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Abstract Introduction Patients with a history of or active COVID-19 infection are predisposed
to the development of opportunist bacterial and fungal infections. A rising incidence of
a rare occurring fungal infection earlier, called mucormycosis, has been reported in
abundance across the globe since March 2021, especially in India just as the second
wave of COVID-19 began, caused by the trifecta of hyperglycemia (new-onset or
exacerbation of pre-existing diabetes), oxygen therapy (invasive or noninvasive
ventilation), and prolonged intake of steroids.
Objective The present study aimed at assessing the prevalence of post-COVID
mucormycosis in males of younger age group and spread of rhino-orbital-cerebral
mucormycosis (ROCM).
Methods A case-control study was performed over a period of 3 months among 60
male patients with confirmed diagnosis of mucormycosis. Individuals<40 years old
were included in the case group (n¼30), while those> 40 years old were included as
controls (n¼ 30). Disease spread was assessed in three types of ROCM, that is,
rhinomaxillary, rhino-orbital, and rhino-orbito-cerebral mucormycosis.
Results In the control group, the mean age was 48.47 years old, the mean HbA1c was
10.62�1.88%, with most of them suffering from rhino-orbital mucormycosis. In the
case group, the mean age was 31.57 years old, with a mean HbA1c of 10.11�2.46%,
and most patients had rhinomaxillary mucormycosis. The duration of steroid intake
and mode of oxygen therapy were found to be significant in the severity of ROCM.
Conclusion Rising cases of post-COVID mucormycosis have brought to light the fatal
consequences of prolonged use of steroids and oxygen therapy towards the develop-
ment and spread of ROCM among young and middle-aged males.
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Introduction

With the emergence of SARS-CoV-2 in 2019, COVID-19
disease has been plaguing the masses all over the world.
Apart from acute respiratory distress syndromes (ARDS),
immunosuppression caused by SARS-CoV-2 decreases CD4
þT and CD8þT cell counts, predisposing COVID-19 patients
to other opportunistic infections.1 A variety of bacterial and
fungal infections have been found to be associated with
COVID-19, especially in diabetic, immunocompromised, or
severely ill patients.2 Opportunistic fungal infections, espe-
cially mucormycosis post-Covid-19 infection, have been
reported in alarming numbers during the current second
wave of the pandemic.3 Mucormycosis is an acute, invasive
and potentially life-threatening fungal infection caused by
ubiquitous, saprophytic, and filamentous fungal species
belonging to the Mucorales order.4,5 This is a highly aggres-
sive disease with a tendency for contiguous spread and poor
prognosis, requiring prompt diagnosis and emergency treat-
ment.4,6Globally, the incidence ofmucormycosis varies from
0.005 to 1.7 per million individuals, with a fatality rate of
46%.7,8 A total of 0.14 per 1,000 cases have been reported
among the Indian population, that is, 80 times higher than
those of developed countries.9

Hypoxia, diabetes mellitus, new-onset hyperglycemia,
steroid-induced hyperglycemia, metabolic acidosis, diabetic
ketoacidosis, increased ferritin levels, decreased phagocytic
activity of white blood cells due to immune suppression, and
other immunosuppressive conditions such as hematologic
malignancies, transplant recipients, neutropenia, and corti-
costeroid therapy along with prolonged hospitalization with
or without mechanical ventilators facilitate Mucorales
spores to germinate in people with COVID-19, leading to
the development of mucormycosis.10,11 Inhalation of air-
borne spores of Rhizopus, Mucor, and Rhizomucor upon
interaction with ketone reductase enzyme aids the growth
of these organisms in glucose-rich, acidic environments.12

Mucormycosis is primarily seen among patients in the
intensive care unit (ICU) and can be fatal. Clinically, greyish-
black pigmentation in the nose or in the oral cavity with
symptoms of blockage of the nasal cavity, jaw or dental pain,
nasal block, or epistaxis often appear first. This may be
followed by involvement of the eyes and the cheeks, causing
facial swelling or pain, eye swelling or pain, visual distur-
bances like double vision, restriction of eye movements, or
sudden vision loss. As the disease spreads, it can cause severe
headache, altered sensorium, and fever, indicating involve-
ment of the brain as well.13 On nasal endoscopy, blackish
discoloration or necrotic eschar over the nasal turbinates,
blackish foul-smelling crusts, or avascular pale nasal mucosa
are seen. Oral examinationwith biopsy from suspected areas
of ulceration or blackish discoloration over the palate or the
upper alveolus or loosening of teeth is seen if the maxilla is
involved. Complete ophthalmology and neurological evalua-
tion should also be performed. On the basis of various sites
involved, there are six clinical forms: Rhino-orbito-cerebral,
pulmonary, gastrointestinal, cutaneous, disseminated, and
miscellaneous.14Most of these patients initially present with

