
CLINICAL PAPER

SARS-CoV-2, Uncontrolled Diabetes and Corticosteroids—An
Unholy Trinity in Invasive Fungal Infections of the Maxillofacial
Region? A Retrospective, Multi-centric Analysis

Aditya Moorthy1,2,3
• Rohith Gaikwad1,2

• Shreya Krishna2
• Raghuraj Hegde4

•

K. K. Tripathi5 • Preeti G. Kale6
• P. Subramanya Rao7,8

• Deepak Haldipur9
•

Krishnamurthy Bonanthaya10

Received: 6 January 2021 / Accepted: 18 February 2021 / Published online: 6 March 2021

� The Association of Oral and Maxillofacial Surgeons of India 2021

Abstract

Objectives Collate and analyse data of maxillofacial/rhino-

cerebro-orbital fungal infections reported during the era of

the Covid-19 pandemic, with the aim of investigating the

common contributing factors leading to such infections and

of highlighting the significance of this surge seen in

patients infected with SARS-CoV-2.

Method This retrospective observational multi-centric

study analysed patient data collected from clinicians

belonging to different specialties in Bangalore, India. The

data included the presentation and management of patients

presenting with aggressive maxillofacial and rhino-cere-

bro-orbital fungal infections and explored the relationship

between SARS-CoV-2, corticosteroid administration and

uncontrolled diabetes mellitus.

Results All 18 patients were Covid positive. Sixteen of the

18 patients received steroids for Covid treatment and 16

patients were diabetic (of whom 15 patients who were

diabetics received steroids for Covid-19 treatment). Loss of

vision was noted in 12 of the 18 patients and 7 of them

underwent orbital exenteration. The fungi noted was

mucormycosis in 16 patients, aspergillosis in 1 patient and

a mixed fungal infection in 1 patient. Eleven of the patients

survived, 6 died and 1 was lost to follow-up. There was a

significantly higher incidence of diabetes (p = 0.03)

amongst these cohort of patients who were Covid-19 pos-

itive with mucormycosis. A significantly higher number

(p = 0.0013) of patients were administered steroids at some

point during the treatment.

Conclusion Despite the limited sample size, it is evident

that there is a significant increase in the incidence of

angioinvasive maxillofacial fungal infections in diabetic

patients treated for SARS-CoV-2 with a strong association

with corticosteroid administration.

Keywords Covid-19 � Mucormycosis � Rhino-cerebro-
orbital � Diabetes � Aspergillosis

Introduction

The health scenario of the latter part of 2019 and whole of

2020 has been dominated globally by a novel strain of

severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2)—which, along with severe pneumonia, is also
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associated with strokes, venous thrombosis, renal failure,

cardiomyopathy, coronary and systemic vasculitis [1, 2].

Till date, it has afflicted over 72.3 million people world-

wide with more than 1.61 million people succumbing to the

disease. In India, 9.8 million people have been afflicted

with over 143,000 people succumbing to it [3].

The predominant clinical phenotype of SARS-CoV-2

(Covid 19) manifests as an upper respiratory infection

followed by pneumonia when the virus invades the respi-

ratory epithelium binding to angiotensin converting

enzyme 2 (ACE2) receptors. The more severe, second

stage of this disease is caused by the systemic inflammation

and coagulopathy causing direct damage to blood vessels,

with hepatic, renal and cardiac injuries [4]. The coagu-

lopathy seen is of complement-mediated thrombotic

microangiopathies (TMA), rather than sepsis-induced

coagulopathy or disseminated intravascular coagulation

(DIC) [5]. This leads to endothelial damage and

microvascular thrombosis. Besides diffuse alveolar damage

with severe inflammatory exudation and coagulopathy,

COVID-19 patients also have immunosuppression with a

decrease in CD4 ? T and CD8 ? T cells [6].

In the backdrop of this COVID-19 expression, there has

been a notable rise in the incidence of invasive fungal

infections (IFI) of the maxillofacial region, namely

mucormycosis and aspergillosis. Mucormycosis is a rare

and ominous fungal disease caused by the order Mucorales

fungi. The most common type of mucormycosis is the

rhino-cerebro-orbital type which happens when spores are

inhaled into the paranasal sinuses of susceptible hosts [7].

Tissue necrosis, often a late sign, is a hallmark of

mucormycosis, resulting from angioinvasion and vascular

thrombosis. It is a time-sensitive disease with the global

case fatality rate being 46% [8]. Hosts susceptible to

mucormycosis include diabetics, those on systemic corti-

costeroid use, patients with neutropenia and hematologic

malignancies, stem cell transplant patients and immuno-

compromised individuals [9]. Aspergillosis invading into

the sinuses is also seen in immunocompromised individu-

als. India has the second highest case burden of diabetes

with 8.9% of adults, 77 million patients affected [10].

