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Abstract

Mucormycosis is an angioinvasive opportunistic fungal infection, but these have become emerging
pathogens, especially in conditions with underlying predisposing risk factors in a favourable setting.
With the exponential rise in COVID-19 cases, there was an increase in the number of mucormycosis
cases among them. The global prevalence rate of mucormycosis in COVID-19 globally varies from 0.005
to 1.7 per million population and in India, it is approximately 0.14 cases/1000. The objective of this
study is to detect the prevalence of mucormycosis with the antifungal susceptibility pattern among
COVID-19 patients admitted in our hospital. A total of 347 COVID-19 and post-COVID-19 patients with
symptoms suggestive of mucormycosis were included in this study. Nasal scrapings, debrided necrotic
tissue, unhealthy tissue bits and biopsy tissues taken through FESS were processed for mycological
examination under sterile conditions. Among the total 347 samples processed, 87(25%) were positive
for fungal culture. Among the culture positves 7.8% (25) belong to mucorales. Among the total 87
fungal isolates, the majority of organism isolated was Aspergillus sp(68%), followed by Rhizopus sp
(18%). Rhizopus/Aspergillus sp (5%), Mucor species (5%), Rhizomucor sp (2%), Mucor/Aspergillus
sp(1%), Curvularia sp (1%) were the other fungi isolated. All the strains of Mucorales were sensitive
to Posaconazole and one strain showed resistance to amphotericin B with MIC 8 ug/ml by microbroth
dilution method based on CLSI M27 guidelines for Amphotericin B, and Posaconazole.
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INTRODUCTION

Mucormycosis is an angioinvasive
opportunistic fungal infection caused by a group
of fungi belonging to phylum Glomeromycota,
family Mucoraceae and order Mucorales. These
saprophytic fungi are found ubiquitously in
the soil and environment on decaying organic
matter. But these have become the emerging
pathogens especially in conditions with underlying
predisposing risk factors in a favourable setting.'?

Infection in humans occurs predominantly
by the inhalation of sporangiospores, occasionally
by ingestion of contaminated food or by traumatic
inoculation.>* Among the total pathogenic group of
Mucorales, Rhizopus arrhizus is the most commonly
isolated agent causing mucormycosis all over the
world, followed by Lichtheimia, Apophysomyces,
Rhizomucor, Mucor and Cunninghamella species.®

Immunocompromised patients,
individuals with uncontrolled diabetes mellitus or
haematological malignancies are at higher risk for
acquiring this infection.®® The ongoing Coronavirus
disease 2019 (COVID-19) was declared as a global
pandemic by the World Health Organisation
(WHO) in March 2020.>*? The disease continued
as a major public health concern with more than
162 million cases and more than 3 million deaths
globally at the time of this study.™®
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With the exponential rise in COVID-19
cases, there was an increase in the vulnerability
of the patients to secondary bacterial and
fungal infections. There was a sudden surge in
the number of mucormycosis cases in patients
of COVID-19 in the Indian subcontinent. It was
during the second wave of COVID-19 pandemic,
India had faced an imminent threat in the form
of emerging coronavirus disease-associated
mucormycosis.'**” A cascade of events including
immune dysregulation, ciliary dysfunction,
inflammation due to thrombosis, coagulation in
microvasculature and other favourable factors
like treatment with steroids, expression of
GRP78 in endothelial cell surface in diabetics,
availability of free iron all lead to the emergence
of Mucormycosis as a complication in COVID-19
patients. Along with these, prolonged stay in
hospital, emergency invasive procedures and
mechanical ventilation add more risks for the
patients to acquire the complication.*®*?

The overuse of high-dose
glucocorticoids and the administration of highly
immunosuppressive drugs to treat patients with
the coronavirus disease 2019 (COVID-19) are
responsible in part for the increasing number
of COVID-associated mucormycosis. Prolonged
administration of Corticosteroids will lead to
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impaired migration, ingestion and phagolysosome
fusion in macrophages.?®?!

The globalincidence rate of mucormycosis
in COVID-19 globally varies from 0.005 to 1.7 per
million population.?? The prevalence in India is
approximately 0.14 cases/1000[23]. This study
aims to detect the prevalence of mucormycosis
with the antifungal susceptibility pattern among
COVID-19 patients admitted to our hospital.

