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Mucor: A Mystery Unravelled
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Emergence of “Black fungus” in this Covid-19 pandemic has created an situation of medical emergency. Black fungus, scientifically known as
mucormycosis, is an rare opportunistic invasive fungal infection caused by Mucorales affecting uncontrolled diabetics, immunocompromised
patients, patients with stem cell transplant, prolonged intensive care unit stay and in those with hematological abnormalities. Offlate, there
has been upsurge of this potentially fatal infection in COVID patients and in post-COVID scenario due to the mutant strain and treatment
protocol followed in COVID patients. Elevated blood glucose levels, use of corticosteroids and immunosuppressants in COVID era has
provided conducive environment for growth of Mucorales. Preventive measures, early diagnosis, and intervention are required to prevent its

fast progression and hence preventing fatality.
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INTRODUCTION

COVID-19 has created a vast impact on general population
and health-care sector, since it was declared as pandemic by
the WHO on March 11, 2020.M" With emergence of second
wave, there is increasing number of cases each day leading
to scarcity of health-care resources affecting the outcome of
the treatment. With all these consequences, COVID-19 has
become India’s fastest growing epidemic.™

Among this crisis, there is increased incidence of mucormycosis,
which is considered highly fatal. Mucormycosis is an
angioinvasive opportunistic fungal infection caused by the
ubiquitous filamentous fungi of the Mucorales order of the
class of Zygomycetes. It was first described by Paultauf in
1889.51 Mucormycosis, also referred to as Zygomycosis,
is third most common invasive mycosis after candidiasis
and aspergillosis in patients with compromised immunity,
underlying debilitating systemic diseases, and hematological
abnormalities.™

The common Mucorales species involved are Rhizopus,
Lichtheimia, and Mucor. Other species such as Rhizomucor,
Saksenaea, Cunninghamella, and Apophysomyces are rare.
Mucorales are ubiquitous, present mainly in bread molds,
decaying foods, soil, and in putrefying organisms. The major
route of infection is through inhalations of the airborne fungal
spores, which can then spread to the paranasal sinuses (PNS),
lungs, and extensive tissue involvement. Six well recognized
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clinical forms of mucormycosis are the pulmonary, cutaneous,
gastrointestinal, rhinocerebral, central nervous system, and
disseminated. Rhinocerebral form followed by pulmonary is
the most common type of this invasive infection.®!

Mucormycosis, commonly regarded as black fungus, is one
of the most tissue destructing and devastating complications
in uncontrolled diabetics with high fatality rates ranging
between 60 and 80%. It is well established that there is
direct association between diabetes and the severity of
SARS-CoV-2 infection and thus diabetics are at higher risk
of contracting the secondary opportunistic mucormycosis
during COVID-19 infection.”? However, it is offlate affecting
individuals below 40 years without any comorbidities. Stress
along with usage of corticosteroids could probably being the
cause. Infection with mucormycosis is considered highly
fatal due to its fulminating spread, disseminated infection,
cavernous sinus thrombosis, carotid artery involvement,
osteomyelitis, and death.[®]
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WHy Mucor IN PosT-COVID Scenario?

COVID-19 sepsis is an emerging problem occurring
secondary to cytokine storm, dysregulated immune response,
microvascular abnormalities associated with COVID-19
infection. There are increased levels of pro-inflammatory
markers, such as interferons (IL-1, IL-6) and tumor necrosis
factor alpha, lymphopenia, and fewer CD4 and CDS cells.”!
These manifestations ultimately leads to immune exhaustion.
These cascade of events paves way for opportunistic
secondary bacterial and fungal infections especially in
immunocompromised and debilitated patients.''”) Mutant strain
of second wave of COVID-19 had created more dysregulated
immune function than the strain in first wave of COVID-19
leading to increased incidence of mucormycosis.!!

Elevated serum iron levels associated with COVID-19 further
increases the risk of contracting mucormycosis. Mucorales
require iron for survival. They obtain iron from host using
high affinity iron permeases or iron present in the hemoglobin
through FTR1 gene expression.!'? Diabetic ketoacidosis
frequently encountered in COVID-19 patients especially in
undiagnosed hyperglycemia and uncontrolled diabetics, leads
to elevated high serum iron, and provides optimal pH ranging
from 7.3 to 6.88 ideal for growth of mucorales. Disruption of
binding capacity between iron and transferrin in ketoacidosis
causes elevated serum iron favoring the black fungus.!**!