symptoms similar to those of acute bacterial sinusitis, but
rapid worsening occurs with vision abnormalities, facial
edema, and necrotic areas in the nose, the paranasal sinuses,
the orbit, the face, or intraorally, indicating acute invasive
fungal sinusitis. Orbit involvement is seen in between 66 and
100% of the cases.15

Due to the rapid progression and destructive nature of the
infection, a suspected case of mucormycosis requires urgent
intervention.16 The diagnosis of mucormycosis is often diffi-
cult, since it depends on recognizing disease patterns and the
available diagnostic tools, which differ between the regions
of the world.16 Contrast-enhanced magnetic resonance im-
aging (MRI) of the paranasal sinuses, the orbit, and the brain
is the investigation of choice, showing ischemia and non-
enhancement, isointense or hypointense lesions in the in-
volved paranasal sinuses and turbinates (black turbinate
sign).14 Potassium hydroxide (KOH) mount and fungal cul-
tures show aseptate ribbon-like fungal hyphae.14 The man-
agement of mucormycosis differs between healthcare
settings; however, the mainstay treatment remains surgical
debridement combinedwith antifungal therapy. Intravenous
liposomal amphotericin-B (5–10mg/kg/day) is the first-line
antifungal drug, and the second-line antifungal drug used as
salvage therapy is intravenous or oral posaconazole, given
over a course of 4 to 6 weeks. Strict glycemic control is of
utmost importance since diabetesmellitus is an independent
risk factor for both severe COVID-19 and mucormycosis.16

Given the rise in cases of mucormycosis in the current
COVID-19 scenario, new-onset diabetes mellitus has been
reported in most of these patients.3,11 We undertook this
study to highlight the effects of COVID-19 infections and
steroid therapy in the development of mucormycosis with
new-onset of diabetes mellitus, especially in younger male
populations.

Aims and Objectives

1. To study the prevalence of post-COVID mucormycosis in
young adult males with new-onset diabetes mellitus.

2. To analyze the role of steroids and oxygen therapy in the
spread of ROCM.

3. To study the interval period between COVID-19 infection
and mucormycosis.

Materials and Methods

The present case-control study was undertaken by the
Department of ear, nose, and throat (ENT) at a tertiary
care center in Haryana, India, after obtaining clearance
from the Institutional Ethical Committee. Over a period of
3 months, 60 cases of mucormycosis who presented to the
ENT Out Patient Department (OPD) and to the emergency
department were included in the present study.

Inclusion Criteria

1. Male patients.
2. Age group ranging from 18 to 60 years old.
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3. History of COVID-19 infection.
4. Patients with newly diagnosed diabetes mellitus.
5. Confirmed diagnosis of mucormycosis on KOHmount and

contrast enhanced MRI suggestive of invasive fungal
sinusitis.

Exclusion Criteria

1. Age<18 years old and>60 years old.
2. Patients with pre-existing diabetes mellitus.
3. Patients diagnosed with mucormycosis with no history of

COVID-19 infection.
4. Coexisting comorbidities such as heart disease, thyroid

disease, hypertension.

Patients<40 years old were included in the case group
(Group A), and those>40 years old were included in the
control group (Group B). Detailed history and ENT examina-
tion were performed for all patients along with ophthalmol-
ogy, dental, and neurological evaluation. Diagnostic nasal
endoscopy was performed in all patients, and significant
features such as discoloration of the nasal mucosa, blackish
secretions along with the status of the turbinates, and any
other nasal pathologies were noted. The provisional diagno-
sis of mucormycosis according to the KOH mount was
confirmed by histopathology and radiological imaging (con-
trast-enhanced MRI). The comparison between the case and
control groups (Groups A and B) was performed on the basis
of HbA1c level, history of steroid intake, route and duration
of steroid intake, requirement and mode of oxygen supple-
mentation, time duration between COVID-19 infection and
mucormycosis, and disease spread on the basis of the site
involved. On the basis of presenting features and the sites
involved, patients in the present study were broadly classi-

