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Abstract
The catastrophic phase of Covid-19 turns the table over with the spread of its disastrous transmission network throughout the 
world. Covid-19 associated with mucormycosis fungal infection accompanied by opportunistic comorbidities have emerged 
the myriad of complications and manifestations. We searched the electronic databases of Google Scholar, PubMed, Springer, 
and Elsevier until June 05, 2021, using keywords. We retrieved the details of confirmed and suspected mucormycosis patients 
associated with Covid-19. We analyzed the case reports, treatment given for Covid-19, steroids used, associated comorbidi-
ties, mucormycosis site involved, and patients survived or dead. Overall, 102 patients of mucormycosis associated with 
Covid-19 have been reported from India. Mucormycosis was predominant in males (69.6%) rather than females (19.6%), 
and most of the patients were active Covid-19 cases (70.5%). Steroids were mostly used (68.6%) for the treatment of Covid-
19 followed by remdesivir (10.7%). Patients were suffering from diabetes mellitus (88.2%) and severe diabetic ketoacidosis 
(11.7%). Mucormycosis affects the sino-nasal (72.5%), orbit (24.5%), central nervous system (18.6%), and maxillary necrosis 
(13.7%) of the patients. The Mortality rate was recorded as 23.5%, and recovery rate was 2.9%. Diabetes mellitus cases are 
highest in India as compared to other countries, and prevalent use of steroids with the background of Covid-19 becomes an 
opportunistic environment for mucormycosis fungal infection to survive.

Keywords  Black fungus · Mucormycosis · Covid-19 · Diabetes mellitus · Corticosteroids

Introduction

The catastrophic phase of Covid-19 (Coronavirus disease 
2019) ravages the world by its disastrous ability of trans-
mission from human to human, and it still continues since 
December 2019 (Shastri et al. 2020). Severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) yields Covid-
19, and now it became more devastating by associating with 
wide range of fungal and bacterial infections (Shastri et al. 
2021a). The main pathogens like aspergillus and candida are 
mainly involved in the co-infection in patients with some 
Covid-19 history. The patients with associated comorbidities 

(diabetes mellitus, lung infection, pulmonary disease) and 
immunocompromised conditions (due to over-use of ster-
oids, prolonged mechanical ventilation, long duration of hos-
pital stay) are the prime targets of mucormycosis associated 
with Covid-19 along with many opportunistic fungal infec-
tions. With the development of bacterial or fungal infection 
in patients, many severe opportunistic co-infections may 
arise such as bloodstream candida infections, oropharyn-
geal candidiasis, pulmonary aspergillosis, and pneumocystis 
jiroveci pneumonia (Sarkar et al. 2021). Paltauf, A. (Paltauf 
1885), in 1885 first coined and described the term phycomy-
cosis or zygomycosis, and later in 1957 Baker, RD. (Baker 
1957), coined the term mucormycosis for a violent fungal 
infection caused by rhizopus. Mucormycosis belongs to the 
class zygomycetes with cunninghamella of order mucorales 
and is caused by the fungi of the genus rhizomucor. Mucor-
mycosis target the patients with Covid-19 history by taking 
advantage of their immunocompromised condition, which is 
a very opportunistic environment for mucormycosis (black 
fungus) to survive and expand on human body parts. The 
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global impact of mucormycosis ranges from 0.005 to 1.7, 
and comparatively, its impact in India is much higher (80%) 
than its global impact (Chander et al. 2018). The main rea-
son behind this is that the percentage of diabetes mellitus 
patients is highest in India as compared to other countries, 
which in turn is a suitable and opportunistic environment 
for mucormycosis fungal infection to survive (Singh et al. 
2021). In recent time, various increasing cases of mucormy-
cosis associated with Covid-19 have been reported globally 
and particularly in India.

In this paper, we have presented the clinical and diag-
nostic perspective of mucormycosis (black fungus) fungal 
infection surge in India. We have gone through a very criti-
cal review of 102 patients and their medical contingencies 
that are published in the last 2 to 3 months. Various factors 
over mucormycosis are seen as commonest and overlapping 
among the patients, which are discussed and summarized in 
following sections.

The rest of the paper is organized as follows: “Literature 
review” represents the critical review of recent scholarly 
research works that are related to the present study. “Mate-
rials and methods” describes the research materials and 
methods that are used in this study to find mucormycosis 
associated Covid-19 patients. “Case presentation” rep-
resents the case presentation of 102 patients from India 
that are infected/suspected with mucormycosis associated 
Covid-19. “Results and discussion” explains the result of 
mucormycosis affected patients and states of India. “Dis-
cussion” contains the discussion of various mucormycosis 
parameters. “Conclusion” illustrates the conclusion of the 
study.