Management of COVID-19 now predominantly consists of
the use of corticosteroid treatment, immunosuppressants and
anti-IL-6-directed strategies which further elevates blood
glucose levels creating environment conducive for mold
infections.['*!3] According to the European Organization
for Research and Treatment of Cancer and the Mycoses
Study Group Education and Research Consortium (EORTC/
MSGERC) consensus, prolonged use of corticosteroids at a
therapeutic dose of >0.3 mg/kg for at least 3 weeks in the
past 60 days is considered a risk factor for invasive fungal
diseases.!') In COVID patients, prolonged usage of steroids
is practiced as it improved the prognosis and survival.l'”!
However, it equally predisposes to black fungus.

Although much of focus is related to association of steroids
and mucormycosis, zinc supplements could also be a potential
factor in development of mucormycosis. Elevated use of zinc
supplements is seen in COVID patients to boost their immunity.
Zinc provides nutrition and environment suitable for growth of
fungi. Overzealous use of zinc supplements can thus be a factor
favoring development of mucormycosis.!"®!! Another potential
factor could be steam inhalation abuse which can lower nasal
immunity and provide moist and dampened environment to
the growth of inhaled Mucor.?*?!

Patients on mechanical ventilation with long standing oxygen
therapy are also at higher risk of mucormycosis. Possible
reason is due to the type of water used in oxygen humidifier.
Sterile water or distilled water has to be used ideally. However,
with increasing load on health care system, neglect regarding

this and usage of tap water may probably pave the way for
growth of fungi. Also unclean humidifiers, oxygen masks,
improper sterilization of ventilator circuits favor growth of
the Mucorales.?**4

Usage of industrial oxygen due to oxygen shortage in India
has also been a suspected cause for increasing cases of
mucormycosis. Although industrial oxygen is pure than
medical oxygen at 99.67%, they are contaminated with dust
particles from industrial setup. Usage of these cylinders
without proper cleaning and upgradation of leaking oxygen
can predispose to this fungal infection. This could be the factor
why spike in mucormycosis is commonly seen in India during
COVID 19 rather than other COVID affected countries.?>2¢

Remeny For Mucor

Early diagnosis and intervention

Early diagnosis is the key for management of COVID related
mucormycosis. Failure to attain to proper diagnosis leads to
fast progression of disease, ultimately leading to death. Timely
intervention can prevent the progression and complications
associated with mucormycosis.”?”!

Awareness regarding the symptoms associated with the fatal
infection is mandatory to general public for early diagnosis.
Patients with COVID-19 infection need to quarantine and
socially isolate; therefore, teleconsultation can be the best
way to provide early diagnosis. This can be possible when the
patients are aware of how the disease can manifest.” Patient
may complain initially of headache, persistent chest pain,
swollen eyes, blurring of vision, nasal or sinus congestion,
tooth pain, ulcer or blackish discoloration of palate, diffuse
facial discoloration, swelling, and pain Figure la-c. As the
disease progress, it can lead to black necrotic lesions on
nasal bridge or hard palate, tooth mobility, jaw involvement,
and brownish/blackish nasal discharge. It can just present as
ulcer initially on palate, which if ignored or misdiagnosed,
progresses causing necrosis of bone further causing
complications.!*-311

It adheres to the laminin and Type IV collagen in extra cellular
matrix and causes endocytosis leading to endothelial damage.
Damage to the endothelial barrier leads to angioinvasion
resulting in thrombosis subsequent to the tissue necrosis.
Mucormycosis thus presents in later stages an invasive
perforation into bony areas leading to oroantral communication
or perforation, disseminated sepsis, and cavernous sinus
thrombosis ultimately proving fatal. Thus, with awareness
regarding the pathogenesis and clinical presentation, a possible
diagnosis of mucormycosis can be made.3?33

However, to initiate the antifungal treatment, definitive
diagnosis is mandatory. It can be obtained through the nasal
endoscopy, microscopic examination of the biopsied tissue
and histological confirmation. Nasal endoscopy reveals the
black necrotic areas suggestive of mucormycosis.? The
histopathological examination of tissue shows broad, non-
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Figure 1: (a) Oral cavity changes on hard palate. (b) Involvement of eye leading to ptosis. (c) Discoloration of facial skin and swelling. (d) Fungal
hyphae seen in KOH mount. (e) Fungal culture appearing as black spores on Sabouraud dextrose agar. (f) Grocott-Gomori Methenamine silver stain

demonstrates black non-septate hyphae

septate type of hyphae with the pathognomonic nature of
hyphae branching at right angles within the wall and lumen of
blood vessels. The hyphae can present with deeper connective
tissue invasion. The special staining method, Grocott-Gomori
methenamine silver stain will help in confirmation of the non-
septate hyphae.Direct smear with KOH 10% (KOH mount) can
reveal hyaline mycelium with hyphae typical of Mucorales.
Culture of the organism on Sabouraud dextrose agar can further
provide the confirmative diagnosis Figure 1d-f.36]