fied into 3 groups: Rhino-orbital, rhino-orbito-cerebral, and
rhinomaxillary mucormycosis (►Table 1). All patients un-
derwent surgical debridement under general anesthesia.
Postoperatively, intravenous antifungal liposomal ampho-
tericin-B (300mg/kg body weight/day dose up to a cumula-
tive dose of 3 g) and oral antifungal posaconazole (loading
dose of 1,200mg; 300mg/day for 4 days, followed by a
maintenance dose of 100mg/day for 3 months), along with
antibiotics, were given.

Statistical Analysis
The datawas collected inMicrosoft Office Excel 2010 (Micro-
soft Corporation, Redmond,WA, USA). All statistical analyses
were performed with IBM SPSS 22.0 Statistics for Windows
(IBM Corp., Armonk, NY, USA). The qualitative data were
expressed in numbers and percentages for categorical vari-
ables and the quantitative data were expressed as mean and
standard deviations (SDs) for continuous variables. The
difference in proportion was analyzed by using the chi-
squared and the Fischer exact tests. The difference in the
mean among the groups was analyzed using the Mann-
Whitney U-test and analysis of variance (ANOVA). A p-value
<0.05 was considered statistically significant.

Result

The present case-control study was performed among 60
male patients divided into 2 groups: the case group (Group
A), in which 30 patients in the age group between 18 and
40 years old (mean age of 31.57 years old) were observed,
and the control group (Group B), comprised of 30 patients in
the age group between 40 and 60 years old (mean age of
48.47 years old). The mean HbA1c level in Group A was

Table 1 Types of mucormycosis categorized based on clinical presentation to assess disease spread

Type of mucormycosis Rhino-orbital
(n¼ 22)

Rhino-orbital-cerebral (n¼8) Rhinomaxillary (n¼ 30)

Clinical features Headache Altered sensorium Palatal necrosis

Nasal discharge Ophthalmoplegia Dental pain

Nasal bleeding Vision loss Loosening of teeth

Nasal congestion Corneal anesthesia

Sinus tenderness Facial anhidrosis

Retro-orbital headache Contralateral hemiplegia

Facial (periorbital) swelling

Facial palsy

Facial numbness

Eye pain

Lacrimation

Proptosis

Vision loss

Diplopia

Bulbar palsy

Restricted ocular movement
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10.11�2.46%, while in group B it was 10.62�1.88%. A total
of 46 patients reported a history of steroid intake for COVID-
19 treatment, equally distributed among both the case and
control groups. A total of 26 patients took steroid intrave-
nously and 20 patients took steroids orally. A total of 36
patients required oxygen support during their COVID-19
treatment, out of which 20 received oxygen supplementa-
tion, 11 were on BIPAP/NIV, and 5 patients were on ventila-
tor. A total of 26 patients received oxygen therapywhile their
treatment for COVID-19 in the hospital and 10 received
oxygen supplementation at home. On comparing the study
variables between Groups A and B (►Table 2), we found that
rhinomaxillary mucormycosis was more common (63.33%)
in group A (< 40 years old; p¼0.025); while rhino-orbital
mucormycosis was more common (43.33%) in group B
(between 40 and 60 years old; p¼0.121).

To assess the spread of the disease, the study population
was divided into 3 categories, namely rhinomaxillarymucor-
mycosis (n¼30), rhino-orbital mucormycosis (n¼22), and
rhino-orbito-cerebral mucormycosis (n¼8).►Table 3 shows
the correlation between these categories based on the study
variables, where the correlation of age with rhinomaxillary
mucormycosis (44.9�8.75 years old), with rhino-orbital
mucormycosis (33.45�6.38 years old), and rhino-orbito-
cerebral mucormycosis (39.75�13.48 years old) was found
to be significant (p¼0.0001). Other variables that were
found to be significant upon correlation among the 3 cate-
gories were mean HbA1c level (p¼0.003), mean duration of

steroid intake in days (p¼0.014), and oxygen supplementa-
tion during COVID-19 treatment (p¼0.009). We also ob-
served that themode of oxygenation received during COVID-
19 treatment was found to have a significant correlationwith
the type of mucormycosis (p¼0.005). However, a history of
steroid intake and the mean duration between COVID-19
infection and mucormycosis showed no significant correla-
tion neither among the case and control groups nor among
the 3 categories of disease spread.

