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a b s t r a c t 

Background: A surge in COVID-19-associated mucormycosis cases has been observed during the second 

wave of COVID-19 in summer of 2021. Most cases were reported from India. The Delta variant (B.1.617.2) 

was the most common variant circulating at that time. Mucormycosis is an opportunistic angioinvasive 

fungal infection with high morbidity and mortality. 

Methods: We present 10 cases of COVID-19-associated rhino-orbital and rhino-orbital-cerebral mucormy- 

cosis managed in a secondary hospital in Oman. 

Results: The median time for developing mucormycosis was two weeks after COVID-19 diagnosis. All pa- 

tients were newly diagnosed or already known to have poorly controlled diabetes mellitus. Five patients 

received corticosteroid therapy for COVID-19. Three patients had severe COVID-19 and died of severe 

acute respiratory distress syndrome and septic shock. Another three patients died of advanced mucormy- 

cosis and cerebral involvement. Despite aggressive medical and surgical intervention, the mortality rate 

was 60% (6/10). 

Conclusion: Mucormycosis is an aggressive opportunistic infection with high morbidity and mortality that 

requires prompt recognition and urgent intervention. 

Uncontrolled blood sugar, the use of corticosteroids, and immune dysfunction due to COVID-19 are 

all important risk factors for development of mucormycosis. Worse outcomes are associated with poor 

glycemic control despite aggressive medical and surgical interventions. 

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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During the second wave of the COVID-19 pandemic, there was a 

udden increase in the number of mucormycosis cases worldwide, 

resenting a new challenge to clinicians managing these patients 
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 Kumar et al., 2021 ; Mahalaxmi et al., 2021 ). Although the first 

ase of COVID-19–associated mucormycosis (CAM) was reported 

n Chile, most cases were reported in India and were linked to 

nfection with the Delta variant (B.1.617.2) ( Rao et al., 2021 ). Di- 

betes mellitus (DM) is the most commonly identified risk fac- 

or for developing mucormycosis ( Gupta et al., 2021 ; John et al., 

021 ; Kumar et al., 2021 ). Rhino-orbital-cerebral mucormycosis is 

he most commonly reported clinical form ( Mahalaxmi et al., 2021 ; 

ingh et al., 2021 ). Mortality rates remain high, exceeding 50%, de- 
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Figure 1. A. Hard palate grossly involved with the disease. Black eschar is visible. B. Pre-operative endoscopic view of right-side posterior nasal cavity. C. Fungal hyphae 

growth in post-operative nasal cavity. D. Maxillary sinus mucosa appears pale and sloughy. E. Imprint smear showing broad, ribbon-like and twisted, non-septate fungal 

hyphae displaying right-angled branching (Hematoxylin and Eosin 200X). F. Histopathological section showing perineural infiltration by broad wide-angled branching fungal 

hyphae (Hematoxylin and Eosin 400X). G. Coronal computed tomography (CT) image shows unilateral mucosal thickening of left maxillary and left ethmoid sinuses. H. Axial 

CT image shows unilateral left nasal cavity and maxillary sinus mucosal thickening. There is soft tissue infiltration of left anterior periantral fat. I. Dilated right superior 

ophthalmic vein. J. Axial CT head shows right sided fronto-parietal ischemic infarct. 
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pite aggressive medical and surgical interventions ( Kumar et al., 

021 ; Sharma et al., 2021 ). 

We describe our experience in managing 10 consecutive COVID- 

9 patients admitted to our institution who presented within the 

ame month with associated mucormycosis. The first case was re- 

orted on June 8, 2021. 

Our hospital recorded the highest number of mucormycosis ad- 

issions within the country. 

ases 

We encountered a total of 10 cases of CAM. Eight patients were 

mani and two were Indian. Three were female and seven were 

ale, aged 16 to 67 years (median age, 44.5 years). Seven of 10 pa-

ients presented to the emergency department with three to seven 

ays’ history of headache and periorbital pain (10 days to three 

eeks from COVID-19 onset, except in one patient who presented 

ithin 3 days of COVID-19 onset). Clinical presentation included 

eriorbital swelling, chemosis and ophthalmoplegia on examina- 

ion. Three patients had palatal eschar ( Fig 1 ). All of these seven

atients had mild COVID-19 but two of them received one dose of 

examethasone before admission from another institution. 

The other three patients were admitted for severe COVID-19 

neumonia/acute respiratory distress syndrome (ARDS) one to four 

eeks before diagnosis of mucormycosis. All three patients re- 

eived high-dose dexamethasone (8 mg) once daily for the dura- 

ion of hospital stay despite having poor glycemic control. 

All patients had uncontrolled blood sugar on presentation or 

uring hospital stay, and four of them had severe diabetic ketoaci- 

osis (DKA). Six patients were known to have DM and four patients 

ere diagnosed with DM at admission. Glycosylated hemoglobin 

HbA1c) ranged from 9–15% for all patients and only one patient 

ad controlled DM with HbA1c of 6.4% but high blood sugar on 

dmission. Clinical characteristics of patients are shown in Table 1 . 