Aim & Objectives

To determine the prevalence of
Mucormycosis among COVID-19 patients

To isolate and identify the fungal
etiological agents of Mucormycosis

To perform antifungal susceptibility tests
for the mucorales group of fungi isolated.

To analyse the risk factors associated with
the disease and follow up of patients.

METHODOLOGY

The study was conducted in the
Department of Microbiology, Stanley Medical
College, Chennai, for a period of six months from
May 2021 to October 2021. A total of 347 patients
with COVID-19 or in post-COVID-19 period for up to
three months after COVID with clinical symptoms
and signs suggestive of Mucormycosis were
included in the study. After obtaining Institutional
Ethics clearance samples received from suspected
cases were processed. Nasal scrapings, debrided
necrotic tissue, unhealthy tissue bits and biopsy
tissues taken through FESS were all processed in
Biosafety cabinet IIA with standard and contact
precautions. Based on the nature of the sample,
10% or 20% Potassium hydroxide was used to see
the fungal elements in wet mount. The smear was
examined after 15 minutes under low and high
power microscopy and observed for the presence
of fungal elements. The same sample was
inoculated onto two tubes of Saboraud’s Dextrose
Agar and the tubes were incubated at 37 °C and
25 °C, respectively. The tubes were observed every
day upto 7 days for growth. LPCB mount was done
for culture positive samples to identify the fungal
isolates. The antifungal susceptibility testing was
done for the Mucorales group of isolates based
on CLSI M27 guidelines for Amphotericin B, and
Posaconazole.

RESULTS

Table 1. Total samples and culture outcome (N=347)

Total Culture Culture
samples  positive Negative
347 87(25%) 262(75%)

Table 2. Koh and culture correlation (N=347)

Culture Culture

Positive Negative
KOH Positive 64(18%) 5(2%)
KOH Negative 23(7%) 255(73%)

Table 3. Age-Sex distribution oF COVID-19 Associated
Mucormycosis (n=27)

Age Male % Female %
21-30 3 11 -

31-40 4 15 -

41-50 4 15 2 7.5
51-60 6 22 2 7.5
>60 3 11 3 11
Total 20 74 7 26

Table 4.Correlation of COVID-19 associated
mucormycosis with comorbities/risk factors (n=27)

Conditions Percentage
Diabetes mellitus 12(44%)
Hypertension 2(7.4%)
Diabetes mellitus & Hypertension 6(22%)
Cerebrovascular accident 2(7.4%)
Sepsis 1(3.7%)
Respiratory failure 1(3.7%)
None 3(11%)

Table 5. The diverse clinical manifestation in descending
order (n=27)

Clinical Manifestation F M Total
Acute fungal sinusitis 6 12 18
Acute rhino sinusitis 1 2 3
Orbital cellulitis 2 0 2
Preseptal cellulitis 1 0 1
Lacrimation 2 0 2
Blood stained nasal 0 1 1
discharge
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DISCUSSION

The current study was conducted in the
Department of Microbiology, Stanley Medical
College, Chennai, for a period of six months from
May 2021 to October 2021. A total of 347 samples
received during the study period were processed.
Among the total 347 patients suspected with
Mucormycosis, majority of the patients were male
(65%) and the predominant age group was 51-60
years [Figure 1]. In a study conducted by Martin

Hoenigl et al.,?* it was shown that the majority of
patients were male (62 [78%)] of 80).

Among the total 347 samples processed,
87(25%) were positive for fungal culture and
262(75%) were negative for fungal culture [Table
1]. Among The processed samples, both KOH and
culture positive were 18%, KOH negative and
culture positive were 7% and KOH positive and
culture negative were 2% [Table 2]. On comparison
of KOH and culture, Sensitivity of KOH is 74%,
specificity 98%, positive predictive value 93%,

M Aspergillus sp

B Rhizopus sp

M Rhizopus sp/Aspergillus sp m Mucor sp

B Mucor/Aspergillus sp
B Curvularia

Figure 2. Culture isolates distribution (n=87)

