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Abstract
Mucormycosis is almost always confined to the patients with altered host defenses and diabetes is 
considered as the strongest risk factor for it. COVID-19 had a great impact on the occurrence of 
mucormycosis, especially on diabetics. It has not only been seen in severe cases but also in mild 
and moderate cases of SARS-CoV-2 infections. In this case series 79 proven cases of COVID-19 
associated rhino-orbital-cerebral mucormycosis are analyzed retrospectively between mid-
April 2021 and mid-September 2021. Of these 79 cases, 27 cases had disease limited to sinuses 
(rhinomucormycosis), 43 had orbital involvement also (rhino-orbital mucormycosis) and 9 had 
cerebral involvement as well (rhino-orbital-cerebral mucormycosis). After preliminary clinical and 
radiological diagnosis surgical management in the form of endoscopic sinus surgery, debridement 
and orbital exenteration (8) was performed. Medical management in the form of anti-fungal 
therapy (Amphotericin-B, Posaconazole and Isavuconazole) was also initiated. During this course 
of time total 14 mortality occurred and most of the patients were discharged after completion of 
Amphotericin-B therapy.
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Introduction
India is recognized as the diabetes and mucormycosis ‘capital’ of the world [1]. Diabetes is the 

fastest growing non-communicable disease in India. Coronavirus disease 2019 (COVID-19) second 
wave in India has presented in a catastrophic way as compared to the first wave and startled the 
medical fraternity. Severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2) was found to 
be associated with systemic immune alterations causing wide range of manifestations including 
various bacterial and fungal infections [2]. This time India faced a major morbidity and mortality 
in the form of post COVID-19 sepsis and the abrupt spike of COVID-19 Associated Mucormycosis 
(CAM). In the previous 3 years (January 2018 to March 2021) before COVID-19 pandemic we 
encountered only 5 cases of rhinomaxillary or rhino-orbital-cerebral mucormycosis. COVID-19 
infection has led to worst consequences in the patients especially with uncontrolled diabetes, 
immunocompromised, immunosuppressed (post organ transplant) and those who were managed 
with long periods or high doses of systemic corticosteroid therapy [3].

Invasive fungal infection or mucormycosis is almost always confined to the patients with 
altered host defenses such as in transplant recipients, diabetics or patients with malignancies. 
Hyperglycemia or uncontrolled diabetes, particularly diabetes acidosis is considered as the strongest 
and very well-known risk factor for mucormycosis. It has spread like fire amongst the active 
COVID-19 and post-COVID-19 diabetic patients. Many studies across the world have established 
the definitive severity of SARS-CoV-2 infection amongst diabetic patients [4]. A small number also 
includes post-transplant (renal transplant) patients, many of which were diabetic also which proved 
lethal collectively.

Mucormycosis can be classified based on site of involvement as rhino-orbital-cerebral, 
pulmonary, cutaneous, gastrointestinal and disseminated form [5]. In literature only a limited case 
series of post COVID-19 mucormycosis have been published [6-11]. In this paper we are discussing 
our institutional experience of a series of 79 cases of rhino-orbital-cerebral mucormycosis related 
to COVID-19 infection, which to our best knowledge is one of the biggest institutional case series.

Methods and Results
In this case series we are retrospectively analyzing the 79 proven cases of COVID-19 related 
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rhino-orbital-cerebral mucormycosis. Throughout the second wave 
of COVID-19 infection in India, we operated 96 suspected cases of 
mucormycosis between mid-April 2021 and mid-September 2021 that 
also included 7 patients operated elsewhere and referred for further 
management. Out of all 96 operated cases 79 were histopathologically 
diagnosed as mucormycosis. These patients presented to us with 
varied disease load. There were 62 males and 17 females. The youngest 
patient was 21 years old and eldest one was 72 years old. 15 patients 
were operated during their active COVID-19 infection whereas rest 
64 patients operated during post COVID-19 status after an initial 
recovery.

All patients had one or other symptoms or signs of sinusitis 
including facial pain or numbness, facial swelling, headache and 
nasal congestion. Of these 79 patients of mucormycosis, in 27 
patient’s disease was restricted to nose and Paranasal Sinuses (PNS) 
(rhinomucormycosis) (Figure 1), 43 showed orbital involvement as 
well (rhino-orbital mucormycosis) and 9 patients had severe disease 
involving brain also (rhino-orbital-cerebral mucormycosis). Hence, 
total 52 patients (43+9) had orbital involvement. All 52 patients who 
had orbital involvement had lid edema with proptosis, orbital pain 
with periocular swelling, conjunctival edema and double vision in 
varied severity.

