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Abstract The predisposing factors of invasive fungal

disease in COVID 19 infection are still debatable because

of the limited human understanding of the virus with the

current literature. In this study, we have tried to correlate

the various predisposing factors influencing the clinical

profile and treatment outcomes in patients with covid

associated mucormycosis (CAM). It is a retrospective

analysis of cases of CAM during the second wave of

COVID 19 infection, which was managed in the depart-

ment of Otorhinolaryngology from Dec 1, 2020, to June 10,

2021. The detailed clinical, radiological and management

of patients with CAM were collected, recorded, evaluated

and correlated with the predisposing factors. Of the total,

46 patients, 44(95.65%) were diabetic and 41 patients had a

previous history of steroid intake. When clinical parame-

ters were compared between blood sugar\ 200 mg/dl

and[ 200 mg/dl, the old and newly diagnosed diabetes

mellitus in patients with CAM, there was no significant

differences in any of the above clinical parameters

(p[ 0.05), except the hospital stay (p = 0,004). Steroid

intake in patients with coexisting DM associated with

CAM is considered the most important factor for the

development of the CAM. There was are no significant

difference in any of the clinical/treatment outcomes in

patients with CAM with respect to the initial blood sugar,

except for the hospital stay. A large sample size with a

long-term follow-up period may be needed for a better

understanding of common predisposing factors for the

development of CAM.
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Introduction

COVID-19 is a new disease entity caused by the novel

coronavirus (SARS-CoV-2), first documented in China in

December 2019 and subsequently driving a worldwide

pandemic. The spectrum of symptoms of COVID 19

infection has been expanded from mild fever to severe

pneumonia and often includes life-threatening secondary

infections. This later could be due to the irrational use of

systemic steroids for the management of COVID 19

infection. Again in a populated country like India, it is

often challenging to provide hospital-based treatment to

patients with mild to moderate covid pneumonia due to the

limited infrastructure and unavailability of hospital beds

where majorities of the patients are advised to self-treat-

ment at home. Though steroid is considered as the magic

drug for the management of the cytokine storm and the

further sequelae in moderate to severe pneumonia, it acts as

a double-edged sword by predisposing the patients to an

immunocompromising state causing life-threatening

infections, especially the COVID associated mucormycosis

(CAM) in various subsites in head and neck. It typically

contributes to the majority of the secondary fungal infec-

tion typically affecting the immunocompromised individ-

ual, including uncontrolled diabetes, iatrogenic

immunosuppression, patients with organ transplantation

and hematological malignancies [1]. As seen in the pub-

lished literature, the incidence of CAM has been suddenly
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increased in the recent past after COVID 19 infections,

significantly adding morbidity and mortality to the patients.

Keeping in mind the rapid progression of the disease, early

diagnosis of mucormycosis is a vital step in patients after

the COVID 19 infection to prevent intraorbital and

intracranial complications, which later accounts for about

50–80% of the total death [2]. Although different literature

has been documented in the past showing the association of

DM with the development of CAM, the detailed correlation

of diabetes mellitus with respect to blood sugar is still not

well defined in the past. In the present article, we have tried

to correlate the clinical profile and the treatment outcomes

with the common predisposing factors in patients with

CAM.

Materials and Methods

All the patients of rhino-orbital/rhino-cerebral mucormy-

cosis who were admitted and managed in the department of

Otorhinolaryngology between Dec 1, 2020 to June 10

2021, were included in the study. The detailed clinical,

radiological and treatment of patients with CAM were

collected, recorded and evaluated from the medical

records. In the clinical data, the symptoms, signs and

associated comorbidities were documented. Radiological

assessment was based upon the MRI/CT findings, showing

the involvement of paranasal sinuses, orbit and the brain as

demonstrated in Figs. 1, 2, 3. The history of diabetes

mellitus, the preoperative blood sugar (\ 200 mg/dl

and[ 200 mg/dl), the duration of DM, and history of use

of systemic steroids were noted. The association of the

blood sugar level (\ 200 mg/dl and[ 200 mg/dl,) was

correlated with the clinical profile, radiological involve-

ment, and treatment outcomes of the patients affected with

CAM. Again, the clinical profile of the patients of CAM

was compared with newly diagnosed versus previously

diagnosed cases DM. The observed data were compared

with the published data in the literature in the past.