Discussion

In recent years, a significant change has been observed in the
epidemiology of mucormycosis. The rise in incidence of this
highly morbid and fatal disease has been seen globally, but it
is higher in Asian countries.17 What was earlier a rare
occurrence has now become one of the widespread and
common diseases in the wake of the COVID-19 pandemic.
While the first wave of COVID-19 led to mucormycosis cases
in 2020with notmany cases being reported, the secondwave
in 2021 led to amultifold rise in cases of mucormycosis.18 As
of June 7, 2021, India recorded its highest number (28,252) of
mucormycosis cases, out of which 24,370 cases had a history
of COVID-19 and 17,601 cases had a history of diabetes.13 A
total of 1,719 cases were recorded in the Haryana state in
India.19 OnMay 15, mucormycosis was declared as a notified
disease under section 2 of the Epidemic Diseases Act 1897.20

It is an aggressive and potentially fatal infection more

Table 2 Correlation with age

Variables Case group
(Group A)

Control group
(Group B)

p-value

� 40 years old
(n¼30)

> 40 years old
(n¼ 30)

HbA1c level 10.11� 2.46 10.62� 1.88 0.273

History of steroid intake Yes 23 (76.67%) 23 (76.67%) 1.000

No 7 (23.33%) 7 (23.33%)

Disease spread based
on the site involved

Odontogenic mucormycosis 19 (63.33%) 11 (36.67%) 0.025�

Rhino-orbital mucormycosis 9 (30%) 13 (43.33%) 0.121

Rhino-orbito-cerebral
mucormycosis

2 (6.67%) 6 (20%) 0.100

Duration of steroid intake (in days) 12.26� 4.72 14.47� 4.49 0.068

Route of steroid intake Injectable (n¼26) 12 (40%) 14 (46.67%) 0.551

Oral (n¼ 20) 11 (36.37%) 9 (30%)

Oxygen support required Yes 16 (53.33%) 20 (66.67%) 0.291

No 14 (46.67%) 10 (33.33%)

Where did you receive oxygen Hospital 13 (43.33%) 13 (43.33%) 0.170

At home 3 (10%) 7 (23.33%)

Mode of oxygenation/ ventilation Oxygen supplementation 11 (36.67%) 9 (30%) 0.086

BIPAP/NIV 5 (16.67%) 6 (20%)

Ventilator 0 5 (16.67%)

Time duration between COVID-19 infection and mucormycosis 28.00� 10.55 30.3� 10.02 0.415

Abbreviations: BiPAP, bilevel positive airway pressure; NIV, non-invasive ventilation.
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commonly observed in immunocompromised patients. Di-
agnostic procedures such as diagnostic nasal endoscopy,
histopathological examination, and radiological imaging
positively impact clinical outcomes in patients with mucor-
mycosis, including improved survival. However, the poor
availability and accessibility of resources for diagnostic and
therapeutic options has reduced the survival rates of mucor-
mycosis patients in underdeveloped and developing coun-
tries. It is surprising how the causative organism also varies
geographically. Rhizopus arrhizus has been isolated as the
commonest agent for mucormycosis worldwide; however
Apophysomyces variabilis is predominant in Asia and the
Lichtheimia species in Europe. Rhizopus homothallicus,Mucor
irregularis, and Thamnostylum lucknowense are now being
reported from Asia.17 An entire spectrum ranging from
sinonasal, rhinomaxillary, rhino-orbital, and rhino-orbital-
cerebral disease (with central nervous system [CNS]
involvement) depends upon the area of involvement of the
fungal infection.21 Rhizopus Oryzae accounts for 90% of the
rhino-orbital-cerebral (ROCM) form. Most patients in the
present study presented with the rhino-maxillary
type (50%), followed by the rhino-orbital and rhino-orbito-
cerebral types (►Fig. 1). A systematic review of 101 cases
reported from India until May 2021 was performed by
Singh et al. and reported a 78.9% male predominance
among both active and recovered cases of COVID-19, 80%
of whom had diabetes mellitus and 76.3% reported having
a history of corticosteroid intake for the treatment of COVID-
19.

