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Abstract
Importance: Coronavirus disease (COVID- 19) causes an immunosuppressed state 
and increases risk of secondary infections like mucormycosis. We evaluated clinical 
features, predisposing factors, diagnosis and outcomes for mucormycosis among pa-
tients with COVID- 19 infection.
Methods: This prospective, observational, multi- centre study included 47 consecu-
tive patients with mucormycosis, diagnosed during their course of COVID- 19 illness, 
between January 3 and March 27, 2021. Data regarding demography, underlying 
medical conditions, COVID- 19 illness and treatment were collected. Clinical presen-
tations of mucormycosis, imaging and biochemical characteristics and outcome were 
recorded.
Results: Of the 2567 COVID- 19 patients admitted to 3 tertiary centres, 47 (1.8%) were 
diagnosed with mucormycosis. Mean age was 55 ± 12.8years, and majority suffered 
from diabetes mellitus (n = 36, 76.6%). Most were not COVID- 19 vaccinated (n = 31, 
66.0%) and majority (n = 43, 91.5%) had developed moderate- to- severe pneumonia, 
while 20 (42.6%) required invasive ventilation. All patients had received corticoster-
oids and broad- spectrum antibiotics while most (n = 37, 78.7%) received at least one 
anti- viral medication. Mean time elapsed from COVID- 19 diagnosis to mucormyco-
sis was 12.1 ± 4.6days. Eleven (23.4%) subjects succumbed to their disease, mostly 
(n = 8, 72.7%) within 7 days of diagnosis. Among the patients who died, 10 (90.9%) 
had pre- existing diabetes mellitus, only 2 (18.2%) had received just one vaccine dose 
and all developed moderate- to- severe pneumonia, requiring oxygen supplementation 
and mechanical ventilation.
Conclusions: Mucormycosis can occur among COVID- 19 patients, especially with 
poor glycaemic control, widespread and injudicious use of corticosteroids and broad- 
spectrum antibiotics, and invasive ventilation. Owing to the high mortality, high index 
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1  |  INTRODUC TION

Coronavirus disease 2019 (COVID- 19), attributed to severe acute 
respiratory syndrome coronavirus 2 (SARS- CoV- 2), was declared a 
global pandemic by the World Health Organisation (WHO) in March 
2020.1– 4 The pandemic continues to be an ongoing public health 
concern with more than 162 million cases recorded, and more than 
3 million deaths globally.5 At the time of writing, the Indian sub-
continent ranked second, after the United States, with more than 
24 million COVID- 19 cases reported.5 With the escalation of cases 
worldwide, a myriad of potential complications from COVID- 19 are 
being increasingly appreciated, including the heightened vulnera-
bility to secondary bacterial and fungal infections.6– 9 The immune 
dysregulation associated with COVID- 19 is further aggravated by 
concomitant medical conditions such as diabetes mellitus, and the 
widespread use of immunosuppressive agents and broad- spectrum 
antibiotics. In addition, COVID- 19 patients are more susceptible to 
develop secondary infections if they have decompensated pulmo-
nary functions or require invasive mechanical ventilation.6 The rate 
of in- hospital secondary bacterial and fungal infection has been re-
ported to be approximately 8%.6,10 Previous reports observed that 
fungal infections were more likely to develop during the more ad-
vanced stages of COVID- 19 infection,11 with substantially higher 
mortality among patients with a fungal co- infection.6

Mucormycosis is known to affect immunocompromised patients 
especially those with diabetes mellitus, prolonged corticosteroid 
use, solid organ transplant recipients, neutropenia and haemato-
logical malignancies.6,12– 14 It is an opportunistic infection leading 
to invasion of blood vessels by fungal hyphae, causing infarction 
and necrosis of a variety of end- organ host tissues.13 Rhino- orbital 
infection with the mucorales species of fungus portends a poor 
prognosis with a mortality rate reaching 50%, even with appropri-
ate treatment.13 Since the start of COVID- 19 pandemic, there has 
been a renewed interest about secondary fungal infections, and 
some case reports and small case series have been published. The 
Indian subcontinent has witnessed a sudden and alarming surge in 
the number of mucormycosis cases in patients of COVID- 19. At the 
time of writing this paper, considerable number of cases of mucor-
mycosis have been reported, making it a health problem of epidemic 
proportions.6,8,9,11– 13,15– 33 Given that the current pandemic contin-
ues to be a significant public health issue globally, there needs to 
be a heightened awareness about mucormycosis among patients 
with COVID- 19, since both conditions in combination may lead to 
significant morbidity and mortality.

