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ABSTRACT
A fatal problem associated with SARS-CoV-2 called mucormycosis or black fungus 
was observed in COVID-19 patients worldwide, in particular from India. The rare 
infection rose more rapidly during the second wave of COVID in India. Upswing in 
mucormycosis is a public health concern as the fatality rate is pretty high, upto 90%. 
These realities demanded a search for the reason for upsurging cases of mucormycosis 
in India alone. The probable explanations for COVID patients developing mucormycosis 
include injudicious use of steroids, uncontrolled diabetes with or without diabetic 
ketoacidosis (DKA), absurd use of immuno-modulants with steroids, and extensive use 
of antimicrobials. Besides, overuse of zinc and iron supplements, features of B.1.617 
variant of SARS-CoV-2 that suppress immunity, along with several other risk factors 
including long intensive care unit (ICU) stays with or without mechanical ventilators 
might have contributed to the increased prevalence of mucormycosis in patients with 
COVID-19. India is regarded as the “mucor capital of the world”, having 70 times higher 
pre-COVID incidence than the global data. Therefore, it is vital to rectify the aggravating 
factors and curb the spread of mucormycosis. If this isn’t brought under control, there 
are chances of other deadly infections to remain in the background. Rational glycemic 
control in COVID patients should be ensured. Use of steroids and immuno-modulants 
along with steroids should be reserved. Also, use of immunity boosters like zinc and 
iron should be limited. Furthermore, a holistic approach to improve the use of self-
medication through public education should be introduced. Government should make 
sure that the oxygen cylinders are hygienic and rightly maintained. Sterile normal saline 
or distilled water should be used in humidifiers and oxygen flow meters has to be 
changed periodically. Negligence of all these imparts a huge mess not only on individuals 
but also on government. If the tribulations of overuse of drugs and insufficient hygiene 
persist, chances of outbreak of secondary infections alongside epidemics and pandemics 
should be expected in future.
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INTRODUCTION
Over the past weeks, India has encountered 
an epidemic within the pandemic.  
A lethal complication associated with SARS-
CoV-2 (severe acute respiratory syndrome 
coronavirus-2) called mucormycosis or 
black fungus was observed in recovering 
and recovered COVID-19 patients 
worldwide, in particular from India.1 It is 
a life-threatening and rare fungal infection 
caused by exposure to group of  mould 
called mucormycetes, infecting people 
with compromised immune system.2 

Mucormycosis affects sinuses, lungs, brain, 
and eyes of  individuals.3 The rare infection 
continued to rage across India and rose 
more rapidly during the second wave of  
COVID with 14, 872 cases, as of  May 28, 
2021.4 Hence, mucormycosisis declared as a 
notifiable disease under Epidemic Diseases 
Act 1897 by various states of  India.5 Treating 
the devastating mucormycosis is crucial with 
either antifungal therapy or surgery but the 
financial burden is immense. Amphotericin 
B remains the drug of  choice, but long term 
treatment with nephrotoxic drug can impose 
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a burden to the healthcare system with increasing demands 
of  hospitalizations and hemodialysis due to renal failure. 
Therefore, liposomal amphotericin B is considered to 
be the safest option.6-8 Rise in mucormycosis is a public 
health concern as the fatality rate is pretty high, upto 90%. 
Moreover, a delay of  12 hr in the diagnosis of  the disease 
could be fatal. Conversely, 50% of  cases are diagnosed 
in the autopsy series.5

These realities necessitated a search for the reason for 
rising cases of  mucormycosis in India alone. It is now 
presumed that multiple factors may be determinant. 
The probable explanations for COVID patients 
developing mucormycosis include indiscriminate use of  
steroids, uncontrolled diabetes with or without diabetic 
ketoacidosis (DKA), absurd use of  immuno-modulants 
with steroids, and extensive use of  antimicrobials.5,9 

Moreover, overuse of  zinc and iron supplements, 
features of  B.1.617 variant of  SARS-CoV-2 that 
suppress immunity, along with several other risk factors 
including long intensive care unit (ICU) stays with or 
without mechanical ventilators might have contributed 
to the rising incidence of  mucormycosis in patients with 
COVID-19.5,9

Diabetes mellitus – key in the emergence of 
mucormycosis 
Owing to the subtropical nature of  India, chances 
of  fungal infections are higher. Besides this, one 
of  the leading predisposing factor implicated in 
mucormycosis is uncontrolled diabetes mellitus.5 