11 out of 43 patients of rhino-orbital mucormycosis had positive 
Perception of Light (PL) only, 6 of 43 patients had no perception 
of light with dilated non-reactive pupil (total ophthalmoplegia) 
whereas rest had just diminished vision of variable grade (Figure 2). 
One patient among 6 patients of total ophthalmoplegia had bilateral 
involvement and 2 also developed pulmonary mucormycosis who 

died during ICU care (Figure 3).

In the 9 patients with cerebral involvement, all patients had 
altered sensorium, confusion or disorientation of variable grade. 3 
out of 9 had unilateral whereas one had bilateral dilated and non-
reactive pupil with ophthalmoplegia and rest had diminished or 
blurred vision of variable grade.

All patients were hyperglycemic during the time of clinical 
diagnosis or suspicion of mucormycosis. 67 patients had known 
history of diabetes whereas 12 patients developed steroid induced 
hyperglycemia. All patients received systemic steroids in the form of 
oral methylprednisolone, intravenous dexamethasone or intravenous 
methylprednisolone as a part of management of COVID-19 infection.

Out of total 79 patients, 18 patients had history of ICU care 

Figure 1: Endoscopic images of (A) necrotic middle turbinate (mucormycosis) 
and (B) Black turbinate due to rhino-mucormycosis.

Figure 2: Images showing right orbital involvement due to mucormycosis 
(total ophthalmoplegia).

Figure 3: Images showing bilateral orbital involvement due to mucormycosis 
(A) and non-reactive dilated pupil with total ophthalmoplegia (B).

Figure 4: Endoscopic image showing pus draining from maxillary sinus 
(positive for fungal culture).

Figure 5: CEMRI (A: coronal; B: axial) of brain and orbits showing features of 
fungal sinusitis predominantly involving left side ethmoid and frontal sinuses 
with extension of the disease in intraorbital region through the medial orbital 
wall with resultant stranding of the retro-orbital and extraconal fat and 
thickening and hyperintensity of the extraocular muscles. There is proptosis 
of the left eye. The fat stranding is extending up to the orbital apex with mild 
asymmetry of the left cavernous sinus.

Figure 6: Plain MRI brain and orbit (A: Coronal; B: Axial) showing features 
of fungal sinusitis predominantly involving the right-side sinuses. There is 
proptosis of the right eye with fat stranding up to the orbital apex.
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whereas rest 61 patients had non-ICU care. 59 patients required 
oxygen at some period of COVID-19 infection whereas only 20 
patients did not give any history of oxygen requirement.

In all suspected patients, a preliminary nasal swab was sent for 
KOH mount, a Magnetic Resonance Imaging (MRI) of paranasal 
sinuses, orbit and brain was performed to look for extent of the 
disease if present. Based on preliminary KOH mount report and MRI 
findings surgery was planned according to the extent of disease and 
alongside systemic antifungals were also started empirically after the 
opinion of our infectious disease specialist. Sinusitis was seen in the 
form of varied level of mucosal thickening of sinuses in all patients. 
Predominantly unilateral ethmoidal and maxillary sinusitis was seen.

Endoscopic sinus surgery and debridement was performed, all the 
debrided tissue was sent for histopathology and some tissue with pus 
if present sent for bacterial and fungal culture (Figure 4). Thorough 
local application of amphotericin B 0.1% ointment was done after 
debridement and nasal cavities were packed. Out of all 96 operated 
cases, Mucor fungal hyphae with tissue invasion in histopathology 
was seen in 53 cases; mixed fungal involvement (Mucor, Aspergillus 
and Candida) in 16 cases; isolated Aspergillus was identified in 10 
cases whereas in 17 cases there were no fungal elements identified. 
But on the basis of clinical and radiological suspicion amphotericin B 
was started in all 96 patients and doses were monitored and modified 
after definitive diagnosis by the infectious disease specialist.

In all cases of [(rhino (27), rhino-orbital (43) and rhino-orbital-
cerebral (9)] mucormycosis, repeat imaging were performed between 
3rd and 7th days post-operatively to see course of disease and to take 
measures for further debridement if needed (Figure 5, 6). 