Literature review

Rhino-cerebral mucormycosis associated with Covid-19 
pneumonia and comorbidities like type 1 diabetes mellitus 
of a patient were discussed and a case report was also pre-
sented. RT-PCR was used to diagnose the Covid-19, and 
the patient was treated with steroids and hydroxychloro-
quine. Intravenous (IV) fluids and insulin drip were used 
for treating diabetic ketoacidosis, and patient was discharged 
after mucormycosis was cured (Alekseyev et al. 2021).

The active case of Covid-19 with mucormycosis and 
orbital compartment syndrome was diagnosed. Patient was 
affected with proptosis, diabetic ketoacidosis (DKA), and 
unbalanced mental health. Intravenous fluids and sodium 
bicarbonate were given to the patient for treatment of DKA. 
Left middle turbinate of the patient was getting black with 
mucormycosis fungal infection, and Amphotericin-B was 
given to the patient for fungal recovery, but unfortunately, 
on the 26th day of the treatment, patient died in the hospital 
(Werthman-Ehrenreich 2020).

The patient was confirmed with Covid-19 after getting 
a fever, shortness of breath, and cold. Patient was treated 
with extensive use of antibiotics, interleukin antagonists, and 
high-dose glucocorticoids for the treatment of Covid-19 but 
due to immunocompromised conditions patient succumbed 
to mucormycosis fungal infection (Placik et al. 2020).

The Covid-19 infected patient with arterial hypertension 
has been succumbed to the opacification of maxillary left 
sinus and identified with the Rhizopus. The patient died after 
62 days with liver failure and refractory shock (Pasero et al. 
2020).

Patient with Covid-19 disease confirmation and hospitali-
zation got remdesivir, corticosteroid, and interferon-alpha 
for the treatment of Covid-19. After 1 week of hospital dis-
charge, patient was facing hemifacial pain, nasal conges-
tion, and rhinorrhea. Having immunosuppressant problems, 
patient was infected with mucormycosis and later ophthal-
mic treatment revealed that patient has complete loss of 
vision and right-side proptosis (Karimi-Galougahi et al. 
2019).

Two Covid-19 patients with lung injuries were undergone 
corticosteroid therapy and were affected with visual loss, 
ophthalmoplegia, and orbital inflammation. Histopathologic 
and radiologic findings were confirmed that both patients had 
affected with mucormycosis fungal infection. Amphotericin-
B is used with endoscopic sinus debridement for the treat-
ment but one patient died due to intracranial space involve-
ment (Veisi et al. 2021).

Anxiety disorder patient with respiratory distress and 
fatigue had Covid-19 positive report on hospitalization. 
Patient was identified with comorbidities like metabolic 
acidosis, hyperglycemia, and hypoxia and was underwent 
corticosteroid treatment. After a week in intensive care 
unit, patient was caught with proptosis, ophthalmoplegia, 
and restricted eye moment followed by mucormycosis fun-
gal confirmation patient succumbed to death (Sargin et al. 
2021).

A case report of a patient with Covid-19 and severe rhino-
orbital mucormycosis fungal infection has been reported. 
Patient has succumbed to severe diabetic ketoacidosis, 
severe metabolic acidosis, and diabetes mellitus which 
became opportunistic for mucormycosis to gear up fungal 
infection (Waizel-Haiat et al. 2021).

Patient suffering from acute myeloid leukemia infected 
with Covid-19 has been reported as mucormycosis con-
firmed fungal infection. Patient was treated with multiple 
comorbidities in the hospital and was diagnosed with pul-
monary mucormycosis (Zurl et al. 2021).

Poorly controlled diabetic patient with confirmed 
Covid-19 disease has infected with comorbidities such 
as malaise, unilateral facial swelling, partial dyspnoea, 
earache, and myalgia. The otolaryngologist has been 
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consulted for endoscopic sinus surgery which confirms 
the mucosal thickening in sinusitis (Ahmadikia et al. 
2021).

Materials and methods

A structured review of literature was searched in the elec-
tronic databases of Google Scholar, PubMed, Springer, 
and Elsevier until June 2021 using keywords “Mucor-
mycosis,” “Covid-19,” “Zygomycosis,” “SARS CoV-2,” 
“Mucor,” “Phycomycosis,” and “Rhizopus.” The veracity 
of data has been checked independently by the correspond-
ing authors. We retrieved the details of confirmed and sus-
pected mucormycosis associated with Covid-19 patients 
(Table 1). The case studies of patients from various medi-
cal institutes from India with mucormycosis and Covid-19 
have been thoroughly studied, and the characteristics of 
each patient were collected and analyzed through various 
endpoints and results (Table 2).

