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Mucormycosis is a rare disease caused by fungi of the
order Mucorales (1). The agents of mucormycosis are

ubiquitous environmental molds found in soil and decaying
organic matter; exposure to airborne spores is common-
place, yet disease is very rare. In a susceptible person,
spores germinate into hyphae, which then invade surround-
ing tissue, including blood vessels, resulting in hemorrhagic
infarction. The name “black fungus” given to mucormycosis
in news reports refers to the dark, necrotic tissue seen in
people afflicted by this disease. Major risk factors formucor-
mycosis include poorly controlled diabetes mellitus and
immunosuppression due to hematologic cancer or receipt
of immunosuppressive chemotherapy including cortico-
steroids. The 2 most common clinical syndromes are
rhino-orbito-cerebral and pulmonary mucormycosis. The
rhino-orbito-cerebral form generally begins in the sinuses
and progresses over several days to involve contiguous
structures, which can result in facial disfigurement, cranial
nerve palsies, blindness, and brain invasion. Treatment
requires aggressive surgical debridement and antifungal
agents. The drug of choice for initial treatment is ampho-
tericin B, preferably as a lipid formulation. Fluconazole
and voriconazole have no activity against the causative
fungi. Mortality is high, especially if diagnosis and prompt
initiation of medical and surgical therapy are delayed.

India has more than 65 million adults with diabetes (2).
A survey of 13055 blood samples in 4 states in India
revealed a weighted prevalence of diabetes and prediabe-
tes that ranged from 5.3% to 13.6% and from 8.1% to
14.6%, respectively (3). The prevalence of diabetes was
higher in urban than in rural areas. In all 4 states surveyed,
rates of diabetes were highest among urban men in the 55-
to 64-year-old age group (range, 25% to 45%). Rapid urban-
ization and an increasingly sedentary lifestyle are believed
to contribute to the high prevalence of diabetes in India.

India is experiencing a second wave of COVID-19, with
28.2 million cases reported as of this writing, although this is
likely an underestimate; the true toll is estimated at more than
500 million cases (4). The unprecedented increase in COVID-
19 cases during this secondwave exposed the crippled health
care system. Oxygen supplies have dwindled, hospitals have
turned away patients because of a lack of beds, and shortages
of critical medicines have occurred. In the midst of this crisis, a
“syndemic” of rhino-orbito-cerebral mucormycosis infections
has arisen, with nearly 9000 cases reported so far from several
states in India (5). A syndemic recognizes the interactions
between social and biological factors that result in more
adverse disease outcomes (6). Compounding the crises
are reported shortages of amphotericin B, the main drug
used to treat mucormycosis. Although COVID-19–associated
mucormycosis is not unique to India, emerging data indicate
that the extraordinarily high prevalence is multifactorial, with

contributions frompoorly controlleddiabetes, excessive use of
corticosteroids and possibly antibiotics, and environmental ex-
posure (7). The hot and humid environment in India likely pro-
motes growthofMucorales species.

Based on the RECOVERY trial, dexamethasone at a
dosage of 6 mg once a day for up to 10 days is recom-
mended for hospitalized patients with COVID-19 who are
receiving supplemental oxygen or mechanical ventilation
(8). However, glucocorticoids have no benefit in patients
who do not require respiratory support. Despite this,
many patients with mild COVID-19 not requiring supple-
mental oxygen have been treated with glucocorticoids,
sometimes with higher doses and longer durations than
recommended in the RECOVERY trial. Corticosteroids
predispose to mucormycosis by suppressing the immune
system and by increasing blood glucose levels in persons
with prediabetes and diabetes. More than 80% of patients
with COVID-19–associated mucormycosis are reported to
have had elevated blood glucose levels at presentation
with fungal infection (7). Indeed, misuse of glucocorti-
coids and failure to adequately control elevated glucose
levels appear to be themajor contributing factors.

Other possible contributing factors include shortages
of oxygen and overuse of antibiotics. Although these
effects are not proven, hypoxia may exacerbate damage
of tissue partially infarcted by angioinvasion, and antibiot-
ics may suppress normal bacterial flora, allowing fungi to
become established in the sinuses. In India, antibiotics
have been extensively used for mild and moderate
COVID-19 cases despite their ineffectiveness. During the
first wave of COVID-19, an estimated 216 million excess
doses of all antibiotics and 6.2 million azithromycin treat-
ment courses were attributed to COVID-19 (9).

What can be done to curtail the ongoing syndemic of
COVID-19–associatedmucormycosis in India? First, nonpharma-
cologic measures, such as masking policies and social distanc-
ing, should be taken to reduce risk for transmission of SARS-
CoV-2. Several states in India have imposed lockdowns,which is
helping to reduce the spread of COVID-19. These nonpharma-
cologic measures have short-term benefits; the long-term solu-
tion involves vaccination. International efforts are underway and
are much needed to replenish critical health care supplies and
materials needed for vaccine manufacturing. Second, imple-
mentation of mitigation strategies is urgently needed to
decrease the risk for mucormycosis in persons infected with
SARS-CoV-2. The Indian Health Ministry recently issued evi-
dence-based guidelines for appropriate mucormycosis man-
agement (10). Corticosteroids should be used only in situations
inwhich there is evidenceof their effectiveness, and thenonly at
recommended doses and durations (8). Blood glucose levels
must be closely monitored and controlled, particularly in
patients who are known to be diabetic or are receiving
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corticosteroids. Antibiotics should be reserved for situations in
which bacterial superinfections are suspected. People should
avoid environments where exposure to Mucorales is likely to
occur. Third, efforts must be undertaken to educate health care
providers and the public about the signs and symptoms of
mucormycosis because early aggressive surgical treatment and
antifungal therapy improve outcomes. Regarding antifungal
therapy, hospitals need tohaveadequate suppliesof amphoter-
icin B. The COVID-19 crisis has unmasked inequities and
strained health care systems globally, particularly in low- and
middle-income countries. The overuse of corticosteroids and
antibiotics may have been an attempt to avoid hospitalizations
because of the shortage of hospital beds and oxygen. Stronger
restrictions on over-the-counter sales of systemic corticosteroids
and antibiotics should be considered. Restrictions were issued
for hydroxychloroquine in March 2020, which contributed to
reduced hydroxychloroquine sales during the first wave of the
pandemic (9). Finally, strengthening infrastructure and improv-
ing health care delivery systems are high priorities to forestall
such crises.
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