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Abstract

Background: COVID 19 has been rapidly spreading across the globe. As a result of

alteration of the immune milieu by COVID 19 and its treatment, there has been a rise

in opportunistic fungal infections particularly Mucormycosis in these patients. Delay

in diagnosis of these fungal infections can be fatal. The usual diagnostic modalities

used to detect Mucor include potassium hydroxide (KOH) mount, fungal culture, and

histopathology. Since histopathology and fungal culture have a long turnaround time

we are dependent on KOH mount for rapid results. Here we investigate the role of

stained cytology smears in the rapid diagnosis of Mucormycosis.

Methods: A prospective observational study was conducted in a tertiary health care

hospital on samples of patients clinically suspected to have Mucormycosis. We per-

formed May Grunwald Giemsa (MGG) and Papanicolaou (PAP) stains on the remnant

samples of nasal swabs/scrapings/biopsies after KOH test and fungal culture. We took

16 KOH positive and 16 KOH negative samples. We also examined 16 fresh samples

from patients whose earlier samples were reported to be negative on KOH test.

Results: The 6/16 KOH positive samples were found to be positive on stained cytol-

ogy smears and 2 were mixed infections wherein both Mucor and Aspergillus were

seen. The 4/16 KOH negative samples were positive for Mucor with one sample hav-

ing both Mucor and Aspergillus. The 3/16 repeat samples which were earlier negative

on KOH test were positive for Mucor.

Conclusion: Stained cytology smears if used in conjunction with KOH test can

increase the overall sensitivity of detection of Mucormycosis and mixed infections.
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1 | INTRODUCTION

Since its outbreak in Wuhan, China in December 2019, Corona virus

Disease (COVID 19) caused by Severe Acute Respiratory Syndrome

Virus 2 (SARS CoV 2) has spread rapidly across the globe and evolved

to become a major pandemic. As of August 2021, there are more than

200 million infected cases with more than 4 million deaths reported

worldwide.1 The incidence of fungal co-infections in COVID 19 patients

has been on the rise. These include Aspergillosis, Mucormycosis, Candi-

diasis, Cryptococcosis with Mucormycosis being the commonest.

Mucormycosis, a rare but potentially dangerous infection is caused by

filamentous fungi Mucorales.2,3 By May 28, 2021, almost 14,872 cases
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of Mucormycosis have been reported in India.4 These infections are

associated with rapid progression and a poor clinical outcome. Thus,

early diagnosis and appropriate quick management are of utmost impor-

tance in reducing fatality due to severe fungal co infections in COVID

19 patients.

For diagnosis, specimens are usually obtained from nasal and par-

anasal sinuses and include nasal swabs, scrapings, or nasal crust biop-

sies. Swabs can directly be taken from the fungal lesions present

externally on the skin of face (eyes, nose etc.).5 The usual diagnostic

modalities used to examine these specimens include potassium

hydroxide (KOH) mount, fungal culture and histopathology. While

KOH has a rapid turnaround time, results from histopathology and

culture are often delayed. Although KOH has good sensitivity, it may

be supplemented with a diagnostic method which can examine these

specimens and give fast and reliable results.6–8

Traditionally cytology has been used in aspirated materials for

fungal diagnosis. Cytological examination of aspirates helps identify

most fungi by their morphological characteristics. Zygomycetes

including Mucor are characterized by wide (3–25 μm) ribbon like,

irregular branching pauciseptate hyphae.9–11 In the present study we

examined the remnants of samples including nasal swabs/scrapings/

biopsies after KOH test and fungal culture were done. We performed

May Grunwald Giemsa (MGG) and Papanicolaou (PAP) staining on

smears prepared from the crushed material. We also performed

cytospin on the saline solution in which the sample was sent. Further,

we did cytological examination on fresh samples from patients who

were previously reported as negative for fungus on KOH wet mount

(on an earlier sample) but were clinically suspected to have

Mucormycosis. Here, we report our findings and discuss the utility of

cytological examination using MGG and PAP staining for diagnosis as

well as species identification.

2 | MATERIAL AND METHODS

2.1 | Study design

It was a prospective observational study with duration of 2 months

conducted in May–June 2021, in the Department of Pathology and

Department of Microbiology of our Institute. Consent and Institu-

tional ethical clearance have been obtained.