Among 9 patients of cerebral involvement (rhino-orbital-cerebral 
mucormycosis), 3 showed cavernous sinus involvement, 4 developed 
cerebral abscess and 2 patients showed isolated intracranial fungal 
lesion (likely hematogenous spread) (Figures 7-9) All of them landed 
in ICU during the management and the general condition of 8 patients 
deteriorated subsequently during ICU care despite appropriate anti-
fungal therapy and did not survive. The only patient who survived had 
cavernous sinus involvement and underwent orbital exenteration.

 In 6 out of 43 patients of rhino-orbital mucormycosis and 4 
out of 9 patients of rhino-orbital-cerebral mucormycosis with no 
visual potential, the decision of orbital exenteration was taken after 
sub-optimal response of antifungals in 72 h to 96 h. But consent for 
orbital exenteration was not given by 2 patients and their family. 
So, total 8 orbital exenterations were done during the second stage 
surgery after initial endoscopic sinus debridement. It was performed 

by combination of external eyelid sparing and endoscopic power-
assisted technique. In all patients who had total ophthalmoplegia PL(-
) (10), was due to direct spread or indirect inflammation of orbital 
apex. These all orbital exenterated patients had extensive necrotic 
orbital tissue which showed evidence of fungal elements except in 
one specimen where no fungal element was seen in histopathology 
but sinus specimen in previous tissue shown fungal elements. Out 
of these 8 patients 5 patients (4 rhino-orbital mucormycosis and 1 
rhino-orbital-cerebral mucormycosis) did not survive but rest 3 
patients (2 rhino-orbital mucormycosis and 1 rhino-orbital-cerebral 
mucormycosis) are doing well in follow up. Rest 37 out of 43 rhino-
orbital mucormycosis patients showed improvement in ptosis, 
proptosis, congestion and vision with anti-fungal therapy. Those 2 
patients whose family did not give consent were also having cerebral 
involvement and died after few days of ICU care.

Amongst systemic antifungals, liposomal amphotericin-B (5 mg/
kg/day) was started in all operated 96 patients with close monitoring 
of renal parameters. In all histopathology proven mucormycosis, oral 
posaconazole was started, as 300 mg twice a day on the first day as 
loading dose followed by 300 mg once daily. Due to overloading of 
mucormycosis patients, we face a great shortage of liposomal form 
of amphotericin-B, as a result of which patients were switched to 
conventional amphotericin-B therapy. Many patients developed 
acute or chronic renal injury which made us switching them to 
posaconazole or isavuconazole monotherapy. High blood sugar level 
was managed by endocrinologist with insulin as per sliding scale. 
All 27 patients with disease limited to sinuses underwent extended 
endoscopic sinus surgery and debridement. Four patients showed 
residual or new enhancement on serial radiological investigation and 
underwent revision and further debridement.

Condition of 12 patients deteriorated over the next few days after 
debridement surgery due to acute respiratory distress syndrome and 
were shifted to non-invasive ventilation whereas 11 of 12 patients 
got intubated and later on switched to mechanical ventilation and 
inotrope support. All 11 patients who were on ventilator support did 
not survive. Thromboembolic event and cardiac arrest was suspected 
in all of them.

13 patients (excluding those who required exenteration during 
second surgery) required revision and further debridement of 
sinonasal tissue, including those (7 patients) who were operated at 
some other centers previously.

A different pattern of presentation has been encountered amongst 
Figure 7: T2 MRI coronal cut of brain and orbits showing postoperative sinus 
changes with intracranial extension of the disease through cribriform plate.

Figure 8: CEMRI axial cut of brain showing multiple predominantly rim 
enhancing thick walled lesions with surrounding edema in left frontal, right 
thalamus and right gangliocapsular regions.
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the patients who presented during later phase of this post-COVID-19 
mucormycosis. These patients had locally restricted disease to 
unilateral sinuses and maxilla (palate) (Figures 10-12). Seven patients 
(out of 27 rhino-mucormycosis patients) presented with floor of 
maxilla and sinus involvement with blackish discoloration within 
nose or palate, loosening of teeth and abscess in the gingival tissue. 
They had history of COVID-19 infection of more than 3 months; 
all were diabetics and had history of corticosteroid treatment. All 
the patients with maxillary involvement had a common clinical 
presentation of draining sinuses and mobility of teeth, for which 
routine dental treatment was given. Few had history of multiple 
consultations of dentists for tooth pain. Hence, the delay in definitive 
clinical management of mucormycosis. They all showed sequestrum 
and erosions in maxillary floor and sinusitis in MRI. None had orbital 
or intracranial involvement. Later, all these patients underwent 
sequestrectomy and debridement of the infected area along with 
extraction of involved teeth with the guidance of maxillofacial 
surgeon (Figure 13). Primary closure was achieved in all patients. 
All the patients with maxillofacial involvement were subjected to 
amphotericin B and posaconazole therapy and have not reported any 
complications and are doing well on follow up.

