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Nasal polyps are usually associated with inflammation, allergy or
mucoviscidosis. The global burden of patients with COVID-19 infection,
including that in the Indian sub-continent,is still very high and they are
at an increased risk of developing invasive fungal infections probably
due to their immunocompromised state. Here, we review 4 cases of
fungal nasal polyposis in patients with an ongoing or past history of
COVID-19 infection with or without associated co-morbidities.

Keywords: COVID-19, Fungal Nasal Polyposis, Aspergillus,
Mucormycosis

Introduction

Fungi are eukaryotes, which have a nucleus with a RNA-
rich nucleolus and other cytoplasmic organelles. They are
described within the eukaryotes by the absence of their
flagella, thus making them immotile, spore production
during asexual reproduction and the requirement of aerobic
environment for their growth. Their cell wall contains chitin,
glucan and glycoproteins. The cell wall composition differs
among various fungal organisms which can be used to
differentiate one from another.! The most common human
infections include Rhizopus (most commonly R.oryzae
& rhino-orbital cerebral mucormycosis), Rhizomucor
and Mucor. A few less common infections include
Cunninghamella, Absidia, Saksenea and Apophysomyces.
The mode of transmission can be through inhalation or
through direct inoculation. The most commonly affected
sites of involvement include sino-nasal, orbital, CNS,
pulmonary, systemic, cutaneous and gastrointestinal

infection secondary to pre-existing ulcers in malnourished
or it can disseminate in the absence of treatment.?

Nasal polyps are associated with inflammation, allergy,
or mucoviscidosis and clinically, appear as soft exophytic
masses extending laterally from the mucosa into the
anterior part of the middle meatus. Fungal rhinosinusitis
(FRS) describes a spectrum of diseases ranging from benign
colonization of the nose and sinuses by fungal organisms to
acute invasive and life-threatening inflammation extending
to the orbit and brain.?* The phylogenic classification of
fingal organisms® is shown in Figure 1.

The extent of fungal infection depends on the immune status
ofthe host with invasive lesions seen inimmunocompromised
status.> COVID-19 infection caused by SARS-COV-2 has
been known to cause pulmonary andextra-pulmonary
symptoms.There is also a higher chance of invasive fungal
infections, especially inimmunocompromised andseverely
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ill patients.® This article describes the clinicopathological
findings in sino-nasal polyposis during the COVID pandemic.
The classification of fungal rhinosinusitis is depicted in
Figure 2.

Materials and Methods

The clinical details of the cases have been collected from
the medical records department of our hospital which
are shown in Table 1. CT scan was done for case 2 and

case 3, the images of which are shown in Figure 3. The
histopathological diagnosis was determined from the
morphology using routine haematoxylinandeosin stain
and special stains such as Periodic acid Schiff stain and
Gomori’'smethenamine stain. The fungal species were
histologically differentiated based on their microscopic
appearance. The photo-micrographic plates are shown in
Figures 4-7.
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Table |.Clinical Details of the Patients
S. No. Chief Complaints Past History COVID Status
Right facial pain, headache, foul- Not a known case of diabetes mellitus,
1. smelling discharge from the right side of hypertension, tuberculosis, bronchial Post COVID
the nose for 4 months asthma, epilepsy or thyroid disorder
Growth in the right nasal cavity & right Not a knovs{n case of dlabgtes meII|t.us, .
2. hypertension, tuberculosis, bronchial COVID positive
nasal blockage for 14 days . A
asthma, epilepsy or thyroid disorder
Right side nasal blockage, headache, Not a known case of diabetes mellitus,
3. increased perception of smell, mouth hypertension, tuberculosis, bronchial COVID positive
breathing for 1 month asthma, epilepsy or thyroid disorder
Known case of Type Il DM for 10 years on
. . . regular treatment.
4. Left facial swelling, headache, running Not a known case of hypertension, Post COVID
nose for 2 months . . .
tuberculosis, bronchial asthma, epilepsy or
thyroid disorder
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Figure 3.CT Images of Case 2 (A) showing Bilateral Nasal Polyposis with Maxillary Thickening and Case 3 (B)
showing Right Antrochoanal Polyp
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Figure 4.A&B; H & E: Sections show polypoidal tissue lined by pseudostratified ciliated columnar epithelium
with squamous metaplasia. Stroma shows chronic inflammatory infiltrates, dilated submucosal glands &
fibrosis; C-E: Few fragments show fungal organisms with septate hyphae, acute angle
branching & conidiospores
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Figure 5.A: Sections show polypoidal tissue lined by pseudostratified ciliated columnar epithelium with
squamous metaplasia. Stroma shows oedema, haemorrhage, congested blood vessels infiltrated by acute &

chronic inflammatory infiltrates. B-E: One of the fragments show long filamentous hyphae with septae & acute
angle branching. Conidial spores were also seen
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Figure 6.A: Sections show polypoidal tissue lined by pseudostratified ciliated columnar epithelium with
focal squamous metaplasia. Stroma is oedematous with dilated blood vessels, few submucosal glands &
acute chronic inflammatory infiltrates. B & C: Sections show septate acute angle branching fungal hyphae,
conidiospores & fruiting bodies
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Figure 7.A& B: Sections show polypoidal tissue lined by pseudostratified ciliated columnar epithelium with focal
squamous metaplasia & erosion. Stroma shows dense inflammatory infiltrates, occasional giant cells, oedema
and areas of necrosis; C & D: Sections show broad-based right-angled fungal hyphae

