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Abstract
Objective: The main objective of this study was to assess clinical and epidemiological factors associated with coronavirus disease associated 

mucormycosis (CAM) and furthermore to recognize the role of vaccination in preventing the progression of mucormycosis.

Materials and methods: A retrospective observational study was conducted on 300 patients with past history of being treat-ed for coronavirus 
disease and who presented to our department with symptoms of invasive fungal sinusitis. The data were analyzed to assess the factors associated 
with CAM.

Results and Conclusion: Receiving COVID-19 vaccination either one or two doses had some statistically significant associa-tion with CAM, 
however, only a small number of patients received vaccination doses. Other factors including age, gender, dia-betes (denovo vs. chronic), steroid use, 
oxygen, and remdesivir administration were not significant. Vaccination may play a key role in lessening the sequelae and mortality due to Covid-19 
while providing protection against CAM.
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Introduction
The global Coronavirus disease 2019 (Covid-19) pandemic has 

affected Indian subcontinent tremendously. It has affected more 
than 30 million people in India till date and several have succumbed 
to the disease. As India continues to fight and gain stability over 
the existing scenario, another imminent threat has emerged as a 
challenge to India in the form of coronavirus disease associated 
mucormycosis (CAM). CAM has reached epidemic proportion 
during India’s second wave of Covid-19 pan-demic, with several 
risk factors being implicated in its etiopathogenesis.

Covid-19 is an infection caused by severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2) virus, which principally 
binds to the angiotensin converting enzyme 2 receptors and thus 
invades the respiratory epithelium. The second stage of this disease  

 
is more severe caused by aggravation of systemic inflammation 
and coagulopathy causing direct damage to the blood vessels. 
The coagulopathy seen is of complement mediated thrombotic 
microangiopathies leading to endothelial damage of blood vessels 
and microvascular thrombosis. Moreover, affected patients likewise 
show an overexpression of inflammatory cytokines, and impaired 
cell mediated immunity thus leading to increased susceptibility to 
fungal infections.

Covid-19 has been associated with a horde of clinical symptoms, 
which starts with just a dry cough and high grade fever in initial 
days of presentation, to furthermore include different multisystem 
problems such as shortness of breath, ageusia, an-osmia, diarrhoea, 
generalised malaise and multiple cranial nerve palsies. Along with 
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severe pneumonia, it is also associated with several thromboembolic 
events, acute cardiac injury, renal failure, systemic vasculitis and 
several opportunistic infec-tions [1-3]. Early identification of these 
high morbidity conditions is crucial for optimal treatment.

Mucormycosis (the so called black fungus) is a rare, life 
threatening angioinvasive infection caused by the fungus of the 
order Mucorales that typically affects immunocompromised 
individuals. It is found to be fatal in 50 to 80% of cases as it rapidly 
progresses through the stages of rhinomaxillary, rhino-orbital 
and rhino-orbito-cerebral mucormycosis (ROCM). Early diag-
nosis and immediate surgical intervention along with institution 
of appropriate antifungal therapy saves both sight and life of the 
patient. The Indian Council of Medical Research released guidelines 
for the screening, diagnosis, and management of mu-cormycosis in 
patients with Covid-19. The most recognised causes ascribed to 
the rise of mucormycosis in Covid-19 patients are uncontrolled 
diabetes mellitus, acute respiratory distress syndrome (ARDS), 
those receiving broad-spectrum antibiotics, longer stay of 
critically ill patients in intensive care units (ICU) especially 
those who required supportive ventilation and ex-cessive use of 
corticosteroids for immunosuppression. In the past 3 months, we 
have seen an immense increase in the num-bers of cases of CAM 
at our nodal centre. The high incidence of diabetes in our Indian 
population alongside with excessive use of corticosteroids as 

a part of treatment for Covid-19 could also be a probability for 
increased numbers. Coagulopathy leading to several peripheral 
microthrombi, microangiopathy from diabetes mellitus in addition 
to immunosuppression from cortico-steroids all could have been a 
cause in providing an ideal host for the fungus to grow. The main 
objective of this study was to assess the possible epidemiological 
factors connected to CAM and furthermore to recognise the role of 
vaccination in prevent-ing the progression of mucormycosis.