1.1  |  Objectives/Hypotheses

We postulated that the use of systemic corticosteroids in the treat-
ment of COVID- 19, especially among patients with poorly con-
trolled diabetes mellitus, increased the incidence of mucormycosis 
infection.

We present a series of 47 cases, by far the largest prospective 
case series to date, with the objective of highlighting the population 
at risk, and describing the clinical, radiological and histopathological 
features. Recommendations for the management of mucormycosis 
in the context of COVID- 19 infection are also be discussed.

2  |  DESIGN AND METHODS

In December 2020, our group observed mucormycosis in some 
COVID- 19 patients, which led us to collect information about this 
complication prospectively. This observational study included 
consecutive patients admitted to three tertiary hospitals (Zydus 
Hospital, Ahmedabad in Gujarat, Max Hospital Patparganj in New 
Delhi and Ramakrishna Care Hospital in Raipur in Chhattisgarh in 
India between 3 January and 27 March 2021. These cases were ad-
mitted for the management of COVID- 19 and/or its sequelae. They 
were assessed and treated by the relevant specialties at various 
time points, which included internists, infection disease specialists, 
intensivists, neurologists, neurosurgeons and/or otolaryngologists. 
Subjects included in this study were clinically and histopathologi-
cally proven cases of mucormycosis with concurrent or prior history 
of COVID- 19. Data pertaining to demographics, clinical features, co- 
morbidities, laboratory investigations, histopathology, management 
and outcomes were collected after obtaining informed consent from 
all patients. The study was approved by relevant institutional ethics 
committees.

The diagnosis of COVID- 19 was based on real- time polymerase 
chain reaction (RT- PCR) test from nasopharyngeal or oropharyngeal 
swabs. In clinically suspected patients, presence of fungal hyphae, 
characteristic of Mucorales fungi, by direct examination in 10% po-
tassium hydroxide (KOH) from scrapping and biopsy was used for 
diagnosis. Mucormycosis was subsequently proven based on micro-
biological culture or specific histological features from biopsy speci-
men. Apart from ascertaining COVID- 19 status, blood investigations 
and computed tomography (CT) and/or magnetic resonance imaging 
(MRI) of the orbit, brain and/or paranasal sinuses were performed 
for all cases to assess the extent of involvement from mucormycosis.

of suspicion is required to ensure timely diagnosis and appropriate treatment in high- 
risk populations.

K E Y W O R D S
coronavirus disease 2019, COVID- 19, diabetes mellitus, Mucormycosis, systemic 
corticosteroids
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3  |  RESULTS

During the study period, the three tertiary hospitals admitted a total 
of 2567 diagnosed with COVID- 19. Of them, a total of 47 (1.8%) sub-
jects, who were diagnosed with mucormycosis and COVID- 19, were 
included in this study. The majority were men (n = 35, 74.5%), and 
the mean age was 55 ± 12.8 years (Table 1). A significant proportion 
of subjects had a background history of diabetes mellitus (n = 36, 
76.6%) while 27 (57.4%) were on medications for hypertension. Of 
note, a background history of sinusitis was present only in 6 (12.7%) 
patients. Importantly, at the point of hospitalisation, the majority of 
subjects (n = 31, 66.0%) had not been vaccinated for COVID- 19.