In the past 8 months, we have seen a manifold increase

in the referrals for rhino-cerebro-orbital mucormycosis. We

hypothesise that the immunocompromising effects of cor-

ticosteroids with microangiopathy of diabetes and possible

peripheral microthrombi in COVID-19 provide the ideal

host for mucormycosis, which due to its inherent angioin-

vasive nature leads to the increased incidence. This along

with the high incidence of diabetes in our population and

widespread use of corticosteroids as a part of treatment of

COVID-19 seems to be causal to this increased incidence.

Given the poor prognosis of this disease and its time lia-

bility, we aim to analyse our experience of 18 cases of IFI

to draw correlations between causative factors to enable

clinicians to understand an evolving disease pattern.

Materials and Methods

This is a retrospective observational, multi-centric analysis

of eighteen cases of rhino-cerebro-orbital IFI treated

between May 2020 and December 2020. The study was

compliant with the Helsinki statement and is exempted by

the Institutional ethics board due to its retrospective nature.

Standard informed consent was obtained for all patients.

These patients were treated at various hospitals, by

clinicians of three different specialties in Bangalore,

India—ENT, Maxillofacial surgery and Ophthalmology.

The patients presented with one or more of the following

symptoms: facial cellulitis, maxillary sinusitis, headache,

necrosis of palatal bone/mucosa or acute loss of vision

(Figs. 1, 2, 3). These were either known cases of previous

COVID-19 infection or their reverse transcriptase poly-

merase chain reaction (RT-PCR) COVID-19 test upon

admission revealed that they were positive. All cases were

treated with corticosteroids as a part of a standard blanket

Covid 19 drug regime. Patients with a history of

chemotherapy, radiotherapy, osteoradionecrosis, history of

medication-related osteonecrosis of jaw, granulocytopenic

patients or those on other immunomodulator drugs were

excluded from the study.

Apart from ascertaining the current COVID-19 status,

routine blood investigations and chest X-ray were carried

out, and any further investigations were based on specific

patient needs. Computed tomography (CT) and/or mag-

netic resonance imaging (MRI) of the face (including

orbits) and brain were performed for all cases (Fig. 4).

Patient details are summarised in Table 1.

The presence of sinusitis with mucosal thickening of

maxillary and ethmoid sinuses, orbital cellulitis, facial

swelling, headache, proptosis, oedema of the extraocular

Fig. 1 Facial/orbital cellulitis in a patient with mucormycosis
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muscles, ophthalmoplegia, etc. were few of the findings

that led to a provisional diagnosis of invasive fungal

infection. An ophthalmology referral was sought in patients

suspected to have orbital extension of the disease.

Patients were assessed for the following before deciding

the treatment protocol:

• History of COVID-19 infection/current COVID-19

infection

• Control of diabetes if patient was a diabetic (controlled/

poorly controlled)

• History of steroid use due to covid or administering of

steroid if Covid detected at time of presentation

• Orbital involvement—acute/impending

• Intracranial extension

• Mortality

Patients were taken up for surgical exploration and

debridement, assisted with sinus endoscopy and the infec-

ted tissue sent for a potassium hydroxide test (KOH test) to

determine the presence of fungal hyphae. The surgical

intervention varied from a simple surgical debridement to

maxillectomy (partial/subtotal/total) to orbital exenteration

depending on the disease spread (Figs. 5, 6). KOH test was

used for all cases as it was a rapid method of identifying

the presence of fungal hyphae or yeast compared to the

fungal culture which takes weeks for reporting. Tissue

samples were also sent for fungal and bacterial culture as

well as histopathologic examination. Once the KOH mount

demonstrated fungal hyphae and the type of fungal element

confirmed histologically (Fig. 7), depending on the

organism, liposomal amphotericin therapy was instituted at

3–5 mg/kg for mucormycosis to a cumulative dose of

between 3 and 5 g. Oral voriconazole (6 mg/kg IV q12h—

day 1/4 mg/kg IV q12h subsequently) and posaconazole

(200 mg q8h) were administered for aspergillosis. Due to

the possible nephrotoxicity of liposomal amphotericin B,

daily renal function tests were performed. Alteration in

dosage was tailored based on the renal tolerance. The

patients were taken up for further surgical debridement if

any suspicious lesions were noted on interval scans.