Materials and Methods
A retrospective observational study was conducted at our 

tertiary care nodal centre in India for the treatment of CAM 
between April 2021 and June 2021. This study included 300 
patients with past history of recently being treated for Covid-19 
infection and who presented to our department with symptoms 
and signs of ROCM. Patients were characterized as recovered from 
Covid-19 if they were tested negative on a repeat RT-PCR (reverse 
transcriptase polymerase chain reaction) or if fourteen days had 
elapsed since the diagnosis.

The patients who presented with one or more of the following 
symptoms and signs of facial pain, headache, jaw pain, necrosis 
of the palatal bone or mucosa, eye pain, proptosis and visual 
disturbances (Figure 1). suspicious of ROCM were all included in 
the study.

Figure 1: Red flag Signs of Mucormycosis (A) Eye and Facial Swelling (blue arrow), (B) Left eye proptosis and black eschar due to 
involvement of skin (yellow arrow) and (C) Necrosis and eschar of the palatal mucosa (black arrow).

Patients were also assessed for the following history before 
deciding the treatment protocol: 

1. History of Covid-19 infection,

2. Diabetes status of the patient (pre-existing or newly 
diagnosed),

3. History of steroid use during Covid-19 infection, 

4. History of use of antiviral drug remdesivir, and 

5. History of receiving vaccination for Covid-19. 

Patients with a history of radiotherapy, chemotherapy, 

osteoradionecrosis of the jaw, granulocytopenic patients or those 
on other immunomodulator drugs were excluded from the study. 
Patient with non Covid-19 associated ROCM were also excluded 
from the study. Aside from ascertaining the current Covid-19 status 
with RT-PCR test, routine blood investigations and high resolution 
com-puted tomography of the chest were done for all the patients. 
Diagnostic nasal endoscopy was performed to look for signs of 
invasive fungal sinusitis (Figure 2). Magnetic resonance imaging 
(MRI) of the paranasal sinuses (PNS) including orbits and brain 
were performed for all cases (Figure 3). Patients were taken up 
for surgical exploration and debridement, under endo-scopic 
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guidance and the infected tissue was sent for microbiological and 
histopathological examination (HPE) to determine and confirm 
the presence of fungal hyphae (Figure 2). The surgical intervention 
varied from a simple surgical debridement to maxillectomy 
(partial/subtotal/total) to orbital exenteration depending on 
the extent of disease. Depending on the type of fun-gal organism, 
liposomal amphotericin therapy was instituted at 5mg/kg for 
mucormycosis. Later at the time of discharge pa-tients were started 

on oral posaconazole 300mg every 8th hourly on the first day and 
then continued at once daily dosage. Due to high possibility of 
nephrotoxicity and electrolyte disturbances due to liposomal 
amphotericin B, daily renal function tests and serum electrolytes 
were performed, monitored and managed appropriately. The 
patients were followed up after discharge regularly at weekly 
intervals and were taken up for further surgical debridement if any 
suspicious lesions were noted. 

Figure 2: (A, B) Diagnostic nasal endoscopy images showing necrosis (blue arrow) and black eschar (green arrow) of the middle turbinate. 
(C) Histopathological image, eosin and haematoxylin stain showing classical broad aseptate fungal hyphae (black arrow) of mucormyosis.

Figure 3: (A, B) Axial, (C) Coronal section, magnetic resonance imaging scans of the brain, orbit and paranasal sinuses showing 
involvement of the maxillary sinus, ethmoid sinus with orbital extension on the right side.

Statistical Methods
Data were collected on patient’s demographics, co-morbidities, 

history in regards to management with use of corticosteriods, 
antiviral drugs, oxygen administration both invasive and non 
invasive during Covid-19 infection and vaccination status of re-
ceiving one, two or no doses at all. Data were summarized using 
mean ± SD (standard deviation) for continuous variables and 
frequency along with percentage for categorical variables. A logistic 
regression analysis method was used to determine the factors 
influencing CAM. Statistical analysis software STATA (StataCorp 
LLC, 4905 Lakeway Drive College Station, Texas) v.11.2 was used 
for data analysis.