Seven patients had rhino-orbital mucormycosis (one of them 

id not have any imaging of the brain to assess for cerebral dis- 

emination of the infection) and three had rhino-orbital-cerebral 

ucormycosis. The findings of radiological imaging are shown in 

able 2 and Fig. 1 . 

Nasal endoscopy was performed for all patients showed edema- 

ous mucosa. Dusky necrotic mucosa was observed in seven of the 

0 patients ( Fig. 1 ). 
204
Nasal squash imprint cytology of tissue samples was performed 

n six of 10 patients (patients 2, 3, 4, 5, 7, and 8), revealing mixed

nflammatory cells and ribbon-like, non-septate, broad, and crin- 

led fungal hyphae with right-angle branching, consistent with 

ucorales . 

Histopathology of tissue samples from nasal turbinate and si- 

uses demonstrated tissue necrosis and angioinvasion with vessels 

hrombosed by non-septate fungal hyphae displaying right-angled 

ranching, which was consistent with angioinvasive mucormycosis 

 Fig. 1 ). 

Fungal cultures of tissue biopsy specimens from nasal turbinate 

nd septum of all patients were sent to Central Public Health Lab- 

ratories, inoculated on Sabouraud agar (with and without antibi- 

tics) and incubated at different temperatures. Tissue cultures of 

ll samples grew Rhizopus oryzae except for those obtained from 

atient 1 and patient 7, which showed no growth. The isolates 

ere identified by matrix-assisted laser desorption/ionization-time 

f flight (MALDI-TOF; MALDI Biotyper, Bruker Daltonics GmbH, 

remen, Germany) using MBT Filamentous Fungi Library (Bruker 

altonics). The score of identification ranged between 1.74 and 

.06, and isolates with low scores (three isolates) were sent for 

hole-genome sequencing to a reference laboratory abroad, and 

dentification matched ours to the species level. Second and third 

est matches were the same ( R. oryzae ) in all isolates identified. 

Tissue bacterial cultures were negative for all patients except 

hose from patient 1, which grew Klebsiella pneumoniae, Pseu- 

omonas aeruginosa , and Staphylococcus epidermidis . 

Respiratory (nasopharyngeal and oropharyngeal swab) speci- 

ens were collected from cases as per the Ministry of Health na- 

ional case definition. SARS-CoV-2 sequencing was performed on 

wo patient’s variants, one found to be the Alpha variant (B.1.1.7) 

patient 1), and the other the Delta variant (B.1.617.2) (patient 8). 

he remaining variants were not sequenced either because of poor 

uality, low viral load, (cyclic threshold of > 30), or lack of sam- 

les for sequencing because COVID-19 preceded the mucormycosis 

resentation. 

olymerase chain reaction and sequencing method 

The ribonucleic acid (RNA) extraction of samples was carried 

ut by Viral RNA Isolation Kit with Liferiver EX3600 (Liferiver 

iotech, Hangzhou Bay, China), following manufacturer’s proto- 

ol. For the detection of the SARS-CoV-2 virus by a real-time 

olymerase chain reaction (RT-PCR) system, TaqPath 

TM COVID-19 
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Table 1 

Characteristics of COVID-19 associated mucormycosis cases, medical and surgical interventions and outcomes. 

Case # 1 2 3 4 5 6 7 8 9 10 

Age 65 42 47 67 36 35 47 16 51 29 

Sex M F M F M M F M M M 

Nationality Omani Omani Omani Omani Indian Omani Omani Omani Omani Indian 

Days since 

COVID-19 

symptoms 

started 

3 weeks 3 weeks 3 days 4 weeks 10 days 9 days 2 weeks 10 days 2 weeks 3 weeks 

COVID-19 strain Alpha variant 

(B.1.1.7) 

Not done Not done Not done Not done Not done Not done Delta variant 

(B.1.617.2) 

Not done Not done 

Indication for 

admission 

Mucor Mucor Mucor COVID-19 Mucor COVID-19 Mucor Mucor Mucor COVID-19 

Prior steroid 

therapy 

X X 1 dose 8 mg od × 21 

days 

X 8 mg od × 7 

days 

X X 1 dose 8 mg od × 20 

days 

Known/ new DM 

(HbA1c) 

Known (6.4%) Known (13%) Known (13.1%) Known (9%) New (15.38%) Known (11.19%) New (13.35%) New (13.08%) Known (12.95%) New (9.38%) 

RBS on 

presentation 

(mmol/L) 

