most commonly affects the brain, but
also can affect other organs such as the spleen,
heart, and skin [25, 26].

In present covid 19 pandemic, increased cases of rhino-
orbital mucormycosis are being recently reported [2].

Clinical features of Mucormycosis [4, 5, 28, 29]
Rhinocerebral (sinus and brain)
mucormycosis include:

e One-sided facial swelling

e Headache

e Nasal or sinus congestion

e Black lesions on nasal bridge or upper inside

of mouth that quickly become more severe
e Fever

Pulmonary (lung) mucormycosis include:

e Fever

e Cough

e Chest pain

e Shortness of breath
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Cutaneous (skin) mucormycosis
e  Blisters or ulcers
e Infected area may turn black.
e Pain, warmth, excessive redness, or swelling
around a wound.

Gastrointestinal mucormycosis include:
e  Abdominal pain
e Nausea and vomiting
e  QGastrointestinal bleeding

Disseminated mucormycosis
e Infection in the brain can develop mental
status changes or coma.

Epidemiology
Agent Factors

Mucormycosis is one of the emerging life-
threatening fungal infection. It is also called black
fungus [3]. The most common organism is Rhizopus
oryzae, order Mucorales and is responsible for 70% of
all cases of mucormycosis [4-6]. Mucorales have ability
to acquire iron from the host that enable the organism to
cause disease. Iron is an essential element for many
vital processes like growth and development of the cell
[29]. Therefore, pathogen uses multiple processes for
obtaining iron from the host. The level of available,
unbound iron in serum plays a critical factor in
predisposing  diabetic  ketoacidosis  patients  to
mucormycosis [30, 31]

In recent studies, it was found that glucose-
regulated protein (GRP78) act as a receptor that
mediates penetration through and damage of endothelial
cells by Mucorales. It is of interest that increased
concentrations of glucose and iron, enhanced surface
GRP78 expression, resulting penetration by Mucorales
and damage of endothelial cells in a receptor dependent
manner. [32].

Other virulence factors of Rhizopus are the
ability to secrete lytic enzymes, including aspartic
proteinases and an active ketone reductase system,
which enhance growth in the acidic and glucose-rich
environment [33, 34].

Host predisposing factors
e COVID-19 infection
e Malignant hematological disease with or
without stem cell transplantation,
e Poorly controlled diabetes mellitus with or
without diabetic ketoacidosis
Metabolic acidosis
Prolonged and severe neutropenia
Iron overload
Prolonged use of corticosteroids
Major trauma
Intravenous drug use
Neonatal prematurity and malnourishment

e Variety of healthcare-associated procedures
and devices, such as contaminated wound
dressings, Intravenous catheters, tongue
depressors, transdermal nitrate patches [4-6,
28, 35, 36].

The combination of Covid 19, uncontrolled
diabetes and corticosteroid therapy creates the perpect
storm in which mucormycosis takes roots and thrives
[37].

Why there is re-emergence of mucormycosis
infection during covid-19 pandemic
e Covid 19 raises serum iron and damages
airways.
e High and indiscriminate steroid use to treat
covid 19 thereby reducing immunity.
e Diabetes worsened by steroids.
e Possible oxygen contamination through
humidifier.
e Jlong-term stays in the intensive care unit
e  Excessive antibiotic use in covid 19.

Host Defence

Those who have impaired phagocytic function
or lack phagocytes and severely neutropenic patients
are at higher risk of mucormycosis indicating thereby
that neutrophils are important for inhibiting fungal
spore proliferation [38].

In presence of hyperglycemia and low PH as in
patient of diabetic ketoacidosis (DKA) phagocytes are
dysfunctional and have impaired chemotaxis and
defective intracellular killing [22]. So they are more
vulnerable for mucormycosis. Every day we breathe
in the spores of many fungi but our immune systems
and lungs, if healthy, generally prevent them from
causing an infection [7]. So the ability of
sporangiospores to germinate and form hyphae in the
host is critical for establishing infection [39].

How does one catch black fungus?

As fungal spores are floating in the
environment, most people come in contact with these
spores every day, so it’s probably impossible to
completely avoid coming in contact with these spores.
For people with weakened immune systems, breathing
in fungal spores can cause an infection in the lungs or
sinuses which can spread to other parts of the body. One
may also catch fungus through a cut in the skin, burn, or
other types of skin trauma [20]. These fungi aren’t
harmful to most people but if our immune systems and
lungs are healthy, generally prevent them from causing
an infection [7].

Diagnosis

The diagnosis of mucormycosis is challenging
and treatment should start as early as possible in order
to decrease mortality [40].
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Clinical diagnosis

The prerequisites for the diagnosis of
mucormycosis are a high index of suspicion, prompt
assessment of clinical manifestations and recognition of
host factors [41].

