
As of June 30, 2021, the coronavirus disease 
(COVID-19) pandemic had affected >182 mil-

lion persons and resulted in 3.9 million deaths 
worldwide (1). India has reported 30.3 million cases 
and 398,000 deaths and accounts for the world’s 
second-largest burden of cases and third-largest 
burden of deaths (1,2). Furthermore, more recent-
ly, India witnessed the steepest peak of the second 
wave of COVID-19 of any country that resulted in 
an unprecedented burden on the health system (3). 

While therapeutics and vaccines were being devel-
oped, the national guidelines for COVID-19 man-
agement included global standards such as intra-
venous steroids for moderate and severe COVID-19 
and discretionary use of antivirals and antimicrobi-
als by clinicians (4). However, during the COVID-19 
pandemic, antimicrobial drug use was at an all-time 
high in India, the consequences of which may in-
clude antimicrobial resistance to commonly used 
drugs, as well as excessive fungal infections (5).

Emerging evidence globally suggests varied col-
lateral damage, including post–COVID-19 sequelae 
such as lung impairment, mental health issues, and 
thromboembolic events leading to excess illness and 
death (6–8). Furthermore, secondary infections with 
multidrug-resistant organisms and fungi, specifi -
cally aspergillus lung infections, have been reported 
(9–12). Reports of outbreaks of mucormycosis of the 
nose and sinuses with subsequent invasion to the 
orbital and cerebral region among patients success-
fully treated for COVID-19 have been described in 
news media in India and in a few case reports (13–
17). Before the COVID-19 pandemic, mucormycosis, 
caused by fi lamentous fungus of the order Mucora-
les, was the second most common invasive fungal 
infection, associated with high illness and death 
rates among immunocompromised persons after 
aspergillosis (18–20). Of note, India accounted for 
the world’s largest burden of mucormycosis before 
the COVID-19 pandemic; several reports have de-
scribed the clinical course (21,22). However, data to 
help identify and defi ne clinical characteristics and 
outcomes of COVID-19–associated invasive mucor-
mycosis are limited, which is specifi cally critical for 
India, a country with a high prevalence of diabetes, 
which is known to elevate mucormycosis risk (23,24). 
We describe demographic, clinical, laboratory, im-
age fi ndings, and outcomes of rhino-sino-orbital and 
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We provide an overview of the epidemiology and clini-
cal course of mucormycosis in the coronavirus disease 
(COVID-19) pandemic era. We conducted a retrospective 
chart review of 178 patients with clinical or diagnostic, 
endoscopically or histopathologically confi rmed rhino-
sino-orbital or cerebral mucormycosis after COVID-19 
treatment during the second wave of COVID-19 in Pune, 
India. Median time to symptom onset from COVID-19 de-
tection was 28 days. Moderate or severe COVID-19 was 
seen in 73% of patients and diabetes in 74.2%. A total of 
52.8% received steroids. Eschar over or inside the nose 
was seen in 75%, but baseline clinical and laboratory pa-
rameters were mostly unremarkable. Bone penetration 
was present in ≈90% of cases, 30% had soft-tissue swell-
ing of the pterygopalatine fossa and 7% had cavernous 
sinus thrombosis, and 60% had multifocal mucormyco-
sis. Of the 178 study cases, 151 (85%) underwent surgi-
cal debridement. Twenty-six (15%) died, and 16 (62%) of 
those had multifocal mucormycosis. 
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cerebral mucormycosis cluster in an urban tertiary 
care teaching hospital in western India.

The ethics committee of Byramjee-Jeejeebhoy Gov-
ernment Medical College and Sassoon General Hospi-
tals (BJGMC-SGH) approved this study. Our analysis 
did not involve an interview or questionnaire, and 
obtaining individual patient consent was not possible 
due to the retrospective nature of the study.

