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Abstract. There has been a surge of rhino-orbital mucormycosis cases in India in the wake of the second wave of the
COVID-19 pandemic. It has been widely suggested that dysglycemia resulting from diabetes which is a common comor-
bidity in COVID-19 patients, and indiscriminate steroid use has resulted in this surge. We report a series of 13 cases of
rhino-orbital mucormycosis in COVID-19 patients admitted to our center between mid-April and early June 2021. The
cases showed a male preponderance, two patients had loss of vision, and four of them showed intracranial extension of
disease. Twelve patients had received steroids and 12 had preexisting or newly diagnosed diabetes, both steroid use
and diabetes being the most common identified risk factors. Considering other possible risk factors, immunosuppressed
state, antiviral or ayurvedic (Indian traditional) medications, and oxygen therapy were not associated with a definite risk
of mucormycosis, because they were not present uniformly in the patients. We propose that COVID-19 itself, through
molecular mechanisms, predisposes to mucormycosis, with other factors such as dysglycemia or steroid use increasing
the risk.

INTRODUCTION

The second wave of COVID-19 in India saw an unprece-
dented surge of mucormycosis cases in its wake, with more
than 40,000 cases occurring country-wide.1 Mucormycosis
is a highly invasive infection caused by fungi of the order
Mucorales (e.g., Rhizopus sp., Apophysomyces sp., Lich-
theimia sp., Mucor sp.), involving most commonly the para-
nasal sinuses and orbit, with probable intracranial extension.
The mortality of mucormycosis is more than 50%, even with
treatment, and morbidity in the form of loss of vision is also
extremely high.2,3 The exact cause of the increase in mucor-
mycosis cases following COVID-19 is unclear. It has been
suggested that COVID-19 patients with diabetes, which is
already the leading risk factor for mucormycosis, may have
been administered irrational doses of steroids for prolonged
periods as a part of COVID-19 management algorithm, and
the ensuing dysglycemia may have triggered the mucormy-
cosis epidemic.4,5 We present a series of cases of rhino-
orbital mucormycosis and infer the possible risk factors for
this fungal epidemic.

CASE SERIES

We report the case details of 13 patients with rhino-orbital
mucormycosis admitted between mid-April and early June
2021 who provided written informed consent (or primary
caregivers provided consent if patient incapable) for report-
ing their cases. The mean age of our patients (10 men, 3
women) was 51.5 years (SD, 10.3 years). Except for one
patient, all had a history of diabetes mellitus or were newly

diagnosed to have diabetes at the time of presentation for
mucormycosis, but none of the patients had evidence of dia-
betic ketoacidosis. Each patient, barring one, had tested
positive for severe acute respiratory syndrome coronavirus 2
on reverse transcriptase–polymerase chain reaction (RT-
PCR) performed on a nasal/oropharyngeal swab sample.
The one patient who was RT-PCR negative had high-
resolution computed tomographic scanning features of the
lungs that were highly suggestive for COVID-19. Four
patients were detected to be RT-PCR positive after develop-
ing symptoms of mucormycosis, and date of test positivity
did not imply onset of COVID-19 symptoms, but only timing
of presentation at our center. It may be presumed that these
patients either had mild or asymptomatic COVID-19, or did
not get tested voluntarily for COVID-19 until they presented
with bothersome mucormycosis symptoms. One of these
patients had mucormycosis symptoms for almost a month
before testing RT-PCR positive for severe acute respiratory
syndrome coronavirus 2. Prolonged viral shedding may be a
possibility in this patient in line with new evidence in immu-
nocompromised patients. Invasive mucormycosis is usually
an acute fulminant condition. However, chronic invasive fun-
gal sinusitis may also be caused by Mucorales, even in
immunocompetent patients.6 Another possibility in this
patient is that there was preexisting sinusitis with secondary
infection by Mucorales. Twelve of the 13 patients had
received steroids, and none of them had developed symp-
toms of mucormycosis before steroid administration. Ratio-
nality of steroid treatment in each patient could not be
ascertained. In several cases, steroids had been initiated
before presentation to our hospital by trained or untrained
local practitioners, and documentation of indication was
deficient in such cases. The four patients who received ste-
roids at our center were prescribed the same as part of our
COVID-19 management protocol (Table 1). Four patients
had intracranial manifestations of disease and two had loss
of vision. The demographic and clinical profiles of the
patients are detailed in Table 1.
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Potassium hydroxide wet mount and fungal culture/sensi-
tivity were done from nasal swab preoperatively and from
tissue samples obtained during operative intervention. Histo-
pathological examination of tissue samples was also per-
formed. Diagnosis of mucormycosis was based on typical
clinical presentation supported by positive results in any of
these investigations, except in one patient in whom CT
scans were suggestive, but a tissue diagnosis/culture report
could not be obtained. Each patient received amphotericin
B/posaconazole based on national guidelines. The surgical
management for each patient and the outcome until death or
discharge are detailed in Table 1. There were only two
deaths in this series. The low mortality may be because of
the involvement of less virulent strains of Mucorales, but this
cannot be confirmed in the absence of molecular characteri-
zation data.