All subjects presented with fever, cough, rhinorrhoea, myalgia 
and breathlessness upon exertion or at rest. Based on the CT tho-
rax severity score, majority (n = 43, 91.5%) had moderate- to- severe 
COVID- 19 pneumonia (CT score 8 or more). Invasive mechanical 
ventilation was necessitated in a significant proportion of subjects 
(n = 20, 42.6%), with the vast majority requiring supplementary ox-
ygen (n = 38, 80.9%). Systemic corticosteroids were administered 
to all patients. The majority received intravenous (n = 29, 61.7%) 
and/or oral corticosteroids (n = 45, 95.7%). The mean duration of 
oral steroid therapy was 7.7 ± 2.6 days. More than three- fourth 
subjects (n = 37, 78.7%) received at least one anti- viral medication 
(Remdesivir or Favipiravir). In addition, all subjects received empiri-
cal broad- spectrum antibiotics during the course of their hospitalisa-
tion. Only a minority received other immunomodulatory agents such 
as Tofacinib, intravenous immunoglobulin (IVIg) and Bevacizumab 
(Table 2).

Where laboratory investigations were available, the mean HbA1c 
was found to be 10.0 ± 2.1% (n = 29), mean D- dimer level was 
305 ± 335.9 ng/ml (n = 23) (normal <250 ng/ml), mean C- reactive 
protein (CRP) level was 76.4 ± 55.6 mg/L (n = 24) (normal <10 mg/L), 

and mean ferritin level was 357.0 ± 280.3 ng/mL (n = 14) (normal 
20– 250 ng/mL). Interestingly, none of our patients had biochemical 
evidence of diabetic ketoacidosis.

The mean time interval between the diagnosis of COVID- 19 
and the appearance of symptoms suggestive of mucormycosis was 
12.1 ± 4.6 days. All patients initially presented with nasal congestion 
with or without discharge consistent with sinusitis. The majority of 
patients with mucormycosis experienced a non- descript localised 
or generalised headache (n = 35, 74.5%). Other reported symptoms 
include diplopia, visual disturbances, facial weakness or numbness. 
Features of ophthalmoplegia, partial third nerve palsy, proptosis 
and long- tract signs were also observed in a proportion of patients 
(Table 3). Imaging investigations revealed that almost all patients 
(n = 45, 95.7%) had features of pan- sinusitis. Extension of the infec-
tion beyond the paranasal sinuses was observed in 78.7% (n = 37), 
orbital invasion (n = 19, 40.4%) being most common. Involvement 
of the central nervous system (ischaemic stroke, carotid- cavernous 
fistula, cerebral abscess and cavernous sinus thrombosis) was ex-
perienced in a small proportion of subjects (n = 9, 19.1%). Based 
on microbiology and/or histopathology, all subjects had features 
of mucormycosis. A small proportion had additional co- infection 
with aspergillosis and bacteria. All individuals were treated with li-
posomal amphotericin B while majority of them underwent surgi-
cal treatment (n = 38, 80.9%) (See Table 3). Factors for not carrying 
out surgery were poor prognosis or death of the patients before the 
planned procedure.

A total of 11 (23.4%) patients succumbed to their disease, with 
most of the deaths (n = 8, 72.7%) occurring within 7 days of hos-
pital admission. Sub- group analysis of these cases revealed their 
mean age as 54.4 ± 13.2 years. Of the patients who passed away, 
majority suffered from poorly controlled diabetes mellitus (n = 10, 
90.9%), did not receive COVID- 19 vaccination (n = 9, 81.8%), de-
veloped moderate- to- severe COVID- 19 pneumonia (100%) and re-
quired invasive mechanical ventilation (n = 9, 81.8%). Approximately 
one- third of these subjects had central nervous system involvement 
(n = 4, 36.4%).

4  |  DISCUSSION

We report the clinical, radiological and histopathological features 
of mucormycosis in a series of COVID- 19 patients. Poor glycaemic 
control, moderately severe pneumonia, mechanical ventilation and 
non- receipt of COVID- 19 vaccine were the commonest predisposing 
factors for mucormycosis.