13 11 18 21 28 16.6 18.7 21 15 13.9 

DKA X Yes X X Yes Yes X Yes X X 

Comorbidities -CKD on dialysis 

-Myelofibrosis 

-HTN Nil -Morbid obesity 

-HTN 

-AF 

Nil Nil Nil Nil Nil Nil 

Symptom/clinical 

findings 

7 days 

-Headache 

-Left periorbital 

pain + swelling + 

chemosis 

- 

Ophthalmoplegia 

5 days 

-Headache 

-Right facial 

numbness 

-Right periorbital 

swelling + chemo- 

sis 

- 

Ophthlamoplegia 

-Facial nerve 

palsy 

-Palatal eschar 

3 days 

-Headache 

-Right periorbital 

pain + swelling + 

chemosis 

-Proptosis 

1 day 

-Right periorbital 

swelling 

-Proptosis 

-Chemosis 

3 days 

-Headache 

-Left eye pain 

-Left periorbital 

swelling + chemo- 

sis 

-Palatal eschar 

-Confusion 

2 days 

-Left eye propto- 

sis + chemosis 

5 days 

-Left facial 

numbness 

-Nasal fullness 

-Left periorbital 

swelling 

- 

Ophthalmoplegia 

4 days 

-Tooth pain 

-Right periorbital 

swelling + chemo- 

sis 

-Palatal eschar 

-Confusion 

5 days-Headache 

-Nasal fullness 

-Left eye 

chemosis + oph- 

thalmoplegia 

-Left cheek 

induration 

1 day 

-Left periorbital 

swelling + chemo- 

sis + proptosis 

Extension of 

mucormycosis 

Rhino-orbital Rhino-orbital- 

cerebral 

Rhino-orbital Rhino-orbital Rhino-orbital- 

cerebral 

Rhino-orbital Rhino-orbital Rhino-orbital- 

cerebral 

Rhino-orbital Rhino-orbital 

Nasal endoscopy Congested 

edematous 

mucosa 

No necrosis 

Dusky necrotic 

mucosa involving 

the septum 

Dusky necrotic 

mucosa 

Dusky necrotic 

mucosa 

Necrosis of 

entire left-side 

mucosa 

extending into 

contralateral side 

Dusky necrotic 

mucosa 

Congested 

mucosa 

No necrosis 

Necrosis of 

entire right-side 

mucosa 

extending into 

contralateral side 

Dusky necrotic 

right-side 

mucosa involving 

contralateral side 

Dusky necrotic 

mucosa 

( continued on next page ) 
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Table 1 ( continued ) 

Case # 1 2 3 4 5 6 7 8 9 10 

Tissue fungal c/s No growth Rhizopus oryzae Rhizopus oryzae Rhizopus oryzae Rhizopus oryzae Rhizopus oryzae No growth Rhizopus oryzae Rhizopus oryzae Rhizopus oryzae 

Tissue bacterial 

c/s 

- Klebsiella 

pneumoniae 

- Pseudomonas 

aeruginosa 

- Staphylococcus 

epidermidis 

No growth No growth No growth No growth No growth No growth No growth No growth No growth 

Tissue cytology Not done Done Done Done Done Not done Done Done Not done Not done 

Histopathology 

consistent with 

angioinvasive 

mucormycosis 

Yes Yes 

Palate and facial 

bones involved. 

Yes 

Palate and facial 

bones involved. 

Yes Yes 

Palate and facial 

bones involved. 

Yes Yes Yes 

Palate and facial 

bones involved. 

Yes Yes 

Surgical 

intervention 

Yes Yes Yes Nil Yes Yes Yes Nil Yes Yes 

Orbital 

exenteration 

No Yes No No No No No No No No 

Antifungals Monotherapy Combination Combination Monotherapy Combination Monotherapy Monotherapy Monotherapy Combination Monotherapy 

Initial therapy IV AmBisome 5 

mg/kg × 3 weeks 

IV AmBisome 10 

mg/kg + PO 

posaconazole × 3 

weeks 

IV AmBisome 7.5 

mg/kg + PO 

posaconazole × 3 

weeks 

IV AmBisome 5 

mg/kg × 1 day 

IV AmBisome 10 

mg/kg + PO 

posaconazole × 3 

weeks 

IV AmBisome 5 

mg/kg × 5 days 

IV AmBisome5 

mg/kg × 1 week 

IV AmBisome5 

mg/kg × 2 days 

Then, PO 

posacona- 

zole + IV 

caspofungin 

AmBisome was 

not available 

IV AmBisome 7.5 

mg/kg + PO 

posaconazole × 3 

months 

PO posacona- 

zole + IV 

anidulafungin 

AmBisome was 

not available 

Maintenance 

therapy: Oral 

posaconazole 

6 months 4 weeks 3 months NA NA NA 3 months NA 3 months NA 

Other 

complications 

Nil -Septic shock 

-Bacteremia: 

MDR 

Enterobacter 

cloacae 

-VAP: MDR 

Acinetobacter 

bauman- 

nii + MDR 

Pseudomonas 

aeruginosa 

-Severe 

Clostridioides 

difficile 

Nil -Septic shock -Septic shock 

-VAP: MDR A. 