The 1950, Smith and Krichner [42] criteria for
the clinical diagnosis of mucormycosis are still
considered to be gold standard and include:

e Black, necrotic turbinate’s easily mistaken for
dried, crusted blood

e Blood-tinged nasal discharge and facial pain,
both on the same side

e Soft peri-orbital or peri-nasal swelling with
discoloration and induration

e Ptosis of the eyelid, proptosis of the eyeball
and complete ophthalmoplegia

e Multiple cranial nerve palsies unrelated to
documented lesions.

The list of above signs and symptoms that
should be considered to be “red flags” [43]. Another
finding on computerized tomography (CT) scan, which
seems to indicate the presence of mucormycosis, is the
reverse halo sign (RHS) [44].

Lab Diagnosis

Currently no specific diagnostic guidelines for
mucormycosis. The culture of the clinical sample and
histological examination remain the most useful
approaches for diagnosis. Furthermore, alternative
methods to the fungal culture are yet to be standardized
[45].

Microscopic examination and culture

For diagnosis of mucormycosis analysis of
biological specimens from clinically involved sites is
mandatory. Every effort should be made to obtain tissue
biopsies for histopathology and culture.

Microscopy (direct and histopathology) and
culture of wvarious clinical specimens are the
cornerstones [41].

Serology

Enzyme-linked immunosorbent assays [46],
immunodiffusion tests [47] and immunoblots [48] have
been evaluated with variable success.

Molecular assays

Molecular based assays include DNA
sequencing of defined gene regions [49, 50]
conventional polymerase chain reaction (PCR) [51, 52],
restriction fragment length polymorphism analyses
(RFLP) and melt curve analysis of PCR products [53].
All assays described above can be used either for
identification or detection of Mucorales.

Management
Surgical management
Mucormycoses: an indication of emergency surgery
Treatments for mucormycosis need to be fast
and aggressive. The need for speed is because by the
time even the presumptive diagnosis is made, often the
patient has suffered significant tissue damage that
cannot be reversed so early surgical debridement of the
infected craniofacial tissues is the cornerstone of
successful treatment of Rhino orbital
cerebral mucormycosis. An aggressive and fast surgical
approach appears to enhance survival [54]. Surgical
debridement has to be extensive, involving all necrotic
areas of infection and repeated surgical procedures are
recommended to achieve local control and improve
outcome [55].Removal of the palate, nasal cavity,
or eye structures can be very disfiguring [56].

Medical Management

Medications play an important role. Two main
goals are sought at the same time: antifungal
medicationsto  slow or halt fungal spread
and medications to treat any debilitating underlying
diseases [54]. Current guidelines recommend antifungal
treatment, surgical debridement, and correction of risk
factors [57]. Most patients will require both surgical and
medical treatments [58].

Antifungal Treatment

Amphotericin B (initially intravenous) once
daily, is the usual drug of choice for antifungal
treatment . In addition, posaconazole or isavuconazole
may treat mucormycosis. According to study, European
Confederation of Medical Mycology/European Society
for Clinical Microbiology and Infectious Diseases and
European Conference on Infections in Leukemia
(ECIL-6) guidelines recommend the use of L-Amb with
a daily dosage of at least 5 mg/kg/day for
mucormycosis [58] and dosages at 10 mg/kg/day are
strongly supported by ECMM/ESCMID for cerebral
infections [59].

Prevention of Mucormycosis

e  Use masks if you are visiting dusty
construction sites and crowded place.

e Daily change the mask either it should be new
or has dried up in sunlight for about 2-3 days
because mask provides optimum temperature,
humidity and darkness for fungal growth.

e Wear shoes, long trousers, long sleeve shirts
and gloves while handling soil (gardening),
moss or manure

e  Maintain personal hygiene, including thorough
scrub bath

DOs
e  Control hyperglycemia
e Monitor blood glucose level post-COVID-19
discharge and also in diabetics
e  Use steroid judiciously — correct timing,
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correct dose and duration

e  Use clean, sterile water for humidifiers during
oxygen therapy

e  Use antibiotics/antifungals judiciously

e Do not miss warning signs and symptoms
e Do not consider all the cases with blocked
nose as cases of bacterial sinusitis, particularly

Mucormycosis suspicion
» Clinical features

+ Radiological findings
* Predisposing factors

Diagnosis

in the context of immunosuppression and/or
COVID-19 patients on immunomodulators

e Do not hesitate to seek aggressive
investigations, as appropriate (KOH staining &
microscopy, culture, MALDITOF), for
detecting fungal etiology

e Do not lose crucial time to initiate treatment
for mucormycosis [59].

* Microscopic examination and culture

* Serology
* Molecular assay

Treatment

+ Antifungal: Liposomal Amphotericin B, Isavuconazole

s Surgery

When to step down
+ Negative PCR
» Radioclinical stablization

Figure-1: Mucormycosis: from suspicion to treatment

CONCLUSION

Mucormycosis is an opportunistic infection in
covid 19 recovered patients. DM has been the most
common risk factor linked with it. Liposomal
Amphotericin B (=5mg/kg) combined with surgery is
the first line therapy for mucormycosis. Himachal
Pradesh Government declared mucormycosis as an
epidemic for one year on 21* May 2021.
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