Magnetic resonance imaging (MRI) brain and PNS with
contrast also helps in visualizing early mucosal and
inflammatory changes, facilitating timely intervention.’”
Advance stages exhibiting severe bone necrosis and perforation
be diagnosed and assessed for extension with imaging
modalities like computed tomography (CT). However, not
all cases with mucormycosis show the classical diagnostic
interpretation in imaging studies. Thus, a good clinical
evaluation, histopathological examination and fungal culture
remain the gold standard in diagnosis.>®

Therapeutic intervention involves control of blood glucose
levels, systemic administration of liposomal Amphotericin
B at dosage of 5 mg/kg/day for 4-6 weeks, Posaconazole
injection loading dose 300 mg BD, and then 300 mg OD for
4—6 weeks or Isavuconazole injection 200 mg TID on days
1 and 2, followed by 200 mg OD from day 3 for 3—6 weeks.
Early surgical debridement of the necrosed eschars prevents
further progress and complications.*-4!

Amphotericin B is potential neurotoxic drug. Hence, patient
has to monitored regularly by performing renal function
tests.[*”) There is again a challenge due to lack of availability
of medicines for treatment and also cost of the therapy in this
crisis scenario. Sudden surge of mucormycosis in second wave
of COVID 19 has overwhelmed the health-care system leading
to further shortage of Amphotericin B."!

It has also been hypothesized that hyperbaric oxygen may be
beneficial as an adjunctive therapy because higher oxygen
pressure increases the ability of neutrophils to kill the
fungus.[***! Thus, early diagnosis and timely intervention
are the key for appropriate management of fatal fungal
infection.

Is it PRevenTaBLE DurinGg AnD Post Covip-19?

Prevention is always better than cure. Like any disease,
mucormycosis can be prevented in the second wave of
COVID-19 infection with appropriate preventive measures.
Strict control and timely monitoring of blood glucose levels
are mandatory to prevent growth of fungal spores.!*s)

Optimal use of corticosteroids with timely tapering and
immunosuppresants prevents this deadly opportunistic
infection.[*”) Following appropriate sterilization protocol for
ventilators, oxygen tubes and oxygen masks are necessary as
contaminated equipment favor the fungal growth.[*"]

Usage of sterile water and timely changing it in oxygen
humidifier is important to prevent growth of fungal
infection.[*”? Avoiding usage of industrial oxygen or using it
after proper cleaning and upgradation could possibly prevent
the development of mucormycosis. Advising patients against
steam inhalation abuse can prevent lowering of nasal immunity
by protecting normal ciliary function.

Monitoring daily for early signs and symptoms of mucormycosis
such as blackish pigmentation of hard palate and nasal
structures is required, especially in intensive care unit set up
and in high risk patients is mandatory to prevent progression
of fatal fungal infection.F>”

Timely referral to ENT surgeon (otolaryngologist),
Opthamologist, Neurologist, and Oral, and maxillofacial
surgeon is required on observation of earliest sign to prevent
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extensive involvement and complications. Performing MRI
brain and PNS with contrast gives clue for early mucosal and
inflammatory changes favoring early intervention.>!

SummARY AND CoNCLUSION

Mucormycosis has created medical emergency in this
COVID-19 era. Although rare, its incidence in second wave of
COVID crisis has increased due to the mutant strain causing the
disease itself. It is potentially fatal angioinvasive opportunistic
infection caused by Mucorales. It is seen commonly in patients
with uncontrolled diabetics, immunocompromised status, stem
cell transplant patients, or in hematological abnormalities.
However, in this second wave, it is offlate affecting young
patients without any comorbidity. With treatment protocol of
COVID-19 infection, involving usage of corticosteroids and
immunosuppressants, there are elevated blood glucose levels
providing conducive environment for growth of Mucorales.
Also steam inhalational abuse, intake of excessive zinc
supplements could probably favor their growth.

Further contaminated ventilator systems, oxygen
humidifier,oxygen masks and pipes favor the growth of fungal
spores. All these factors have enhanced incidence of deadly
black fungus during second wave of COVID-19 pandemic.

However, by creating awareness regarding the manifestations
of mucormycosis, early diagnosis and timely intervention
are the key for preventing extensive tissue involvement and
fatality.
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