baumannii 

-Severe C. difficile 

-AKI 

-Septic shock -CSF leak -Septic shock 

-Bacteremia: 

MDR A. 

baumannii 

Nil -Septic shock 

-Bacteremia: 

CRE K. 

pneumoniae 

MDR E. cloacae 

MDR A. 

baumannii - 

Candidemia: 

Candida albicans 

Outcome Discharged after 

3 weeks 

Died 

(7 weeks after 

diagnosis) 

Discharged after 

3 weeks 

Died 

(Same day of 

diagnosis) 

Died 

(3 weeks after 

diagnosis) 

Died 

(5 days after 

diagnosis) 

Discharged after 

3 weeks 

Died 

(1 week after 

diagnosis) 

Discharged after 

3 weeks 

Recurrent 

admission 

Died 

(2 days after 

diagnosis) 

Cause of death - Advanced 

mucormycosis 

Septic shock 

- Advanced 

COVID-19 

Septic shock 

Advanced 

mucormycosis 

Septic shock 

Advanced 

COVID-19 

Septic shock 

- Advanced 

mucormycosis 

Septic shock 

- Advanced 

COVID-19 

Septic shock 

AF, Atrial fibrillation; AKI, acute kidney injury; c/s, culture; CKD, chronic kidney diseases; CRE, Carbapenenm-resistant Enterobacteriaceae; CSF, cerebrospinal fluid; DKA, diabetes ketoacidosis; DM, diabetes mellitus; ESS, 

endoscopic sinus surgery; F, female; HbA1c, glycosylated hemoglobin; HTN, hypertension; IV, intravenous; M, male; MDR, multi-drug resistant; NA, not applicable; od, once daily; PO, per oral; RBS, random blood sugar; VAP, 

ventilator-associated pneumonia. 
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Table 2 

Description of radiological findings of the described patients with COVID-19–associated mucormycosis and surgical interventions. 

Patient # Description of radiological findings Surgical intervention 

Patient 1 Contrast CT: total opacification of left maxillary sinus with central linear 

hyperdensities and opacification of left ethmoid air cells associated with 

early bone changes. There was associated subcutaneous thickening of left 

periorbital and pre-maxillary regions with mild left-eye proptosis. 

ESS with left-side maxillary antrostomy and ethmoidectomy. 

Patient 2 Contrast CT: mucosal thickening within right frontal, maxillary and 

sphenoid sinuses with opacification of right ethmoid air cells. Bulky 

right pterygoid muscle and muscles of right masticator space. Proptosis 

of right eye. Acute infarction in right posterior parietal region. 

Cerebral CT angiography with venogram: dilated right superior 

ophthalmic vein indicating impending right cavernous sinus thrombosis. 

MRI: perineural extension along right optic nerve and soft tissue 

infiltration with involvement of infra-temporal and pterygopalantine 

fossae and masticator space. 

Follow-up CT after 2 weeks: worsening infarct in the right parietal 

region and new infarct in the pons and complete right cavernous sinus 

thrombosis. 

ESS debridement of all necrotic mucosa, including all 

right-sided sinuses and nasal septum. 

Right-eye exenteration. 

Patient 3 Contrast CT and venogram: complete opacification in right maxillary 

sinus with mild mucosal thickening in right ethmoid, sphenoid and 

frontal sinuses. Periorbital edema and soft tissue infiltration anterior to 

right maxillary and cheek area. Mild right-eye proptosis. 

ESS medial maxillectomy with ethmoidectomy. Second 

surgery: debridement of facial necrotic material anterior to 

maxilla. 

Patient 4 Not done Nil 

Patient 5 Contrast CT: complete opacification and mucosal thickening of left 

maxillary, ethmoid and frontal sinuses with bone refraction. Soft tissue 

infiltration of left periorbital area and left-eye proptosis. Soft tissue 

infiltration in sphenopalatine and nasopharynx. 

Second CT after 1 week: multiple hypodensities seen in left fronto- 

parietal, left parieto-temporal, left brainstem, pons, left cerebellum and 

right frontal lobe. Distal branch of left MCA, ACA, PCA are occluded. 

Occlusion of left internal carotid artery. Left cavernous sinus thrombosis. 

Bilateral ESS debridement with exenteration of all paranasal 

sinuses. 

Patient 6 Contrast CT: dense opacification of left nasal cavity, frontal and ethmoid 

sinuses. Mucosal thickening in both maxillary sinuses with bone 

remodeling. Prominent left ophthalmic vein and intraorbital fat 

stranding. Left-eye proptosis. 

ESS debridement of all necrotic tissue involving all left 

paranasal sinuses and posterior nasal septum. 