Precipitation of  DKA associated with steroid use also 
paves the path for mucormycosis. Diabetic patients 
are liable to mucormycosis due to diverse aspects. 
Mostly, presence of  high glucose and low pH render 
phagocytes dysfunctional, impair chemotaxis, and inhibit 
intracellular killing of  pathogens by both oxidative and 
non-oxidative mechanisms.10 Furthermore, diabetic 
ketoacidosis temporarily obstruct the ability of  transferrin 
to bind iron and increases free iron. This modification 
destroys the host defense mechanism and provides an 
excellent environment for mucor spores to germinate.11 

additionally, elevated glucose and iron as observed in 
DKA, augment the expression of  GRP-78. According to 
a recent research GRP-78 acts as a receptor to negotiate 
access and invasion of  endothelial cells by mucorales, 
leading to angioinvasion.12 All these are setting Indian 
COVID patients up for a disaster, as India accounts for 
the second-largest population with diabetes mellitus, 
earlier known as the ‘diabetic capital of  the world’.5 
Furthermore, apart from high proportion of  diagnosed 
diabetic patients, there are many who do not receive 
health care and remains undiagnosed. The use of  steroids 

out of  panic without any medical advice among the 
undiagnosed diabetic patients also contributes to the 
source of  mucormycosis outbreak.13 A systematic review 
published in May 2021, reported hyperglycemia as the 
notable risk factor for evolution of  mucormycosis cases 
(83.3%) in COVID-19 victims. Pre-existing diabetes 
mellitus was present in 80% of  cases, while concomitant 
DKA was observed in 15% of  COVID patients with 
mucormycosis.5

Steroids – the double edged sword
While several treatment options have been evaluated, 
glucocorticoids are the only drugs shown to improve 
survival in COVID-19 patients. Due to its cheap price, 
easy availability, and ability to cut down mortality in 
hypoxemic patients, glucocorticoids are widely in use 
in India.14 The systematic review cited ahead reported 
76.3% of  cases with history of  corticosteroid intake 
for COVID-19 treatment.3 It is noteworthy that Indian 
Council of  Medical Research (ICMR) guidelines 
suggested the use of  only inhaled budesonide for mild 
disease and injection methyl prednisolone in moderate 
to severe COVID-19 patients.15 However, World 
Health Organization (WHO) warned against the use of  
corticosteroids in non-severe COVID-19 patients unless 
it is consumed by the patient for some other ailments.16 

In fact, glucocorticoids are double-edged sword, as it 
reduces the inflammation in lungs, and also pushes down 
the immunity. Thus, glucocorticoids intensify the chance 
for secondary bacterial and fungal infections along with 
the significant increase in sugar levels of  both diabetic 
and non-diabetic COVID-19 patients.5,17 In addition; 
steroids are capable of  increasing the replication of  virus 
in the body. Initially, the response to virus starts with the 
assignment of  innate immunity. If  viral self-propagation 
is not controlled, the number of  infected epithelial cells 
and cell debris increase. This triggers a cytokine storm 
with hyper inflammation and immune suppression. 
Therefore use of  steroids in the initial days may favor 
viral propagation as steroids are capable of  restricting the 
front-line of  defense, the innate immunity. So, the right 
time to consume steroids is after the replication of  virus 
in the body.18 Taking into account all these realities, the 
centre has advised doctors and healthcare professionals, 
only for the evidence-based use of  corticosteroids in 
patients with COVID-19 and to refrain from excessive 
use of  steroids to treat COVID-19 patients.5

Whether polyprescriptions stirred up outbreak?
Just like steroid overuse and misuse, antibiotics are 
also misused while no guideline recommends antibiotic 
use in patients without secondary bacterial infections. 
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Antibiotics, if  used unnecessarily, can destroy good 
gut bacteria and disturb the body’s microbiological 
balance. Antibiotic resistance due to overuse is also a 
concern.19 Besides steroids, immuno-modulating drugs 
like tocilizumab, itolizumab used to treat inflammatory 
airways and cytokine storm, also suppress the immune 
system. Inappropriate use of  these drugs increases the 
risk for mucormycosis, as our immune system fails 
to fight the fungal infection.20 In India, patients with 
mild COVID-19 symptoms are prescribed with five to 
seven drugs including paracetamol along with vitamin 
supplements, antibiotics and anti-parasitic medicines.9 
On the other hand, in western countries, the prescribed 
drug for 80% of  COVID-19 patients is paracetamol alone. 
Perhaps, poly-prescriptions ordered by Indian doctors 
may be contributing to the mucormycosis epidemic.21

Overconsumption of immunity boosters may be 
contributory
As the second wave broke out in India, due to dearth 
of  COVID emergency treatment across the country, 
many people took self-medications by either swapping 
prescriptions over WhatsApp or looking up medical 
advices on the internet. Drugs like steroids, antimicrobials 
and supplements were used as home-remedies.22 Use 
of  zinc supplements is considered a trigger point for 
contractingmucormycosis.23 Researchers claim that the 
use of  zinc and iron supplements could be a possible 
culprit, as metallic zinc and iron in the body create 
a breeding ground for fungal infections, especially 
mucormycetes.22 A report by All India Organization 
of  Chemists and Druggists (AIOCD) claims that 185 
crore pills of  supplements were consumed last year as 
a result of  panic buying to build up immunity.24 There 
is no proof  that these supplements helps to prevent 
or treat COVID-19, but can improve the immunity 
of  those deficient in micronutrients. Thus, the expert 
panel of  American National Institute of  Health warned 
against consumption of  zinc more than the daily dietary 
requirement for preventing or treating COVID-19.25 In 
addition, based on a study that came up in JAMA Network 
Open in January, SARS-CoV-2 symptoms are not affected 
by the treatment with zinc, ascorbic acid, or both.26