Ismaiel et al22 found that the incidence of post-COVID-19
mucormycosis was statistically significant in the older age
group (58.38�12.2 years old), while in our study the inci-
dence was common in the younger age group, with a mean
age of 40.01þ10.09 years old. As shown in ►Fig. 2, we
observed that rhinomaxillary mucormycosis wasmore com-
mon in the case group (� 40 years old), while rhino-orbital
mucormycosis was common in the control group.

According to the literature, there are several risk factors
that can lead to the development of mucormycosis, but
diabetes mellitus overshadows all the other risk factors
especially in Asian countries like India and China. Post-
tuberculosis and chronic renal failure have also emerged in
recent times. On the other hand, hematological malignancies
and organ transplants have been documented as the com-
mon predisposing factors of mucormycosis in Europe and in

Table 3 Correlation of types of mucormycosis

Variables Odontogenic
mucormycosis
(n¼ 30)

Rhino-orbital
mucormycosis
(n ¼ 22)

Rhino-orbito-cerebral
mucormycosis
(n¼ 8)

p-value

Age (years old) 44.9�8.75 33.45� 6.38 39.75�13.48 < 0.0001�

HbA1c level 10.78� 2.16 9.25� 1.71 11.88�2.21 0.003�

History of steroid intake Yes 20 (66.67%) 18 (81.82%) 8 (100%) 0.108

No 10 (33.33%) 4 (18.18%) 0

Oxygen support required Yes 13 (43.33%) 15 (68.18%) 8 (100%) 0.009�

No 17 (56.67%) 7 (31.82%) 0

Route of steroid intake Injectable 9 (30%) 11 (50%) 6 (75%) 0.136

Oral 11 (36.67%) 7 (31.82%) 2 (25%)

None 10 (33.33%) 4 (18.18%) 0

Duration of steroid intake 12.15� 3.46 12.88� 5.31 17.62�3.88 0.014�

Where did you receive oxygen Hospital 7 (23.33%) 11 (50%) 8 (100%) 0.071

At home 6 (20%) 4 (18.18%) 0

Mode of oxygenation/
ventilation

Oxygen
supplementation

10 (33.33%) 8 (36.36%) 2 (25%) 0.005�

BIPAP /NIV 2 (6.67%) 7 (31.82%) 2 (25%)

Ventilation 1 (33.33%) 0 4 (50%)

Time duration between COVID-19 infection and
mucormycosis

28.6�10.61 31.00� 9.98 26.12�10.07 0.481

Fig. 1 Incidence of different types of mucormycosis based on clinical
features and sites involved.
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the United States.17 Interestingly, diabetes mellitus has been
a knownpredisposing factor for both COVID-19 and ROCM. In
amulticenter study from India, diabetes was reported in 77%
of the cases of ROCM. Around 80 to 100% of the cases of ROCM
were reported as presenting with diabetes as a risk factor.22

John et al. conducted a review inwhich 41 confirmed cases of
mucormycosis were reported in patients with COVID-19, of
which 93% had diabetes mellitus and 88% received cortico-
steroids.23 These findings were similar to those of Singh
et al.11 However, with the ongoing epidemic of ROCM in the
COVID-19 pandemic,13 not only pre-existing or known dia-
betics but also new onset or acute onset diabetes has been
reported. New onset hyperglycemia and acute metabolic
decompensation of pre-existing diabetes have emerged as
a complication of COVID-19. SARS-CoV-2 enters the pancre-
atic β cells by expressing ACE-2 receptors, impairing pancre-
atic insulin secretion, thus triggering new onset diabetes
mellitus. Contributing factors toward insulin resistance are
increased levels of IL-6 and TNF-α along with corticoste-
roids.24 In our study, 60 cases of confirmed mucormycosis
had a history of COVID-19 infection andwere diagnosedwith
diabetes for thefirst time (meanHbA1c of 10.37%). Therewas
no significant statistical difference (p¼0.273) between the
case (10.11�2.46%) and the control group (10.62�1.88%).
The main defense mechanism of the body against the exist-
ing Mucorales in the environment is based on chemotaxis

and oxidative and nonoxidative fungicidal mechanism of
phagocytic cells, which get hampered in hyperglycemic
states. However, acidosis along with hyperglycemia helps
Mucorales to acquire the readily available free iron in the
serum, enhancing, in turn, their virulence.13 Varying HbA1c
levels have been noted amongst the three types of mucor-
mycosis. (►Fig. 3) It is important to highlight here that
diabetes mellitus with ketoacidosis is the commonest
reported risk factor in non-COVID-19 mucormycosis. Be-
tween 54 and 76% of these cases have been reported in India,
Iran, and Mexico.25