Methods
We conducted a retrospective chart review of pa-
tients hospitalized for clinical or histopathologically 
diagnosed rhino-sino-orbital or cerebral mucormyco-
sis after COVID-19 diagnosis during March 1, 2020–
June 5, 2021. These patients were primarily treated in 
the Medicine and Ear, Nose, Throat departments of 
BJGMC-SGH, a Maharashtra state–run tertiary care 
teaching hospital that serves the 5 million low-income 
and low-middle–income residents of the greater Pune 
region of Maharashtra state in western India. From 
the hospital registry at the Ear, Nose, Throat Depart-
ment of BJGMC-SGH, we also collected the total 

number of case-patients with rhino-sino-orbital and 
cerebral mucormycosis during 2016–2019 to compare 
frequencies of mucormycosis cases before and during 
the COVID-19 pandemic.

We abstracted data from hospital medical re-
cords and hospital medical information systems; 
data were patient demographics; underlying con-
ditions; and clinical course of COVID-19, includ-
ing therapeutics, oxygen, or ventilator support. We 
collected clinical characteristics of mucormycosis, 
laboratory and radiologic findings including histo-
pathologic results, treatment provided, and clinical 
outcome–active case (discharged or died) through 
July 15, 2021.

Clinical Assessments and Management  
of Mucormycosis
All patients with suspected mucormycosis underwent 
clinical assessments and diagnostic naso-sinus en-
doscopy; if an eschar and surrounding inflammation 
were seen, a clinical diagnosis of mucormycosis was 
made. After clinical diagnosis, amphotericin B was 
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Figure 1. Frequency of rhino-
sino-orbital and cerebral 
mucormycosis cases evaluated 
and treated at Sassoon General 
Hospital, Pune, India, before 
and during coronavirus disease 
pandemic. A) January 1, 2016–
June 14, 2021; B) September 1, 
2020–June 14, 2021.
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initiated intravenously for >21 days. Magnetic reso-
nance imaging (MRI) was done to assess the extent of 
soft tissue and bone involvement. Within the first 72 
hours of clinical diagnosis, surgical debridement was 
performed if the operating room was available, and 
tissue was sent in 10% neutral buffered formalin for 
histopathologic evaluations. Samples were processed 
using a fully automatic tissue processor. If the tissue 
received was a bony fragment, it was kept for decalci-
fication in 10% nitric acid, and after satisfactory decal-
cification, routine hematoxylin and eosin staining was 
done. Senior pathologists reviewed slides, and when-
ever necessary, used special stains such as periodic 
acid Schiff and methanamine silver to highlight fun-
gal hyphae. Any pleomorphic aseptate hyphae with 
wide-angle branching were identified as a Mucorales 
group of fungi; differentiation from small, septate hy-
phae with dichotomous branching was done to rule 
out other filamentous fungi, such as aspergillus. At 
discharge, all patients received posaconazole oral 
medication for >3 more weeks to complete a 6-week 
antifungal treatment course.

Definitions
We defined rhino-sino-orbital and cerebral mucor-
mycosis as clinically confirmed (probable) or histo-
pathologically confirmed (proven) mucormycosis. 
We ascertained underlying illnesses from physician 
documentation in medical records. We used the defi-
nitions of mild, moderate, and severe COVID-19 from 
the Ministry of Health and Family Welfare for this 
analysis (25). Mild COVID-19 was defined as a posi-
tive SARS-CoV-2 infection with or without symptoms 
and resting oxygen saturation (SpO2) >94%. Moderate 
COVID-19 was defined as the presence of breathless-
ness, respiratory rate (RR) >24 breaths/min, or SpO2 
<93% on room air. Severe COVID-19 was defined as 
the presence of breathlessness, RR >30 breaths/min, 
or SpO2 <90% on room air.

