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Abstract Rhino-orbital mycosis has been recently recog-

nised as one of the sequelae in COVID-19 recovered

patients. In India, detection of mucormycosis is declared as

notifiable disease. In this article, the authors aim to

describe the characteristics of patients presenting with post

covid fungal infection which could be detected on 10%

potassium hydroxide (KOH) wet mount and Giemsa stain

put on crush biopsy smear. We describe 10 COVID-19

recovered patients admitted to ENT department of the

hospital during second wave of COVID-19 infection. They

presented with post covid fungal sinusitis and ophthalmic

complications and planned for surgery. KOH mount and

Giemsa stain were used for possible opinion and confirmed

by culture. The observations were described in mean and

percentages. All ten (100%) COVID-19 recovered patients

were previously diagnosed with type 2 diabetes mellitus

(DM) for 2–11 years. All 10 patients (100%) were given

oral or intravenous corticosteroids for mean of 21 days

(3 weeks—till presentation to ENT department). Simple

procedures with 10% KOH mount and Giemsa stain could

detect fungal hypae in all the cases and could provide

possible opinion in 9 of 10 (90%) cases for timely man-

agement of the patients. The authors hypothesize that

uncontrolled DM and prolonged use of corticosteroids may

act as culprits of rhino-orbital mycosis in COVID-19

recovered patients. Simple and routine 10% KOH mount

and Giemsa stain may provide early opinion of fungal

hypae to ensure quick management and survival of the

patients.

Keywords Covid-19 � Diabetes-mellitus � Corticosteroids �
Mucormycosis � KOH � Giemsa

Introduction

Coronavirus disease is caused by severe acute respiratory

syndrome coronavirus 2 (SARS-COV2). The infection

spreaded across the continents resulting in pandemic [1].

The first wave hit the patients more severely with co-

morbidities like diabetes mellitus (DM), heart problems,

body mass index[ 40 kg/m2 and age[ 60 years [2]. The

second wave of COVID-19 is more severe and brought

healthcare system to use plasma therapy, remdesiver

injections, corticosteroids and oxygen cylinders [1]. The

clinical manifestations of patients with COVID-19 infec-

tion are common in both waves: fever, cough, fatique and

shortness of breath [1]. The second wave has also came

across features like headache, localised pain, nasal dis-

charge, sinusitis, orbital cellulitis and dimuniation of vision

due to rhino-orbital fungal infection occuring few weeks

after recovery of COVID-19 patients [3–5]. Fungal infec-

tion mainly affects people on medication due to their

reduced ability to fight environmental pathogens [3–6]. The

detection of mucormycosis- an uncommon opportunistic

invasive fungal infection is declared as notifiable disease

under Epidemic Diseases Act 1897 on 19 May 2021 in

India. Mucormycosis is caused by species of Rhizopus,
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Mucor and Absidia [7]. It may be a terminal complication

of uncontrolled diabetes. The incidence of mucormycosis

has increased considerably as a result of widespread use of

steroids, antibiotics and antimetabolites [4–7]. The infec-

tion starts in the upper respiratory tract or nose by

inhalation of spores and may invade adjacent tissues like

orbit, sinuses and brain [7]. Till date approximately 28,200

cases of mucormycosis have been recorded in India [8].

Warning signs of rhino-orbital fungal infection include

sinusitis, blurred vision, redness of eye, blocked nose, local

pain, blackish discoloration over bridge of nose and palate

on clinical examination [3–5]. The other opportunstic

fungal infections reported in COVID-19 patients are

oropharyngeal candidiasis and respiratory tract aspergillo-

sis [9]. The commonly used fungal stain is KOH as wet

mount to demonstrate fungal hypae on the nasopharyngeal

swab [7]. The present article demonstrates the character-

istics of COVID-19 recovered patients presenting with

clinical features suspicious of rhino-orbital fungal infection

and the use of routine KOH mount and Giemsa stain on

crush biopsy smear for early detection and management.