Interestingly, 3 patients (out of this case series) reported with 
exclusive involvement of mandible with no signs of disease in 
maxilla. The presentation in mandible was that of mobile teeth 
and draining sinuses, possibly suggesting hematogenous spread. 
The clinical expression of mandibular involvement was classically 
similar to osteomyelitic process, wherein, the superior alveolar bone 
was necrotic and easily separable from the underlying basal bone. 
However, the basal bone was also found to be avascular, necessitating 
the need to make multiple bur holes for neovascularization.

During this course of time, 14 mortality occurred accounting 

18.18% of mortality rate. All 14 patients who died had thromboembolic 
events, cardiac arrest and respiratory failure (acute respiratory 
distress syndrome, ARDS). Most of the patients were discharged after 
completion of 10 to 14 days of amphoterin-B therapy. They were 
discharged with oral posaconazole 300 mg once a day for 3 months 
and were called for regular sinonasal endoscopic examination (Table 
1).

Discussion
Mucorales are the moulds found abundantly in the environment, 

predominantly in hot and humid conditions of tropical countries like 

Figure 9: CEMRI coronal cut of brain showing mild asymmetry with thickening 
convexity of lateral walls of right cavernous sinus with hypo-enhancement 
suggesting early signs of cavernous sinus thrombosis.

Figure 10: Transoral images showing palatal (floor of right maxilla) involvement due to mucormycosis (in increasing order of severity).

Figure 11: Images showing (A) draining sinus from alveolar process. The 
patient is having isolated involvement of right maxilla. (B) Showing necrosis 
of alveolus.

Figure 12: Plain CT scan (coronal) showing erosion of maxilla and alveolus 
(fungal osteomyelitis).

Figure 13: (A) showing necrosed and eroded upper alveolus and (B) showing 
the same after sequestrectomy.
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India. Rhizopus and Mucor are the two most common species causing 
mucormycosis. The prevalence of mucormycosis in India is attributed 
around 140 cases per million populations [12]. As mucormycosis is 
considered a ‘diabetes-defining illness’, a major bulk is seen among 
diabetic patients and its aggressiveness is seen more prevalent among 
uncontrolled diabetics. Rhino-orbital-cerebral mucormycosis is a 
serious invasive fungal disease, the mortality rate of which is very 
high even with best treatment. It acts by invading blood vessels and 
mycotic thrombosis causing infarction and ischemic necrosis of host 
tissue including surrounding bones [13,14]. Mucormycosis has put a 
significant burden over medical system of India and emerged as life 
threatening complication of COVID-19.

Several factors are considered responsible for this sudden spike 
in incidence of invasive fungal infection. SARS-CoV-2 infection 

Figure 14: Images showing cutaneous involvement due to mucormycosis. 
Both patients (A and B) had orbital and cerebral involvement (rhino-orbital-
cerebral mucormycosis) and died during ICU care.

Parameter Value

• Clinically and radiologically suspected cases operated 96

• Histopathological diagnosed cases (mucormycosis) 79

• Age (range in years) 21-72

• Mean age (in years) [standard deviation] 52.24 [12.23]

• Male: Female 3.6:1
• Patients with active COVID-19 infection

Patients with post COVID-19 status
15
64

• Clinical category of mucormycosis
1. Rhinomucormycosis

With palatal and dental involvement
27
7

2. Rhino-orbital mucormycosis
With PL positive only
With PL negative (total ophthalmoplegia)*, 2 patients had pulmonary mucormycosis also
Vision better than PL positive

43
11
6
26

3. Rhino-orbital-cerebral mucormycosis
With PL negative and total ophthalmoplegia*

With cutaneous involvement [Figure 14]
Note: Total patients with orbital involvement

Total patients with ophthalmoplegia and PL(-)

9
4
3

52 (43+9)
10 (6+4)

• Known diabetics
Steroid induced diabetes

67
12

• Post renal transplant patients (all are with associated diabetes/steroid induced hyperglycemia) 5
• Other Comorbidity

Chronic Kidney Disease (CKD), excluding renal transplant recipients
Chronic Liver Disease (CLD)
Malignancy
Heart disease***

Hypertension

6
1
1**

4
14

• Patient with history of ICU care and mechanical ventilation
Patients with history of oxygen therapy
Patients with no history of oxygen therapy