Results
Among the 300 patients who were included in the study, 227 

(75.6%) were males and 73 (24.33%) were females, with ratio 
between males to females to be 3.1:1. The age of the patients ranged 
from 18 years to 80 years with a mean age of 47.05 +/- 10.7 years. 

(Table 1) summarises the distribution of factors associated with 
CAM. Out of the 300 patients, majority 285 (95%) patients were 
either newly diagnosed or pre-existing diabetics. 213 (71%), 253 
(84.33%), and 168 (56.19 %) patients received oxygen support, 
corticosteriods, and antiviral drug remdesivir respectively during 
management of Covid-19 infection. Forty-three (43) out of 300 
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patients received vaccination either just the 1st dose or both the 
doses at the time of presentation.

All 300 patients presented with either symptoms of sinusitis, 
facial pain or swelling, headache, jaw pain, eye pain and visual 
disturbances. Headache was noted in 208 (69.33%), eye pain in 

221 (73.67%), facial pain in 253 (84.33%), jaw pain in 56 (18.67%), 
visual disturbances in 100 (33.33%) of the patients (Figure 4). All 
patients underwent immediate surgical manage-ment and the 
tissue was sent for HPE. HPE confirmed mucormycosis was seen in 
262 (87.33%) patients, aspergillosis in 11 patient, mixed infection 
in 4 patients and rest others showed features of chronic sinusitis. 

Figure 4: Distribution of symptomatology among cases suspicious of CAM.

Table 1: Distribution of clinical and epidemiological factors associated with CAM in patients (n=300) presenting at tertiary care nodal center.

Variable Male Female Total

Diabetes Mellitus    

Pre-existing 103/227 (45.37%) 30/73 (41.10%) 133/300 (44.33%)

Newly diagnosed 113/227 (49.78%) 39/73 (53.42%) 152/300 (50.67%)

Total DM 216/227 69/73 285/300

Vaccination    

No vaccination 193/227 (85.02%) 64/73 (87.67%) 257/300 (85.67%)

Only 1st dose 13/227 (5.73%) 4/73 (5.48%) 17/300 (5.67%)

Both dose of vaccine 21/227 (9.25%) 5/73 (6.85%) 26/300 (8.67%)

Corticosteroids    

Yes 198/227 (87.22%) 55/73 (75.34%) 253/300 (84.33%)

No 29/227 (12.78%) 18/73 (24.66%) 47/300 (15.67%)

Oxygen    

Yes 167/227 (73.57%) 46/73 (63.01%) 213/300 (71.00%)
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No 60/227 (26.43%) 27/73 (36.99%) 87/300 (29.00%)

Remdesivir    

Yes 131/227 (57.96%) 37/73 (50.68%) 168/300 (56.19%)

No 95/227 (42.04%) 36/73 (49.32%) 131/300 (43.81%)

Total 226 73 299/300

Mucormycosis HPE    

Yes 200/227 (88.11%) 62/73 (84.93%) 262/300 (87.33%)

No 27/227 (11.89%) 11/73 (15.07%) 38/300 (12.67%)

A logistic regression model analysis of data (Table 2) shows 
receiving one dose of Covid-19 vaccination is protective against 
CAM (Odds Ratio 0.189, Confidence Interval 0.061-0.583, p-value 
0.004). However, receiving two doses of vaccination (Odds Ratio 
0.272, Confidence Interval 0.076-0.974, p-value 0.048) is protective 
but with borderline statistical significance. All oth-er factors 

included in the model were not significant. Upon further analysis 
of vaccination variable alone in a parsimonious model retained 
statistical significance (Odds Ratio 0.206, CI: 0.070-0.604, p-value 
0.004) for patients receiving one dose of vaccination, while the 
protection faded to not significant for those receiving two doses of 
vaccination.

Table 2: Logistic regression analysis of clinical and epidemiological factors associated with CAM.