Methods

The clinical details of 10 patients who were recovered from

COVID-19 infection and admitted to ENT department in

the hospital in month of May 2021 were noted down (Table,

(Fig. 1a). Imaging was done in each case as computed

tomography (CT) or magnetic resonance imaging (Fig. 1b).

Nasal endoscopy was done in all 10 cases (Fig. 1c). The

cases with intracranial extension on imaging were referred

to higher centre and not considered. Advanced endoscopic

sinus surgery (AESS) was planned in all 10 cases after

taking written consent. The operated specimen was labelled

as nasal/paranasal mucosa and sent to lab in normal saline

for fungal microscopy (Fig. 2a). Two crush smears were

made from the blackish area of the specimen (Fig. 2b) and

stained with 10% KOH and giemsa stains respectively

(Fig. 2c-d). Microscopy was done first at 20X and then 40X.

Broad, aseptate to sparsely septate, wide angled branching

fungal hypae were considered belonging to order mucorales

and thin septate acute angled branching fungal hypae were

suggestive of aspergillus. [7], The rest of the biopsy spec-

imen was outsourced for fungal culture. The observations

and results are expressed in mean and percentages.

Observations

The clinical features of 10 patients are tabulated in

table (Table 1). In the present article, 6 of10 (60%) were

male and 4of10 (40%) were females patients. The mean

age of the patients admitted was 53.3 (28–70years). The

predominant symptom was headache seen in 10 of10

(100%) patients, diminution of vision was observed in 3

of10 (30%) patients. Other complaints were cheek swel-

ling, nasal obstruction, nasal discharge and localised pain

(Fig. 1a). All 10 cases were not vaccinated. All patients

were COVID-19 positive reported either by reverse tran-

scriptase polymerase chain reaction (rtpcr) positive seen in

6 of10 cases (60%) or antigen positive observed in 4 of10

(40%) of patients. The mean number of days with patients

presenting with rhino-orbital fungal infection was 24.6

days (range 22–28 days) from their COVID -19 positive

status. Imaging as CT or MRI was done in all the cases

which showed infective sinusitis in 7of10 cases (70%). The

predominant risk factor was DM type –II seen in 10 of10

cases (100%) present for a mean of 4.5 years (range 2–11

years). The mean random blood glucose level at presen-

tation to ENT department was 299.4mg/dl (range:

185–447mg/dl). All patients (100%) were taking oral

hypoglycemic drugs and 4of10 (40%) were using insulin

also. All 10 patients (100%) were given oral corticosteroids

as part of management of COVID-19 infection for mean of

24 days (range: 21 days- till presentation to ENT depart-

ment). The administered doses were methylprednisolone

(MP) 16mg TDS or dexamethasone (DX) 8mg BD with

tapering doses over weeks. The oxygen saturation of the

patients during COVID-19 positivity ranged from 90 to

99%. However, none of the patients required ventilator

support or admission in ICU. 3 of10 (30%) patients

required 2litre-8litre external oxygen support through

oxygen cylinders for 5–7 days. All 10 of10 (100%) patients

underwent nasal endoscopy and later were planned for

AESS as treatment modality. In all the patients, the oper-

ative mucosal specimen was labelled and sent to pathology

lab for fungal microscopy and culture. On microscopy with

KOH mount and Giemsa stain, broad aseptate to sparsely

septate fungal hypae possibly belonging to order muco-

rales/mucormycosis were noted in 7 of10 (70%) cases

(Fig. 3a-b) and thin acute angled, branched septate fungal

hypae possibly belonging to family aspergillus observed in

2 of10 (20%) cases (Fig. 3c-d). Predominantly thin septate

and occasional broad sparsely septate fungal hypae seen in

1 of10 (10%) cases and was reported as possibly mixed

infection (Fig. 3e). The reports could later be confirmed by

fungal culture as 7 cases of mucormycosis (70%) and 3

aspergillus (30%). So, in 9 of 10 cases (90%), KOH mount

and giemsa stain could provide opinion correlating with

fungal culture. All the patients were given antibiotics and

antihistaminincs post surgery and advised for nasal

douching. 3 of 7 patients 42.8% diagnosed with

mucormycosis were given liposomal amphotericin B (5mg/

kg/day) and 1 of 3 patients (33.3%) diagnosed with

aspergillosis was given oral posaconazole in a dose of 50
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mg TDS for 5 days at the time of resolution. The opthal-

moplegia regained back after AESS in all 3 of 3 (100%) of

patients presenting with dimuniation of vision with better

perception of light after 5–7 days of surgery. None of the

deaths reported so far.

