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Abstract Coronavirus disease 2019 (COVID-19) has been
found to be associated with mucormycosis in few parts of
the world, especially India. It is important to look for
reasons for this upsurge of cases so that other countries
may take proper steps to prevent it. A prospective clinico-
demographic study was conducted in SMS Medical Col-
lege, Jaipur, India from April to May 2021. All patients
(235) with COVID associated mucormycosis (CAM) were
studied in detail with reference to their diabetic status and
steroid intake during treatment of COVID-19. Steroid
usage was in 84.3% of patients with methylprednisolone
being the most commonly used steroid (66.8%). Majority
of the patients had taken steroids for 7-14 days. Diabetes
was found in 204 patients and 42.1% of patients were
newly diagnosed during/after COVID-19 treatment. The
HbAlc levels of diabetic patients ranged from 6.0% to
16.3%. This is perhaps the biggest study in the world shows
that the triad of COVID-19, diabetes and steroid usage is a
major contributing factor towards mucormycosis. Proper
steps should be taken to prevent CAM.
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Introduction

COVID-19 since beginning has shown many twists and
turns in its presentations, complications and sequelae [1].
Many opportunistic infections have been associated with
COVID-19 [2].Mucormycosis is one of such fungal
infections, which have received recent attention. It has
been reported from various parts of the world, however
majority of patients are from India. Mucormycosis is
classified according to parts of the body involved: Rhino-
orbital-cerebral (ROC), pulmonary, gastrointestinal, cuta-
neous and disseminated. ROC mucormycosis is common-
est form of mucormycosis [3]. The first wave of COVID-19
also witnessed an upsurge of these cases and was reported
in few studies, one of the biggest such series being that of
Sharma et al. [4]. However, the second wave has seen a
way higher increase in number of such cases.

Various reasons for this increased number of
mucormycosis cases have been postulated. In this study we
analyzedin detail about status of diabetes mellitus and
steroid usage in CAM patients. This is probably a study
with biggest sample size discussing about these 3 aspects.

Material and Methods

A prospective study was conducted from April 2021 to
May 2021 at SMS Medical College, Jaipur, India, a tertiary
care institute. All patients with history of COVID-19 and
positive KOH fungal staining on nasal biopsy were taken
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up in this study. Clinico-demographic profile of the patients
was studied with special reference to diabetes (known/new
diabetic, HbAlc levels) and steroid usage (salt, dosage and
duration). This data were then analyzed.

Results

The study involved 235 patients with confirmed CAM who
were evaluated between April to May 2021. All these
patients had a history of onset of symptoms of COVID-19
infection, within 45 days prior to diagnosis of mucormy-
cosis. Eleven of these were COVID-19 positive at time of
developing mucormycosis.

Out of these, 198 patients (84.3%) had used steroids
during treatment of COVID-19. The most common steroids
used were methylprednisolone (66.8%), dexamethasone
(45.1%) and prednisolone (33.6%). Many patients had used
more than one type of steroids (Table 1). 55.1% of the
patients who were on steroids took oral steroids only, while
the rest 44.9% had intravenous steroids followed by oral
intake. Duration of steroid usage was also studied, and it
was found that majority (56.2%) of these patients took
steroids for 7-14 days (Table 2).

Data regarding diabetic status of CAM patients were
also gathered. A total of 204 patients had DM, 44.7% of
which were known diabetics and 42.1% were newly diag-
nosed to be so during COVID-19 treatment (Table 3).
Twenty-one (10.3%) patients had diabetic ketoacidosis.
The HbAlc levels of diabetic patients ranged from 6.0% to
16.3% (mean 10.9 &£ 3.35 SD).

Other co morbidities, apart from DM, encountered in
our patients were hypertension in 63 patients, chronic renal
disease in eight patients and three patients with
malignancy.

Discussion

Phycomycosis or zygomycosis was first described in 1885
by Paltauf [5] and later coined as Mucormycosis in 1957 by
Baker [6] an American pathologist for an aggressive
infection caused by Rhizopus. It has since been found out

that various fungi of the genus Rhizopus, Mucor, Absidia,
Rhizomucor and Cunninghamella can lead to this
angioinvasive disease with very high morbidity and mor-
tality [7].

Many conditions, which lead to decreased immunity,
have been known to predispose patients to mucormycosis.
These include uncontrolled diabetes mellitus, solid organ
transplantation, neutropenia, malignancies, iron overload,
AIDS, intake of immunosuppressants, etc. [8, 9].

Mucormycosis is known to be various types depending
on the site of involvement: ROC, pulmonary, gastroin-
testinal tract, cutaneous and disseminated, but ROCM is
the most common type globally [3]. Though, ROCM is
mainly a clinicoradiological diagnosis but it is important to
be confirmed by microbiological/histopathological testing.

