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Abstract

Short Communication

intrOductiOn

Coronavirus disease 2019 (COVID‑19)‑associated 
mucormycosis (CAM) emerged as the most feared complication 
of COVID‑19 during this pandemic, particularly in India, and 
became a major public health problem. During the second wave 
of COVID‑19, there was a steep rise in the number of CAM 
cases, and as of July 20, 2021, India counted 45,432 confirmed 
cases and 4252 deaths.[1] Various studies looked upon the risk 
factors for CAM.[2‑4] The most important risk factors appeared 
to be hyperglycemia because of diabetes mellitus (DM)[3,4] or 
steroid use[3,4] and COVID‑19 itself.[5,6] The other risk factors 
assumed to be of significance were treatment with anti‑IL6 
therapies,[2,4] the widespread use of antibiotics,[7] contaminated 
oxygen,[8] excessive steam inhalation, and zinc therapy.[9]

There are published reports of patients who developed CAM 
while in the hospital or who presented to the hospital with 
CAM; however, there are no reports on the incidence of CAM 
in patients discharged from the hospital. The symptoms of 
CAM usually develop around 10–14 days after symptoms 
of COVID‑19 and may also develop after recovery from 

COVID‑19,[2] by which time most patients are discharged. 
The aim of our study was to find the incidence of CAM in 
the patients who were discharged from dedicated COVID‑19 
hospital after recovery from COVID‑19.

methOdOlOgy

This was a cross‑sectional study conducted in the 
COVID‑19 center of AIIMS, New Delhi, after approval 
from institutional ethics committee. Adult patients with 
mild, moderate, and severe COVID‑19 who remained 
admitted in the hospital for at least 24 hours and discharged 
between March 1, 2021 and June 30, 2021 were eligible. 
All these admitted patients were treated according to the 
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national clinical management protocol of COVID‑19 by 
Government of India.[10] Discharge criteria were defined 
as patients who had turned severe acute respiratory 
syndrome coronavirus 2 (SARS‑CoV‑2)‑negative via a 
reverse transcriptase polymerase chain reaction (RTPCR) 
test or whose clinical symptoms had resolved. They were 
contacted through telephone or whatsapp 2 months after 
the date of discharge. Those who responded were included 
in the study after the consent. They were asked about the 
sign and symptoms of mucormycosis. A self‑designed 
semi‑structured standard questionnaire was used for the 
sign and symptoms (Appendix 1). All patients with clinical 
symptoms likely to be CAM were called to the hospital and 
clinically examined. Wherever appropriate, tissue samples 
were extracted for fungal KOH mount and other tests if 
required. The outcome was the number of patients who 
developed mucormycosis after discharge.

Data collection and analysis
Demographic data and treatment details of all the included 
patients were collected from their electronic medical 
records and daily progress charts. Data collected included 
demographics, history, co‑morbidities, clinical details, and 
treatment details. The data was summarized and analyzed 
using STATA (Version 14.0) software and expressed as 
mean ± standard deviation (SD)/median (min, max) and 
numbers and percentages as appropriate to describe the 
patient’s demographic and clinical characteristics.

Statistical analysis
Sample size: There are no data available yet on the incidence 
of mucormycosis in COVID‑19 patients discharged from the 
hospital. Hence, this was an exploratory study wherein we 
included ‘All’ the consecutively eligible patients admitted 
in the hospital over the stipulated time period. The number 
of admissions varied in different months according to the 
infections during the second wave of COVID in India.

results

During the study period, a total of 1554 adult patients were 
discharged from the hospital and were contacted; however, 
850 patients responded and consented for inclusion in the study.