Patient 7 Contrast CT: high-density mucosal thickening of left maxillary, sphenoid 

and frontal sinuses and left ethmoid air cells. Bulky left lateral pterygoid 

muscle. 

ESS including maxillary antrostomy with ethmoidectomy and 

sphenoidectomy. 

Then, medial maxillectomy and sphenoid CSF leak repair. 

Patient 8 Contrast CT: mucosal thickening and high-density fluid in both sides of 

maxillary, frontal and sphenoid sinuses and ethmoid air cells. Bone 

erosion in right lamina papyracea and medial orbital wall. Bulky right 

temporalis, masseter and pterygoid muscles and bulky right parotid 

gland. Proptosis of right eye with pre-orbital, retro-orbital and pre-septal 

enhancing soft tissue thickening with fat stranding. Bulky right medial 

and inferior rectus muscles. Left periorbital soft tissue thickening and 

enlarged optic nerve. Dilated right superior ophthalmic vein with right 

cavernous sinus thrombosis. Ischemic infarct in right temporal region. 

Follow-up CT after 24 hours: new infarcts in right frontal, parietal, 

temporal and pontine regions and both cerebellar hemispheres. New left 

cavernous sinus thrombosis. 

Nil 

Patient 9 Contrast CT: mucosal thickening in left maxillary and sphenoid sinuses. 

Complete opacification of left ethmoid sinus and refraction of left 

maxillary sinus wall. Periorbital edema and bulky pterygoid muscle in 

both sides. 

Follow-up MRI: progression of disease and involvement of left zygomatic 

bone, orbital floor and medial orbital wall. 

Later MRI: involvement of right pterygoid and temporal bone. 

ESS debridement included bilateral maxillectomy, 

ethmoidectomy and sphenoidectomy with posterior 

septectomy. 

Second surgery: removal of zygomatic bone, maxillectomy, 

orbital floor removal and medial orbital wall, along with 

zygomatic bone and pterygoid on the left side. 

Third surgery: further debridement and removal of parts of 

skull base. 

Patient 10 Contrast CT: complete opacification of left maxillary and frontal sinuses, 

ethmoid air cells and both sphenoid sinuses. Refraction of ethmoid air 

cells and left lamina papyracea. Left-eye proptosis and thickened inferior 

rectus muscle with fat stranding. 

ESS debridement included medial maxillectomy with 

ethmoidectomy. 

ACA, anterior cerebral artery; CSF, cerebrospinal fluid; CT, computed tomography; ESS, endoscopic sinus surgery; MCA, middle cerebral artery; MRI; magnetic resonance 

imaging; PCA, posterior cerebral artery. 
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RF1ab). Amplification was performed on the Applied Biosystems 

500 Fast Dx Real-Time PCR Instrument or the QuantStudio 5 
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old on 10 °C). To ensure enough complementary DNA content 

or next-generation sequencing workflow, we re-quantified it on 
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on Xpress Barcode Adapters (Thermo Fisher Scientific) through 
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equenced on Ion 530 Chip Ion Torrent S5 (Thermo Fisher Scien- 

ific). The Torrent Suite Software (version 12; Thermo Fisher Scien- 

ific) with SARS-CoV-2 plugins (COVID19AnnotateSnpEff, IRMAre- 

ort, and AssemblerTrinity) was installed and pre-optimized with 

he reference sequence (ion_ampliseq_sarscov2) and target regions 

Ion_Ampliseq_SARS-CoV-2.2020323. Designed.bed) to trim, filter, 

uality check, assemble, and annotate the samples. 

anagement and outcomes 

Three patients were intubated for low level of consciousness 

patients 2, 5, and 8). Three patients were already intubated for 

evere COVID-19 pneumonia/ARDS (patients 4, 6, and 10), and the 

ther four patients did not require intubation. 

Blood sugar control and management of DKA was challenging. 

our patients had DKA (patients 2, 5, 6, and 8) with very high 

lood sugar above 20–25 mmol/l that required high doses of in- 

ulin therapy. Daily insulin doses in these cases exceeded 200 IU. 

Eight of the 10 patients underwent endoscopic sinus surgery 

nd debridement of all necrotic tissue from nasal and sinus cavity, 

nd one patient (patient 2) had right-eye exenteration. Two pa- 

ients did not have surgical intervention. Patient 4 died on the day 

f mucormycosis diagnosis. Patient 8 had very extensive disease 

ith cerebral involvement, and family declined surgery to prevent 

isfigurement or permanent disability although the high mortality 

ate was explained. Further elaboration of surgical interventions is 

hown in Table 2 . Four patients with rhino-orbital mucormycosis 

urvived (patients 1, 3, 7, and 9) and the rest died. 

All patients received liposomal amphotericin B (AmBisome) ex- 

ept patient 10 who received oral posaconazole because of unavail- 

bility of amphotericin B. AmBisome was started at 5 mg/kg for 

ilder cases and increased to 7.5 mg/kg in cases that progressed 

hile on lower doses of AmBisome or 10 mg/kg in cases of cere- 

ral involvement. AmBisome was combined with oral posaconazole 

uspension of 200 mg every 6 hours in these cases. 