Statistical Analysis

To examine whether the distribution, determinants or

sequels of the disease had a specific propensity, we cal-

culated binomial probabilities using the equation

where :¼ P x ¼ kð Þ ¼ n
k

� �
pkqðn�kÞ

where

Fig. 3 Ptosis of left eye in a patient with frontal sinus mucormycosis

Fig. 4 Contrast enhanced computed tomography (CECT) images

showing the involvement of left maxillary, ethmoid and frontal

sinuses

Fig. 2 Palatal mucosal discolouration in a patient with mucormycosis
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n
k

� �
¼ n!

k! n� kð Þ!

k Observed frequency of a success

P Probability of observed frequency (x = k)

p Hypothesised probability of a success

q Hypothesised probability of not getting a success (1 - p)

n Number of trials

For example, to decide on the propensity of the disease

to a specific gender, we calculated the probability of get-

ting 0, 1 or 2 male/female patients out of a total of 18, had

it been a chance occurrence. All these probabilities were

added to determine the probability of such skewed occur-

rence of getting all such extreme values (3 or less male/

female patients) had it occurred by chance alone.

The above were exact probabilities and obviate the

requirement of any interval estimate. Significance level

was set at p\ 0.05. However, we have quoted exact

probability of a particular (and equally extreme)

occurrences.

Results

A total of 18 cases were included in the study, of which 15

were male and 3 were female. The age bracket of the

patients was 35-73yrs with a mean age of 54.6 years. All

18 patients were Covid positive, 14 previously and 4 on

admission. Out of 18 patients, 16 were poorly controlled

Fig. 5 Specimen of a partially resected maxilla in a patient who

reported with avascular necrosis

Table 1 Patient determinants and distribution

No Age Sex Diagnosis COVID status on admission Diabetes Steroid administration

1 58 Male Mucormycosis Positive Yes—poor control Yes

2 56 Male Mucormycosis Previously ? ve Yes—poor control Yes

3 35 Male Mucormycosis Previously ? ve Yes—poor control Yes

4 73 Male Mucormycosis Previously ? ve Yes—poor control Yes

5 53 Male Mucormycosis Previously ? ve Yes—poor control Yes

6 55 Male Mucormycosis Previously ? ve Yes—poor control Yes

7 63 Male Mucormycosis Previously ? ve Yes—poor control Yes

8 52 Female Aspergillosis Previously ? ve Yes—poor control Yes

9 37 Male Mucormycosis Positive Yes—poor control Yes

10 45 Male Mucormycosis ? Aspergillosis Positive Non-diabetic No

11 53 Female Mucormycosis Previously ? ve Yes—poor control Yes

12 68 Male Mucormycosis Previously ? ve Yes—poor control Yes

13 67 Male Mucormycosis Previously ? ve Non-diabetic Yes

14 61 Male Mucormycosis Previously ? ve Yes—poor control Yes

15 49 Male Mucormycosis Previously ? ve Yes—poor control Yes

16 63 Female Mucormycosis Previously ? ve Yes—poor control Yes

17 57 Male Mucormycosis Positive Yes—poor control Yes

18 39 Male Mucormycosis Previously ? ve Yes—poor control No

Male—15 Mucor—16 Previously ? ve—15 Diabetic—16 Yes—16

Female—3 Aspergillus—1 Positive on admn.—3 Non-diabetic—2 No—2

Mixed—1

p = 0.0075

(significant)

p = 0.0309

(significant)

p = 0.0013 (significant) p = 0.0013 (significant)
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diabetics and two patients were non-diabetics. All 18

patients presented with symptoms of maxillary sinusitis.

Loss of vision was noted in 12 of the 18 patients (which

was not statistically significant) and 7 of them underwent

orbital exenteration (not statistically significant). Maxillary

necrosis was seen in 14 of the patients (statistically sig-

nificant; p = 0.03), 11 of whom underwent maxillectomy

(not statistically significant). Intracranial extension was

seen in 9 patients (not significant statistically). All but two

patients received steroids for management of their covid

infection either previously or after diagnosis was confirmed

upon admission. Endoscopic sinus surgery was performed

in 17 patients. Mucormycosis was seen in 16 patients,

aspergillosis in 1 patient and mixed infection in 1 patient.

All patients received liposomal amphotericin B at the dose

of 3–5 mg/kg. Eleven of the patients survived, 6 died and 1

was lost to follow-up. Of the deceased patients, 4/6 had

loss of vision at the time of presentation and 5/6 patients

had intracranial extension. There was a significantly higher

incidence of males in the study (p = 0.0075). There was a

significantly higher incidence of diabetes (p = 0.03)

amongst these cohort of patients who were Covid-19 pos-

itive with mucormycosis. A significantly higher number

(p = 0.0013) of patients were administered steroids at some

point during the treatment. Results are summarised in

Table 2.

