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IntRoductIon

Mucormycosis (MCR) is a highly invasive fungal 
infection caused by genera Rhizopus, Mucor, Rhizomucor, 
Cunninghamella, Lichtheimia and Apophysomyces. The main 
clinical forms of MCR include: rhinocerebral, pulmonary, 
cutaneous, disseminated and gastrointestinal. There have been 
a number of fungal superinfections associated with Coronavirus 
disease 2019 (COVID-19) described in the literature, with 
pulmonary aspergillosis being the most common. However, 
MCR has emerged as a significant issue, especially in India, 
and intensive care unit rates of invasive candidiasis are higher 
than that seen before COVID-19.[1,2]

MCR can lead to devastating complications such as invasion 
of the paranasal sinuses, resulting in necrosis of the nasal 
mucosa, turbinates and palate. If left untreated or undetected, 
the infection can progress throughout the face, causing necrosis 
of facial bones and potentially penetrating into the orbits and 
cranium, leading to mortality. While osteomyelitis of the 
maxilla is typically rare due to its abundant blood supply and 

thin cortical plates, the high angio-invasiveness potential of 
mucor fungi affects the endothelial lining of blood vessels, 
causing vascular insufficiency and bone necrosis resulting in 
osteomyelitis.[3]

Different theories are emerging to explain the pathogenesis of 
coronavirus disease 2019-associated mucormycosis (CAM). 
Diabetes mellitus (DM) is an important comorbidity that 
complicates the management of COVID-19. Increasing insulin 
resistance due to cytokine storm, as well as a high expression 
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of angiotensin-converting enzyme 2 receptors in pancreatic 
islets suggests a possible ‘diabetogenic state’ in severe acute 
respiratory syndrome coronavirus 2 infection.[4] In addition, 
severe COVID-19 can result in a hyperferritinaemia syndrome 
that results in damaged tissues and the release of free iron into 
the circulatory system.[5] The presence of iron overload and 
excess free iron in acidic states is one of the key and unique 
risk factors for MCR.[6] Furthermore, corticosteroids have 
been shown to be beneficial in some groups of patients with 
COVID-19 who have been hospitalised,[7] but they pose a 
significant risk factor for the development of invasive mould 
infections as MCR.[8]

The aim of our study was to describe all cases of 
COVID-19-associated rhinocerebral MCR in our centre to 
better understand the clinical characteristics, risks factors and 
the outcomes to understand the need for active surveillance 
strategies.

MateRIals and Methods

We performed a prospective unicentric observational study. 
We identified all cases of CAM with rhino‑orbito‑cerebral and 
rhino maxillary disease. We included all patients presenting 
to the Department of Oral and Maxillofacial Surgery over a 
period of 6 months (January 2021 to June 2021). Inclusion 
criteria of the study were all reported cases of proven 
rhino-orbital-cerebral and rhino maxillary MCR, 3 months 
after diagnosis of COVID-19 infection. All the patients were 
reverse transcription-polymerase chain reaction (PCR) proven 
cases of past COVID-19 infection with no active COVID-19 
infection. Exclusion criteria were patients diagnosed with MCR 
with a negative history of COVID-19 infection, bacterial or 
other fungal osteomyelitis and patients who are not reporting 
for follow-up.

Ethical Approval was given by the Institutional Ethical 
Committee Government Dental College and Hospital, 
Nagpur (Ref no. IEC/04/12). Written informed consent was 
obtained from all the patients before participating in this 

study. We performed descriptive analysis for the following 
parameters:

1. Overall incidence and distribution of CAM in Nagpur 
district up to June 2021

2. History of COVID-19 infection in all the patients reported 
to our centre with MCR

3. Clinical presentation of CAM
4. Subtype of CAM
5. Pattern of osteomyelitis in CAM: All patients underwent 

gadolinium contrast magnetic resonance imaging (MRI) 
and computed tomography (CT), peripheral nervous 
system (PNS) for knowing the extent of bone as well as 
soft-tissue involvement [Figure 1]

6. Laboratory diagnosis of fungal infection (potassium hydroxide 
preparation [KOH prep test]/Histopathology) [Figure 2]

7. Type of surgical management in CAM which included 
total maxillectomy, hemi-maxillectomy, partial-
maxillectomy, anterior-maxillectomy, palatal resection, 
zygoma resection sequestrectomy, maxillary sinus 
debridement and functional endoscopic sinus surgery 
[Figures 3 and 4]

8. Pre-operative and 3 months post-operative C-reactive 
protein (CRP) marker for prognosis of CAM

9. Post-operative healing and complications
10. Mortality rate.

A specific institute‑based protocol was devised for the patient 
reported with CAM in our centre [Figure 5]:[9] Dual drug 
antifungal therapy with amphotericin B and/or posaconazole 
was given in all diagnosed cases of rhino-orbital-cerebral 
CAM. Tablet posaconazole 300 twice daily was given 
as a loading dose, followed by 300 mg once daily for 
3 months and injection amphotericin B (conventional/lipid 
complex) was given 3 days preoperatively and 7–15 days 
postoperatively. Surgical treatment was restricted to patients 
with polymerase chain reaction (PCR)-negative results for 
COVID-19. The surgical procedure was tailored according 
to each patient’s findings and by extension of the infection. 