Are hospitals a breeding ground for mucormycosis?
The upswing in mucormycosis cases can also be linked 
to the utilization of  industrial oxygen and its possible 
contamination. Owing to the acute shortage of  medical 
grade oxygen across the country, the government 
insisted oxygen manufacturers to convert industrial 
grade oxygen cylinders for medical use.27 The industrial 
oxygen production and storage is not carried out under 

strict aseptic condition as required for medical grade 
oxygen, thus, carries a significant risk of  contamination 
with microbes including bacteria and fungi. Inside the 
hospitals, use of  tap water instead of  distilled water 
to humidify the oxygen is also another possible source 
of  contamination. Moreover acute respiratory distress 
syndrome (ARDS) is a common complication in COVID 
patients that oblige intensive care unit (ICU) admission 
and mechanical ventilation (MV).28 Therefore, if  ventilator 
circuits and oxygen pipes are not properly sterilized, the 
fungi will thrive in hospitals.29 Besides this, contaminated 
hospital settings as a result of  massive influx of  patients 
in the wake of  second wave, along with already short-
staffed healthcare system can also be considered a major 
reason for the spike in mucromycosis cases. The huge 
disproportion in doctor-to-patient ratio (8 physicians per 
10,000 population) often lead to negligence and ultimately 
to the advent of  new fungal epidemics.8,13

Role of evolving COVID variants – a concern
Experts claim that the viral new-comer,”double-mutant” 
variants such as delta and delta plus variants are also 
responsible for the mucormycosis epidemic. The link 
between COVID-19 variants and mucormycosis is that 
they damage the beta cells of  the pancreas, resulting in 
hyperglycemia.30 Also, in patients with COVID-19, viral 
pneumonia injures alveolar epithelium and endothelium, 
collapses immune system and causes cellular immune 
dysfunction. Mucormycosis spore seed into airways and 
exploit host settings such as high blood sugar, ketoacidosis, 
hemochromatosis and neutropenia, causing endothelial 
damage. This results into bleeding, blood clot and 
necrosis; and spread to multiple organs.28 Thus, collective 
contribution of  lung damage, immune system failure, 
corticosteroid therapy, hyperglycaemia, ketoacidosis, and 
iron overload grounds to mucormycosis.6,31

Did precautions turn to havoc?
Ever since the coronavirus outbreak, one advisory that 
has been circulating among people was the importance of  
steam inhalation in treating and preventing COVID-19. 
Infact, steam inhalation can work to ease respiratory 
symptoms but not a cure for coronvirus. Benefits 
of  steam inhalation storming social media and other 
platforms persuade the public to opt for steaming in 
order to safeguard themselves from COVID-19. Over 
use of  steam inhalation can damage the respiratory 
mucosa, permitting easy entry of  the mucorales.29 Also, 
steaminhalation, if  not done in isolation can result in 
further spread of  infection, rather than containing it. 
Therefore, it should be controlled in post-COVID 
individuals. In order to prevent infection with SARS-
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CoV-2 and lessen the risk of  inhalation of  fungal spores, 
use of  mask is necessary. However, reusing the same 
masks for many days may increase the risk of  contracting 
mucormycosis.29

CONCLUSION
India is deemed as the “mucor capital of  the world”, 
having 70 times higher pre-COVID incidence than the 
global data. Thus, mucormycosis is not a new disease and 
has upsurged in COVID patients due to multiple factors 
including uncontrolled diabetes mellitus particularly 
with ketoacidosis, injudicious use of  steroids, overuse 
of  medicines, prolonged Intensive Care Unit (ICU) stay, 
and unhygienic practices from hospitals. Amalgamation 
of  these factors in a single patient predisposes to acquire 
mucormycosis. Consequently, it is imperative to rectify 
the aggravating factors and suppress the spread of  
mucormycosis. If  this isn’t brought under control, there 
are chances of  other fatal infections to linger in the 
background. Reasonable glycemic control in COVID 
patients should be ensured. Use of  steroids and immuno-
modulants along with steroids should be reserved and 
narrowed. Also, use of  immunity boosters like zinc and 
iron should be restricted. In addition, a holistic approach 
to improve the use of  self-medication through public 
education should be instituted. Government should make 
sure that the oxygen cylinders are hygienic and properly 
maintained. Sterile normal saline or distilled water should 
be used in humidifiers and oxygen flow meter and have to 
be replaced periodically. The mismanagement of  all these 
imparts a huge burden not only on individuals but also on 
government since the treatment for COVID-19 patients 
in government hospitals is met by the government itself. 
Mucormycosis aren’t exactly a rare or new disease in 
itself, nevertheless the proportion of  cases identified 
in association with COVID-19 and high mortality rate 
brought this into notice. If  the problems of  overuse 
of  drugs and inadequate hygiene persist, chance of  
outbreak of  secondary infections alongside epidemics 
and pandemics should be anticipated in future.
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