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SHORT COMMUNICATION
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ABSTRACT

The second wave of the COVID-19 pandemic has affected India significantly with country reporting more than 400,000
cases in the month of May 2021 and health system almost collapsing. This was attributed to the new mutant strain also
called as the ‘Delta Strain’ which led to high surge of cases across the country. As the country was stabilising over
this situation, another imminent threat in the form of Covid Associated Mucormycosis (CAM) challenged the already
burdened health system of India. Also called as ‘Black Fungus,” cases of CAM began to rise rapidly in the last week
of May 2021 with multiple states reporting steady rise in the number of cases. Based on the published literature, India
contributed to approximately 71% of global cases of CAM from December 2019 to start of April 2021, with majority
of the cases occurring during the second wave. The present paper focuses on the epidemic of CAM during the second
wave in India highlighting the causes, symptoms and various treatment modalities that have been adopted to cure the
disease. Also, spotlight has also been thrown on some other nations where cases of CAM have begun to emerge. Some
key recommendations are also mentioned which can prove vital towards disease prevention.
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INTRODUCTION

The Novel Coronavirus disease (COVID-19,
SARS-CoV-2), the deadliest pandemic of the
millennium has brought the health system of the
world down on its knees with millions of people
falling prey to this deadly disease. Be a developing
country or a developed country, countries all over
the world were forced to impose a lock down as
a measure of social distancing to curtail the spread of
infection [10]. Wearing a face mask has become a new
normal to prevent harmful aerosols from entering our
respiratory system and causing the deadly infection [5].
According to the latest statistics from the World Health
Organization (WHO), globally there are 176,303,596
confirmed COVID-19 cases and 3,820,026 deaths
[19]. Currently, renowned pharmaceutical companies

have developed vaccines (using different technologies)
to protect people from this deadly disease and the
process of vaccination is being carried out on priority
basis by each and every nation [3]. However, still there
is a large gap between the production of vaccines and
population to be vaccinated. Hardly the world had
emerged from the first wave of COVID-19, many
countries including India experienced the second
wave of the pandemic in March 2021, which was more
deadlier than the first with social distancing measures
failing to reduce rapidly increasing case numbers
[1]. This was attributed because of the emerging
triple mutant strains of the virus with high surge of
cases on daily basis crippling the health system of
the country [17]. According to WHO, only B.1.617.2,
one of the three strains of the B.1.617, first detected
in India, is a Variant of Concern (VOC) with greater
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public health risks currently associated with this
strain and it has already been reported in 85 countries
globally and continues to be reported in new countries
across all WHO regions. This is now labelled as the
‘Delta Variant’ [19]. This has made the virus more
transmissible and immune to vaccines or makes it
cause more severe disease. As per latest reports, a new
variant called as ‘Delta Plus Variant’ has been reported
in some states in India. This variant, in addition to its
increased transmissibility, has got stronger binding
to receptors of lung cells and potential reduction in
monoclonal antibody response [20]. Moreover, the
country witnessed a heavy demand of medical oxygen
and post COVID cardiac complications during the
second wave owing to the increasing number of cases
because of the new variant.

To make the situation worse, India witnessed another
epidemic, that of mucormycosis (Black fungus) amidst
the COVID-19 pandemic during the second wave in
May 2021. More than 31,000 cases have already been
reported so far across the country and more than
2100 people have died as a result of mucormycosis
[8]. Majority of cases have been reported from the
state of Maharashtra followed by Rajasthan, Gujarat,
Madhya Pradesh, Haryana, Delhi and Punjab. Cases of
mucormycosis have more than doubled in India in late
2020 compared to the corresponding months of 2019
establishing a direct correlation between COVID-19
and lethal black fungus viral infection now ravaging
in almost each and every state of the country [4].