Figure 1: Three‑dimensional computed tomography face images of a patient with rhinomaxillary mucormycosis with involvement of left zygoma
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Endoscopic, open and combined approaches were utilised 
with aggressive resection of the involved bone and sinus 

debridement (ethmoid, sphenoid, frontal and maxillary), 
followed by antifungal therapy to eradicate infection. 
Follow-up for patients who survived was maintained 
regularly for the first post‑operative month.

Results

According to the official data by Nagpur Municipal Corporation 
(2021), a total of 1301 cases of CAM were reported in the 
Nagpur district till 7th June with total COVID-19 infections 
crossing more than 0.4 million.[10] We evaluated a total of 
113 cases of MCR following COVID-19 infection who 
reported to our department [Table 1]. The mean age was 
38.8 years, and the median age was 40 years. A total of 65% 
of all CAM infections occurred in males. During COVID-19 
infection, intensive care was required in 25% (n = 29), and 
ward admission was required in 31% (n = 35) of cases. The 
rest of the patients (n = 49; 44%) were either under home 
isolation or treated on outpatient basis. Supplemental oxygen 
therapy was required in 37% (n = 42) of patients. A staggering 
number of 103 (91%) patients were under steroid therapy (IV/
oral). Methylprednisolone was used in 65% (n = 67) patients, 
prednisolone was used in 6% (n = 6) patients and dexamethasone 
was used in 29% (n = 30). Pre-existing/post-COVID-19 DM 
was present in 48% (n = 55) of patients, whereas the gap 
between discharge from the hospital and development of CAM 
was less than 1 month in 63% (n = 40) of patients admitted in 
COVID hospitals, 1–2 months in 31% (n = 20) of the patients 
and more than 2 months in 6% (n = 4) of patients.

Intraoral findings observed in the patients were mobility of teeth 
in 53% (n = 60) cases, teeth pain in 57% (n = 64) cases, maxillary 
mobility in 29% (n = 33) cases, multiple draining sinuses in 

Table 1: Patient characteristics

n (%)
Total patients (n) 113
Male patients 73 (65)
Female patients 40 (35)
History of COVID-19 infections in patients reported with CAM

Previously diagnosed case of COVID-19 infection 113 (100)
ICU admission during COVID-19 infection 29 (25)
Ward admission during COVID-19 infection 35 (31)
Supplemental oxygen therapy during treatment of 
COVID-19 infection

42 (37)

Type of steroids used during the treatment 103 (91)
Methylprednisolone 67 (65)
Prednisolone 6 (6)
Dexamethasone 30 (29)

Pre-existing/post-COVID-19 DM 55 (48)
Gap between discharge from hospital and development of CAM

<1 month 40 (63)
1–2 months 20 (31)
>2 months 4 (6)

COVID-19: Coronavirus disease 2019, CAM: Coronavirus disease 
2019-associated MCR, DM: Diabetes mellitus

Figure 3: Intraoperative view of osteotomy cut for involved zygoma 
resection

Figure 2: Potassium hydroxide mount of swab culture showing fungal 
hyphae with wide‑angle branching suggestive of coronavirus disease 
2019‑associated mucormycosis

Figure 4: Surgical specimen of resected total maxilla
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31% (n = 35) cases, palatal fistula in 13% (n = 15) cases and 
exposed bone intraorally in 9% (n = 10) cases [Table 2]. Forty 
three percent (n = 49) of patients had nasal findings such as 
dark blood‑tinged nasal discharge, pus discharge, nasal stiffness, 
perinasal oedema, pain and paraesthesia. Ocular findings 
which included pain and paraesthesia, periorbital oedema, 
proptosis, ptosis, loss of extraocular movements, fixed dilated 
pupil, decreased visual acuity and blindness were present in 
11% (n = 12) patients. Neurologic findings were present in only 
2% (n = 2) of the cases which included headaches, hemiparesis 
and focal seizures.