DISCUSSION

There have been several reports of mucormycosis cases
from India and some from other countries during the COVID-
19 crisis, and clinical experience suggests a surge as well. A
major review by Dilek et al.7 analyzed 30 publications (N 5
100) with 68 patients from India alone. Corticosteroid use
(90.5%) and diabetes (79%) were the major risk factors, and
the mortality rate was 33%.7 Interestingly, mucormycosis
cases were described during the terminal part of the first
wave of COVID-19 in India too. One of the earliest series
from a major tertiary center in southern India described 10
patients between October and November 2020.8 All patients
in the series had diabetes, with nine developing ketoacido-
sis. All 10 patients had also received intravenous dexameth-
asone as part of the COVID-19 management protocol.8

The reasons behind the upsurge of mucormycosis cases
in India are still unclear. Experts in mucormycosis research
in India hypothesized previously that the high occurrence
results from an abundance of Mucorales in the environment
as a result of a predominantly hot and humid climate, and a
high prevalence of diabetes in Indians.9 In the wake of the
second wave, mucormycosis cases were reported from
most parts of the country. Supplemental Figure 1 shows the
area from which our cases presented, but ours being a refer-
ral center, it is expected that the usual service region of our
hospital would be contributing to the cases. Neglected and
undiagnosed diabetes, rather than the absolute duration of
diabetes, have been proposed to be risk factors.9 It is evi-
dent from Table 1 that most patients in our series had been
on treatment for diabetes or were newly diagnosed to have
diabetes, but they were a mix of patients with uncontrolled
and well-controlled blood glucose levels not matching the
classically described patients with diabetic ketoacidosis
who present with mucormycosis.
Likewise, steroids have been suggested to be risk aggra-

vators, by increasing dysglycemia as well as through their
immunosuppressing effect. Even short courses of steroid
use have been linked to the occurrence of mucormycosis in
susceptible patients.10,11 Other potential risk factors that
have been considered include the use of immunomodulators
such as tocilizumab, antivirals, ayurvedic (traditional Indian)
medicines (especially oils to be instilled in the nose), iron
overuse, and use of industrial oxygen.12 Increased free iron
has been shown to promote the growth of Mucorales in vitro,

in mice models, and in patients. The elevated free iron in dia-
betic ketoacidosis patients impairs interferon-g production
and phagocytic function required for fungal killing.12,13 In
line with this, treatment with the iron chelator deferasirox has
shown some benefits in clinical outcomes in diabetic
patients with mucormycosis.14 None of the patients in our
series was receiving iron supplements. Host immunosup-
pression, too, may be thought to predispose individuals to
mucormycosis. In the literature, HIV as a risk factor has been
seen in 2% of all cases of mucormycosis and in 41% of
those who succumb to the fungal illness.15 In HIV patients
with mucormycosis, intravenous drug use, neutropenia, and
corticosteroid use are the common precipitating factors.16