Results

It was a retrospective analysis of 46 cases of CAM, which

were managed in the department of Otorhinolaryngology

from 1st December 2019 to May 10 2021. Of the total 46

patients, 40(86.95%) were male and 06(13.04%) patients

were females. The mean age of the patients was

48.80 ± 10.83 years (range 29–76 years). Of the total 46

patients, 33(71.7%) were affected with rhino-orbital

mucormycosis and 10 were rhino-cerebral mucormycosis.

Two patients were found to affect the paranasal sinuses and

one had isolated involvement of the mandible. The

demographic profile and the clinical picture of the patients

have been shown in Table 1. All the patients had a positive

Fig. 1 Contrast-enhanced MRI, T1-weighted (A coronal cut, B axial

cut) shows the contrast-enhanced shadow indicating the involvement

of the intraconal compartment of the right orbit with involvement of

maxillary and anterior ethmoid sinuses

Fig. 2 Contrast enhanced MRI, T2 weighted (A, axial cut) shows

hyperintense shadow involving left paranasal sinuses with a cerebral

abscess in the left temporal lobe. B, T-1weighted(coronal cuts) shows

right sinusitis with right frontal abscess, extending to the parietal

brain

Fig. 3 Non-contrast MRI scan(A, axial cut) shows erosion of anterior

arch of the mandible, B. (coronal cut) shows complete erosion of

anterior table with sequestrum in the frontal sinus
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history of COVID 19 infection before presenting to the

outpatient department. Of the 46 patients, 44(95.65%) had

a history of diabetes mellitus during their initial presenta-

tion to the department and two patients did not have a

history of diabetes in the past. Almost all of the patients

had uncontrolled blood sugar on initial evaluation,

although none of them had presented with diabetic

ketoacidosis. The average blood sugar was found to be 220

(range 167–300) as obtained with the initial investigation.

Of the 44 patients with a history of diabetes patients,

37(80.43%) had been diagnosed first time during their

treatment for COVID pneumonia and 7 had been diagnosed

long before the COVID pneumonia. Of 46 CAM, Systemic

steroid was prescribed in 41(89.1%) patients, whereas 5

patients did not have a history of steroid ingestion for

COVID infection. The steroid was given either in the form

of methylprednisolone (0.5–1 mg/kg/day) or dexametha-

sone 0.1–0.2 mg/ml) for 5–7 days for COVID pneumonia.

Rhino-orbital mucormycosis was the commonest variety

encountered in the present study (71.7%) and isolated

involvement of the mandible was the least site to be

affected (2.2%) as demonstrated in the present study. Of

10(21.73%) patients with intracranial extension, 5 patients

presented with frontal lobe abscess, 3 patients had

involvement of the temporal lobe, one had a lesion in the

brain stem and one presented with extradural abscess.

Similarly, facial pain and swelling is the common symptom

complained by the patient during their initial presentation

to the outpatient department (Fig. 4). The diagnosis was

made on correlating the suspicious history, clinical, radi-

ological examination and later it was confirmed by the

KOH smear from endoscopic nasal biopsy in each patient.

Surgical debridement followed by systemic amphotericin B

was the standard treatment given to all the patients. Orbital

exenteration as a part of surgical debridement was per-

formed in 8 cases due to the complete loss of vision in the

preoperative period. Majorities of the patients (78.30%)

underwent a combined surgical approach for complete

clearance of the disease (Fig. 5). Surgery could not have

been possible in 2 patients with CAM due to the critical

medical condition who got supportive treatment in the

intensive care unit. Again, two patients were referred after

being operated on the outside, where patients were man-

aged with injection amphotericin B. When the primary

presentation is correlated with respect to the blood sugar

Table 1 Description of the demographic data in the study population [n = 46]

Characteristics Value/No of patients, N(%) Range

Male 40(86.95%)

Female 06(13.04%)