COVID-19 has seen an upsurge in cases of mucormy-
cosis, specially in India [10, 11]. This was seen in first
wave of COVID-19 as well and a study by Sharma et al. [4]
was the one of the first ones to report so. The second wave
of COVID-19 has witnessed a huge increase in number of
cases of ROCM. In this study, in a span of 2 months, we
have encountered 235 patients of mucormycosis, and it is
one of the biggest numbers of patients reported as yet of
CAM from a single institute. This is a preliminary study,
which was done with the aim of studying the percentage of
patients of CAM having history of steroid intake during
COVID-19 treatment and those with known/recent onset
diabetes mellitus. John TM et al. [12] in their study on 41
patients concluded that CAM was commonly seen in
patients with diabetes (94%), especially those with poorly
controlled glycemic levels (67%). They also found that
88% has received steroids. Singh AK [13] did a review of
cases of 101 cases of CAM, out of which 82 were reported
from India. They found that 80% of cases had diabetes and
76.3% had taken steroids for treatment of COVID-19. In
our study we found similar results, with 84.3% using
steroids, most commonly used steroid being methylpred-
nisolone with majority patients using steroid for 7-14 days.
Diabetes was also frequently encountered with 204 out of
235 patients having uncontrolled glycemic levels, 44.7%
being known diabetics while 42.1% were newly diagnosed
to be so.

Table 1 Type of steroid used by CAM patients during COVID-19 treatment (few patients used multiple salts of steroids)

S. no. Type of steroids Number of patients Percentage (%)
1 Dexamethasone 106 45.1
2 Methyl prednisolone 157 66.8
3 Prednisolone 79 33.6
4 Others 23 9.8
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Table 2 Duration of steroid used by CAM patients during COVID-19 treatment

S. no. Duration of use of steroids

Number of patients Percentage (%)

1 Less than 7 days
2 7 to 14 days
3 More than 14 days

Total cases

75 31.9
132 56.2
28 11.9
235 100.0

Table 3 Status of diabetes mellitus in patients with CAM

S. no. Status of diabetes Number of patients Percentage (%)
1 New 99 42.1
2 Old 105 44.7
3 None 31 13.2
Total cases 235 100.0

There could be many reasons for this triad of COVID-
19, Diabetes and steroid intake, predisposing to
mucormycosis:

(1) COVID-19 leads to lymphopenia with reduced
CD4 and CD8 counts, which leads to immunosup-
pression [14].

(2) Cytokine surge, particularly IL6 and IL1, leads to
increased ferritin levels, cellular iron levels and
serum free iron levels. Iron is required for Mucor to
grow [15].

(3) Elevated ferritin level is an independent risk factor
diabetes mellitus type 2 [16].

(4) COVID-19 leads to endotheliolitis, inducing a
prothrombotic state and thereby thromboembolic
phenomenon. Mucor is also an angioinvasive
fungus. Both these have a synergistic effect [17].

(5) COVID-19 itself induces increase in blood sugar
levels by its action on pancreas [18].

(6) Diabetes leads to impaired neutrophilic function
adding to further immunosuppression [19].

(7) Diabetic patients with ketoacidosis, leads to
decreased pH, which does not allow binding of
free iron to transferrin. Increased free iron levels
predispose to mucormycosis [20].

(8) Hyperglycemia leads to glycosylation of transferrin
and ferritin: reduced iron binding and increased
free iron levels [21].

(9) Increased GRP 78 (Glucose Regulatory Protein 78)
expression of endothelial cells and fungal ligand
spore coating homolog (CotH) protein: This medi-
ates angioinvasion and damage of human endothe-
lial cells by the fungi [22].

(10)  Steroids are known to have multiple immunosup-
pression effects[23]. They are also known to lead to
hyperglycemia [24].

The authors also feel that this variant of COVID-19
(delta variant) could be a reason for susceptibility to
mucormycosis.

All the above reasons, to a varying degree, have con-
tributed to the increased incidence of mucormycosis. It is
important that treatment should therefore be aimed at
handling all these issues.

Conclusion

This study with a big sample size, probably the biggest in
the world literature, emphasizes on the demonic triad of
COVID-19, diabetes and steroids. Immunosuppressive
effect of COVID-19 cannot be altered, but it is important
that doctors and general public be made aware about
judicial steroid intake for treatment of COVID-19 and
control of blood sugar levels. Just like this unholy triad
leading to CAM, the three-pronged treatment consisting of
glycemic control, antifungal and surgical debridement need
to be started simultaneously.
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