However, no patient in our series had HIV infection.
A look at Table 1 suggests that none of the tentative fac-

tors, including steroids and diabetes, were present uniformly
in the COVID-19 patients presenting with rhino-orbital
mucormycosis, although diabetes and steroid use were pre-
sent in the majority. Only 6 of 13 patients had received oxy-
gen at some point, and only one patient had been taking
ayurvedic oral medicines (containing ashwagandha, Witha-
nia somnifera). There may be other unexplored factors, such
as patient age and presence of chronic kidney disease, that
may determine risk. Literature pertaining to this is varied.
Because mucormycosis is usually secondary to diverse
immunosuppressing conditions, cases expectedly follow the
age trends of these conditions. The sample size in our case
series was small, so comments cannot be made on age pre-
dilection of the disease. Two of the patients in our series had
renal dysfunction with mildly elevated serum creatinine, but
because of coexisting diabetes, the role of kidney disease as
a risk factor cannot be commented upon.
It is quite likely that any of the studied factors such as dys-

glycemia or steroid use might have played only a facilitatory
role in triggering mucormycosis cases in COVID-19 patients.
There may be molecular associations between the two infec-
tious entities that provide the primary predisposition.
COVID-19 has been observed to increase serum concentra-
tions of GRP78, a heat-shock protein involved in stress
responses.17 GRP78 has been demonstrated to bind to
Rhizopus germlings, which are the major invading forms of
Mucorales.18 Furthermore, antibodies directed against
GRP78 and short hairpin RNA sequences targeting GRP78
have been observed to suppress invasion and endothelial
damage induced by Rhizopus delemar, but not by other
pathogenic fungi such as Candida and Aspergillus.18,19 Inter-
estingly, GRP78 associates with angiotensin-converting
enzyme 2 and S (spike) protein of severe acute respiratory
syndrome coronavirus 2, facilitating the viral entry into host
cells.20 In line with this, anti-GRP78 antibodies have been
suggested as potential COVID-19 therapeutic options.21

This may have a dual effect and may reduce the risk of
mucormycosis as well. A second link between COVID-19
and mucormycosis involves spleen tyrosine kinase, an
enzyme involved in phagocytic function of neutrophils, mac-
rophages, and so on, hence playing a major role in antifungal
defense. Urine proteome analysis of COVID-19 patients has
shown a downregulation of spleen tyrosine kinase, which
may impair phagocytosis and predispose to invasive mucor-
mycosis.22 Paradoxically, fostamatinib, a small molecule
inhibitor of spleen tyrosine kinase, is being tested in clinical
trials of COVID-19 patients by virtue of its inhibitory effect on
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pro-inflammatory cytokines and the neutrophil extracellular
trap.23 In contrast to therapies targeting GRP78, this drug
may increase the risk of invasive mucormycosis by inhibiting
the phagocytic antifungal defense of the body. However,
fostamatinib is still an investigational therapy in COVID-19
and was not administered to any of our patients.
Our center saw 1,828 COVID-19 admissions between Jan-

uary 1, 2021 and August 21, 2021. During the same period,
there were 280 admissions of mucormycosis cases, mostly
between May and July. Our center is a referral center for both
conditions, and the number of referral centers for mucormy-
cosis was much less compared with that for COVID-19. The
number of admissions represent disparate sets of patients,
and it may not be possible to draw conclusions regarding the
incidence of mucormycosis in COVID-19 patients from this.
Approximately 10% of mucormycosis cases at our hospital
were those who underwent COVID-19 management here and
subsequently developed the fungal infection. Overall, mucor-
mycosis cases are rare even in COVID-19 patients, although
a surge has been undeniable in the wake of the second wave
in India. It is possible that COVID-19—through molecular
mechanisms involving GRP78, SYK, and other cellular
immune factors—creates a favorable environment for mucor-
mycosis.12 The interplay between the two infections needs to
be worked out based on these pathogenetic pathways to
prevent invasive fungal disease with high mortality.
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Note: A supplemental figure demonstrating the geographical area of
mucormycosis cases appears at www.ajtmh.org.
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