Rhinomaxillary subtype was present in 48% (n = 54) patients, 
the rhinonasal subtype was present in 39% (n = 45) patients, 
rhino-orbital subtype was present in 11% (n = 12) patients and 
rhino-orbito-cerebral in 2% (n = 2) patients. The lytic pattern was 
present in 22% (n = 25) patients, the sclerotic pattern was present 
in 5% (n = 6) patients, mixed pattern was present in 28% (n = 32) 
patients and sequestrum was present in 44% (n = 50) patients 
[Table 2]. KOH prep test of pus culture/swab culture showed 
fungal infection in 98% (n = 111) patients, whereas tissue biopsy 
in all the patients (n = 113) with signs and symptoms of MCR 
showed broad-based, ribbon-like, non-septate hyphae with 
wide-angle branching (approximately 90°) in the laboratory 
diagnosis, thus confirming the diagnosis of MCR.

Out of 113 patients, a total of 99 patients underwent 
surgical intervention. Surgical treatment was restricted 
to patients with PCR-negative results for COVID-19 
[Table 3]. Total maxillectomy was done in 10% (n = 10) 
patients, hemi-maxillectomy was done in 5% (n = 5) 
patients, partial-maxillectomy was performed in 5% (n = 5) 
patients, anterior maxillectomy was done in 4% (n = 4) 
patients, isolated palatal resection was done in 2% (n = 2) 
patients, zygoma resection was done in 4% (n = 4) patients, 
sequestrectomy was done in 14% (n = 14) patients, maxillary 
sinus debridement (Caldwell-Luc approach) was done in 
14% (n = 14) patients and functional endoscopic sinus 
surgery were performed in the department of ENT in 
41% (n = 41) patients which were referred by us.

Twelve patients with rhino-orbital CAM were referred 
to the Department of Ophthalmology and 2 patients with 
rhino-orbito-cerebral CAM were referred to the Department 
of Neurosurgery for further evaluation and management.

Dual drug antifungal therapy with amphotericin B and/
or posaconazole was given in all diagnosed cases of 
rhino-orbital-cerebral CAM. Tablet Posaconazole 300 twice 
daily was given as a loading dose followed by 300 mg once daily 
for 3 months and intravenous amphotericin B (conventional/
lipid complex) was given 3 days preoperatively and 7–15 days 
postoperatively.

CRP preoperatively was in the range of 2–200 mg/L with 
a mean of 60 mg/L, whereas 3 months postoperatively, the 
CRP was in the range of 1–12 mg/L with a mean value of 
9 mg/L. Pus discharge was noted in 6% (n = 5) patients, and 

post-operative pain and swelling were present in 7% (n = 6) 
patients and there was wound dehiscence in 11% (n = 10) 
patients [Table 3]. There was mortality in two patients (1.76%) 
with a known cerebral involvement.

dIscussIon

Patients infected with severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) are at high risk for developing 
fungal infections.[1,2] In this study, 113 patients diagnosed with 
rhino-orbito-cerebral MCR had a history of COVID-19 infection 
with 56% of the patients (64 patients) treated in either intensive 

Table 2: Clinical findings, subtypes and pattern

n (%)
Intra‑oral findings

Mobility of teeth 60 (53)
Pain in teeth 64 (57)
Maxillary mobility 33 (29)
Multiple draining sinuses 35 (31)
Palatal fistula 15 (13)
Exposed bone intra - orally 10 (9)

Nasal, ocular and neurological findings
Nasal findings 49 (43)
Ocular findings 12 (11)
Neurological findings 2 (2)

Subtypes of rhinocerebral CAM (n=113)
Rhino-maxillary 54 (48)
Rhino-nasal 45 (39)
Rhino-orbital 12 (11)
Rhino-orbito-cerebral 2 (2)

The pattern of osteomyelitis in CAM (n=113)
Lytic 25 (22)
Sclerotic 6 (5)
Mixed 32 (28)
Mixed 50 (44)

CAM: Coronavirus disease 2019-associated MCR

Table 3: Types of surgical management and 
post-operative complications

n (%)
Type of surgical management of CAM

Bilateral maxillectomy 10 (10)
Hemi maxillectomy 5 (5)
Partial maxillectomy 5 (5)
Anteriormaxillectomy 4 (4)
Isolated palatal resection 2 (2)
Zygomatic resection 4 (4)
Sequestrectomy 14 (14)
Maxillary sinus debridement (Caldwell Luc) 14 (14)
Functional endoscopic sinus surgery 41 (41)

Post-operative healing and complications
Pus discharge 5 (6)
Post-operative pain and swelling 6 (7)
Wound dehiscence 10 (11)

CAM: Coronavirus disease 2019-associated MCR
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care/hospital settings. In this study, 91% of patients had been 
treated with IV/Oral steroid therapy during their COVID-19 
treatment. Although this potential association remains unclear, 
a strong association between the use of steroids and the 
development of CAM could be suspected. Immunosuppressive 
effect of steroids in treating COVID‑19 infections usually 
diminishes after 3–4 weeks Once the immunosuppressant effect 
reduces, it will kick start the immunity, leading to a decrease 
in the spread of CAM and limiting the disease in a confined 
area. Most patients in our study presented with CAM within 
2 months of COVID‑19 infection, whereas the effects of steroids 
were still active.