CAUSE OF MUCORMYCOSIS
(BLACK FUNGUS)

According to the present data, Rhizopus arrhizus
is the predominating agent causing Covid-associated
Mucormycosis (CAM) in India [8]. It can be described
as “black fungus,” because it makes infected tissues
turn black. Most mucormycosis infections are life-
threatening, and various risk factors, such as diabetic
ketoacidosis and neutropenia are present in most
cases which can lead to further complications [15].
A majority of patients of CAM have uncontrolled
diabetes. Apart from the fact that blood sugar levels
are elevated with steroids, COVID-19 itself can induce
damage to pancreatic islet cells. Blood sugar levels
may also get elevated because of increased resistance
to insulin due to the inflammatory reaction. This
suggests that indiscriminate and prolonged use of
steroids by doctors treating mild COVID-19 patients
is the key factor in the development of mucormycosis.
According to the guidelines, steroids are recommended
only in moderate to severe cases of COVID-19
when oxygen levels drop [8]. Rhino-orbital-cerebral
mucormycosis (ROCM) is the most common form
of mucormycosis in patients suffering from diabetes

mellitus. The infection develops after inhalation of

fungal sporangia spores into the paranasal sinuses [4].
According to an advisory issued by the Indian

Council of Medical Research, the following

conditions in COVID-19 patients increase the risk of

mucormycosis infection [14]:

* People with uncontrolled diabetes

*  Weakening of immune system due to excessive use
of steroids

* Prolonged Intensive Care Unit (ICU) stay / hospital
stay

» Co-morbidities / post organ transplant / cancer

» Patients on Voriconazole therapy (used to treat
serious fungal infections)

TWO-FOLD RISE IN MUCORMYCOSIS
CASES IN A YEAR

According to reports of a multi-centre study
conducted in 16 Indian hospitals involving both CAM
and non-Covid mucormycosis (non-CAM), it was
found that overall mucormycosis case fatality rate was
45.7 percent at 12 weeks [12]. It was also found that
newly detected diabetes mellitus was more frequent
during the evaluation of mucormycosis among CAM
patients that non-CAM patients suggesting that many
COVID infected patients may not have been aware of
their diabetic condition when diagnosed with black
fungus. India is called as diabetes capital of the world;
the indiscriminate and non-judicious use of steroids in
patients suffering from diabetes potentially led to the
surge of mucormycosis in the country. It was reported
that there was 2.1-fold rise in mucormycosis cases
during the study period compared with 2019 [12].

CLINICAL FORMS AND SYMPTOMS
OF MUCORMYCOSIS

On the basis of the anatomical site of involvement,
there are various clinical forms of mucormycosis
reported in various case series from India. ROCM is
the commonest form (45-74%), followed by cutaneous
(10-31%), pulmonary (3-22%), renal (0.5-9%),
gastrointestinal (2—8%), and disseminated infections
(0.5-9%). Breast, ear, spine, heart and bone infections
are other unusual sites of infection reported in the
literature from India [13].

Mucormycosis begins to manifest as skin infection
in the air pockets located behind our forehead, nose,
cheekbones, and in between the eyes and teeth [13].
Then it involves the eyes and lungs can even spread to
the brain. It leads to blackening or discoloration over
the nose, blurred or double vision, chest pain, breathing
difficulties and coughing of blood particularly in case
of pulmonary mucormycosis (Figure 1). Patients with
disseminated infection in the brain can develop mental
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Figure 1. Symptoms of Mucormycosis (Black Fungus)

status changes or coma. According to the advisory
issued by the Indian Council of Medical Research,
not all cases of blocked nose should be considered
as cases of bacterial sinusitis, particularly during/
after the treatment of Covid-19 patients. According to
medical specialists, patients report to the hospital late
considering these symptoms as normal which leads
to further complications. The mean duration between
diagnosis of COVID-19 and onset of mucormycosis
symptoms is approximately 15.6+9.6 days. A delay of
even 6 days in seeking treatment doubles the 30 day
mortality from 35% to 66% [16].

MANAGEMENT OF MUCORMYCOSIS

The treatment of mucormycosis starts with the
early diagnosis and initiation of therapy along with the
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surgical debridement of the infected tissue, antifungal
therapy, and managing the underlying disease. The
first-line drug of choice is Amphotericin B (AmB)
and later on posaconazole and isavuconazole are
prescribed depending on the condition of the patient
[6]. Gap in treatment protocol and the financial
constraints of patients to afford liposomal AmB are
the major drawbacks in managing patients suffering
from mucormycosis in India. Moreover, due to the
rapid surge of mucormycosis cases in India, there is
shortage of AmB.