18
59
20

• Isolated Mucor infection#

Mixed infection (Mucor+Aspergillus ± Candida)#

Isolated Aspergillus infection#

No fungal elements## (preoperatively suspected cases; not included in series)

53
16
10
17

• Patients required revision sinus debridement (including 7 patients referred from other centers) 13
• Total orbital exenteration performed

Rhino-orbital mucormycosis (died)
Rhino-orbital-cerebral mucormycosis

8
6(4)
2(1)

• Outcome (status till 30th September 2021)
Alive
Deceased
Loss to follow up (leave against medical advice; LAMA)

63
14

(18.18%)@

2

Table 1: Demographic data of the case series.

*Includes 1 patient with bilateral total ophthalmoplegia
**Malignant melanoma
***ischemic heart disease, coronary artery disease, posts CABG (coronary artery bypass grafting)
#Antifungal therapy continued after definitive diagnosis
##Antifungal therapy modified or stopped as per clinical and radiological judgment
@Calculated from 77 patients, excluding those 2 patients who went LAMA
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and post COVID-19 sepsis results in dysregulated and altered 
immune response causing cytokine storm, thromboembolic events 
and secondary bacterial and fungal infections [15]. There are some 
pathophysiological phenomenon's like immune dysregulation, 
reduced CD4+ T and CD8+ T cells and impaired phagocytic 
immune-cell response that may enhance the risk of invasive fungal 
infections [16,17]. Further the prolonged corticosteroid treatment 
in such patients especially with pre-existing conditions such as 
diabetes mellitus, organ transplant, neutropenia and high free iron 
levels made them a susceptible host for invasive fungal infections 
like mucormycosis, aspergillosis, cryptococcosis and candidiasis 
[18]. Corticosteroid induces immunosuppression, lymphopenia 
and hyperglycemia predisposing to invasive fungal infection [19]. 
Another indirect potential correlation has been established between 
COVID-19 and mucormycosis in India, the use of contaminated water 
with fungal spores for oxygen humidifier or use of contaminated and 
poor quality industrial oxygen during the shortfall of medical oxygen 
during the second wave of COVID-19 Infection.

Invasive mucormycosis has not only been seen in severe cases but 
also in mild and moderate cases of SARS-CoV-2 infections. These 
patients found to have uncontrolled hyperglycemia, or steroid induced 
hyperglycemia and on immunosuppressant's (renal recipients). Low 
dose, short duration of corticosteroids has shown benefit in patients 
of moderate to severe illness. But in second wave of SARS-CoV-2 
infection higher doses and longer duration of corticosteroids have 
been used in many patients with severe diseases. The invasive fungal 
infections in such patients in itself alters the natural history of disease 
resulting in poor prognosis [20,21]. Uncontrolled diabetes and 
persistent hyperglycemia is considered to effect neutrophil function 
and hence phagocytosis. Furthermore, diabetic acidosis impairs 
binding of iron to transferrin letting high free iron promoting fungal 
growth [22]. These fungi causing invasive infection thrive best in 
individuals having high serum glucose and acidic condition [23]. It is 
pertinent to note that majority of invasive fungal infections develop 
during the later stage of COVID-19 infection. Similar pattern was 
also noted by Song et al. in their study [21].

The fungal spores reach sinuses through inhalation via nares, 
depositing in nasal mucosa and reaching orbit through lamina 
papyracea, ethmoid bone, and inferior orbital fissure or via orbital 
apex. Brain is involved when fungal infection directly involves 
cribriform plate, supraorbital fissure or by perineural invasion 
and hematogenous spread [24]. These patients can present with 
unilateral facial swelling, numbness, proptosis, diminished vision, 
palatal involvement and headache. The intracranial extension can 
be in the form of cavernous sinus thrombosis, cerebral infarction, 
and aneurysm or abscess formation. These patients can present 
with confusion and disorientation. Majority of the patients came 
into medical attention when they develop some orbital signs and 
symptoms such as orbital swelling, blurred or double vision, visual 
loss or ophthalmoplegia.