Discussion

Our study included 4 patients, all of them were middle-
aged female patients, 2 of them were COVID-19 positive
and 2 were in the post-COVID status, during our study
period. They presented with complaints such as nasal
blockage, growth in the nasal cavity, foul-smelling nasal
discharge, facial pain and headache. They did not receive
any corticosteroid therapy for the COVID-19 infection, since
the severity of infection was of milder degree. 3 out of 4
patients had Aspergillus infection while one of the patients
had Mucormycosis infection who was a known case of type
2 diabetes mellitus and was on medication.

Mucorales and Aspergillus are present ubiquitously in the
soil, dust, unfiltered air and decaying plants and humans
are exposed daily to these fungal organisms.

Mucormycosis is an extremely rare fungal infection that
can occur in an apparently healthy individual. In a recent
estimate, the prevalence of mucormycosis in the global
population ranges from 0.005 to 1.7/million, while in the
Indian population, it is nearly 80 times higher. Even though
mucormycosis occurs in immunocompromised individuals
such as patients who have undergone organ transplantation

or in haematological malignancies, diabetes mellitus still is
considered a high-risk factor for developing mucormycosis.
India, being the second largest population with diabetes
mellitus worldwide, has increased number of mucormycosis
cases also. Our study included a case of mucormycosis who
is a known case of diabetes mellitus on treatment and she
has had COVID infection a few weeks ago suggesting that
her underlying immunocompromised state due to diabetes
and COVID infection might have predisposed her to develop
mucormycoses infection.”®

The pathogenic mechanism involves mononuclear cells,
macrophages and neutrophils. The fungal spores are
phagocytosed by the tissue macrophages cells by producing
perforin, reactive oxygen metabolites, antimicrobial
enzymes and few cationic peptides, while a few spores
that escape this phagocytic function develop into hyphal
forms resulting in neutrophil chemotaxis with an oxidative
cytotoxic effect.

They also attract other immune cells by releasing pro-
inflammatory cytokines like interlukin-1 beta (IL-1b),
tumour necrosis factor (TNF-a) and interferon-gamma
(IFN). Because of this overexpression of inflammatory
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cytokines, reduced CD4+ T and CD8 + T cell counts because
of impaired cell-mediated immunity thus resulting in severe
lymphopenia. The dissemination of the infection resulting
in tissue damage occurs because of failure of this initial
inflammatory response.®

On the other hand, Gupta A et al.!° has suggested that
the increased incidence of mucormycosis infection in the
COVID-19 patients who did not have a previous history of
diabetes mellitus, can be because of the affinity of SARS-
CoV-2 to the ACE2 receptors could have directly damaged
the beta cells in the pancreas or indirectly by damaging
the blood vessels of the beta cells resulting in endothelitis
which is an understudied subject in COVID-19-associated
mucormycosis. The innate immune system plays a vital role
in fighting the fungal infection by releasing oxygen free
radicals to destroy their hyphae in a healthy individual. In
a COVID affected individual, the innate immune system is
affected, so there will be a precocious release of these cells
from the marrow, as the site of origin of neutrophils s in the
bone marrow, more immature forms of these neutrophils
will be released which makes them incompetent to fight
these fungal infections.

Jeicanll et al. in their study, have compared the
histopathological and ultramicroscopic features of chronic
rhinosinusitis with nasal polyp(CRSWNP) and COVID-19
samples in 25 patients. They found out that features
like inflammatory infiltrate predominantly composed
of eosinophils, thickening of the basement membrane
with fibrotic and edematous stroma are more commonly
identified in the CRSWNP group than in the COVID-19
samples. In addition to these features, COVID-19 samples
in their study have also shown a viral cytopathic like feature
with lymphocyte predominant inflammatory infiltrate. In
our study, all four cases showed squamous metaplasia of the
lining epithelium, acute and chronic inflammatory infiltrate
predominantly composed of lymphocytes, neutrophils
and a few plasma cells. One of our cases showed stromal
oedema with giant cell reaction to the fungal hyphae. But
we did not observe any viral cytopathic like feature in our
case study.'!

The characteristic histopathological features of
mucormycosis infection will be giant cell invasion, thrombus
formation and necrosis of the damaged tissue. Our case
also showed similar histopathological features. The possible
aetiological agents triggering polyps are identified as allergy,
infections due to bacterial, fungal andviral organisms
andenvironmental pollution!*?* Fungal colonization with
evidence of invasion is important for suitable management.
In our cases, the fungal invasion was seen as superficial
fungal infections. No definite invasion was noted. Even
though our case did not show any of the invasive features,
the special stains showed the characteristic morphology
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of mucormycosis such as the broad-based fungal hyphae
and right-angled branching of the fungal hyphae. COVID-19
infection may cause secondary infections related to
immunosuppression.