The duration of intravenous AmBisome treatment differed be- 

ween patients according to severity of disease and availability of 

mBisome. Average AmBisome treatment duration was 3 weeks 

xcept in cases of patients who died earlier. 

The mortality rate among our patients was 60% (6/10). Three 

atients died because of severe COVID-19 pneumonia/ARDS, and all 

f them had septic shock. Three of the other non-severe COVID- 

9 patients died of advanced rhino-orbital-cerebral mucormyco- 

is, whereas those without cerebral extension survived. Those who 

ied had worse blood sugar control, and four of them had severe 

KA. 

iscussion 

During the second wave of the COVID-19 pandemic, a sud- 

en and rapid rise in mucormycosis incidence was observed. CAM 

as been identified as a deadly complication of this viral in- 

ection. Nearly 70% of CAM cases have been reported from In- 

ia ( Kumar et al., 2021 ; Mahalaxmi et al., 2021 ). Before the out-

reak of the COVID-19 pandemic, global prevalence of mucormy- 

osis varied from 0.005 to 1.7 per million population ( Sen et al., 

021a,b ; Sharma et al., 2021 ; Singh et al., 2021 ). In India, the

revalence is 80 times higher than that recorded in developed 

ountries, estimated as 0.14 per 10 0 0 population ( Kumar et al., 

021 ; Mahalaxmi et al., 2021 ; Singh et al., 2021 ). Scarce data are

vailable about the epidemiology and prevalence of mucormycosis 

n Middle Eastern countries. Al Shahawey et al. reported that an 

verall rising incidence of mucormycosis has been observed, with 

ariability among countries. Reported incidence in Iraq, Jordan, and 

lgeria was 0.2 cases/10 0,0 0 0 individuals, whereas it was higher 
208 
n Qatar and Lebanon, with 1.2 cases/10 0,0 0 0 individuals and 1.18 

ases/10,0 0 0 admissions, respectively ( Al Shahawey et al., 2022 ). 

Mucormycosis is an aggressive, angioinvasive infection 

aused by ubiquitous filamentous fungi of the order Mucorales 

 Kumar et al., 2021 ; Singh et al., 2021 ). Paltauf reported the first

ase of human rhino-cerebral mucormycosis in 1885 ( Kumar et al., 

021 ; Sharma et al., 2021 ; Singh et al., 2021 ). The most commonly

eported species are Rhizopus species, followed by Mucor, Rhizomu- 

or, Lichtheimia, Cunninghamella , and Absidia ( Mahalaxmi et al., 

021 ; Rao et al., 2021 ; Sen et al., 2021a ; Singh et al., 2021 ). As it

as been observed in our cases, R. oryzae is the leading cause of 

hino-orbital-cerebral mucormycosis, constituting 90% of cases in 

he world ( Mahalaxmi et al., 2021 ; Singh et al., 2021 ). 

Mucorales are found in the environment, especially in de- 

ayed organic material such as bread, fruits, vegetables and soil 

 Kumar et al., 2021 ; Mahalaxmi et al., 2021 ; Richardson et al., 

020 ; Sharma et al., 2021 ). Mucorales can tolerate high tempera- 

ures, thus infections occur more in hot, dry summer when the 

umidity is low, as it has been observed in India, a country with 

ery high prevalence ( Kumar et al., 2021 ). The similar weather con- 

itions in Oman might partially explain the increasing incidence 

bserved in this country during the second wave of the pandemic. 

nhalation of fungal spores followed by repeated ingestion of con- 

aminated products in immunocompromised patients, such as pa- 

ients with diabetes, or occasionally traumatic skin injury are the 

ost common routes of acquisition of Mucorales . ( Mahalaxmi et al., 

021 ; Rao et al., 2021 ). 

The disease ranges from local sinusitis to a severe and aggres- 

ive form with dissemination and cerebral involvement. Fungal hy- 

hae invade blood vessels, causing inflammation and necrosis of 

he vascular wall, which results in thrombosis, infarction or hem- 

rrhage ( Mahalaxmi et al., 2021 ; Sen et al., 2021a,b ; Sharma et al.,

021 ; Singh et al., 2021 ; Rao et al., 2021 ). 

Patients can present with facial pain or swelling, paresthe- 

ia, headache, or visual loss. On clinical examination, periorbital 

welling, chemosis, proptosis, ophthalmoplegia, and facial nerve 

alsy might be found. Later, signs like nasal septum and palatal 

ecrosis eschar may develop ( Sen et al., 2021b ; Sharma et al., 

021 ). The most common presentation reported by our patients 

ere headache, periorbital pain, proptosis, and chemosis, all of 

hom had rhino-orbital mucormycosis, and three cases were com- 

licated by intracranial extension. 