Mean age of patients (Year) 48.80 ± 10.83 29–76

Mean duration of the disease (days) 16.46 ± 10.05 3–60

Uncontrolled diabetes mellitus 44(95.65%)

History of diabetes mellitus in the pre COVID period 37(84.8%)

Positive COVID history 46(100%)

History of steroid use 41(89.1%)

Average blood sugar during admission 220 mg/dl 167-300 mg/dl

Types of mucormycosis

Rhino-orbital 33(71.7%)

Rhino-cerebral 10(21.7%)

Mandibular 1(2.2%)

Sinonasal 2 (4.3%)

Hospital stay 28 ± 6 19–40

Fig. 4 Bar diagram which shows the clinical symptoms of patients

with CAM when presented to the outpatient department
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levels (\ 200 mg/dl and[ 200 mg/dl) in patients with

CAM, we did not find any statistical difference among

them (p = 0.811). When the major sites of involvement,

i.e., the orbit and the brain, were accounted and compared

between patients the two sugar levels, the result was found

to be insignificant (p = 0.849). Similar results have been

obtained for the surgical approaches, orbital exenteration

on comparing the sugar levels (p = 0.713 and p = 0.520),

respectively. There was no significant association between

hyperglycemia to the affection of various subsites in the

brain (p[ 0.05). The average hospital stay was found to be

28 days (range 19–40 days). When the hospital stay was

compared between two sugar levels, we found a significant

difference between them (p = 0.004). Again the duration of

the disease did not have a significant effect on the orbital/

cerebral Mucormycosis (p[ 0.05). During the hospital

stay, 31(73.80%) patients had undergone revision surgery

during their treatment in the hospital. When the number of

patients who underwent revision surgery was compared

between the blood sugar levels/onset of DM, no significant

difference was noted (p = 0.673 and 0.697, respectively).

Four patients with rhino-orbital involvement and 5 patients

with rhino-cerebral mucormycosis have died during their

treatment in the ward and there was no significant differ-

ence in the death rates between the blood sugar levels

(p = 0.550). Again, when we compare the clinical param-

eters and patient outcomes between the old and newly

diagnosed DM associated with CAM, we did not find any

significant differences between any of the above parame-

ters (Table 2).

Discussion

Mucormycosis is an angioinvasive disease caused by fungi

of the order Mucorales like Rhizopus, Mucor, Rhizomucor,

Cunninghamella and Absidia affecting various subsites in

the head-neck region. The incident rate of mucormycosis

varies from 0.005 to 1.7 per million populations [3]. The

prevalence of mucormycosis in India is approximately 0.14

cases per 1000 population, about 80 times more prevalent

than the developed countries. It is more often seen in

immunocompromised individuals like diabetes mellitus,

organ transplants, or patients receiving chemotherapy for

malignant tumours. Amongst them, diabetes mellitus is

considered a significant independent risk factor for rhino-

orbital–cerebral mucormycosis [3]. Although it is a well-

known disease, the incidence of invasive fungal infection

has been significantly increased with the onset of the sec-

ond wave of COVID 19 infection. On reviewing the past

literature, a large number of articles have been published in

the past claiming the association of diabetes mellitus with

CAM [4–11] and rhino-cerebral mucormycosis [12–16] in

the COVID 19 infection. In spite of the confirmed associ-

ation of DM with CAM, none of the articles have published

in the past have documented the clear correlation of blood

sugar with the clinical profile and treatment outcomes in

patients with CAM. The results obtained in the present

study was also very much similar to the published litera-

ture, where 44(95.65%) patients with CAM had a positive

history of DM during their initial evaluation to the

department and 2 patients were found to be non-diabetic

Among the 44 patients with underlying DM, 37(80.43%)

were newly diagnosed during their treatment for COVID

pneumonia, and 7 had had a history of DM before the

development of COVID 19 infection. When the clinical

parameters, like symptoms, sites of involvement, surgical

approaches, orbital exenteration and death of the patients

were compared between the blood sugar\ 200 mg/dl

and[ 200 mg/dl, we did not get a significant difference

for any of the clinical parameters (p[ 0.05). The only

significant difference we obtained was the hospital stay i,e.

