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a b s t r a c t 

The second wave of COVID-19 due to the delta variant (B.1.617.2) led to a rapid rise in total coronavirus 

and COVID-associated mucormycosis cases reported from India. Hence, our study explored the possible 

causes of a rapid upsurge in COVID-associated mucormycosis, which has accounted for over 70% of global 

cases. Factors associated with the increase in mucormycosis cases in COVID-19 patients include diabetes 

mellitus, steroid overdose, high iron levels, and immunosuppression, combined with other possible fac- 

tors, such as unhygienic conditions, prolonged hospitalization, use of ventilators, and leaky humidifiers 

in oxygen cylinders. These create an ideal environment for contracting mucormycosis. However, these 

cases could be reduced by disseminating simple preventive measures and creating awareness among the 

medical society and general public of this rare and deadly contagion of COVID-associated mucormycosis. 

The identification of early symptoms will also help to restrict the spread of lethal fungal diseases. Fur- 

thermore, a collaborative team of surgeons, ophthalmologists, physicians, and otolaryngologists would be 

required in the hospital wards to accelerate surgeries on severely impacted patients. 

© 2021 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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erspective 

India has faced a catastrophic COVID-19 second wave due to 

he delta variant (B.1.617.2), which is known to have a higher vi- 

al load. As of June 1, 2021, the total reported cases in India con- 

ributed to the majority of worldwide cases, with a peak of over 

.4 million patients on May 7, 2021. Since then, daily new coro- 

avirus cases have been dropping in India, but the rapid rise in 

OVID-associated mucormycosis (CAMCR) cases has posed another 

hallenge to the country’s already burdened healthcare system 

 Raut and Huy, 2021 ) Mucormycosis (MCR), also known as black 

ungus, is an invasive fungal infection generally caused by a group 

f opportunistic molds called mucormycetes; it is a sporadic but 

ife-threatening infection if handled ineffectively. 

According to a previously published study, the overall all- 

ause mortality rate for mucormycosis cases was found to be 54% 

 Roden et al., 2005 ). Variation in mortality rates is affected by 

he patients’ existing conditions, types of fungus, and affected 
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ody parts. For example, Roden et al. found the death rate to 

e 46% among sinus-infected patients, 76% for pulmonary-related 

nfections, and a colossal 96% for disseminated mucormycosis 

 Roden et al., 2005 ). 

During the ongoing COVID-19 second wave in India, a rapid up- 

urge in COVID-associated mucormycosis cases has been observed 

hen compared with the first wave. The reasons behind this sub- 

tantial rise during the second wave need proper investigation. In- 

ia had reported approximately 14 872 cases of mucormycosis as 

f May 28, 2021 ( Raut and Huy, 2021 ). The Indian states Maha-

ashtra and Gujarat contributed most mucormycosis cases among 

ctive and recovered coronavirus patients ( Raut and Huy, 2021 ). 

ithin Maharashtra state, cities like Nagpur and Pune accounted 

or almost 33% of Maharashtra’s mucormycosis cases. 

Several Indian states have already declared a mucormycosis epi- 

emic after a surge in COVID-associated cases and deaths; these 

nclude Telangana, Karnataka, Bihar, Chhattisgarh, Madhya Pradesh, 

ajasthan, Uttarakhand, Haryana, and Delhi ( Raut and Huy, 2021 ). 

ccording to a recent study, approximately 71% of total world- 

ide mucormycosis cases in COVID-19 patients, from December 

019 to April 2021, were from India ( John et al., 2021 ). The In-

ian Council of Medical Research (ICMR) has recently provided 
us Diseases. This is an open access article under the CC BY-NC-ND license 
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ome important guidelines relating to COVID-associated mucormy- 

osis ( ICMR, 2021) . However, these guidelines lack certain points, 

hich should be included as soon as possible to protect against 

his deadly disease. In order to create more awareness among the 

edical society and general public of this rare and fatal infec- 

ion, our study provides details on probable factors causing COVID- 

ssociated mucormycosis. The five most probable factors associated 

ith the increase in mucormycosis in COVID-19 patients are de- 

cribed here. 

First, diabetes mellitus is the most common risk factor linked 

o an increase in mucormycosis in India ( Singh et al., 2021 ) — ac-

ounting for a 46% mortality rate worldwide ( Jeong et al., 2019 ). In

018, a meta-analysis consisting of 851 cases of mucormycosis was 

onducted, which indicated the presence of diabetes mellitus as an 

ndependent risk factor (odds ratio = 2.69; 95% CI = 1.77–3.54; p 

 0.001) ( Jeong et al., 2019 ). India was ranked second in overall

ontribution to the world’s total population with diabetes mellitus. 

oreover, diabetes mellitus was significantly reported in over 50% 

f mucormycosis cases in India. In a recently published study on 

ucormycosis in India, 57% of patients had uncontrolled diabetes 

ellitus and 18% had diabetic ketoacidosis ( Prakash et al., 2019 ). 