2.1.1 | Participants and sample size

Total sample size was 48. All the patients were Covid 19 positive

(39 were RT-PCR positive, 9 patients were diagnosed on clinical and

radiolological findings) and now presented with clinically suspected

Mucormycosis. Our study included two kinds of samples

1. Remnants of nasal swabs/scrapings/biopsies of COVID 19 patients

with clinically suspected orbital/sino-nasal Mucormycosis which were

sent to Department of Microbiology for KOH test. Samples included

Those testing positive for fungus on KOH = 16.

Those testing negative for fungus on KOH = 16.

2. Repeat samples from patients who tested negative for fungus on

KOH test done on an earlier sample, now sent to the Cytology

Laboratory, Department of Pathology, for MGG and PAP

staining = 16.

2.2 | Inclusion criteria

Hospital admitted COVID 19 patients with suspected Mucormycosis,

of all ages and either sex, whose samples were sent to Department of

Microbiology for KOH test, and to Department of Pathology for MGG

and PAP staining were included.

2.3 | Exclusion criteria

Samples having scant material were excluded.

2.4 | Methodology

Remnants from samples sent to Department of Microbiology for KOH

test along with samples sent directly to Department of Pathology for

cytological examination, were taken.

For swabs, the material suspended in the saline was collected

using a wire loop followed by spreading it on two separate glass slides

in circular motion. The smears prepared were stained with MGG and

PAP stain. A 3 mL of saline in which the swab was suspended was col-

lected in a plain test tube and was cyto-centrifuged following which

MGG and PAP was done on the smears prepared. Sample collection

and smear preparation were done while taking all precautions to pre-

vent cross contamination.

For scrapings and biopsies, a small piece was taken using a loop

and kept on the slide and another slide was used to spread it with uni-

form pressure, following which the same procedure as above was

repeated.

The same procedure was followed for slides which came directly

from wards to the Cytology Laboratory, Department of Pathology.

After all the smears were stained, the slides were examined for

presence of fungus using Dewinters Opticals Microscope at 4�, 10�,

20�, and 40� objectives. The observations were noted as positive or

negative for fungus on MGG and/or PAP stain.

3 | RESULTS

Percentage positivity for Mucor in MGG and/or PAP stain in all three

categories of samples were calculated. We compared results of KOH

test with MGG and/or PAP stain (Figure 1).

KOH status of the samples was known and result on MGG and/or

PAP stain was the variable under study.
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Out of 16 samples that were reported as positive for Mucor on

KOH test (Figure 2A), 6 samples were positive for Mucor on MGG

and PAP staining. Out of these six cases, two were mixed infections

having both Mucor and Aspergillus (Figure 3). Four out of these six

cases were culture positive (Figure 3B and C).

Out of 16 patients who were reported as negative for fungus on

KOH test, 4 were positive on MGG and/or PAP stain. Out of these,

one was found to have both Mucor and Aspergillus. Two out of these

four samples were culture positive (Table 1).

Out of 16 repeat samples from patients who were earlier

reported as negative for fungus on KOH test done on a previous

sample, 3 were positive for Mucor on MGG and/or PAP stain done on

the repeat sample (Figure 4). Two out of these three were culture pos-

itive on the earlier sample on which KOH was done (Table 1).

4 | DISCUSSION

Coronavirus Disease 19 (COVID 19) caused by SARS CoV 2 has been

sweeping across the globe at a rapid pace. A major cause of concern

in patients with severe COVID 19 illness is susceptibility to opportu-

nistic bacterial and fungal infections.12 Increased susceptibility to

F IGURE 1 Basic structure of study
conducted

F IGURE 2 (A) KOH mount showing hyphae of Mucor. (B) Culture showing growth of Mucor. (C) Culture showing growth of Aspergillus
[Color figure can be viewed at wileyonlinelibrary.com]
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these infections is attributed to a rise in proinflammatory markers

such as IL-1, IL-6, and TNF-α, decreased CD4 IFN-γ expression and

reduced CD4+ and CD8+ T cells.13 The common opportunistic fungal

infections encountered in COVID patients include Mucormycosis, Pul-

monary Aspergillosis, Oropharyngeal Candidiasis, Pneumocystis

jiroveci pneumonia, Cryptococcosis, Histoplasmosis, and so on, with

Mucormycosis being the commonest.2,3 Mucormycosis is an uncom-

mon, acute, fulminating fungal infection caused by filamentous fungi

of the family Mucoraceae (Class: Zygomycetes, Order:

Mucorales).14,15 Factors that predispose a COVID 19 patient to

F IGURE 3 (A) Tangles of Mucor
hyphae seen with intense background
staining (MGG 400�). (B) Mucor hyphae
present in necrotic background (MGG
400�). (C) Acute angle branching of
Aspergillus surrounded by inflammatory
cells (PAP 400�). (D) Thick, non septate
hyphae of Mucor (PAP 400�) [Color
figure can be viewed at

wileyonlinelibrary.com]

TABLE 1 Results of MGG and PAP staining and fungal culture

Total
samples

Positive
on culture

Positive on MGG
and/or PAP

% Positivity on
MGG and/or PAP

Culture results of positive
MGG and PAP samples

KOH positive samples 16 8 6 37.5% 4

KOH negative samples 16 7 4 25% 2

KOH negative on an earlier sample 16 5 3 18.75% 2

F IGURE 4 Bar graph showing total
samples taken, number of samples
positive for fungus on MGG/PAP staining
and number of samples positive on
culture [Color figure can be viewed at
wileyonlinelibrary.com]
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develop this fungal infection include poorly controlled diabetes, pro-

longed (>3 weeks) use of high dose systemic corticosteroids, zinc sup-

plementation, longer ICU stay with oxygen support or mechanical

ventilation and conditions like malignancy, organ transplantation, and

so on.14,16

Primary site of inoculation of the fungal spores is nose and par-

anasal sinuses. The clinical presentation can be rhino orbital, cerebral,

pulmonary, cutaneous, gastrointestinal, or disseminated, based on the

organs involved.14,17 Patients commonly present with unilateral facial

swelling, headache, fever, visual impairment, nasal congestion and

black lesions over nasal bridge and inside mouth, and so on.18 In clini-

cal settings, fungal co-infections in COVID 19 are often neglected and

thus the diagnosis of Mucormycosis is delayed.19 Fungal hyphae grow

to invade the blood vessels and result in tissue infarction which leads

to tissue necrosis and vessel thrombosis.5 Early diagnosis is important

as the lesions may be rapidly progressive and destructive and may

even turn out to be fatal.19,20

Morphologically, under light microscopy Mucorales are identified

as thin walled, ribbon like, irregularly branching, pauciseptate hyphae

measuring 10–20 μm in width.17

Various techniques have been employed for diagnosing

Mucorales. Direct microscopy of KOH wet mounts can be used for a

quick presumptive diagnosis of Mucormycosis. This method is simple

to perform, quick, inexpensive, minimally invasive and carries a good

sensitivity.21 A definitive diagnosis is based on demonstration of fun-

gal hyphae in biopsies from affected tissues.22 Histopathology as a

diagnostic tool helps to differentiate between the presence of fungus

as a pathogen and a culture contaminant.23 Histopathology with

Grocott–Gomori Methenamine Silver (GMS) stain, Periodic Acid-

Schiff (PAS) can help highlight the fungal wall.9,24

Mucorales can also be cultured on Sabouraud Dextrose, brain

heart infusion or potato dextrose agar at 25–30�C.9 However, the

utility of fungal culture as a method for diagnosis is limited as it does

not conclusively indicate infection with the organism identified.9 It is

relatively expensive and takes at least 3 weeks to give reliable

results.21 Reported sensitivity of fungal culture (57%) is lower than

that of KOH mount while the specificity is comparable (92.8%).15

Traditionally, nasal swab specimens have been tested by KOH

wet mount for quick diagnosis of fungal infections.10 However with

the advent of fungal infections post COVID there is a need to develop

diagnostic modalities that can work in conjunction with KOH wet

mount and increase overall diagnostic sensitivity and specificity. Delay

in diagnosis may postpone treatment which may be fatal.11,13 In a

study by Singhal et al. accuracy of fungal identification on microscopy

in cytological specimens was reported to be 79%.11

Our study highlights the utility of using MGG and PAP staining as

an adjunct to the KOH test for fungal detection. MGG and PAP

staining showed positive results in 37.5% of cases which were

reported as positive for Mucor on KOH test. They showed broad, rib-

bon like fungal hyphae which were aseptate and showed right angled

branching. This low rate of detection on MGG and PAP staining may

be explained by the fact that representative samples were already

used for KOH test and fungal culture. While all the samples were

reported to be positive for Mucor on KOH mount, on stained cytology

smears we found two cases to have mixed infection i.e. in addition to