Mucormycosis is a potentially fatal infection which arises from 
the invasion of blood vessels by fungal elements leading to mycotic 
thrombosis, ischaemic infarction and ultimately necrosis of affective 
host tissues.34 Globally, the incidence of mucormycosis has been de-
scribed to range from 0.005 to 1.7 per million population,35 whereas 
in India, the reported prevalence was 0.14 per 1000, approximately 
80 times higher than that in developed countries, making it the 
country with the highest burden of mucormycosis.36,37 The disease 

TA B L E  1  Demographics, co- morbidities and COVID- 19 
vaccination status of included subjects

N = 47

Demographics

Male Gender (%) 35 (74.5)

Mean age ± SD 55 ± 12.8 years

Co- morbidities, n (%)

Diabetes mellitus 36 (76.6)

Hypertension 27 (57.4)

Ischaemic heart disease 6 (12.7)

COPD 2 (4.3)

Rheumatoid arthritis 1 (2.1)

Hypothyroidism 2 (4.2)

Sinusitis 6 (12.7)

Status of COVD- 19 vaccination at time of presentation, n (%)

Unvaccinated 31 (66.0)

1 dose 14 (29.8)

2 doses 2 (4.3)
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portends a rapid clinical course with the worldwide mortality reach-
ing 46%.13,35,38,39 A delay in diagnosis of 6 days has been associated 
with doubling of the 30- day mortality rate from 35% to 66%.39 The 
organisms commonly implicated in the disorder originate from the 
Mucorales order and include Mucor, Rhizopus, Rhizomucor, Abdidia, 
Apophysomyces, Saksenaea and Cunninghumella.40,41 The fungus usu-
ally resides as a commensal in the nasal mucosa. Fungal spores gain 
entry via inhalation and subsequently enter the paranasal sinuses. 
Spores may also be acquired by the ingestion of contaminated food. 
Affected individuals usually present with acute sinusitis, fever, nasal 
congestion, purulent nasal discharge and headache.42 If not treated 
early, contiguous spread to adjacent structures may occur, result-
ing in various clinical symptoms.42 The orbital cavity is accessible 
through the ethmoid bone via the lamina papyracea, infratemporal 
fossa, inferior orbital fissure or orbital apex. Contiguous intracranial 
extension can occur through the ethmoid cribriform plate, supraor-
bital fissure and perineural routes. Cavernous sinus or sagittal sinus 
thrombosis, carotid occlusion, cerebral infarction, intracranial aneu-
rysm, intracranial haemorrhage and cerebral abscesses are poten-
tial sequelae. Depending on the affected organ, the infection can 
be classified as sino- orbital,8,12,13,23,28– 30,32 rhino- cerebral,17,26,30 
pulmonary,20,21 cutaneous, gastrointestinal43 and disseminated.44,45 
Clinico- radiological findings in a patient (number 27 in our series) are 
shown in Figure 1. The most common type of mucormycosis is rhino- 
cerebro- orbital (44%– 49%), followed by cutaneous (10%– 19%), 

pulmonary (10%– 11%), disseminated (6%– 11%) and gastrointestinal 
(2%– 11%).24 Diabetes, especially when uncontrolled, represents the 
single most common predisposing factor for mucormycosis in India, 
being reported in more than 50% of cases of mucormycosis.46

SARS- CoV- 2 virus has been found to impair cell- mediated immu-
nity due to a decrease in CD4+ and CD8+ cell counts, increasing the 
vulnerability to fungal infections.11 Concomitant medical problems 
including diabetes mellitus, acute respiratory distress syndrome, 
and the use of corticosteroids and broad- spectrum antibiotics are 
additional predisposing factors.6,10,19,47 The mortality rate has been 

TA B L E  2  Severity, management and treatment features of 
COVID- 19 pneumonia (n = 47)

Variable Value

Severity of COVID- 19 pneumonia (based on CT Severity Score)

Mild (total score) 4 (8.5%)

Moderate (total score 8- 17) 38 (80.9%)

Severe (total score ≥18) 5 (10.6%)

Respiratory support

Mechanical ventilation 20 (42.6%)

Non- invasive respiratory support 18 (38.3%)

None 9 (19.1%)

Corticosteroid usage for COVID- 19 treatment

Intravenous (5 days) 29 (61.7%)

Oral 45 (95.7%)

Mean duration of administration 7.7 ± 2.6 days

Anti- viral therapy for COVID- 19 treatment

None 2 (4.3%)