To define localized and generalized mucormy-
cosis, we used previously published definitions that 
were based on findings seen during diagnostic en-
doscopy and radiologic features on an MRI (19,26). 
We defined patients with disease restricted to nasal 
passages, sinuses, or orbits as having localized dis-
ease. If sites affected involved the paranasal sinuses 
and infiltrated the orbit, we defined patients as hav-
ing sino-orbital infection. We defined involvement of 
the paranasal sinuses, orbits, and the brain as general-
ized rhino-sino-orbital cerebral infection, depending 
on the extent of the spread. We categorized histologi-
cally confirmed diagnosis as proven mucormycosis 
and clinical and diagnostic endoscopically confirmed 

diagnosis without histopathologic confirmation as 
probable mucormycosis.

Statistical Analysis
We used descriptive statistics to summarize the data. 
We used the medians and interquartile ranges (IQRs) 
or means and SDs to describe results as appropriate 
and described categorical variables as counts and per-
centages. We used Stata version 15.1 software (Stata-
Corp, https://www.stata.com) for the analysis.
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Table 1. Clinical characteristics of patients experiencing intensive 
rhino-sino-orbital and cerebral mucormycosis after undergoing 
treatment for COVID-19, India 

Characteristic 
No. case-

patients, n = 178 
Age  
 Age, y, median (range)  51 (42–60) 
 Age group  
  <18 1 (1) 
  18–45 52 (29) 
  45–65  103 (58) 
  >65 22 (12) 
Sex 
 M 125 (70) 
 F 53 (30) 
Underlying illness 
 Diabetes mellitus 
  Previously diagnosed 88 (49) 
  Newly diagnosed 44 (25) 
 Hypertension 48 (27) 
 Chronic kidney disease 5 (3) 
 Cardiomyopathy 4 (2) 
 Asthma 2 (1) 
 HIV 1 (1) 
COVID-19 characteristics†  
 Moderate COVID-19 122 (77) 
 Mild COVID-19 29 (18) 
 Severe COVID-19 8 (5) 
 Hospitalization, d, median (IQR) 10 (8–15) 
 Required oxygenation 103 (69) 
 Required ventilator support 5 (4) 
 Received intravenous steroids 82 (67) 
 Received oral steroids 12 (17) 
 Received antimicrobial drugs 95 (98) 
Symptoms of mucormycosis 
 Facial pain 132 (74) 
 Headache 96 (54) 
 Nasal congestion 79 (44) 
 Nasal discharge 57 (32) 
 Vision impairment 66 (37) 
 Time from COVID-19 diagnosis to  
 mucormycosis symptom onset, d (IQR) 

28 (15–45) 

Vital signs   
 Temperature, F, median (IQR) 98 (98–98.6) 
 Heart rate >100 beats/min 4 (2) 
 Heart rate, beats/min, median (IQR) 88 (86–90) 
 Respiratory rate >20 breaths/min 29 (16) 
 Respiratory rate, breaths/min, median (IQR) 16 (12–18) 
 Median BP, systolic, mm Hg 123 (120–128) 
 Median BP, diastolic, mm Hg 80 (80–86) 
*Values are no. (%) patients except as indicated. BP, blood pressure; 
COVID-19, coronavirus disease; IQR, interquartile range. 
†These characteristics represent diagnosis and treatment provided for 
COVID-19 prior to mucormycosis events. 
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Results
We identified 178 patients who had clinical, endoscop-
ically diagnosed, or histopathologically confirmed 

localized rhino-, sinus-, orbital-, or rhino-sino-orbital 
mucormycosis or generalized rhino-sino-orbital-
cerebral mucormycosis after completing COVID-19 
treatment. During 2016–2020, a range of 3–8 cases of 
mucormycosis were diagnosed and treated in the Ear, 
Nose, Throat department of BJGMC-SGH (Figure 1, 
panel A). In April–May 2021, a total of 160 (90%) cases 
were diagnosed (Figure 1, panel B).