Discussion

Coronavirus disease is caused by SARS-CoV2 virus which

has infected approximately 174 million people globally so

far. According to WHO, India has reported

29,359,155 confirmed cases of COVID-19 infection

with 367,081 deaths from 3 January 2020 to 12 June 2021

[10]. COVID-19 infection has hit India badly during the

second wave. On May 7th 2021, India has recorded its ever

highest 4.14 lakhs COVID-19 cases in a single day [10].

The most common symptoms of covid-19 remain fever, dry

cough and fatique. People above 60yeras of age, with heart

and lung problems, obese, diabetic are at higher risk of

becoming critically ill. People who have had COVID-19

infection whether hospitalized or not continue to experi-

ence fatique, respiratory and neurological symptoms for

some time [10].

The COVID- 19 infection dysregulates CD4 ? and

CD8 ? cells disturbing the innate immunity which

increases the chances of secondary fungal and bacterial

infections [11, 12]. In our article, all the 10 patients were

COVID- 19 positive (22–28 days) before detection of

fungal infection. COVID-19 patients have more pro-in-

flammatory (IL-1, IL-2, IL-6, tumor necrosis factor- alpha)

cytokine levels and less CD4 interferon-gamma expression

which increases the risk of invasive fungal infection in

them.

Mucormycosis and aspergillosis are important oppor-

tunstic systemic mycoses. Their spores are inhaled in

immunocompromised states which germinate in nasal

cavity, paranasal sinuses, lung orbit and brain which may

lead to death [7, 12]. All our 10 patients were 2–11 years

old diabetic. Diabetes is a state of immunosuppression.

Fig. 1 a Patient presenting with nasal blockage, local pain and orbital swelling. b Nasal endsoscopy showing pale mucosa with black necrotic

eschar. c CT scan showing rhino-orbital mucosal thickening, edema and mass collection suggestive of infective etiology
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Hyperglycemia in diabetic patients distrupts immune

response and affects cellular immunity, causes defective

phagocytosis, suppresses cytokine production and results in

failure to attack microbes causing invasion by secondary

fungal infections [13]. COVID-19 infection virus (SARS-

Cov 2) itself causes hperglycemia as the virus damages the

pancreatic islets due to cytokine storm [10, 14]. So, the

blood glucose levels increases significantly in already

diabetic patients when infected with COVID-19. It is rec-

ommended by WHO to monitor blood glucose levels twice

daily for 3–4 days in COVID-19 patients and to start

insulin if pre-meal blood glucose level is C 180 mg/dl or

post-meal blood glucose C 250 mg/dl to avoid uncon-

trolled hyperglycemia [10]. In our article, 7 of10 cases

were confirmed as mucormycosis and 3 of10 cases as

aspergillus. The authors noted that mucormycosis which

was seen in 70% of cases had random blood sugar level

more than 300 mg/dl at presentation while in 30% cases

noted as aspergillus had blood sugar level less than

300 mg/dl. So, we may hypothesize that mucorales need

more sugar level for their growth. However, more research

needs to be done for its support.

The second wave of COVID-19 infection caused

extensive use of corticostroids as a part of COVID-19

management either as hospital care or at home under online

supervision. Glucocorticosteroids have anti-inflammatory

and immunosuppressive effects.

Steroids antagonizes IL-1, IL-6, TNF and microbicidal

activities of activated macrophages [15].