Remdesivir only 27 (57.4%)

Favipiravir only 10 (21.3%)

Remdesivir & Favipiravir 8 (17.0%)

Other immunomodulatory agents

Tocilizumab 1 (2.1%)

IVIg 1 (2.1%)

Bevacizumab 1 (2.1%)

TA B L E  3  Clinical, imaging, histopathology and management 
features of mucormycosis

N = 47

Clinical features of mucormycosis

Nasal congestion with/or without discharge 47.0 (100%)

Headache 35 (74.5%)

Diplopia 9 (19.1%)

Visual disturbances 12 (25.5%)

Facial weakness 8 (17.0%)

Facial numbness 8 (17.0%)

Ophthalmoplegia 9 (19.1%)

Partial CN III palsy 15 (31.9%)

Proptosis 1 (2.1%)

Long- tract signs 1 (2.1%)

Sinus involvement based on CT PNS or MRI findings

Pan- sinusitis 45 (95.7%)

Frontal 62 (68.1%)

Maxillary 47 (100%)

Ethmoid 35 (74.5%)

Sphenoid 36 (76.6%)

Mucormycosis with extension beyond paranasal sinuses

Orbital invasion 19 (40.4%)

Central nervous involvement 9 (19.1%)

Ischaemic stroke 5 (55.6%)

Carotido- cavernous fistula 1 (11.1%)

Cerebral abscess 1 (11.1%)

Cavernous sinus thrombosis 2 (22.2%)

Histopathological and/or microbiological diagnosis

Mucormycosis only 31 (66.0%)

Mucormycosis & Aspergillosis 10 (21.3%)

Mucormycosis & bacterial infection (K 
pneumoniae, E coli, P aeruginosa)

6 (12.7%)

Anti- fungal treatment

Amphotericin B 47 (100%)

Type of surgery for the treatment of mucormycosis

Not performed (due to poor prognosis) 9 (19.1%)

Modified Denker's procedure 19 (40.4%)

Functional endoscopic sinus surgery (FESS) 
debridement

19 (40.4%)
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found to be significantly higher in patients with COVID- 19 and sec-
ondary fungal infections (53%) as compared to those without (31%).6 
Despite early diagnosis and aggressive surgical and medical therapy, 
the prognosis for recovery from mucormycosis is generally poor.39 
We observed a similar pattern in our study.

In our study, majority of the patients developed moderate- to- 
severe COVID- 19 pneumonia and required supplemental oxygen and/
or invasive mechanical ventilation. Notably, nearly 82% of the subjects 
who eventually succumbed to their disease required invasive ventila-
tory support. Where available, elevated D- dimer, CRP and ferritin lev-
els among our patients support the ongoing phenomenon of systemic 
inflammation related to COVID- 19 infection. These biomarkers have 
been previously reported to be associated with a poor outcome.48

Current management guidelines from India recommend in-
travenous methylprednisolone (0.5– 1 mg/kg/day) or dexameth-
asone (0.1– 0.2 mg/kg) for 5– 10 days for moderately severe cases 
of COVID- 19 infection cases, especially for patients with esca-
lating oxygen requirements or showing elevated biomarkers. 
Intravenous methylprednisolone 1– 2 mg/kg/day or dexamethasone 
0.2– 0.4 mg/kg for 5– 10 days is recommended for severe cases. 
Furthermore, patients with worsening hypoxemia or who have rapid 
worsening on serial imaging can be additionally treated with oral 
corticosteroids for varying periods of time.49 Accordingly, systemic 
corticosteroids were administered to all patients in our study irre-
spective of their COVID- 19 disease severity. However, the World 
Health Organization (WHO) recommends the administration of 
systemic corticosteroids for the management of patients with only 
severe COVID- 19 pneumonia, to mitigate the effects of immune- 
related lung injury, especially for those requiring ventilatory sup-
port.50 This approach was also supported by a study in the United 