The demographic data of all the patients are depicted in Table 1. 
The median age of the patients was 48 years [inter‑quartile 
range (IQR) 34–60], and 59.4% of patients were males. 
Approximately 2/3rd of the patients (66.4%) had one or more 
co‑morbidities, with hypertension being the most common 
in 276 (32.4%) patients, followed by diabetes mellitus in 
206 (24.2%) patients. The patients had varying degrees of 
severity of COVID‑19 [Table 1]. Around 73% of patients had 
moderate to severe disease and were administered steroids. 
36.2% patients required intensive care unit (ICU) admission, 
and nearly 79% were given antibiotics. The number of patients 
administerd antivirals, immuno‑modulatory agents, and 
antifungals and who underwent surgical procedures is given 
in Table 1.

Table 1: Demographics, clinical characteristics, and 
post-discharge symptoms related to CAM in study 
patients (n=850)

Variable Median (IQR)/Number (%)
Age Median (IQR) (years) 48 (34‑60)
Gender Number (%)

Males 505 (59.4)
Females 345 (40.6)

Comorbidities Number (%)
Hypertension 276 (32.5)
Diabetes Mellitus 206 (24.2)
Hypothyroidism 83 (9.8)
Coronary Artery Disease 52 (6.1)
Chronic Lung Disease 52 (6.1)
Chronic Kidney Disease 49 (5.8)
Malignancy 42 (4.9)
Chronic Liver Disease 37 (4.4)
Tuberculosis 26 (3.1)
Cerebrovascular Disease 23 (2.7)
Renal Transplant 14 (1.6)
Seizure 10 (1.2)
Rheumatic Heart Disease 10 (1.2)

Clinical Presentation
Fever 589 (69.3)
Cough 421 (49.5)
Breathlessness 371 (43.6)
Gastrointestinal complaints 141 (16.4)
Loss of Taste 38 (4.5)
Headache 30 (3.5)
Chest Pain 29 (3.4)
Altered Sensorium 22 (2.6)
Neurological Weakness 16 (1.9)
Seizures 5 (0.6)

COVID‑19 Severity
Mild 228 (26.8)
Moderate 360 (42.4)
Severe 262 (30.8)

ICU Admission 308 (36.2)
Oxygen Requirement 620 (73)
Steroids 618 (72.7)
Remdesivir 400 (47.1)
Tocilizumab 7 (0.8)
Antibiotics 673 (79.2)
Antifungals 287 (33.8)
Ventilator 29 (3.4)
Tracheostomy 12 (1.4)
Surgery during hospital stay 70 (8.2)
Neurological Issues during stay 32 (3.8)
Length of Stay (Days)
Length of Hospital stay 8 (5‑13)
Length of ICU stay 9 (6‑12)
CAM Symptoms

Decreased Vision 15 (1.8)
Swelling of Eye 9 (1.1)
Nasal Discharge 6 (0.7)
Eye Pain 6 (0.7)

Contd...
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The median duration of hospital stay was 8 days (IQR 5–13) 
among all the patients, and the median length of ICU stay was 
9 (IQR 6–12) days among 308 patients who required ICU care.

Out of 850 patients who responded, only two patients had 
developed confirmed CAM post discharge from the hospital 
and required re‑admission. The first patient was a 64‑year‑old 
hypertensive and diabetic male who was admitted with 
moderate COVID‑19 and required oxygen support in the 
ICU. He had received a course of steroids and remdesivir 
and developed CAM 10 days after discharge and 20 days 
after initial admission. The other patient was a 55‑year‑old 
diabetic and hypertensive female who was admitted with mild 
COVID‑19 and developed CAM 20 days after discharge and 
30 days after her initial admission.

Among the symptoms related to CAM in other patients, 
the most common symptom reported was decreased 
vision (in 1.8% of patients), followed by swelling of 
eye [Table 1]. All the patients who had symptoms related to 
CAM were called for clinical examination. Among those who 
reported, none of them was diagnosed with CAM.

discussiOn

The incidence of CAM in our study population was low, that 
is, 0.23%. There are no previous studies which have evaluated 
the incidence of CAM in post‑discharge patients; however, the 
reported prevalence of CAM in hospitalized patients is almost 
similar, that is, 0.27%, ranging from 0.05% to 0.57%.[3]

Diabetes and hyperglycemia are the major risk factors for 
CAM.[3‑5] A multi‑center COVID‑19‑Mucor study from 
India found that 62.7% of CAM patients had uncontrolled 
diabetes.[2] In our cohort, 24.2% patients were diabetic and most 
of them (82%) developed moderate to severe COVID‑19 and 
received steroids; however, only two patients developed CAM 
post discharge. The possible reason for such low incidence 
could be protocolized management and intensive control of 
blood glucose levels in this at‑risk group.