Clinical Features
We analyzed the demographic and clinical character-
istics of the mucormycosis patients (Table 1). The me-
dian age was 51 years (interquartile range [IQR] 42–60 
years); of 178 patients, 125 (70%) were men. A total of 
132 (74.2%) had previously or newly diagnosed diabe-
tes; 1 patient had HIV infection. We saw moderate or 
severe COVID-19 in 130 (73%) patients; median length 
of hospitalization for COVID-19 was 10 days (IQR 8–15 
days). Of these, 94 (52.8%) received either oral or in-
travenous steroids or both; 5 (17%) of mild COVID-19 
case-patients received steroids. Ninety-five (98%) of 
the patients who were treated for COVID-19 received 
intravenous or oral antimicrobial drugs. Of those who 
received steroids, 66 (70%) had previously or newly 
diagnosed diabetes. Of 103 (69%) who were given oxy-
genation, 5 (4%) needed ventilator support; median 
duration of oxygenation was 6 days (IQR 3–10 days).

The median time from COVID-19 detection to 
mucormycosis symptom onset was 28 days (IQR 
15–45 days). The most common symptoms at onset 
were face pain (74%), headache (54%), and nose pain 
(48%). Eschar over or in the nose was the symptom 
that prompted the patient to seek care in 133 (75%) 
cases; fever was present in 42 (24%) of those patients. 
In diagnostic endoscopy, 133 (75%) patients had black 
eschar surrounded by indurated and reddish areas 
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Figure 2. Diagnostic endoscopic 
examinations of the nasal 
cavities of 2 patients with 
mucormycosis after coronavirus 
disease, Pune, India. A) Right 
nasal cavity shows crusting in 
the region of the middle meatus, 
blackish eschar with fungal 
elements between the middle 
turbinate and the nasal septum. 
Necrosis has begun setting in 
the part of the nasal septum 
below the region of the eschar. 
Mucopurulent discharge is seen 
trickling from the middle meatus to the nasopharynx because of underlying sinusitis. The inferior turbinate has undergone hypertrophy 
because of the underlying disease. B) Left nasal cavity shows extradural abscess being drained transnasally. Multiple polyps are noted 
in the region of the ethmoidal fovea. The crista ethmoidalis, left middle turbinate, and the right orbital roof are destroyed because of the 
underlying invasion by mucor. CE, crista ethmoidalis; EDA, extradural abscess; FP, ethmoidal fovea; IT, inferior turbinate; MM, middle 
meatus; MT, middle turbinate; NP, nasopharynx; OR, orbital roof; S, septum.

 
Table 2. Laboratory, histopathologic, and radiologic findings in 
patients at time of hospital admission for intensive rhino-sino-
orbital and cerebral mucormycosis after undergoing treatment for 
COVID-19, India* 
Characteristic Result 
Laboratory findings within 48 h of admission 
 Hemoglobin level 10.3 (9.3–11.7) 
 MCV, fL 82.25 (77.75–86) 
 MCH, pg 27.6 (26–29) 
 MCHC, g/dL 32.4 (29.2–33.3) 
Lymphocyte counts  
 Total cells/mm3 8,470 (6,020–12,000) 
 Lymphocyte, % 18.2 (11.9–24.7) 
 Distribution  
  >10,000 cells/mm3 67 (38) 
  <4,000 cells/mm3 15 (8) 
Absolute neutrophil count  
 <500 0 
 500–1,000 0 
 1,000–1,500 4 (2) 
 1,500–8,000 114 (64) 
 >8,000 60 (34) 
Chemistry parameters 
 AST >40 U/L 17 (10) 
 ALT >40U/L 34 (21) 
 Platelets, × 103/L 266.5 (204–336) 
 Serum creatinine, mg/dL  1 (0.9–1.3) 
 Potassium, mEq/L 3.54 (2.96–4.05) 
 Sodium, mEq/L 136 (132–142) 
 Serum calcium, mg/dL 8.65 (7.95–9.2) 
Location(s) involved 
 Nose and paranasal sinus 171 (96) 
 Pterygopalatine fossa 52 (29) 
 Orbital region 86 (48) 
 Intracranial soft tissue 22 (12) 
 Alveolar and palate soft tissue 25 (14) 
*Values are no. (%) or median (IQR) except as indicated. ALT, alanine 
aminotransferase; ANC, absolute neutrophil count; AST, aspartate 
aminotransferase; COVID-19, coronavirus disease; IQR, interquartile 
range; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular 
hemoglobin concentration; MCV, mean corpuscular volume. 
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(Figure 2, panel A); 22 (12%) had extradural abscess 
(Figure 2, panel B). Altered mental status was seen in 
17 (10%) patients. Vital signs on admission for mucor-
mycosis were relatively normal (Table 1).