Kingdom (UK RECOVERY trial), which demonstrated improved sur-
vival among mechanically ventilated patients with severe COVID- 19 
ARDS when they were treated with dexamethasone.51 Although not 
supported by strong scientific data, vast majority of our patients re-
ceived anti- viral therapy during the course of their treatment, which 
is in line with local management guidelines about the off- label use of 
these drugs in COVID- 19 patients with moderate- to- severe disease 
requiring supplemental oxygen.49

In our cohort of patients diagnosed with COVID- 19 pneumonia 
and mucormycosis, about three- quarters had a pre- existing history of 
diabetes mellitus along with a poor glycaemia control at presentation. 
This represents the pattern of the general population to some extent 
since India ranks second with respect to the prevalence of diabetes 
among adults aged 20– 79 years.52 Furthermore, the presence of di-
abetes among almost all our patients, who eventually succumbed to 
their disease, is consistent with previous studies reporting that diabe-
tes as an independent risk factor for mucormycosis, especially when 
uncontrolled.13,24,35,53 Pathophysiologically, diabetes may cause 
quantitative and functional alterations in cell- mediated immunity 
such as chemotaxis and phagocytosis.54 Other mechanisms that ex-
acerbate the ‘cytokine storm’ include reduced natural killer cell activ-
ity, attenuated IFN- γ response and an extended hyperinflammatory 
state.54 In addition, endothelial dysfunction and vasoconstriction 
may result in tissue ischaemia and a procoagulant state.54

The first step in the management of mucormycosis is to have a 
high index of clinical suspicion especially in those with COVID- 19 
who have diabetes mellitus, and who have received systemic cortico-
steroids. The mean duration between the diagnosis of COVID- 19 and 
the appearance of mucormycosis in our study was 12.1 ± 4.6 days, 
which is consistent with a previous study.11 However, symptoms of 

F I G U R E  1  Clinical and radiological features of a 61- year- old female patient with poorly controlled diabetes mellitus (type 2) who 
was diagnosed with moderate- severity COVID- 19 and invasive rhino- orbital- cerebral mucormycosis. The patient had received systemic 
corticosteroids and broad- spectrum antibiotics for the management of severe COVID- 19 pneumonia. She eventually succumbed to the 
disease. On presentation, she had complete right- sided ptosis, proptosis and complex ophthalmoplegia suggestive of orbital apex syndrome. 
There was also right peri- orbital and hemifacial swelling and tenderness. The patient had dysphagia which necessitated the insertion of 
a nasogastric tube. (A) Examination of the oral cavity revealed the presence of black necrotic tissue involving the palate with pharyngeal 
extension consistent with an eschar. (B) Coronal CT scan of paranasal sinuses showing bilateral right more than left- sided opacification of 
the maxillary sinuses with poor aeration. Gadolinium- enhanced T1- weighted axial magnetic resonance imaging demonstrates the presence 
of a heterogeneously enhancing intra- orbital lesion with contiguous involvement of the right cavernous sinus. (C) Gadolinium- enhanced T1- 
weighted coronal magnetic resonance imaging of the brain demonstrates the presence of a right- sided ring- enhancing lesion suggestive of a 
fungal abscess

(A) (B) (C)
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rhino- orbital mucormycosis may also develop as late as 3– 42 days 
post- COVID- 19 diagnosis, or those who have recovered from the 
infection.14,53 Thus, a low threshold for investigation and imaging is 
critical to avoid the impending complications and higher mortality.13 
All of our subjects had presented with symptoms of sinusitis, and 
the extension beyond the paranasal sinuses occurred in nearly 79% 
of our subjects. These findings imply that physicians should examine 
the cranial nerves, assess vision, and evaluate for sinus tenderness 
regularly, especially for diabetic patients who received systemic cor-
ticosteroids.14,55 Any new symptoms should prompt further inves-
tigation for mucormycosis since eschar formation, the hallmark of 
mucormycosis, is often a late sign. Serial radiological investigations 
(CT and/or MRI) may help in assessing the extent and progression 
of the disease.56 The definitive diagnosis of fungal infection can be 
easily made based on direct microscopy of nasal swab or surgical/
naso- endoscopic specimens with potassium hydroxide (KOH) mount 
and microbiological/histological confirmation.38 The presence of 
broad, non-  or pauci- septate fungal hyphae right angle branches, 

necrotising granulomatous inflammation and angio- invasion sup-
ports the diagnosis.57 Serology tests are less likely to be helpful. 
Interestingly, the raised ferritin levels in some of our patients may 
be indicative of an elevated level of free iron, which has been known 
to increase the susceptibility of infection to mucor but not to other 
pathogenic fungi, such as Candida or Aspergillus.58