Factor Odds Ratio (OR) Std. Error Z P-value Confidence Interval (CI)

Age 1.019 0.017 1.14 0.253 0.986-1.053

Gender 1.479 0.602 0.96 0.336 0.666-3.286

Male vs. FM      

DM New vs. Pre existing 0.824 0.308 -0.52 0.605 0.395-1.715

Vaccinated vs. not at all      

Dose 1 0.189 0.108 -2.9 0.004* 0.061-0.583

Dose 2 0.272 0.177 -2 0.046* 0.076-0.974

Steroids yes vs. no 0.953 0.807 -0.06 0.956 0.181-5.016

Oxygen yes vs. no 0.517 0.347 -0.98 0.327 0.138-1.933

Remdesivir yes vs. no 1.137 0.544 0.27 0.787 0.445-2.90

 *Statistically significant at p<0.05

Discussion
Mucormycosis is a rare, opportunistic, life threatening, 

angioinvasive fungal infection that affects immunocompromised 
indi-viduals, predisposed by diabetes mellitus, corticosteroids, 
immunosuppressive therapy, immunodeficiency syndromes, hae-
matological malignancies, neutropenia and organ transplantation 
[4]. This pathogenic fungus is omnipresent, seen occurring nat-
urally in the environment. It can affect the nose, PNS, orbit, central 
nervous system, lung, gastrointestinal tract, skin, jaw bones, heart, 
kidney, and the mediastinum [5]. The inhaled spores of the fungi 
get inoculated into the nose and nasopharynx, lead-ing to tissue 
invasion, thrombosis, and necrosis. This necrosis spreads from 
the nose, to the PNS, to the orbit, cavernous sinus and then to the 
intracranial cavity. 

ROCM is the most common presentation and contributes to 
about two-thirds of all cases of mucormycosis. The worldwide 
prevalence before the pandemic has been estimated to be 0.005-
1.7 per million population. Chakrabarti et al. have estimated a 
prevalence of 0.14 per 1000 cases of diabetics in India, which 
is about 80 times the prevalence of mucormycosis in developed 

countries [6]. India also occupies the second position in the world 
as far as the number of diabetics is concerned. This surge in the 
number of cases of mucormycosis during the second wave could be 
due the hypoxic environment with high glucose levels, high levels of 
ferritin, and attenuated phagocytic activity of the leukocytes due to 
immunosuppression by the virus itself and the corticosteroids used 
in the management during the second wave of Covid-19 infection. 
This hypoxic environment is pro-foundly favourable for the fungal 
spores to germinate and proliferate. Prolonged hospital stay also 
increases the possibility of nosocomial infection, increased use of 
corticosteroids and antiviral drugs like remdesivir, and associated 
co-morbidities are other factors attributed to the increasing 
incidence of CAM. This study was done with the goal of improving 
the knowledge about CAM in order to improve the management 
and outcome.

In the previous reported literature of CAM there was a male 
predilection (79%) [7]. The median age of CAM in Indian population 
has been reported to be 45-50.7 years [8-10]. In our study the 
demographic profile was consistent with previous literature with a 
mean age of 47.05 years and 227 (75.6%) male patients with male 
to female ratio of 3.1:1. 
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CAM occurs both concomitantly with Covid-19 as well as post-
recovery. The median time for diagnosis of mucormycosis was 
14 days for those who developed signs of mucormycosis after 
the diagnosis of Covid-19 similar to published literature [11]. All 
the patients in our study presented with signs of ROCM following 
recovery from Covid -19 in our series. Delayed ROCM was also 
noted in a couple of cases, with the greatest length to be 45 days 
in our study. Literature has shown delayed CAM upto three months 
post Covid-19 infection [12] and this makes follow-up of Covid-19 
patients necessary for a period of three months after recovery.

The etiology of CAM appears to be multifactorial. The possible 
epidemiological factors for CAM could be pre-existing or new-ly 
diagnosed Covid-19 related hyperglycemia, impaired cell mediated 
immunity, necrosis of the nasal mucosa, hypoxia due to Covid 19 
infection, use of systemic corticosteroids, and nosocomial infections 
in hospitalized patients.