patients with blood sugar levels[ 200 mg/dl had signifi-

cantly lesser hospital stay as compared to the patients with

blood sugar\ 200 mg/dl (p = 0.004). This could be due to

the better tolerability of medical treatment by the patients

of CAM as a result of adequate preservation of the renal

function. When the clinical parameters, like symptoms,

sites of involvement, surgical approaches, orbital exenter-

ation and death of the patients were compared between the

newly diagnosed and previously diagnosed DM, we did not

get a significant difference for any of the clinical param-

eters (p[ 0.05). It indicates the association of CAM with

hyperglycemia, rather than the duration of DM/status of

Fig. 5 Demonstrate the treatment protocol followed for patients with

CAM
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blood sugar that determines the clinical profile of the

patients and treatment outcomes. We did not find any

significant association between hyperglycemia and rhino-

cerebral mucormycosis with respect to the various subsites

in the brain (p[ 0.05). Again the duration of the disease

did not have a direct association with the involvement of

the orbital/brain. When the number of patients who

underwent revision surgery was compared between the

blood sugar levels/onset of DM, no significant difference

was noted (p = 0.673 and 0.697, respectively). The raised

blood sugar during the second wave of COVID 19 infection

could be due to the universal use of systemic steroids

(dexamethasone/methylprednisolone) during the treatment

of complicated COVID pneumonia. Although the systemic

steroid is considered life-saving for the treatment of mod-

erate to severe COVID pneumonia and has been shown to

reduce mortality, it can potentiate a hyperglycemia state in

such patients, predisposing them to life-threatening fungal

infection. Again, there is an increased burden of DM in

India in the past decade, where its prevalence is the second-

highest, affecting 8.9% of the adults with 77 million cases

[17], significantly contributing to the incidence of CAM.

Different international and national guidelines have been

proposed, including the dosing and duration of systemic

steroids in the past 12 months for the better management of

COVID pneumonia. According to the current guideline in

India, patients with moderate pneumonia are advised for

Intravenous methylprednisolone 0.5–1 mg/kg/day or dex-

amethasone 0.1–0.2 mg/kg for 3 days and for severe dis-

ease, methylprednisolone 1–2 mg/kg/day or

dexamethasone 0.2–0.4 mg/kg is advised for 5–7 days. As

recommended by the National Institute of Health(NIA),

injection dexamethasone (6 mg/kg) is advised for mini-

mum 10 days to the patients who require supplemented

oxygen therapy or ventilator support [18]. Again, these

treatment protocols are often customized in different ter-

tiary care hospitals in India, where the dosing and duration

of systemic steroids differ from one another. This differ-

ence in the protocol could be due to the variation in the

infection rate and the availability of the basic infrastructure

of the hospitals. According to the protocols, patients with

mild COVID are always advised for medical treatment

with self-isolation in the home, especially during the sec-

ond wave of COVID 19. The systemic steroid is advised in

Table 2 Comparison of patient’s clinical data with respect to sugar levels (B 200 mg/dl vs[ 200 mg/dl) and detection of DM (new vs old

cases) in patients with CAM

Blood sugar levels (B 200 mg/dl vs[ 200 mg/dl) DM(Old vs Newly diagnosed)

Characteristics No of patients (n) P value P value

Primary symptoms Blindness (8) 0.811 0.096

Palatal ulcer (1)

Proptosis (4)

Loosening of teeth (5)

Orbital pain (1)

Headache (3)

Facial pain (11)

Facial swelling (10)

Facial numbness (3)

Types of mucormycosis Rhino-orbital (33) 0.849 0.869

Rhino-cerebral (10)

Mandibular (1)

Sinonasal (2)

Orbital extenteration Yes (8) 0.713 1.00

No (38)

Surgical approach External (2) 0.520 0.568

Endoscopic (3)

Combined (37)

Medical treatment (2)