Discussion

Mucormycosis is a rare and lethal fungal infection caused

by the family of Mucoraceae, which belongs to the class of

Phygomycetes or Zygomycetes [11, 12]. This fungus usu-

ally resides as a commensal of the nasal mucosa and in

conditions of immunosuppression like diabetes, ketoaci-

dosis, solid organ transplant, severe burns, etc. can ger-

minate in the nasal cavity and paranasal sinuses to invade

the palate, orbits and brain, often leading to death [13]. The

long-term use of glucocorticoids has also shown to con-

tribute to mucormycosis in patients [14]. In this study, the

authors observed a significantly high number of patients

with a history of corticosteroid administration. The inci-

dence of mucormycosis is not age or gender dependent, and

the significantly higher number of males in this study may

be a reflection of higher Covid-19 prevalence of males in

India. In India till 25 May 2020, approximately 66.8% of

Covid-19cases were identified to be males [15]. As men-

tioned earlier, the most common type of mucormycosis

seen is rhino-cerebro-orbital mucormycosis (44–49%),

followed by cutaneous (10–19%), pulmonary (10–11%),

disseminated (6–11%) and gastrointestinal (2–11%) [16].

Presenting signs and symptoms usually are: headache,

Fig. 6 Orbital exenteration

done in a patient with loss of

vision and orbital spread of the

disease. A: Specimen of left eye

along with contents of the orbit

till the orbital apex. B: Left orbit

after completion of exenteration

Fig. 7 Section shows broad aseptate hyphae branching at right angle

(black arrowhead) consistent with mucor species (H and E 9 40)

along with dense inflammatory infiltrate (white arrow)
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fever, unilateral facial swelling, orbital cellulitis, with the

presence of palpebral oedema, ptosis, chemosis and oph-

thalmoplegia [17]. The prognosis of the infection is poor

with the overall mortality ranging between 33.3 and 80%

[17, 18]. Computed tomography (CT) is the first diagnostic

tool used to assess status of sinuses, although extent of

extra-sinus spread is best judged with magnetic resonance

imaging (MRI) [11]. A definitive diagnosis of mucormy-

cosis as the causative fungal species is achieved only after

a histologic examination of the biopsy specimen is per-

formed, and culture and KOH examination may be used

only as a suggestive tool to identify the presence of

mucormycosis. Aspergillosis of the Head and neck is also

confirmed by histological examination.

The spurt of mucormycosis cases in recovered and fresh

Covid-19 cases in multiple centres of Bangalore city, India,

over the last 6 months is both a matter of concern and is

clearly associated with treatment for the same with corti-

costeroids. The incidence (18 cases) that the authors have

encountered in itself qualifies as an epidemic of

mucormycosis within the Covid-19 pandemic. We have

hypothesised this acute increase to be due to infection with

Covid-19 contributing in more than one way. Firstly, the

immune dysregulation seen as the reduced numbers of T

lymphocytes, CD4 ? T and CD8 ? T cells may alter

innate immunity increasing propensity for secondary fun-

gal infections [19]. Secondly, the pathogenesis of Covid-19

resembles the spectrum of thrombotic microangiopathies

(TMA) causing angioinvasion and endothelial damage

much like that of mucormycosis, aggravating the disease

[4]. Thirdly, glucocorticoids have been used extensively to

reduce hospital stay and mortality related to Covid-19.

Dexamethasone and methylprednisolone have both been

incorporated into most protocols in COVID-19 infection

especially in moderate to severe cases [20, 21]. Due to the

immunosuppressive nature of glucocorticoids, patients

become more susceptible to secondary infections.