Results 

The mucormycosis surge associated with Covid-19 in India is 
at it’s peak. There are more than 28 K active cases of mucor-
mycosis in different Indian states. Most of the Indian states and 
union territories declared the mucormycosis as “black fungus 
epidemic.” The white fungus and yellow fungus cases were 
also seen in some states but the count of affected patients are 
limited. Although mucormycosis has been spread in 28 states/
union territories (UTs), Table 3 describes some Indian states 
with higher mucormycosis associated Covid-19 confirmed and 
death cases. A total of 86% of the mucormycosis patients in 
India have Covid-19 history, and 62.3% of the patients are 
having a history of diabetes. To control the mucormycosis 
effect, the central government has sent about 2,70,060 vials 
of Amphotericin B to different states/UTs as of May 30, 2021.

A total of 102 cases of mucormycosis (black fungus) 
from India are considered in this study. Out of which 96/102 
(94.1%) are confirmed and 6/102 (5.8%) are suspected of 
mucormycosis associated with Covid-19. A total of 72/102 
(70.5%) of the cases are confirmed with Covid-19, and 
30/102 (29.4%) are recovered cases prior to the inception 
of mucormycosis in patient’s bodies (Table 1). This study 
reveals that mucormycosis predominantly spreads more in 
males (69.6%) rather than females (19.6%). For the treat-
ment of Covid-19, patients are being diagnosed with differ-
ent medicines. Steroids have been given to 68.6% of patients 

followed by Remdesivir to 10.7% of patients, Tocilizumab 
to 2.9% of patients, and long-term antimicrobials have been 
given to 9.8% Covid-19 affected patients. Diabetes mellitus 
is the most viral risk factor that prevailed in the majority 
of the cases (88.2%) having patients that are affected with 
mucormycosis associated with Covid-19. Corticosteroids 
and different comorbidities associated with the Covid-19 
patients lead them to viral mucormycosis fungal infection 
(Fig. 1). Severe diabetic ketoacidosis was present in 11.7% 
of patients with Covid-19 and mucormycosis. Chronic kid-
ney disease, hypertension, and cancer were also present in 
some of the cases (1.9%) infected with mucormycosis and 
Covid-19. Severe metabolic acidosis (0.9%), coronary artery 
disease (0.9%), chronic granulomatous disease (0.9%), and 
leukemia (0.9%) are the multifactorial diseases prerequisite 
to patients affected with Covid-19 and mucormycosis that 
increases the disease severity rate of the patients. Most of 
the cases (94.1%) are confirmed with the black fungus dis-
ease (mucormycosis), and around 5.8% of the patients are 
suspected with mucormycosis viral infection along with 
Covid-19. Among all the patients, the common organs that 
are involved in mucormycosis fungal infection are Sino-
nasal (72.5%) followed by orbit (24.5%) and some more 
organs that are common among the patients are the central 
nervous system (18.6%), maxillary necrosis (13.7%), intrac-
ranial extension (8.8%), pulmonary (6.8%), right maxilla and 
zygoma (1.9%), and lung infection (0.9%). Mucormycosis 
survival status is about 52.9% of the patients that are still 
alive and are under treatment in the hospitals. A total of 
23.5% of the patients are dead because of the mucormycosis 
associated with Covid-19, and almost 12.7% of patients are 
improved in their health. The severity of the disease depends 
on the factors like age, comorbidities associated with Covid-
19 (confirmed/recovered) patient, treatment received for 
Covid-19, and site involved for the mucormycosis. The old 
aged patients with compromised immunology are more 
susceptible to mucormycosis. The corticosteroids used for 
the treatment of the Covid-19 are main the reason behind 
the immunosuppressant severity among the patients. Also, 
the site involved for the mucormycosis is a key factor behind 
the severity of fungus that infected the patients. For example, 
if the nervous system is affected with the mucormycosis, it 
is more severe than the other infected body parts involved. 
The recovery rate (2.9%) of the patients that are infected 
with mucormycosis and Covid-19 is very less. Table 2 sum-
marizes the characteristics of the 102 patients from India 
that are exposed to black fungus (mucormycosis).