In our present study 213 (71%) patients received oxygen 
(invasive or noninvasive) during Covid-19 infection. Our study 
showed similar incidence to other studies conducted in India which 
was around 77% among 235 patients. Remdesivir, a anti-viral drug 
has been authorized for emergency use among Covid -19 patients. 
In our series, 168 (56.19 %) of the patients re-ceived remdesivir 
during the Covid -19 infection and may not have a played a significant 
role in increasing the risk of ROCM. Corticosteroids have been 
maligned for their role in immunosuppression and thus increasing 
the susceptibility to mu-cormycosis. A cumulative dose greater 
than 600 mg for prednisolone and 2-7gm of methylprednisolone 
has been found to predispose immunocompromised patients to 
mucormycosis [13]. Prolonged use of more than 3 weeks of high 
dose systemic cor-ticosteroid has also been implicated as a risk 
factor for mucormycosis in non Covid-19 patients. According to the 
previous published literature, 76.3% of the patients with Covid-19 
associated ROCM gave history of use of systemic corticosteroids 
[14]. and this fraction was much higher about 88% among Indian 
population. Our data revealed that systemic corticosteroids had 
been used in 253 (84.33%) of the patients which was similar to 
published literature [15]. 

Diabetes Mellitus (DM) has been identified as an independent 
risk factor for mucormycosis [15]. The SARS Covid-19 virus is said 
to damage the pancreatic islet cells producing new onset DM or 
worsening of the already existing DM. The cytokine storm indirectly 
fuels this by resulting in insulin resistance. Corticosteroids also 
precipitate hyperglycemia progressing to diabetic ketoacidosis. 
Hyperglycemia causes glycosylation of both transferrin and ferrtin, 
thus reducing the ability of transfer-rin to chelate iron. This low ph 
acidic environment presents an additive effect causing an overall 
increase in free iron levels, providing a fertile environment for the 
fungus to grow and thrive [12, 15]. In Indian patients with Covid-19, 
DM was seen in 11-23% of the hospitalized patients. New onset 
DM was seen in 20.6% of patients with mild to moderate Covid-19. 
According to previous literature, during the pre covid era the risk 

of mucormycosis is said to be 7.5 times higher in diabetics than the 
gen-eral population [16].

In a large series of mucormycosis cases from India in the pre-
Covid-19 era, 74% of the patients were diabetics [17]. A study 
done by John et al, in a series of 41 cases of Covid-19-associated 
ROCM, 93% were diabetics [14]. Our data showed similar results, 
ma-jority 287 (95.6%) patients were diabetic patients, of which 
133 (44.33%) were pre-existing diabetics and 152 (50.67%) 
were newly diagnosed diabetics. ROCM is not known to affect 
healthy individuals except in rare cases. This is important because 
in patients presenting with signs and symptoms of ROCM in the 
background of Covid-19, one should still investigate thoroughly and 
have a high index of suspicion even in the absence of an underlying 
comorbidity.

ROCM shows charachteristic red flag warning signs and 
symptoms which allows early diagnosis as compared to mucormyco-
sis at other anatomical sites. The most common symptoms reported 
in our study were headache (69.33%), eye pain (73.67%), facial pain 
(84.33%), jaw pain (18.67%) and visual disturbances (33.33%).