Laboratory and Radiologic Features
At baseline examination, 19 (11%) patients had low he-
moglobin at <8dgm/dL, leukocytosis was seen in 50 
(28%) patients, and neutropenia (absolute neutrophil 
count <1,500) in 4 (2%) (Table 2). Swelling of nose and 
paranasal sinus soft tissue was seen among 172 (97%) 
patients in MRI (Figure 3). Involvement of the orbital 
area was seen in 86 (48%) patients and the intracrani-
al area in 22 (12%) cases. Bony penetration was seen 
in 156 (87.6%) cases (Figure 3) and cavernous sinus 
thrombosis in 12 (7%) cases.

Fifty-four (30%) case-patients had probable mu-
cormycosis and 124 (70%) had proven mucormycosis; 
29 (16%) histopathology results were pending as of 
the study cutoff date. Histopathologic assessments 
revealed ribbon-like envelope-shaped aseptate hy-
phae surrounded by neutrophilic and lymphocytic 
infiltrations upon staining with hematoxylin and eo-
sin (Figure 4). Pleomorphic broad aseptate hyphae of 
mucormycosis were seen amidst areas of necrosis.

Treatment and Outcomes
Seventy-one (40%) patients received a diagnosis of lo-
calized mucormycosis disease and 107 (60%) of mul-
tifocal mucormycosis (Table 3). Of the 107 with mul-
tifocal disease, 47 (44%) had orbital involvement and 
22 (12%) had cerebral involvement. Of those with the 
multifocal affected sites, 76 (83%) had moderate and 
severe COVID-19 disease, compared with 54 (81%) pa-
tients with localized disease (p = 0.83) (Table 3). Of the 
178 total mucormycosis patients, 151 (85%) underwent 
transnasal endoscopic surgical procedure to debride 
necrotic tissues, 13 (7%) died before surgery, and 13 
were scheduled for debridement at the time this re-
port was written. Of all cases, 21 (12%) were treated 
with intravenous insulin for uncontrolled diabetes or 
diabetic ketoacidosis during hospitalization. The infu-
sion reactions to amphotericin were not documented. 
A repeat creatinine was done on day 6 (range day –4 
to 6) on 101 (87.8%) of the 115 patients who had initial 
creatinine test results available. Of those, 14 (13.8%) 
had elevated creatinine of >25% from the baseline and 
6 (5.9%) had >50% of baseline creatinine. As of July 15, 
2021, a total of 5 (3%) case-patients were still hospital-
ized; 147 (82%) had been discharged, and 26 (15%) had 
died. Of those who died, 16 (62%) had multifocal mu-
cormycosis (Table 3). The median time to death was 15 
(IQR 10–27) days. None of the case-patients required 

extended ventilator support beyond that needed for 
surgical procedures.

Discussion
We describe illness and death caused by one of the 
most significant outbreaks of rhino-sino-orbital and 
cerebral mucormycosis among patients who were un-
dergoing treatment for COVID-19 in a tertiary care 
teaching hospital in western India. This outbreak co-
incided with the second wave of the COVID-19 pan-
demic in India (1). In most cases, mucormycosis was 
diagnosed approximately 1 month after diagnosis of 
moderate or severe COVID-19 requiring steroids and 
oxygenation support. Approximately three quarters 
had either previously or newly diagnosed diabetes, 
which is known to increase the risk for mucormycosis 
2.5-fold (18). Furthermore, 12% had diabetic ketoacido-
sis or uncontrolled diabetes, and >50% of the patients 
with diabetes received steroids for COVID-19 manage-
ment. Taken together, the underlying illnesses and 
medications needed to manage COVID-19 created an 
ideal setting for the outbreak of mucormycosis (17,23).