Death of patients During hospital stay (9) 0.550 1.00

Hospital stay During treatment (46) 0.004 0.667

Revision surgery During treatment (31) 0.673 0.697

DM Diabetes Mellitus, CAM COVID Associated Mucormycosis
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moderate to severe diseases, which should only be started

after the hospitalization of the patients where strict moni-

toring of the blood sugar and different inflammatory

mediators can be undertaken. During the second wave of

COVID 19 infection, there was a sudden increase in new

cases, which was really a challenge to manage them in

hospitals, especially in India with limited infrastructure,

enforcing the patients for home isolation and self-admin-

istration of drugs. Often patients with mild COVID disease

also takes systemic steroid because of anxiety and fear of

the disease without even monitoring the blood sugar and

oxygen saturation. Hence it could be a principal reason for

the increase of cases of CAM during the second wave of

COVID 19, where patients acquire the infection after the

completion of the systemic steroid. Similar results had

obtained in the present study where all the patients had a

positive history of COVID 19 infection, although

41(89.13%) patients had a history of intake of systemic

steroids. Hence the predisposing factors of CAM are still a

debate in spite of adequate knowledge in current literature.

The fungal infection itself causes a significant reduction in

the lymphocyte count, especially the CD4 ? and CD8 ?

T-cells, which may alter the innate immunity of the body

predispose for the secondary fungal infection [19]. Again,

the pathogenesis of the COVID 19 infection very much

resembles the mucormycosis causing microangiopathy,

angioinvasion, and endothelial damage aggravating the

disease [20]. Finally, the universal use of glucocorticoids

for the treatment of moderate to severe COVID infection is

often responsible for invasive mucormycosis [21, 22]. In

the present study, although majorities of articles have

opined, uncontrolled diabetes mellitus being the major

culprit for the CAM, 2 patients still did not have a history

of DM as supported by the literature [6, 10]. Again,

5(10.86%) patients did not have a history of use of sys-

temic steroids in spite of a documented history of COVID

19 infection. Hence the etiopathology of the pathology of

mucormycosis is complex and later could be the combined

effects of the dysregulated immune cell populations and the

host response plays a critical role in the severity of the

disease [23]. It is assumed that the COVID -19 infection

itself could be a predisposing factor for the DM affecting

the pancreases along with the systemic steroid, especially

in middle-aged and non-diabetic patients. Although

majorities of the articles have mentioned the association of

blood sugar to mucormycosis, very few of them [4, 12]

described the type, dose and duration of steroid used before

the commencement of the fungal disease. Again, the exact

correlation of the blood sugar level with the clinical profile

and treatment outcomes in patients with CAM is ill-defined

in the literature. As demonstrated in the present study, DM

can be considered as the single most independent factor for

the development of the CAM. Although blood sugar level

does not significantly affect the clinical profile and treat-

ment outcomes of the patients, a decreased preoperative

blood sugar significantly decreases the hospital stay and

hence postoperative morbidity. A large sample size may be

required with a long-term follow-up period, maybe for a

better understanding of various predisposing factors for the

development of CAM.

Conclusion

The predisposing factors of invasive fungal disease in

patients with COVID 19 infection is still a topic of debate

because of the limited human understanding of the virus

with the current literature. Though the use of systemic

glucocorticoids is thought to be promising for the opti-

mized treatment of moderate to severe COVID pneumonia,

it is proved to be a double-aged sword potentiating a

hyperglycaemic state in patients with COVID 19 infection-

causing CAM.

There were no significant differences in the clinical/

treatment outcomes in patients with CAM with respect to

the level of initial blood sugar except for the hospital stay.

Although the pathology of the disease has been explained

in the past literature, affection of non-diabetic individuals/

absence of steroid use always questions the possibility of

multifactorial association of dysregulated immune cell

populations and the host response for CAM. A universal

treatment guideline should be proposed, especially for the

systemic steroid, to prevent its indiscriminate use in

COVID infection. The basic infrastructure of the hospitals,

especially the oxygenated hospital beds and the intensive

care units, should be increased to accommodate all the

moderate COVID infections, especially in the Indian sub-

continent, to rationalize the medical treatment and decrease

the secondary fungal infection associated with COVID 19.

A large sample size may be required with a long-term

follow-up period, maybe for a better understanding of

various predisposing factors for the development of CAM.
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