Different modes of therapy and mortality rates in
Indian population are depicted in Figure 2 (it should
be duly noted that data shown is based on different
studies shown in the main article) [13]. According
to existing data, mortality rate was low in patients
treated with a combination of AmB and surgical

Data taken from Different Stud
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Figure 2. Different modes of therapy and mortality rates in Indian population
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debridement of the infected tissue (19—44%) compared
with AmB monotherapy (50—61%). These findings are
in congruence with the global data [7]. Posaconazole
and isavuconazole were used as salvage therapy in
the treatment of mucormycosis. A study assessing the
safety and efficacy of posaconazole in ROCM patients
was conducted in South India. The study findings
showed no mortality; there was complete resolution
of the disease in 66.6% of the patients and remaining
patients reported significant reduction of the disease
[9]. The new anti-Mucorales drug, isavuconazole
proved to be equally effective as AmB, however, it
has been recently introduced in Indian market and its
efficacy is still to be assessed in Indian population.

Surgical removal of the infected (necrotic) tissue,
debridement, and enucleation of eye (if involved), also
proves to be lifesaving. Other clinical interventions
like proper cleaning and sterilization of humidifiers
and ventilators, utilization of disposable or disinfected
personal protective equipment, and proper hygiene
maintenance are also equally important in disease
prevention [4]. It is also recommended that everyone
should follow pristine oral hygiene measures like
regular tooth brushing, not using a common holder
and disinfecting the toothbrush each time after use by
dipping it in some antiseptic mouthwash. One should
also dispose the older toothbrush post recovery from
COVID-19.

CASES OF MUCORMYCOSIS
REPORTED IN THE AMERICAS
AND EUROPE

Seven countries in the Region of the Americas
have reported to PAHO/WHO or published the
detection of 16 CAM cases till 9" June 2021 [11].
These include Brazil, Chile, Honduras, Mexico,
Paraguay, Uruguay and the United States of America.
Majority of the cases have clinical presentation in the
form of ROCM. Diabetes mellitus has been found to
be the main underlying disease or co-morbidity in
more than 95% of cases apart from other diseases like
atypical pneumonia, arterial hypertension etc. Cases
have also been reported from other regions like United
Kingdom and Italy. Four cases of CAM have also been
reported from Netherlands between December 2020
and May 2021 of which three developed the infection
during intensive care unit. admission and three lost
their lives [2]. The Pan American Health Organization
/ World Health Organization (PAHO/WHO) has urged
Member States to prepare their respective health
services to increase clinical suspicion of mucormycosis
in patients with COVID-19, especially those with co-
morbidities and treatment with corticosteroids and
other immunosuppresants.

CASES OF MUCORMYCOSIS IN NEPAL
(INDIA’S NEIGHBOUR)

This Himalayan nation and India’s immediate
neighbour has reported 11 cases of CAM and two
people have lost their lives due to this infection [18].
It has been reported that there were only a limited
number of mucormycosis cases previously but cases
grew rapidly among COVID-19 patients during the
second wave of the pandemic which began in early
April 2021. There is also shortage of drugs likes AmB
and Deoxycholate (used to treat black fungus infection)
in the Nepali market and now the Government of
Nepal is procuring these drugs from international
market and WHO.

CONCLUSION AND KEY
RECOMMENDATIONS

Following the surge of COVID-19 associated
mucormycosis and the Government of India
directive, mucormycosis was put under the category
of ‘notifiable disease’ by several states in May 2021.
This will provide better insights into the disease
burden, population characteristic, risk factors, clinical
spectrum and outcomes of these patients. This
was also important to check the shortage and black
marketing of the drug Amphotericine-B as price of the
drug rose exponentially due to the rapid demand. Our
findings emphasize the need to be aware of invasive
mucormycosis developing in COVID-19 patients,
especially while receiving corticosteroids, including
patients without (poorly controlled) diabetes mellitus
and outside the ICU. An aggressive approach should be
employed when invasive mucormycosis is diagnosed,
including early surgery and targeted antifungal
treatment. Patients receiving oxygen therapy should
ensure that the water in the humidifier is clean and is
refilled regularly. As fungus can breed on wet surfaces,
it should be ensured that there is no leakage of water.
Even after recovering from COVID-19, one should
not miss any warning signs and symptoms described
in the text, as the fungal infection can emerge even
weeks or months after recovery. Steroids should be
used wisely according to the doctor’s advice.

Mass vaccination of the population, sharing
health information, building community trust etc.
are vital primary health care measures which can
protect everyone during COVID-19 (World Health
Organization) (Figure 3) [19].
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Figure 3. Primary health care measures to protect from COVID-19 according to WHO [19]
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