Inappropriate glucocorticoid use has been independently 
associated with a risk of developing CAM.[3,4] The extensive 
benefits of steroids to reduce mortality and hospital stay for 
COVID‑19 patients have led to their widespread misuse. At 
our center, steroids were administered to the patients for a 
short duration of 5–10 days and the blood glucose levels were 
closely monitored. Hyperglycemia was well controlled with 
use of intermittent or continuous insulin infusions.

Other at‑risk patients for CAM such as patients with malignancy 
and immuno‑suppression were very few in our cohort.

COVID‑19 itself has been proposed as an independent risk 
factor for CAM because of its propensity to cause immune 
dysregulation.[5] Even the patients with mild disease are at 
risk.[6] However, we did not find high incidence among our 
discharged COVID‑19 patients.

Other presumed risk factors for development of CAM are 
the use of anti‑inflammatory agents[3,4] and antibiotics[7] in 
COVID‑19 patients; however, none of these interventions led 
to an increase in the incidence of CAM at our hospital. The 
hyper‑inflammatory phases of COVID‑19 have been managed 
with various immuno‑modulator therapies, and these may 
contribute to a period of prolonged immuno‑suppression, 
thereby increasing the risk for mucormycosis. Few published 
series of CAM reported that tocilizumab was given in 2–4% 
of all patients.[3,4] The use of tocilizumab was limited and 
restricted at our center, and only seven (0.82%) patients who 
were included in the study had received tocilizumab. Many 
experts have questioned the use of antibiotics in COVID‑19, 
with the justification that they disrupt the normal commensal 
flora that protects against opportunistic infections. Although 
antibiotics were prescribed to 79.1% of our study patients, they 
were given for a short duration. Antibiotics were prescribed to 
patients who had suspected or pre‑existing infections and who 
were administered steroids and immuno‑modulators.

Although evidence of a direct relationship between zinc intake 
and mucormycosis is lacking, experimental studies show that 
zinc does promote the growth of some isolates of Rhizopus 
arrhizus, as reported by Muthu et al.[9] In our hospital, all 
patients received zinc in a dose of 50 mg OD throughout 
their stay.

Steam inhalation and the use of nebulizers have been widely 
used in Indian households as routine treatment for COVID‑19. 
The use of poor quality of water and unsterilized equipment 
has raised the possibility of them contributing to the rise in 
mucormycosis cases in the country. All patients at our hospital 
received steam inhalation therapy and nebulization with proper 
sterilized equipment.

Our study has important implications. The low prevalence 
of CAM in discharged COVID‑19 patients highlights the 
role of protocolized therapy and intensive monitoring in the 
management of COVID‑19 in the hospital. Despite several 
risk factors in our study cohort, the incidence was very low 
in discharged patients. However, there are certain limitations 
too. We are uncertain about the incidence of CAM in patients 
who did not respond or did not come for follow‑up.

cOnclusiOn

The incidence of CAM in post‑discharge patients was low 
in our study. This low incidence could be attributed to 
protocolized therapy and intensive monitoring of the patients 
during the hospital stay.

Table 1: Contd...

Variable Median (IQR)/Number (%)
Headache 3 (0.4)
Numbness of Face 3 (0.4)
Epistaxis 1 (0.1)
Altered Sensorium 1 (0.1)

CAM – COVID‑19‑associated mucormycosis; ICU – Intensive care unit



Kulshrestha, et al.: COVID‑19 associated mucormycosis in COVID‑19 patients

367Indian Journal of Community Medicine ¦ Volume 48 ¦ Issue 2 ¦ March-April 2023 367

Ethical approval
Institutional ethical approval taken.