Mortality rates can be as high as 50–80%, which is similar to 

he mortality rate of our patients. Mucormycosis mortality depends 

n site of involvement. Higher mortality is associated with in- 

racranial involvement, disseminated disease and presence of un- 

erlying comorbidities ( Kumar et al., 2021 ; Mahalaxmi et al., 2021 ; 

harma et al., 2021 ; Singh et al., 2021 ). 

isk factors 

DM is the most common risk factor predisposing patients to 

ucormycosis. Up to 85% of mucormycosis cases are associated 

ith uncontrolled DM ( Gupta et al., 2021 ; John et al., 2021 ;

umar et al., 2021 ). Previously reported HbA1c among these pa- 

ients was approximately 10%. India has reported the highest num- 

er of mucormycosis cases in the world, which might be par- 

ially explained by the high incidence of DM in India, as it consti- 

utes 15% of the diabetic population globally ( Kumar et al., 2021 ; 

ingh et al., 2021 ). 

Among our patients, six were known to have DM, mainly un- 

ontrolled, and the other four were newly diagnosed. Most patients 

ad HbA1c of approximately 13%. 

DM can affect innate immune response by reducing natural 

iller cell and T-cell activity. High blood sugar decreases phago- 

ytic activity and impairs neutrophil activity required to kill or- 
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anisms. In DKA, these organisms can use ketones to grow. In ad- 

ition, the binding of iron to transferrin is impaired in a low-pH 

nvironment of less than 7.4, thus more iron is available for fungal 

etabolism, which plays a major role in fungal survival and viru- 

ence ( Goddanti et al., 2021 ; John et al., 2021 ; Mahalaxmi et al.,

021 ; Perner et al., 2003 ; Revannavar et al., 2021 ; Singh et al.,

021 ). All of our patients had DM and presented with rhino-orbital 

ucormycosis with or without cerebral involvement. Those with 

oor glycemic control and DKA had worse outcomes and died. 

Other identified risks for developing mucormycosis are under- 

ying hematological malignancies, organ or bone marrow trans- 

lantation, neutropenia, broad-spectrum antibiotic use, and mal- 

utrition ( Kumar et al., 2021 ; Mahalaxmi et al., 2021 ; Sen et al.,

021a,b ). Patients with these conditions have higher risk of pul- 

onary mucormycosis ( Singh et al., 2021 ). 

Up to 8% of COVID-19 cases are complicated by secondary bac- 

erial and invasive fungal infections. The use of broad-spectrum an- 

ibiotics, steroids, and tocilizumab increased the risk for such com- 

lications ( Sen et al., 2021a,b ; Sharma et al., 2021 ). 

CAM has been identified as a serious complication during 

he second wave of the COVID-19 pandemic ( Sen et al., 2021b ; 

ingh et al., 2021 ). Most reported cases were from India, with 

 median age of 45–50 years, and male patients being predom- 

nantly affected. As was the case with patients included in this 

tudy, DM and steroid use are the most common risk factors for 

AM ( Kumar et al., 2021 ; Sen et al., 2021a,b ). 

The SARS-CoV-2 virus can itself infiltrate beta cells in the pan- 

reas, which causes necroptosis cell death and thus metabolic dys- 

egulation. This contributes to new-onset hyperglycemia and poor 

ontrol of pre-existing DM ( Gupta et al., 2021 ; Rao et al., 2021 ).

ytokine storm can also lead to insulin resistance ( John et al., 

021 ). The reduction in absolute lymphocytes and T-cells (espe- 

ially CD4 + and CD8 + ) associated with SARS-CoV-2 infection af- 

ects the production of cytokines such as interleukins (IL-4, IL-10, 

nd IL-17) and interferon-gamma cytokines. These cytokines can 

amage fungal hyphae, but this mechanism is impaired in COVID- 

9 patients ( Sen et al., 2021a ; Sharma et al., 2021 ; Singh et al.,

021 ; Revannavar et al., 2021 ). 

Steroids are widely used in the management of COVID-19 

neumonia. They reduce phagocytic activity and thus invasion of 

athogens ( Mahalaxmi et al., 2021 ), and also worsen glycemic con- 

rol ( John et al., 2021 ; Kumar et al., 2021 ). This is challenging, es-

ecially when patients require steroids for the management of se- 

ere COVID-19 pneumonia/ARDS. 

Three of our patients were on high-dose steroids during their 

dmission, and two patients with mild cases received at least one 

ose of steroids. Thus, COVID-19, DM, and the use of high steroid 

oses were the main risk factors contributing to the development 

f mucormycosis in our patients. 

Studies showed that the median duration of developing mu- 

ormycosis is approximately 10–15 days after COVID-19 diagnosis 

 Gupta et al., 2021 ; Sen et al., 2021a,b ). 