Second, an excessive intake of steroids has been identified as 

 significant risk factor for mucormycosis. Since the recovery trial 

evealed that steroids reduced mortality in those COVID-19 pa- 

ients on oxygen or who required mechanical respiration, steroids 

ave become widely used. Even patients who did not have hy- 

oxia (low blood oxygen) or who did not require hospitalization 

ere frequently given heavy doses of steroids. In most cases, peo- 

le with black fungus had self-medicated themselves on unautho- 

ized steroids after their oxygen concentration levels had dropped. 

he deadly combination of steroids and a failed immune system 

ue to COVID-19 had increased immune defense breach. Endothe- 

ialitis, which is seen during severe COVID-19, is another plausi- 

le link between COVID-19 and mucormycosis ( Ackermann et al., 

020 ). 

Third, unsanitary conditions could have increased the risk of 

eveloping mucormycosis infections. Many patients received addi- 

ional oxygen via an oxygen concentrator in their homes due to 

he unavailability of hospital beds during the mammoth COVID-19 

econd wave. In most oxygen concentrators, frequent use of dis- 

illed water for supplemental humidification is needed as a mois- 

ure source when using a refillable humidifier bottle. The distilled 

ater may serve as a potential source for pathogenic organisms, 

uch as bacteria and mold. Moreover, there could be significant 

ontamination in the pipes used for oxygen cylinders ( Malik et al., 

021 ). The long-term stay of immunosuppressed patients in inten- 

ive care units employing these pipes and oxygen cylinders could 

ave increased infections. 

Fourth, high ferritin levels could be associated with a rise in 

ucormycosis cases in India. A change in iron metabolism has 

een found to occur in severe COVID-19 cases ( Perricone et al., 

020 ). Higher ferritin levels can lead to an increase in intracellular 

ron, resulting in the production of reactive oxygen species, which 

ill cause tissue damage. In cases with strong infection, cytokines 

xcite the synthesis of ferritin and downregulate iron export, lead- 

ng to an overloading of intracellular iron and thus aggravating the 

hole process, with excess free iron released as a result of tissue 

amage ( Edeas et al., 2020 ). The overloading of intracellular and 

xcess free iron could be a specific risk factor for mucormycosis 

 Ibrahim et al., 2012 ). Furthermore, following the rapid rise in mu- 

ormycosis, wide-scale shortages of amphotericin B, the mainstay 

herapy for mucormycosis, are being reported. 

Fifth, poor indoor ventilation supports the prolonged airborne 

pread of fungal spores present in the surrounding environment. 

 recent study has identified mucormycosis infections originat- 

ng from hospital linen supplied by a company with poor in- 
279 
oor ventilation, resulting in high humidity and dusty conditions 

 Cheng et al., 2016 ). 

To summarize, diabetes mellitus, steroid overdose, high iron 

evels, and immunosuppression, combined with other factors such 

s unhygienic conditions, prolonged hospitalization, use of ven- 

ilators, and leaky humidifiers in oxygen cylinders, combine to 

reate an ideal environment for contracting mucormycosis. More- 

ver, many patients infected with the delta variant experience se- 

ere immune suppression, compromising the host response and in- 

reased the risk of developing further opportunistic infections, in- 

luding those caused by molds, leading to a higher risk of adverse 

utcomes in cases of delayed diagnosis and inadequate treatment. 

In order to prevent mucormycosis transmission, treatment rou- 

ines such as antifungal remedies and surgical debridement are 

ecommended ( Bala et al., 2015 ). A previously published study 

ound that surgery combined with medical treatment with am- 

hotericin B produced superior results (odds ratio = 0.2; p < 

.04) compared with amphotericin B alone (61.5% vs 10.3% pa- 

ient survival) ( Bala et al., 2015 ). In addition, the aim should be 

o identify possible sources of mold indoors and mitigate them 

mmediately. Indoor air temperature and humidity checks should 

e performed regularly, specifically on those days when humid- 

ty exceeds 60%, which increases the chances of mold growth. The 

ndoor temperature and humidity should be maintained at 24 °C 

nd 40–60%, respectively, to minimize both the risk of mucormy- 

osis as well as coronavirus infection ( Ahlawat et al., 2020a , b ;

oriyama et al., 2020 ; Dabisch et al., 2021 ). Air filters present in

he air-conditioning systems should be changed in a timely man- 

er ( Hartnett et al., 2019 ). 

In response to the need to control the mucormycosis spread, 

he Indian government, with state government support, has acted 

uickly in an attempt to control the situation. This has included 

he production of guidelines, making arrangements for separate 

ooms in hospitals to manage mucormycosis cases, and acquiring 

ssential drugs, i.e. amphotericin B ( Raut and Huy, 2021 ). The In- 

ian government and ICMR also need to consider the additional 

olutions provided in this paper, on an immediate basis, in order 

o curb this deadly disease. Furthermore, disseminating informa- 

ion and providing key materials to the general public will help to 

revent an upsurge in mucormycosis cases in COVID-19 patients, 

nd reduce mortality. 

Lastly, there is a need to create awareness about fungal dis- 

ases among clinicians and the public in order to help identify 

he early symptoms and restrict the spread of lethal fungal dis- 

ases ( Ravindra and Mor, 2021 ). A collaborative team of surgeons, 

phthalmologists, physicians, and otolaryngologists (ENT) will be 

equired in hospitals to accelerate surgeries on severely impacted 

atients. 
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