Some studies have shown that prolonged use of corti-

costeroids to control cytokine storm contributed to more

susceptibility to fungal infection due to their immunosup-

pressive behaviour [11, 12, 14, 15]. Steroids also affects

glycemic status causing hyperglycemia. According to

WHO, if COVID patient is initiated on steroids, blood

glucose monitoring should be done as before breakfast,

lunch and dinner and after dinner also [10]. In our article,

all 10 of 10 patients have used high doses glucocorticos-

teroids (Table 1) at least for 3 weeks and 4 of 10 were

taking steroids till they were presented to ENT department.

Fig. 2 a Blackish to pinkish mucosal specimen. b smear preparation from blackish area of specimen. c Smear with 10% KOH wet mount.

d Smear stained with Giemsa stain
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This may further suppressed their immunity causing

opportunstic fungal infection. The prevailing guidelines in

India recommends intravenous methyl prednisonone 0.5-

1 mg/kg/day or dexamethasone 0.1–0.2 mg/kg/day for

moderate COVID-19 cases and 1-2 mg/kg/day or

0.2–0.4 mg/kg/day dexamethasone for severe cases for

total of 5–10 days and doesn’t recommend steroids for

mild cases with SpO2[ 94% at room temperature [16].

In the present article, the authors hypothesize that the

trinity of COVID-19 infection, uncontrolled diabetic status

and prolonged use of corticosteroids may act as cofactor

for each-other causing vicious cycle for suppression of

immunity allowing secondary fungal infection. In our

article, the predominant symptoms were headache, nasal

blockage, pain at local area, diminution of vision after few

days of COVID-19 infection recovery. These features may

be taken as initial warning symptoms in COVID-19

recovered patients for early suspicion of secondary fungal

infection. Only 3 of 10 patients were given amphotericin B

and 1of 10 patients was given posaconazole, So, we

hypothesize that post-surgical antifungals are not neces-

sarily required till the tissue infection is restricted below

skull bone. All the patients survived till date without any

further complication.

The simple routine 10% KOH mount and Giemsa stain

on crush biopsy smear may help for early diagnosis of

fungal infection and to report the possible type of fungus

for early management. Bala K et al showed in their study

the utility of KOH wet mount for detection of mucormy-

cosis [17]. The detection of fungal elements on Giemsa

stain is rarely studied [18]. However, in cases where KOH

mount may not help to visualize the type of fungal hypae

Fig. 3 a Smear showing broad, wide angled aseptate fungal hypae

(thick arrow) possibly belonging to Mucormycosis (10% KOH 40X).

b Smear showing broad, wide angled aseptate fungal hypae (thick

arrow) possibly belonging to Mucormycosis. Background shows

inflammatory cells and necrosis (Giemsa 40X). c Smear showing thin,

acute angled septate fungal hypae (thin arrow) possibly belonging to

aspergillus (10% KOH 40X). d Smear showing thin, acute angled

septate fungal hypae (thin arrow) possibly belonging to aspergillus.

Background contains few inflammatory cells (Giemsa 40X). e Smear

showing predominant thin septate fungal hypae (thin arrow) with

occasional sparsely broad (thick arrow) fungal hypae (10% KOH

40X)
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clearly due to absence of colored staining, Giemsa stain

may provide more light on type of fungal hypae to dif-

ferentiate non-septate from septate hypae, to know mixed

fungal and/or bacterial infection and to highlight

the background.

Conclusion

Our study may be limited by short follow up duration but

the authors primary aim was to report the characteristics of

COVID- 19 recovered patients who presented with rhino-

orbital mycoses. Patients should be made aware of strict

glycemic control and limited use of corticosteroids.

Patients should seek immediate medical attention if

develops headache, pain, facial swelling, diminution of

vision so that timely medical action may be taken for

ensuring survival. Surgical debridement of nectrotic tissue

is cornerstone of treatment which also provides sample for

immediate fungal microscopy by KOH wet mount and

Giemsa stain to provide quick possible diagnosis for timely

management of the patients.
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