Delayed mucormycosis cases have also been reported 4–6 

eeks after COVID-19 diagnosis ( Sen et al., 2021a ). Most of our 

atients presented with mucormycosis within 2–3 weeks after 

OVID-19 diagnosis. 

Another link between the SARS-CoV-2 virus and mucormycosis 

s the same entry route, namely glucose-related protein 78, which 

s required for Mucor fungi to enter nasal and paranasal sinus mu- 

osa. The highest number of CAM cases was reported during the 

econd wave of the COVID-19 pandemic, when the Delta variant 

B.1.617.2) predominated ( Goddanti et al., 2021 ). 

Survival and outcomes of patients with mucormycosis are 

ffected by early diagnosis and appropriate management 

 Singh et al., 2021 ). Diagnosis of mucormycosis is challenging 

hen there is low clinical suspicion and difficulty in fungal iso- 
209
ation from tissue cultures ( Garg et al., 2021 ; Sen et al., 2021a,b ).

ssessing paranasal sinuses for opacification, thickening of mu- 

osal lining, bony erosions, and extra-sinus spread suggestive of 

ucormycosis with or without cerebral extension using computed 

omography or contrast-enhanced magnetic resonance imaging 

an aid diagnosis ( Cornely et al., 2019 ; Sen et al., 2021a,b ). 

Nasal endoscopy is used to look for mucosal inflammation or 

ecrosis. Targeted biopsy of affected areas is important for micro- 

iological and histopathological diagnosis ( Sen et al., 2021b ). 

Fungal culture is used to identify fungal species and antifun- 

al susceptibility ( Cornely et al., 2019 ). In eight of our 10 cases, 

icroscopic examination revealed broad non-septate/sparsely sep- 

ate hyphae with random branching, sporangia, and rhizoids. The 

rowth of dense, cottony, white to dark colonies covering the full 

late was detected 24–48 hours after incubation, best visible at 

7 °C, and was identified by MALDI-TOF. However, improper tissue 

andling and prior use of antifungal therapy might provide false 

egative results in up to 50% of cases ( Sen et al., 2021a,b ). Culti-

ating and identifying the mold was successful in 80% of our cases. 

Histopathology is a useful tool for confirming diagnosis. The 

resence of thick, non-septated, ribbon-like fungal hyphae invad- 

ng tissue and causing necrosis and angioinvasion in tissue sec- 

ions stained with hematoxylin-eosin, periodic acid-Schiff stain, 

nd Grocott-Gomori’s methenamine silver stain is useful for distin- 

uishing true infection from colonization of tissue. The presence of 

n inflammatory reaction indicates that organism represents infec- 

ion and not commensal ( Cornely et al., 2019 ; Sen et al., 2021a,b ). 

Histopathology confirmed the diagnosis of angioinvasive mu- 

ormycosis in all 10 of our cases. 

anagement 

Early diagnosis of mucormycosis is the key for survival. A multi- 

isciplinary team approach is required to optimize management of 

ucormycosis cases. Strictly controlling hyperglycemia and avoid- 

ng DKA play an important role in preventing progression of the 

isease. 

High-dose steroids, especially in poorly controlled patients 

ith DM, even if indicated in patients with severe COVID-19, 

hould be used cautiously, and unjustified corticosteroid treat- 

ent of patients with non-hypoxemic COVID-19 should be avoided 

 Revannavar et al., 2021 ; Sen et al., 2021a,b ). 

AmBisome (the liposomal, less nephrotoxic form of ampho- 

ericin B) at 5–10 mg/kg/day is the antifungal therapy of choice. 

osaconazole can be used as an alternative therapy or in combi- 

ation with AmBisome in refractory cases, although there is no 

trong evidence of its superiority, and further studies are required. 

 step-down prolonged oral antifungal therapy for 3–6 months is 

equired ( Cornely et al., 2019 ; Sen et al., 2021a,b ). 

Endoscopic sinus surgery with or without orbital exenteration 

o control the spread of the infection and dissemination is essential 

 Sen et al., 2021a,b ; Sharma et al., 2021 ). 

Even with aggressive surgical debridement and systemic anti- 

ungal therapy, mortality ranges from 33.3–80% and up to 100% 

n disseminated disease with delayed intervention ( Cornely et al., 

019 ; Sharma et al., 2021 ). 

As in other reported cases, mucormycosis can occur even af- 

er recovery from COVID-19. Follow-up of these patients of up to 

 months and monitoring blood sugar might contribute to earlier 

iagnosis and prevention of devastating sequelae. 

onclusion 

Patients with poorly controlled DM and COVID-19 living in hot 

limates, which contribute to Mucorales proliferation, are at greater 
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isk of developing mucormycosis. Despite aggressive medical ther- 

py with high-dose AmBisome and aggressive surgical interven- 

ions, those with poor blood sugar control still have high mortality 

ates and worse outcomes. 
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