Table 2 Sequelae, treatment and outcomes

No Loss of Vision Sinusitis Maxillary necrosis Intracranial

extension

FESS Maxillectomy Exenteration Survival status

1 Yes Yes Yes Yes Yes Yes Yes Alive

2 Yes Yes Yes No Yes Yes Yes Alive

3 Yes Yes Yes Yes No No Yes Deceased

4 Yes Yes Yes Yes Yes No No Alive

5 Yes Yes Yes No Yes Yes Yes deceased

6 Yes Yes No No Yes No No Alive

7 Yes Yes Yes No Yes Yes Yes Alive

8 Yes Yes No Yes Yes No No Alive

9 Yes Yes Yes Yes Yes Yes No Deceased

10 Yes Yes Yes No Yes Yes Yes Alive

11 Yes Yes Yes Yes Yes Yes Yes Deceased

12 No Yes Yes Yes Yes Yes No Deceased

13 No Yes No Yes Yes No No Alive

14 No Yes Yes No Yes Yes No Alive

15 No Yes No Yes Yes No No deceased

16 No Yes Yes No Yes No No Survived & LTF*

17 Yes Yes Yes No Yes Yes No Alive

18 No Yes Yes No Yes Yes No Alive

Maxillary necrosis—

14

Present—9 Yes—11 Yes—7 Alive—11

No maxillary

necrosis—4

Absent—9 No—7 No—11 Deceased—6

*Lost to follow-

up—1

p = 0.1189 p = 0.0309 p = 0.2379 p = 0.4807 p = 0.4807

NS (not

significant)

Significant NS NS NS

*LTF = Lost to follow-up
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The relationship between infection and diabetes is well

established and bifacial. Uncontrolled diabetes creates a

milieu for infections and infection derails glycaemic

homeostasis [22]. People with type 2 diabetes are

increasing in every country, but more than 80% live in low

and middle –income countries such as India, Bangladesh,

Bhutan, Pakistan, Sri Lanka, the Philippines and Indonesia.

Amongst the top 10 countries in the world, India stands

second with 77 million people with diabetes and another

36.5 million with prediabetes which is a high-risk condition

for diabetes and cardiovascular disease [23]. As of 2019,

the prevalence of diabetes in India has remained at 11.8%

in the last four years, according to the National Diabetes

and Diabetic Retinopathy Survey report, 2019. Males

showed a similar prevalence of diabetes (12%) as females

(11.7%). The association of mucormycosis with uncon-

trolled diabetes is proved and it is known to be an infection

peculiar to diabetics, rarely seen in the normal population

[22, 24]. Diabetes in itself is not a risk factor for con-

tracting Covid-19 infection; however, severe disease and

adverse outcomes are more likely in individuals with dia-

betes. Conversely, Covid-19 infection can worsen diabetes

control and some treatments used for COVID treatment

(e.g. steroids) can exacerbate hyperglycaemia [22].

It is easy to assimilate from the above discussion that the

increased incidence of mucormycosis and aspergillosis

(IFI) of the maxillofacial region is not only caused by

diabetes, Covid-19 infection and steroid administration

independently, and this trinity has also coexisted in this

pandemic and has self-potentiated the problem of immune

dysregulation leading to fungal invasion and tissue necro-

sis. Our significant numbers of diabetics and steroid

administration come to prove this very hypothesis. Due to

the high mortality of the disease, early intervention by

aggressive surgical debridement, systemic antifungals and

management of underlying medical illness are quintessen-

tial to survival. A standard blanket protocol of steroid

administration for Covid-19 infection may need to be

revisited and an emphasis on tight glycaemic control dur-

ing and after Covid-19 infection should be laid.

Central retinal artery occlusion (CRAO) is now a well-

known ophthalmic complication of Covid 19 that can lead

to permanent vision loss [25–27]. Mucormycosis can cause

both central ciliary and retinal artery occlusion [28]. In

cases where blindness presents very late and there is clear

radiological evidence of invasion of the orbital cavity by

the mucor fungus, exenteration of the involved eye will

help reduce gross disease burden and prevent intracranial

spread. Some cases even warrant partial or total maxil-

lectomy as seen in our study. Repeated surgical debride-

ment may be needed for local control of the disease, and an

aggressive surgical approach seems to improve patient

survival. It is important to note that once the diagnosis is

suspected, all immunosuppressive therapy should be

reduced or discontinued if it is possible, and amphotericin

B/voriconazole (depending on the organism isolated) is

initiated [29].

Conclusion

SARS-CoV-2 has laid bare the limitations of human

understanding of disease processes and its treatment. It is

clear that a one-size-fits-all approach has significant limi-

tations even in the public health setting. While corticos-

teroids have proved to be life-saving in several instances of

Covid-19, it has proved to be a double edged sword and

indiscriminate use has come with its price. It is vital that

caution and discretion be used in the prescription of ster-

oids. All patients should be monitored closely for sequelae

of immunosuppression for months following treatment.

The presence and severity of diabetes are an indicator of

poor prognosis making good glycaemic control and early

recognition vital for a favourable outcome. This ominous

trinity of Covid-19 infection, diabetes and steroids makes it

imperative that doctors have a low threshold of suspicion

for this otherwise uncommon entity and act promptly albeit

judiciously.
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