The nasal endoscopy of suspected patients may show necrosis 
or discoloration of nasal mucosa with blackish crusting, with 
or without anesthesia of nasal mucosa. The different diagnostic 
methods for mucormycosis include KOH fungal mount, biopsy, 
fungal staining (calcofluor) and culture. KOH is a rapid test which 
shows the presence of broad aseptate filamentous hypha with right 
angled irregular branching. Computed Tomography (CT)/Magnetic 
Resonance Imaging (MRI) of paranasal sinuses, orbits and brain 

should be obtained to see the extent of the disease. CT may show bony 
erosion or soft tissue invasion but MRI is more sensitive for detecting 
characteristic paranasal sinus, orbital and intracranial invasion. 
MRI may reveal non-enhancing mucosal tissue of sinuses and 
turbinate's, subcutaneous facial tissue infratemporal and temporal 
fossa inflammatory infiltration. Orbital involvement can be depicted 
as thickening of medial rectus, proptosis, preseptal edema or orbital 
apex infiltration. Culture takes many days to grow fungus, but biopsy 
of the suspected tissue is the mainstay method of definitive diagnosis. 
Detection of fungal elements can be enhanced by using special fungal 
stains such as calcofluor white.

Treatment of mucormycosis includes surgical drainage 
of paranasal sinuses, debridement of necrotic and unhealthy 
tissues, intravenous anti-fungal therapy and treating underlying 
predisposing factors. Hyperbaric oxygen therapy can be added to 
the regimen but no controlled studies have shown it effective. Early 
surgical debridement of nasal, paranasal sinus and orbital tissue 
along with systemic antifungal therapy is the mainstay of treatment 
of mucormycosis [25].

According to few studies, orbital exenteration is a crucial part 
of management in extensively diseased orbit, preventing further 
deterioration [26,27]. But in a retrospective analysis a high mortality 
rate (88.9%) had been seen in patients who underwent exenteration. 
Deciding the need and timing of orbital exenteration is quite 
complicated. In limited involvement of orbit with preserved vision, 
resection of lamina papyracea should be considered. If disease 
progresses after 72 h of aggressive antifungal therapy and in non-
reactive pupil or no visual perception, orbital exenteration should be 
done without any further delay.

Among anti-fungal agents, amphotericin-B is the standard 
antifungal used against invasive mucormycosis. Lipid complex 
amphotericin-B is well known for its nephrotoxicity which is the 
major dose-limiting toxicity of using it. Liposomal amphotericin-B 
is less or non-nephrotoxic form of amphotericin-B. Its standard dose 
is 5 mg/kg/day to 10 mg/kg/day. Other labeled antifungal against 
invasive mucormycosis used are triazoles like posaconazole and 
isavuconazole, for at least 6 weeks. Posaconazole and isavuconazole 
are the good option as salvage therapy in patients of Chronic Kidney 
Disease (CKD) or in patients who may develop renal failure with 
uncontrolled diabetes. These can be used as monotherapy but in 
refractory cases are usually given as combined therapy. Posaconazole 
is given twice a day (300 mg) orally for one day followed by 300 mg 
once a day up to 6 months. Similarly, isavuconazole is given thrice 
daily (200 mg) orally for 1 day followed by 200 mg once a day up to 6 
months. They are used as step-down therapy after initial intravenous 
amphotericin-B therapy.

Serial radiological investigation (preferably MRI brain, orbit 
and PNS) is the part of management and is a must to assess the 
progression or response to therapy. Some studies concluded PET-CT 
as a useful investigation for postoperative assessment, but cost is the 
limiting factor [28-30].

The quick identification and diagnosis of invasive fungal infection, 
subsequently early surgical debridement is the essential management 
modality in reducing the disease burden and can significantly 
reduce the morbidity and mortality. Surgical debridement helps 
in penetration of intravenous antifungal agents more efficiently 
and limits further spread of disease. Correction of the underlying 
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metabolic and immune derangement is equally important for 
favorable outcome.

Mucormycosis is a fatal opportunistic invasive fungal infection, 
the prognosis of which is poor affecting mainly immunocompromised 
and patients with uncontrolled diabetes. The mortality rate for rhino-
orbital-cerebral mucormycosis is about 40% to 80% depending upon 
the extent of disease [25].

Conclusion
COVID-19 in diabetics and in immunocompromised patients is 

associated with various manifestations amongst which mucormycosis 
is one of the grave association. Further the use of corticosteroids in 
COVID-19 treatment exaggerates the probability of developing 
invasive fungal infection. Delay in treatment even of few days can 
increase the mortality. Timely diagnosis and intervention in the form 
of surgical debridement and anti-fungal therapy are critical aspects in 
improving clinical outcomes in such patients. The clinicians should 
now be cautious of possibility of development of invasive fungal 
infection during the management of COVID-19 patients with risk 
factors and continuous vigilance with regular follow-up in these 
recovered patients should be strictly followed.
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