The signs and symptoms of post–COVID-19 mu-
cormycosis in this outbreak were similar to those de-
scribed previously (18,19,26). The telltale symptoms 
and signs such as facial pain and headache were more 
prevalent, and eschar inside the nose was seen in ≈50% 

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 1, January 2022	 5

Figure 3. T2-weighted magnetic resonance imaging of the 
maxillary sinuses of a patient with mucormycosis after coronavirus 
disease, Pune, India, shows hypointense mucosal thickening 
bilaterally, more on the left side than the right. Near-complete 
occlusion of the sinus cavities and obliteration of left osteomeatal 
unit are seen. There is a mild deviation of the nasal septum with 
convexity toward the right side. There is mild soft tissue edema 
with altered signal abnormality involving the left pterygopalatine 
fossa extending to the left masticator space. L, left; R, right.
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of cases. Approximately one tenth of patients had al-
tered mental status. Diagnostic endoscopy and radio-
logical findings showed varied presentations typical 
for mucormycosis (18–20). Although the disease is 
highly invasive in nature, the clinical signs, includ-
ing vital signs or hematologic or chemistry laboratory 
parameters, were mostly within reference ranges. Ap-
proximately 50% of patients were still receiving treat-
ment as of late July 2021, although only 3% were still 
hospitalized. The mortality rate may not be notable 
after discharge from the hospital (17); 14.6% of pa-
tients died. However, most deaths occurred among 
those with multifocal disease, underscoring the need 
for close monitoring for this group (17). Drug-related 
renal impairment known to be associated with ampho-
tericin infusion was lower, similar to prior reports (27).

Of note, rhino-sino-orbital or cerebral mucormy-
cosis after COVID-19 treatment had some distinct dif-
ferences from pre–COVID-19 reports(28). In contrast 
to a previous systematic review in which >75% of the 
mucormycosis was localized disease, >50% of mucor-
mycosis among case-patients treated for COVID-19 had 
multiple affected sites (18,19). Furthermore, bony pene-
tration of the disease among ≈90% of cases, the presence 
of soft-tissue swelling of the pterygopalatine fossa (lo-
cated behind the posterior maxillary sinus wall) in ≈30% 
of cases, and cavernous sinus thrombosis in ≈7% of cases 
suggest aggressive disease and rapid and extensive lo-

cal spread of the disease. Among those who completed 
>21 days of treatment, the proportion who died (14.6%) 
was lower than the 42% of deaths reported in previous 
systematic reviews (18,29). Whether the appropriate 
surgical interventions and prompt initiation of antifun-
gal treatment optimized the treatment outcomes needs 
to be investigated and compared with other cohorts.

Potential reasons for the outbreak of mucormyco-
sis during the COVID-19 pandemic need further ex-
ploration. India’s 12% diabetes rate among the national 
population is among the world’s highest, and >14% of 
its population is prone to develop diabetes from pre-
diabetes (23,24,30). Steroid use for moderate to severe  
COVID-19 and even for mild COVID-19 may have re-
sulted in uncontrolled diabetes or development of new 
diabetes, a known risk factor for mucormycosis (18). Fur-
thermore, because of a lack of population-level data, the 
estimated prevalence of mucormycosis in India may be 
70-fold higher than global estimates (21,22,31). Thus, the 
widespread presence of Mucorales fungi in community 
and hospital settings could become a source of infection 
in susceptible populations (32,33). Bhatia (34) speculat-
ed that oxygenation via facemask or nasal cannula may 
have inoculated the fungi in the upper respiratory tract 
when a contaminated water humidifier was used, but 
further exploration is needed. Moreover, COVID-19–
related direct and indirect effects can predispose pa-
tients to invasive fungal infection; these effects include  
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Figure 4. Histopathologic findings for necrotic tissue samples from patients with mucormycosis after coronavirus disease, Pune, India. 
A) Hematoxylin and eosin stain shows nonpigmented, wide, thin-walled ribbonlike pleomorphic broad aseptate hyphae of mucormycosis 
(original magnification ×40). B) Periodic acid–Schiff stain shows pleomorphic broad aseptate hyphae of mucormycosis (original 
magnification ×40). C) Methenamine silver stain shows nonpigmented (hyaline), pauciseptate, ribbonlike hyphae with right-angled 
branching consistent with Mucorales genera (original magnification ×40).