W Rhizomucor sp

Table 6. susceptibility of fungal isolates to amphotericin b and posaconazole (N=27) by microbroth dilution method

as determined by CLSI M27

Fungal Isolate Drug MIC(ug/ml) of the isolates
0.03 0.06 0.125 025 05 1 2 4 8 16
Rhizopus Amphotericin B 5 5 3 - 4 1 - 1 1 -
sp(20) Posaconazole 4 7 6 3 - - - - - -
Mucor Amphotericin B 2 1 1 - - 1 - - - -
sp(5) Posaconazole 2 1 - 1 - - - - - -
Rhizomucor Amphotericin B 1 1 - - - - - -
sp(2) Posaconazole - 2 - - - - - - - -
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negative predictive value 92% and the accuracy
was 92% in this study.

Among the total 87 fungal isolates, the
majority of organism isolated was Aspergillus
species(68%), followed by Rhizopus sp(18%).
Rhizopus/Aspergillus species(5%), Mucor species
(5%), Rhizomucor sp (2%), Mucor/Aspergillus
sp(1%), Curvularia sp (1%) were the other fungi
isolated. Five patients showed co-infection with
Mucor species and Aspergillus species [Figure
2]. In a study done by Muhammed Niyas et al.,
among the total 15 patients, 11 patients had rhino
orbital Mucormycosis, 2 patients had invasive
Aspergillosis and 2 patients had co-infection with
Mucor and Aspergillus.”

Among the total 27 cases of COVID-19
Associated Mucormycosis, the predominant age
group was 51 to 60 years with males (22%) and
females (7.5%) and the least affected age group
was between 21-30 years. The male to female
ratio among the most commonly affected age
group of 51-60 years is 3:1. [Table 3]. Kumar A et
al. suggested that the total number of COVID-19
Associated Mucormycosis cases in a 2 months
period were 55 and male to female ratio was
1.89:1.26 Sudhir Bhandari et al. suggested, among
the total 231 cases reported with mucormycosis,
the most affected age group was 41 - 50 years
(28%).

In this study, among the various
comorbidities associated with COVID-19
Associated Mucormycosis, patients with diabetes
mellitus was 44%, hypertension was 7.4%, both
diabetes mellitus and hypertension was 22% [Table
4]. Sudhir et al.”” discussed the most common
comorbidity associated with Mucormycosis in
COVID-19 patients was Diabetes mellitus. It is
being speculated, that this may be due to the
exceptional damage to the pancreas caused by “
Delta” or B.1.617.2 and the most acknowledged
speculation was combination of diabetes and high
dose steroids in which both are considered as the
risk factors of mucormycosis.

Acute fungal sinusitis was the most
common clinical presentation in 18 patients of
culture confirmed cases of COVID-19 associated
mucormycosis, followed by acute rhinosinusitis
which was presented in 3 patients. Orbital
cellulitis and lacrimation were presented in 2

patients. Blood stained nasal discharge and
Preseptal cellulitis were reported in 1 patient
separately which were the least common clinical
presentation in this study [Table 5]. Sangitha
kamath et all discussed that 73.3% of Mucormycosis
patients were presented with periorbital swelling
followed by facial pain and retro-orbital pain (10%)
and the least common presentation were cellulitis
of cheek, diplopia, facial deviation, dysarthria and
tinnitus which all constitute 1%.%8 All the strains of
Mucorales were sensitive to Posaconazole and one
strain showed resistance to amphotericin B with
MIC 8 pg/ml [Table 6].

COCLUSION

The overall prevalence rate of
Mucormycosis in this study is 7.8%. The cases
were in peak during the second wave of COVID-19
which could be due to the sudden spurt in the
number of COVID-19 cases, prolonged hospital
stay, management with 02 and steroids, diabetes
mellitus both newly diagnosed and old cases.
Cases other than Mucormycosis constitute
17.2% which includes Aspergillus species and
Curvularia species. Acute fungal sinusitis is the
most common clinical presentation among
the culture confirmed cases of Mucormycosis.
All the isolates of Mucorales were sensitive to
Posaconazole and one isolate of Rhizopus species
showed resistance to Amphotericin B with MIC
of 8 ug/ml. The prevalence of Mucormycosis in
this study is significantly higher when compared
to the prevalence in normal population thereby
proving that Mucormycosis is one of the major
complications of COVID-19.
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