Case presentation
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Discussion

Why mucormycosis (black fungus)

The immunocompromised patients are under great threat 
of very rare fungal infection known as mucormycosis or 
zygomycosis or black fungus. The Covid-19 active or 
recovered patients with low immunity level are the pri-
mary targets of mucormycosis. People are infected when 
they came into contact with the fungal spores in the envi-
ronment or when the fungus entered human body through 
some means of skin trauma. The Covid-19 patients are 
suffered from the immunocompromised conditions by 
ingesting the drugs like dexamethasone, tocilizumob, 
itolizumab, and extensive use of steroids for Covid-19 
treatment which in turn suppresses the immune system of 
the human body. Mucormycosis or black fungus is caused 
by the set of micro organisms called as mucormycetes 
that are also present in the environment naturally in soil, 

decaying organic matter, or compost. The diabetic or low 
immunity patients having Covid-19 history needs to be 
taken care of it because mucormycetes organisms could 
take advantage of low immunity along with co-morbidities  
and surpass the health mechanism of the patients (Shastri 
et al. 2021b). The mask used regularly without change or 
wash of it could also be dangerous for health and sufficient 
for mucormycosis inception in the body. The moisture expo-
sure of unchanged mask or oxygen therapy of Covid-19 
patients in hospitals could be prone to fungal infection like 
mucormycosis. Indian Council of Medical Research issued 
an advisory explaining causes and conditions for Covid-
19 patients susceptible to mucormycosis infection. Uncon-
trolled diabetes, immunocompromised patients due to use of 
steroids, prolonged stay in hospital or ICU, co-morbidities 
like cancer, and voriconazole therapy are major causes for 
mucormycosis or black fungus infection (Ministry of Health 
Family Welfare. MoHFW Home. Ministry of Health Family  
Welfare 2020).

Table 3   Confirmed and death 
cases of mucormycosis in 
Indian states (as on July 31, 
2021) (Ministry of Health 
Family Welfare. MoHFW 
Home. Ministry of Health 
Family Welfare 2020)

State/union territory Confirmed cases Death cases Notifiable disease/
epidemic declared

Maharashtra 7998 476 Yes
Gujarat 5486 250 Yes
Rajasthan 1524 74 Yes
Andhra Pradesh 1179 14 Yes
Delhi 1044 89 Yes
Tamil Nadu 1000 409 Yes
Madhya Pradesh 987 31 Yes
Telangana 744 2 Yes
Uttar Pradesh 500 19 Yes
Karnataka 446 12 Yes
Total 20,908 1376

Fig. 1   Patients with mucormy-
cosis associated with Covid-19, 
diabetes, and corticosteroid

202 Immunogenetics (2022) 74:197–206



1 3

Vaccines for mucormycosis and Covid‑19

Amphotericin-B, posaconazole, and isavuconazole are the 
antifungal medicines used for the treatment of mucormycosis 

or black fungus. These medicines are given to the patients 
directly through vein or in some cases through mouth also. 
In most of the cases, it is seen that the dead or infected tis-
sues with the mucormycosis required surgery. Liposomal 
amphotericin-B (≥ 5 mg/kg) is used as the first line therapy 
for the mucormycosis along with the surgery. The mortality 
rate of the mucormycosis is quite high (up to 70%) despite of 
proper treatment (Brunet and Rammaert 2020). One immu-
nocompromised patient with rhino-orbital-cerebral mucor-
mycosis having acute invasive fungal sinusitis was treated 
with the retrobulbar injections of amphotericin-B deoxycho-
late along with the intravenous antifungals and endoscopic 
sinus debridement (Hirabayashi et al. 2017). More than 
3 million vials of Amphotericin-B have been allocated to 
states and UTs of India to combat mucormycosis. More than 
240 million vaccine doses have been administered by Indian 
states and UTs. Covaxin, Covishield, and Sputnik-V are the 
active vaccines that are being administered throughout India 
at large scale. By the end of 2021, half a dozen vaccines 
will be available to minimize the gap between demand and 
supply of vaccines.

India under great threat of pandemic series

India is battling with the second wave of Covid-19, and total 
cases are more than 28 million with 1.7 million active cases, 
3,37,989 deaths, and about 26 million recovered cases as of 
June 3, 2021. Fighting with the current pandemic situation,  
a new epidemic surge has been notified by the Indian states 

Fig. 2   Covid-19 and mucormycosis (black fungus) severity in India

Fig. 3   Prescriptions for predominant orbital involvement and surgical debridement in mucormycosis cases
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and UTs known as mucormycosis or black fungus (Kumar 
et al. 2020). The cases of black fungus are also increasing 
in almost all the states/UTs at a rapid rate like Covid-19 was 
at its initial stages (Fig. 2). Therefore, it is a matter of great 
concern for the whole world as the new variants of Covid-19 
associated mucormycosis have been notified. Along with the 
black fungus cases at a large scale, few cases of white fungus 
and yellow fungus were also seen in different parts of the 
country. While the third wave of Covid-19 is expected in the 
country, there is a sudden hike in the cases of multi-system 
inflammatory syndrome among children (MIS-C) and that 
became the matter of great concern for many paediatricians. 
According to the Indian academy of pediatrics, there were 
more than 2000 cases of multi-system inflammatory syndrome 
since the first wave of Covid-19 (Academy and of Pediatrics  
(IAP) | COVID-19. 2021).