Forty-nine per cent of patients in this study had DM which 
is a well-known risk factor to develop MCR. The clinical 
hallmark of MCR is vascular invasion, resulting in thrombosis 
and tissue infarction/necrosis.[11] Diabetic patients have a 
higher incidence of microvascular diseases and this along 
with the delicate architecture of paranasal sinuses leads 
to more tissue destruction and local dissemination.[12,13] 
During COVID‑19 infection, the inflammatory state induced 
by hyperglycaemia may be potentiated once the antiviral 
immunity to SARS-CoV-2 is activated. In addition, Mucorales 
stimulate the release of proinflammatory cytokines by immune 
cells. Therefore, MCR associated with COVID-19 might 
be caused by several divergent inflammatory pathways that 
contribute to the development of an inflammatory environment 
conducive to MCR. Most of the patients in our study were 
male. Roden et al. in their review of 929 reported cases of 

zygomycosis found a higher prevalence of infections in males, 
but the reasons were unclear. This study also showed a higher 
percentage of males getting affected with MCR than females.[12] 
Restrepo et al., observed a protective role of oestrogen in 
paracoccidioidomycosis. However, the protective role of 
oestrogen in MCR is still not explored.[14]

Regarding clinical findings of CAM, 57% of the patients had 
intra‑oral findings, whereas nasal findings were present in 43% 
of cases. This finding reflects the list of signs and symptoms 
that should be ‘Red flags’ for rhinocerebral MCR by Skiada 
et al. (2021). These were cranial nerve palsy, diplopia, sinus 
pain, proptosis, periorbital swelling, orbital apex syndrome, 
ulcers of the palate, maxillary mobility and multiple draining 
intra-oral sinuses.[15] All patients underwent gadolinium 
contrast MRI and CT PNS for knowing the extent of bone as 
well as soft-tissue involvement. CT PNS was extremely helpful 
in planning the margins for resection of the osteomyelitic bone 
in this study, whereas MRI had an upper hand in diagnosing 
early sinonasal involvement.

In this study, fungal culture by KOH mount was used as 
a diagnostic criterion in pre-operative screening of CAM. 
All patients received dual drug antifungal therapy 3 days 
preoperatively and 7–15 days postoperatively (mean = 12 days). 
Concerning the prognosis, Badiee et al. in their study found 
a significant relationship between MCR and the underlying 
disease and prior antifungal therapy.[16] Although the mean 
pre-operative CRP values in their study were 57 mg/L, the 
authors suggested that the role of CRP in the diagnosis of MCR 
in immunocompromised patients was not clear. In this study, 
the mean CRP preoperatively 60 mg/L, whereas 3 months 
postoperatively, the mean CRP was 9 mg/L. This definitive fall in 
CRP levels (more than 3 times) suggested an improved prognosis 
in all the patients operated at our centre. Singh et al. reported 
a mortality rate of 30.7% in patients with CAM, whereas 
Ravani et al., in their retrospective study, had a mortality rate 
of 9.78%.[17,18] All the above studies included other forms of 
MCR as well, with patients having higher mortality rates in 
disseminated, gastrointestinal and cerebral involvement. In this 
study, there were two patients who lost their life secondary to 
extensive cerebral involvement. Reasons for low mortality were 
early diagnosis, prompt treatment and inclusion of patients only 
with CAM of the maxillofacial region.

conclusIons

The conclusions from this cohort emphasise that individuals 
with severe COVID-19, undergoing corticosteroid therapy and 
having pre‑existing DM are at a significant risk of developing 
MCR. Early diagnosis, prompt surgical intervention and dual 
antifungal therapy are crucial in improving the prognosis of 
these patients.

Limitations of our study are that it is a unicentric observational 
study and a larger sample size would enhance the data’s 
reliability and facilitate more robust statistical analysis. 
Multicentre studies are necessary to validate the findings 

Figure 5: Institute‑based protocol for patients reporting with coronavirus 
disease 2019‑associated mucormycosis
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across diverse settings and populations, to better understand 
the disease’s impact, the risk factors related to CAM and the 
relationship between COVID-19 and MCR.
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