 
Table 3. Sites of mucormycosis in patients with COVID-19 by severity and outcome of illness, Pune, India 

Site 
COVID-19 severity, no. patients (%) 

 
Outcome, no. patients (%) 

Mild, n = 29 Moderate, n = 122 Severe, n = 8 Active, n = 5 Discharged, n = 147 Died, n = 26 
Unifocal, n = 71        
 Localized sinus, n = 71 13 (45) 51 (42) 3 (37)  2 (40) 59 (40) 10 (38) 
Multifocal, n = 107        
 Generalized, n = 52 5 (18) 37 (30) 3 (37)  3 (60) 38 (26) 11 (42) 
 Rhino-sinus, n = 6 3 (10) 2 (2) 1 (13)  0 5 (3) 1 (4) 
 Rhino-orbital, n = 43 6 (21) 30 (25) 1 (13)  0 41 (29) 2 (8) 
 Rhino-cerebral, n = 2 1 (3) 0 0  0 2 (1) 0 
 Rhino-orbito-cerebral, n = 4 1 (3) 2 (2) 0  0 2 (1) 2 (8) 
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virus-induced direct damage to epithelium causing 
ciliary dysfunction and local immune dysfunction aug-
menting invasive fungal infection and spread (35,36). 
Similarly, virus-related immune suppression can lead 
to altered immune responses, including decreased T-cell 
population, which may lead to rapid fungal invasion (37).

The first limitation of our study is that, because of 
its retrospective nature, some data were missing be-
cause of a gap in the documentation. Missing data in-
cluded information on whether the oral steroids were 
administered in outpatient or inpatient settings for  
COVID-19, as well as data on status of glycemic control 
of diabetes. During the outbreak, liposomal amphoteri-
cin B was scarce; therefore, most patients received both 
liposomal and amphotericin B deoxycholate. Documen-
tation of pulmonary involvement among these cases 
was unavailable. Finally, whether dissemination of 
mucormycosis took place beyond the rhino-sino-orbital 
and cerebral regions was not documented. Considering 
the lower mortality rate, however, dissemination of the 
disease beyond these regions is unlikely.

By identifying and managing a rhino-sino-orbital 
and cerebral mucormycosis cluster, we contribute an 
overview of the epidemiology and clinical course of a 
devastating fungal infection in the COVID-19 pandem-
ic era. Invasive mucormycosis should be considered 
among case-patients treated for COVID-19 who expe-
rience face pain, nasal blockage, and headache with or 
without nose eschar in India, particularly among those 
with diabetes and those who have received steroids. 
Clinicians should be vigilant about the appropriate use 
of steroids for COVID-19 management and ensure the 
use of aseptic precautions during oxygen support to 
minimize risk for mucormycosis following COVID-19 
treatment. Given that India has the world’s second-
largest COVID-19 burden (1) and the world’s largest 
estimated Mucorales prevalence (21,22), the clinical 
profile and course of the localized, multifocal, or dis-
seminated mucormycosis from other parts of India are 
critical in helping clinicians detect and manage illness 
and avert death from invasive mucormycosis.
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