the broad aseptate hyphae with right angled branching we found

hyphae which were narrow, septate and showed acute angled

branching. These were consistent with Aspergillus. This highlights that

morphology is better appreciated on stained smears. While the organ-

isms were identified both on MGG and PAP stains, the morphology

was easily identifiable on PAP stained smears since the MGG stained

smears showed intense background staining. The smears examined

were cellular with some cases showing brisk neutrophilic infiltrate

intermixed with ciliated columnar cells, background necrosis, and

other chronic inflammatory cells. In most cases which were positive

for fungus, the hyphae were lying in close association with the necro-

sis and neutrophilic infiltrate. However no eosinophils were identified

in the smears examined. The morphology of Mucor as well as Asper-

gillus seen in our cases was consistent with that described on smears

prepared from fungal lesions. Classically, Aspergillus has been identi-

fied by the presence of slender, septate hyphae which branch at acute

angles.11,17 In contrast to this, Mucor has broad, aseptate hyphae that

branch at right angles.24

MGG and PAP stains showed a positivity rate of 25% among the

samples that were reported as negative on KOH test. One of the sam-

ples showed a mixed infection with both Mucor and Aspergillus. This

highlights the fact that if we use MGG and PAP stained smears in

addition to KOH test, detection rate will increase drastically and

results can be dispatched on the same day. This will lead to prompt

treatment and decreased fatality in Mucormycosis patients.

Further, detection of Mucor in 3 out of 16 repeat samples from

patients previously reported as negative, highlights the need for a

repeat test after an initial KOH negative test. The sensitivity and spec-

ificity of KOH mount have been studied in various fungal infections

and have been reported to be 64.5% and 72.5%, respectively, for oral

Candidiasis,6 81.8% and 92.8%, respectively, for Onychomycosis7 and

71% and 32%, respectively, for Dermatophytoses.8 Though the

method can give immediate results with minimal infrastructure

requirement, it fails to identify the fungus to its genus or species

level.22 The samples which are reported as KOH negative are next

used for a fungal culture test using culture media like Sabouraud Dex-

trose Agar at 25–30�C. Results for the fungal culture test take a lon-

ger period which is at least 3 weeks21 thus delaying quick patient

management. Using the two methods (KOH test and MGG and PAP

staining) in conjunction can overcome this delay and allow for quicker

detection with a higher sensitivity. In addition to the increased sensi-

tivity, MGG and PAP testing proves to be more specific as it also

allows for morphological examination, thus making species identifica-

tion easier.

The goal of treating fungal co infections in COVID 19 includes

treating the COVID 19 infection, underlying co-morbid illnesses, and

controlling the blood sugar levels. The European Conference on Infec-

tions in Leukemia (ECIL-6) recommends treating mucormycosis with a

combination of lipid amphotericin B and caspofungin, or lipid

amphotericin B and posaconazole. For invasive aspergillosis, ECIL-6

recommends voriconazole, and isavuconazole.25 Thus, species
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identification of the infective fungal organism is equally important so

that appropriate treatment can be initiated, failing which the manage-

ment might be insufficient. Early surgical debridement must be

planned when the systemic illness is stabilized and when facilities for

postsurgical care are available.26

5 | CONCLUSION

With the advent of COVID 19 the occurrence of Mucormycosis has

increased manifold. There is an urgent requirement of rapid and cheap

diagnostic modalities as delayed diagnosis may lead to increased mor-

tality. Traditionally stained cytology smears have not been used for

evaluation of nasal swabs, nasal crust scrapings, or nasal crust biop-

sies. In this study we have evaluated the role of stained cytology

smears on remnants of samples which were sent for KOH and culture

for the detection of mucormycosis. Based on our results we conclude

that stained cytology smears cannot replace KOH test but if used in

conjunction, will definitely increase the overall sensitivity and specific-

ity (species identification) of diagnosis on the same specimen.
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