A multidisciplinary team approach involving an internist, inten-
sivist, otolaryngologist, ophthalmologist, infectious diseases spe-
cialist, neurologist and/or neurosurgeon is often necessary. The 
mainstay of treatment are antifungals and surgical debridement of 
affected tissues. We propose a diagnostic and treatment algorithm 
of mucormycosis in patients with COVID- 19 (Figure 2). Amphotericin 
B (liposomal) or posoconazole oral suspension are first- line antifun-
gal monotherapy options. Isavuconazole (intravenous or oral) is re-
garded as salvage therapy.10,45 Posaconazole may be administered in 
combination with liposomal amphotericin B for refractory cases or in 
those who cannot tolerate amphotericin B. Surgical exploration and 
debridement help to limit the spread and allow better penetration of 
intravenous drugs into infected tissues.59

Our study has some limitations. First, the data represent the 
experience at three tertiary centres, which often treat most of the 
sick patients with severe complications. Thus, the data may not be 
generalisable. Second, we could not perform blood investigations in 
all study participants. This was due to the differences between in-
stitutional practices as well as limited availability of test kits among 
rapidly rising cases of COVID- 19 patients. Third, a case series of 47 
patients might be considered a small sample size and various associ-
ations could not be evaluated. However, given the rarity of the dis-
ease, to the best of our knowledge, this is still the largest case series. 
In fact, according to the published literature, so far 101 cases of mu-
cormycosis in patients with COVID- 19 have been reported of which 
82 cases belong to India.53 Lastly, being an observational study, there 
is no control group to evaluate reliable differences and association.

5  |  CONCLUSIONS AND IMPLIC ATIONS 
FOR CLINIC AL PR AC TICE

The incidence of mucormycosis in the setting of the COVID- 19 pan-
demic is likely to rise and result in significant morbidity and mortal-
ity. Physicians caring for severely ill patients with COVID- 19 and 
concomitant poorly controlled diabetes should have a high index of 
suspicion of mucormycosis, especially if corticosteroids are used dur-
ing the course of disease. Strategies to optimise glycaemic control 
should be emphasised to avoid poorer outcomes. The expedient com-
mencement of antifungal therapy together with surgical debridement 
may help to improve the survival of these patients. Caution needs 
to be exercised with regard to the widespread usage of corticoster-
oids and broad- spectrum antibiotics, with an emphasis to administer 
corticosteroids only in severe COVID- 19 pneumonia and to reduce 
super- infections. An accelerated COVID- 19 vaccination programme, 
especially in a country with high prevalence of diabetes and relatively 
poor resources, should be the topmost priority to avoid massive out-
breaks, complications and mortality during the current pandemic.

F I G U R E  2  Diagnostic and treatment algorithm of mucormycosis 
in patients with COVID- 19. Abbreviations: allo- HSCT = Allogenic 
hematopoietic stem cell transplant, GMS = Gomori's methenamine 
silver, HM = Hematopoietic malignancies, PAS = Periodic acid- 
Schiff stain and SOT = Solid organ transplant (Adapted and 
modified from Song et al11 and Sen et al14)

COVID-19 patients

Severely ill (admission to ICU, requiring 
mechanical ventilation, long hospital stay)

Risk factors
Diabetes mellitus, glucocorticoid use, SOT, HM

Diagnosis
Direct microscopy and histopathology with 

special stains (PAS, GMS)
Culture
Molecular identification

Treatment/Management:
1.1st-line treatment: Amphotericin B lipid 

complex, liposomal Amphotericin B, 
Posaconazole oral suspension.

2.Surgical treatment (debridement), where 
applicable.
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