Financial support and sponsorship
The study was conducted with Institutional intramural grant.

Conflicts of interest
There are no conflicts of interest.

references
1. The Economic Times. Over 45,000 cases of mucormycosis reportedin 

country. Available from: https://economictimes.indiatimes.com/
news/india/over‑45000‑cases‑of‑mucormycosis‑reported‑in‑country/
articleshow/84581357.cms. [Last accessed on 2021 Jul 29].

2. Patel A, Agarwal R, Rudramurthy SM, Shevkani M, Xess I, 
Sharma R, et al. Multicenter epidemiologic study of coronavirus 
disease–Associated mucormycosis, India. Emerg Infect Dis 
2021;27:2349‑59.

3. Pal R, Singh B, Bhadada SK, Banerjee M, Bhogal RS, Hage N, et al. 
COVID‑19‑associated mucormycosis: An updated systematic review of 
literature. Mycoses 2021;64:1452‑9.

4. Singh AK, Singh R, Joshi SR, Misra A. Mucormycosis in COVID‑19: 

A systematic review of cases reported worldwide and in India. Diabetes 
Metab Syndr 2021;15:102146.

5. Gangneux JP, Bougnoux ME, Dannaoui E, Cornet M, Zahar JR. Invasive 
fungal diseases during COVID‑19‑19: We should be prepared. J Mycol 
Med 2020;30:100971.

6. Arora U, Priyadarshi M, Katiyar V, Soneja M, Garg P, Gupta I, et al. Novel 
risk factors for Coronavirus disease‑associated mucormycosis (CAM): 
A case control study during the outbreak in India. medRxiv 2021. doi: 
10.1101/2021.07.24.21261040.

7. Mucormycosis epidemic in India: Out of the box menu. 
CME Media website. Available from: https://cmeindia.in/
mucormycosis‑epidemic‑in‑india‑out‑of‑the‑box‑menu/. Published 
2021 May 24. [Last accessed on 2021 Aug 26].

8. India Today. Can spurt in black fungus cases be blamed on industrial 
oxygen cylinders, dirty water in humidifiers? 2021. Available 
from: https://www.indiatoday.in/coronavirus‑outbreak/story/bla
ck‑fungus‑cases‑industrial‑oxygen‑cylinders‑humidifiers‑COV
ID‑19‑19‑1807099‑2021‑05‑26. [Last accessed on 2021 Jun 16].

9. Muthu V, Kumar M, Paul RA, Zohmangaihi D, Choudhary H, 
Rudramurthy SM, et al. Is there an association between zinc and 
COVID‑19–associated mucormycosis? Results of an experimental and 
clinical study. Mycoses 2021;64:1291‑7.

10. MoHFW | Home. Available from: https://www.mohfw.gov.in/. [Last 
accessed on 2021 Apr 01].



Kulshrestha, et al.: COVID‑19 associated mucormycosis in COVID‑19 patients

Indian Journal of Community Medicine ¦ Volume 48 ¦ Issue 2 ¦ March‑April 2023368

aPPendix 1
Screening questionnaire
Symptoms Yes/No (if yes then since when)
Swelling of eye (with side)
Decreased vision/Blurring of vision
Drooping of eyelid
Eye pain
Facial swelling
Numbness/tingling of face
Difficulty in chewing/swallowing
Jaw pain/tooth ache
Nasal discharge Blackish/blood tinged/clear
Nasal stuffiness
Epistaxis
Headache
Irritability
Altered sensorium
Fever

Other Post‑discharge complaints and duration
Fever
Fatigue
Cough
Breathlessness
Need for oxygen
Chest pain
Leg swelling
Any other

Any other hospital admission after discharge
Cause
Duration of admission