Mucormycosis is highly angioinvasive and thus leads to 
extensive necrosis of tissues, however bone erosion is not a typical 
finding, and thus CT scan may fail in detecting early disease. In 
our series, contrast-enhanced MRI of the paranasal sinuses, orbit 
and brain was the preferred imaging modality of choice. It detects 
early involvement of soft tissues especially in cases with extensive 
orbital and intracranial spread. Diagnostic nasal endoscopy allows 
for quick inspection to look for a black es-char and thus allowing 
to take biopsy for microbiological and HPE. The management of 
mucormycosis essentially involves control of hyperglycemia or 
any other risk factor, optimal surgical debridement, and medical 
management with antifungal agents. Previous published literature 
showed that that survival was 70% when treated with both 
amphotericin and surgical debridement, 61% with amphotericin 
deoxycholate, 57% with surgery alone and only 3% in patients who 
underwent no treatment [18]. Amphotericin B is the antifungal 
drug of choice for mucormycosis. It has been used in 88% of the 
patients of CAM. Even in our series, almost all patients had received 
liposomal amphotericin B. The liposomal form is preferred since it 
is less nephrotoxic and, therefore, higher doses may be given for a 
prolonged duration. In patients with compromised renal functions, 
posaconazole and isavuconazole have been found to be effective 
alternatives, but amphotericin B remains the treatment of choice. 
A study from India has shown posaconazole to be highly effective 
as salvage therapy for ROCM with complete resolu-tion in 67% 
of the patients [19]. Intraorbital amphotericin B deoxycholate 
injection in a concentration of 3.5 mg/mL has shown to be effective 
for life and eye salvage in certain case reports. Endoscopic surgical 
debridement of paranasal sinuses was per-formed as a primary 
management in all of the cases in our series. Simultaneous PNS 
debridement with orbital exenteration or intraorbital amphotericin 
injection or matxillectomy was performed in cases based on the 
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extent of disease. Orbital exentera-tion is conventionally done in 
cases with no visual potential, with diffuse orbital involvement, but 
with the disease limited to the orbit without or minimal extension 
to the cavernous sinus. CAM is a rapidly progressive disease, with a 
high 30-90% mortality rate in cases with intracranial involvement 
[6, 7, 11].

For cases associated with COVID-19, the overall mortality has 
been estimated to be 31%. Vaccination has always played a ma-jor 
role in eradicating communicable diseases. So was also the case in 
Covid-19 infection, in which vaccination played a key role to break 
the chain of transmission and also in reducing severity of the disease. 
Prior vaccination results in less severe disease against subsequent 
infection thus preventing coagulopathy and further impairment of 
humoral and cell mediated im-munity. The patients in our study 
had either received Covishield which is a recombinant, replication 
deficient chimpanzee adenovirus vector encoding the SARS-CoV-2 
Spike glycoprotein vaccine manufactured by Serum Institute 
in India or Covaxin which is a whole virion inactivated vaccine 
developed by Bharat Biotech India. Similar results were observed 
in our study that showed patients who received vaccination were 
slightly more protected from developing mucormycosis. Thus 
encouraging government to promote several awareness campaigns 
regarding benefits of vaccination inorder to prevent serious life 
threat-ening sequelae of Covid-19 infection [20]. 

Limitations
The follow up of CAM patients is limited and majority are still 

under active treatment. Very few patients of the study popula-
tion were vaccinated. Information regarding vaccination being 
protective against developing CAM is still very minimal and more 
number of vaccinated patients should be included in the study to 
come to any firm conclusion.

Conclusion
CAM predominantly affects middle aged males with majority 

of the patients developing onset of ROCM symptoms between 
day 10 and day 14 from the diagnosis of Covid-19. Post Covid-19 
follow-up for a period of three months is recommended, as delayed 
presentation can occur up to three months. The red flag signs 
and symptoms of severe headache, facial pain, eye pain, jaw pain 
and visual disturbances should be recognized promptly, followed 
by a confirmatory diagnosis by diagnostic nasal endoscopy and 
HPE. Contrast-enhanced MRI is the imaging modality of choice. 
Liposomal amphotericin B is the drug of choice for treatment of 
CAM. PNS debridement should be radical and may combined with 
orbital exenteration/maxillectomy based on the extent of disease. 
Patients with CNS involvement have better prognosis when PNS 
debridement and orbital exenteration along with antifungal therapy 
are included in their management. A longer follow-up is essential to 
determine the prognosis conclusively, but the analysis of our data 
does provide some insightful information that may help plan the 
management of CAM. A large data should be collected regarding 
the vaccination status of the patients and the confirmation of CAM, 

to come to a firm conclusion regarding its protective role from the 
deadly black fungus.
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