Mucormycosis in other countries

Mucormycosis is expanding its disastrous net not only in India 
but in many other countries also. The USA, Brazil, France, 
Italy, Turkey, Iran, Austria, and Mexico along with many other 
countries are also experiencing cases of mucormycosis associ-
ated with Covid-19. Immunocompromised patients are direct 
targets of this fatal fungal infection; otherwise, if immune sys-
tem is strong, mucormycosis (black fungus) can be fled away 
without taking much medication and hospitalization. Singh 
et al. (2021) has reported 19 cases of mucormycosis associ-
ated with Covid-19 from 8 different countries other than India. 
All the patients have Covid-19 history of active or recovered 
cases and having diabetes mellitus, cancer, or any other comor-
bidities associated with them. Some of the patients have used 
steroids, tocilizumab, and remdesivir for their treatment of 
Covid-19 which may cause their immunocompromised condi-
tion. A total of 12/19 patients (63.1%) are dead because of their 
suppressed immune system and were under attack of mucor-
mycosis associated with Covid-19. Patients are supervised to 
learn the correct and credible use of steroids when needed and 
be aware of the user generated content over the internet that 
may lead to misinformation about the same (Jain et al. 2021).

Symptoms and precautionary measures 
for mucormycosis

There are vital symptoms that show inception of mucormy-
cosis (black fungus) fungal infection in the human body. 
Mucormycosis can affect different parts of the body, and 
mainly, it affects the nasal sinuses, skin, orbit, central nerv-
ous system, lungs, oral cavity, and gastrointestinal. Rhino-
cerebral and rhino-orbital mucormycosis are the commonest 
seen affected parts throughout the literature survey. Black 
lesion, ptosis, one-sided facial swelling, and opthalmoplegia 
are the symptoms that are seen among the mucormycosis 

associated with Covid-19 patients. Gastrointestinal bleeding, 
stroke, swelling of gums, and hemiplegia are also seen in 
few cases. In order to detect the mucormycosis at the early 
stages the symptoms must be known to the patients who 
recovered or having some Covid-19 history. The precaution-
ary measures must be followed by the suspected patients in 
order to avoid any black fungus infection scenario. Depend-
ing upon the predominant orbital involvement different pre-
cautions and results are given (Fig. 3). Patients depending on 
immunosuppressant’s (or steroids) need to take prescribed 
precautions and curb the diabetes mellitus, high blood sugar 
levels, and use immune suppressed drugs only when pre-
scribed by the doctors. Mucormycosis involvement in the 
otorhinolaryngology can cause hazardous conditions; there-
fore, patients must wear clean mask, wash hands regularly, 
and use facial protection. Moreover, as immunity is so much 
involved, patients should not be compromised with healthy 
food and keep themselves hydrated with exercise and yoga 
practices intact (Ministry of Ayush | Covid-19 2021).

Conclusion

The catastrophic phase of Covid-19 and associated mucor-
mycosis (black fungus) raised the calamitous situation 
around the world and specifically in India. The diabetes mel-
litus is the utmost biological threat to the people of India. 
Mucormycosis associated with Covid-19 is spreading at a 
high pace because of the immunocompromised patients. 
Extensive use of steroids and other drugs given in the name 
of Covid-19 treatment are the main causes for the immuno-
suppressant patients. Comorbidities such as diabetes mel-
litus and severe diabetic ketoacidosis are the opportunistic 
conditions for the mucormycosis to survive into the patient’s 
body. This study reveals that mucormycosis is predominant 
in males (69.6%) rather than females (19.6%), and most of 
the patients are active Covid-19 cases (70.5%). Patients are 
suffering from diabetes mellitus (88.2%) and severe diabetic 
ketoacidosis (11.7%). Steroids are mostly used (68.6%) for 
the treatment of Covid-19 followed by remdesivir (10.7%). 
Mucormycosis affects the sino-nasal (72.5%), orbit (24.5%), 
central nervous system (18.6%), and maxillary necrosis 
(13.7%) of the patients. The mortality rate was recorded as 
23.5%, and the recovery rate was 2.9%.
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