In critically ill patients, such as those with severe COVID-
19, the use of dexamethasonehad been recommended by the
National Institute of Health in those requiring supplemental
oxygen or ventilation. But this, in turn, predisposed these
patients to the risk of developing secondary infections.26

However, a rampant use of steroids was seen during
the second wave of COVID-19, which led to steroid-induced
hyperglycemia in many previously nondiabetic patients,
making them exceptionally vulnerable to the development

Fig. 2 Correlation of age with type of mucormycosis.

Fig. 3 Mean HbA1c levels in different types of rhino-orbital-cerebral mucormycosis.

Fig. 4 Duration of steroid intake is found to be directly proportional
to the spread and severity of rhino-orbital-cerebral mucormycosis.
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of mucormycosis. Ahmadikia et al. said that an interval of �
20 days was found between dexamethasone therapy and the
occurrence of mucormycosis as a noticeable risk factor, but
this was not significant enough to prove an association
between the two variables.6 In our study, the time interval
between COVID-19 infection and the occurrence of mucor-
mycosis was 31.36�10.58 days. There was no statistically
significant difference between the two age groups in our
study or among the types ofmucormycosis (►Tables 2& 3) to
form an association between the twovariables. However, the
total duration for which steroids were taken during the
COVID-19 treatment when assessing the different types of
ROCM was significant. (►Fig. 4)

Another association found between COVID-19 andmucor-
mycosis is the mode of spread of infection through the
inhalational route, making the nose and the paranasal
sinuses the primary sites for the development of mucormy-
cosis. The fear of aerosol generation and airborne transmis-
sion of SARS-CoV-2 while performing examination of oral
and nasal cavities and during surgical procedures has led to
delayed clinical examination and diagnosis, thereby increas-
ing the risk of development of advanced mucormycosis.27

Prolonged hospital stay, especially for patients in the ICU
with invasive or noninvasive ventilation with severe cases of
COVID-19, is more likely to predispose patients to the
development of fungal coinfections.18 Khatri et al. stated
that presence of fungal spores in this type of equipment may
contribute towards the development of hospital-acquired
mucormycosis.28 Most of our mucormycosis patients re-
ceived oxygenation in a hospital setup during their COVID-
19 treatment. However, there was no significant statistical
difference between those who received ventilation at hospi-
tal or at home (p¼0.170). As rightly stated by Sarkar et al.,
doctors treating COVID-19 need to be more vigilant and
mindful while prescribing corticosteroids or immunosup-
pressants for any other illness. It is also important to make a
periodical check and maintenance of the air quality in
hospital wards and oxygen therapy machines to prevent
the inoculation of spores.13,29 Training ICU technicians to
change flow meters frequently and to sterilize the oxygen
tubing is necessary.13

Conclusion

The fatal combination of COVID-19 and mucormycosis has
been increasing in alarming numbers across the globe,
especially among the Indian population, with male predom-
inance. As the virus exhibited mutations in the second wave
of COVID-19, affecting most young and middle-aged people
with severe forms of the illness and prolonged hospital stays.
It was among many of these patients that the trifecta of
hyperglycemia (new-onset or exacerbation of pre-existing
diabetes), oxygen therapy (invasive or noninvasive ventila-
tion), and prolonged misuse of corticosteroids that brought
about the rise of cases of mucormycosis in these immuno-
compromised patients. Manifold reasons play a role in the
development and spread of mucormycosis in COVID-19
infected and recovered patients. A multidisciplinary ap-

proach including prompt diagnosis, treatment with intrave-
nous and oral antifungals, and surgical debridement along
with medical management of underlying conditions is of
utmost importance tofight this epidemic ofmucormycosis in
COVID-19 pandemic.
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