“Fungal ball” occur inimmunocompromised patients. They
are defined as a densely matted ball of extra-mucosal
fungal hyphae thatneither shows evidence of invasion
nor elicit a granulomatous reaction in the surrounding
stroma. The most commonly encountered organism are
the Aspergillus species, though different fungal species
can produce a fungal ball. Microbiological cultures can be
done but they are considered unreliable with decreased
positive rates probably because of the poor viability of the
fungal organisms. One of our patients showed fungal ball
histologically, andpresented with complaints of facial pain,
right nasal blockage and foul-smelling nasal discharge. It
commonly affects the maxillary sinus and three of our
cases presented with maxillary sinus polyp and one of them
presented as bilateral antrochoanal polyp.'

Both Mucormycosis and Aspergillosis are lethal fungal
infections even after medical and surgical management
with the mortality rate over 50%.* Both mucormycosis and
Aspergillus infections can even co-exist in some patients and
their combined incidence ranges from 1.88% to 25%. Singh
AV et al. in their study has included 10 consecutive cases
with dual/ mixed COVID associated mucor-aspergillosis
(CAMA) with all the patients having a positive diabetic
history. These patients were also having certain other
increased associating risk factors such as corticosteroid
therapy and living under unhygienic environments.®

Singh S et al. has shown that even allergic fungal rhinosinusitis
(AFRS) has been associated with vision loss in a series of four
cases during this COVID-19 pandemic because of delayed
surgical management because of COVID restrictions such
as travel restriction. Usually, AFRS is a slowly progressive
disease causing paranasal sinus expansion which may
even lead to bony erosion of the skull base. The pressure
can cause damage to the optic nerve or it can inhibit the
blood supply resulting in complete/ partial blindness.'” But
our patients did not show any such serious complications
caused by the fungal organisms.

Few studies have reported that aspergillus plays an
important role in worsening the prognosis of the COVID-19
patients. Agrawal S et al, in their case report, have suggested
that aspergillus infection as the possible etiological agent as
the cause of death in a young 20-year-old pregnant female
with COVID-19 infection who had no other clinical history
of immunosuppression despite active management which
shows the fatal sequelae of the fungal infection even when
there is no immunosuppression.1®

Selarkal et al. in their prospective, observational study
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included COVID affected patients with mucormycosis
from three tertiary care hospitals to observe their clinical
presentation, risk factors, diagnosis and prognostic
outcomes. Out of 2567 patients, 47 had mucormycosis
infection and majority of them had other co-morbid
conditions like hypertension and diabetes mellitus and a
minority of the patients had sinusitis. Their study has shown
that hyperglycemia, severe pneumonia, ventilator support
and not receiving the COVID-19 vaccination as important
predisposing factors.®

Bhanuprasad K et al.?° has analysed the risk factors
for developing mucormycosis in a prospective cohort
study including 132 patients with rhino-orbito-cerebral
mucormycosis (ROCM) and a control group of 32 patients
who had negative RT-PCR results for COVID-19 but had
ROCM. Both groups had diabetic patients either as
uncontrolled diabetes mellitus or newly diagnosed diabetes
mellitus. Also, patients have undergone corticosteroid
therapy even in milder infections. They have shown that
steroid use has been significantly associated with COVID-
MUCOR. In conclusion, they have shown that conventional
risk factors such as diabetes mellitus, use of industrial-grade
oxygen and recent injudicious use of corticosteroids which
in itself can cause hyperglycaemia resulting in dysfunction
of the phagocytes has resulted in a surge of mucormycosis
infection during COVID pandemic in Indian population.

Singh K et al.”has done a study in a recent estimate, using
data from PubMed and google scholar including 101 cases
of COVID-19 patients with mucormycosis infection, out
of which 82 cases were from the Indian population and
19 were belonging to rest of the world. About 80% of
these cases were associated with diabetes mellitus and
approximately 15% of the cases were having diabetic
ketoacidosis. Mortality rate was observed in approximately
30% of the cases.

Invasive mucormycosis has been associated with COVID-19
patients suffering from trauma, diabetes, glucocorticoid use,
prolonged neutropenia, etc.? Aspergillosis is also implicated
in life-threatening infection if there isimmunosuppression
with COVID-19 infection.?** Though all our cases had
superficial infections, those with COVID & diabetes mellitus
had mucormycosis. Many studies have shown a higher
incidence of mucormycosis in COVID-19 patients with
diabetes mellitus. The more likely causes for developing
mucormycosis are hyperglycaemia, widespread use of
steroids for COVID-19 infection (which alone can cause
increased blood sugar levels and high risk for developing
opportunistic infections) and iron overload resulting in
dysfunction of the phagocytes.?’ Since this increases the risk
of invasiveness, proper follow-up & treatment is required.
Though there were no studies related to the increased
infections due to cloth masks, all these cases had used

cloth masks andwhether that predisposed them to fungal
infection, is not known.

Conclusion

This case study highlights the importance of clinical history
andhistopathological examination of sino-nasal polyps.
Though all these patients had similar symptoms of nasal
block andallergic rhinitis, the presence of COVID infection
andimmunosuppressed states should not be underscored
and proper follow up is needed in these cases.
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