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COVID-19 (SARS-CoV-2) has emerged as one of the worst pandemics that have tormented the globe due to its
highly contagious nature. Even if the disease manifests fever-like symptoms mostly, the disease may progress to
the pulmonary-hyper inflammatory phase, with severe pneumonia, hypoxia and subsequent multiple organ
infection. This subsequently creates a huge burden to the health care systems across the globe for an immediate
arrangement of ventilator facilities, oxygen supply and advanced health care. We evaluated the pathological
similarity of COVID-19 with other airway obstructive disorders such as COPD and asthma and found typical
mucus hypersecretion and mucus plugging in COVID-19 subjects. From several bronchoscopy and clinical au-
topsy carried out in COVID-19 patients, the overexpression of mucin gene was evident which play a significant
role in mucus hypersecretion and accumulation, leading to airway obstruction and further to respiratory distress.
In the present work, we highlight the need for intense research inputs to elucidate the exact role the mucus plays
in worsening COVID-19 symptoms. This will further help to find a proper approach to quantify the airway mucus
plugging in each patient and to develop an appropriate therapy either to inhibit mucus secretion or to improve

mucus clearance through well-designed clinical trials.

Introduction

The novel coronavirus, SARS CoV2, came to light towards the end of
2019, had gripped the globe in a massive fever quarantine with a
dashboard pointing towards the pandemic peak with 79,686,071
confirmed cases of COVID-19, including 3,899,172 deaths, reported to
WHO as of June 2021[1]. The primary mode of transmission of the
disease is thought to be through the droplets, where the viral S protein
interacts with ACE receptor in the lungs of the host, with a basic
reproduction number of 3, indicating the ability of the virus to infect
another three from the index person [2]. The infected person remains
more contagious or infectious during the initial days of illness due to
heavy viral load in the airways and the viral load is linked with the
severity of disease especially in the elderly and health workers [3]. This
initial phase of infection manifests as fever, headache, myalgia, throat
irritation and dry cough. An appropriate early immune response is suf-
ficient to block the disease progression at the initial phase itself. But, a
delayed or insufficient immune reaction leads to a pulmonary phase
which manifests as viral pneumonia with hypoxia. In susceptible
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patients, abrupt or hyperinflammatory response worsens the disease to a
complicated phase which is typically labelled as ‘cytokine storm’ char-
acterized by the excess level of pro-inflammatory cytokines, ferritin and
C-reactive protein leading to multiple organ failure, Acute respiratory
distress syndrome (ARDS) or Severe hypoxemia, which are the serious
conditions for intensive care such as invasive ventilation or other stra-
tegies to improve oxygenation [4].

The airway to the lungs is lined with epithelial tissue which is
covered by mucus (5-50 pm thickness), which serves as the first barrier
to the external environment. [5] This function is performed by trapping
harmful pathogens and dust particles and then removing them via
mucociliary clearance. The level of mucus in our body is regulated by
two mechanisms: mucus secretory cells and mucus ciliary escalator [6].
The functional properties of mucus seems to depend upon mucin, one of
the major macromolecular constituent of mucus. They are responsible
for providing mucus with viscosity and elastic properties. They are
classified into two groups: secretory-based and membrane-tethered. In
the lung tissue and lung airway, about 3 different secretory mucins
(MUC2, MUC5AC and MUC5B) and 3 different membrane-tethered
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Table 1

Therapies targeting mucus synthesis, secretion and clearence against COVID-19.
SL Therapy/technique Outcome
no
Existing Therapies

a) Mucolytics
Carbo-cysteine

Break down the mucus strands by
destabilization of the chemical structure of
disulfide bonds.

Increases the concentration of sialomucin
via stimulation of sialyltransferase,
improves endopeptidase levels and also
increases the chloride transport across the
airway epithelium which is beneficial in
muco-regulation.

Reduce cytokine storm

Reduce sputum viscosity

Prevention of ROS induced pulmonary
oedema, cytokine storm and respiratory
failure via scavenging hydroxy radical and
reducing the crosslink forming disulphide
bonds thereby, degrading the dimensional
network of mucus.

N-acetyl cysteine

b) Expectorants
Guaifenesin Indirect activation/stimulation of
gastrointestinal vagal afferent nerves
triggers reflex parasympathetic glandular
secretion from submucosal glands and

goblet cells.

e Increase the hydration of the mucus layer
e Decrease mucin production and secretion
e Reduce the viscoelasticity of mucus.
Iodide containing e Reduce chest discomfort
expectorant (Potassium e loosen and break up mucus in the airways
iodide)
c) Mucoactive Drugs
Bronchodilators e Enhance mucociliary function, thus increase
mucociliary clearance
d) Osmolar agents
Mannitol e Increase mucosal water content reducing

the viscosity of mucus.

Effective in improving mucociliary
clearance.

Can be administered by spraying in the
mask.

A cost-effective safe method. [54]

Hypertonic saline

Novel Therapies [55]

a) CXCR2 antagonist CXCR2 antagonist inhibits neutrophil

(AZD5069) movement and thereby inhibit mucin
secretion.
b) EGFR Tyrosine kinase Reduces mucin synthesis and goblet cell
inhibitor (Gefitinib) hyperplasia.
c) P38inhibitor Inhibit mucin secretion by airway epithelium
(Acumapimod) through inhibiting MARCKs protein.

d) Anti-IDO antibody, clone IDO is an enzyme that is responsible for

10.1 converting tryptophan to kynurenines. It is
upregulated by interferon y. By inhibiting this
mechanism, MUC gene expression via KYN
AhRsignalling pathway is down-regulated.
Inhibits airway mucus production and goblet
cell hyperplasia.
It is an analogue of Myristoylated —N terminal
sequence(MANS) and Inhibits MARCKS.
Techniques to removes mucus from the airway [56]
a) Chest physiotherapy (CPT) e Improves the airway clearance by removal
of the secretion thereby improving the
efficiency of the respiratory system.
It protects the lungs from collapse by
improving lung expansion.
It optimizes the ventilation-perfusion ratio.
A pipe-shaped controlled vibration device
used to produces positive expiratory pres-
sure and cyclic oscillations resulting in vi-
brations of airways which promotes mucus
expectoration.
c) High-frequency chest wall e Oscillations of air with high frequency helps

oscillator (HFCWO) in improved mucociliary clearance.

e) Statins (simvastatin)

f) Bio-11006

b) Flutter valve
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Table 1 (continued)

Sl Therapy/technique Outcome

no

It is developed from the technique of high-
frequency jet ventilation.

It is an alternative to conventional
physiotherapy.

increases resistance to expiratory airflow to
promote mucus clearance by preventing
airway closure

This technique gives independence to the
patient since it can be carried and is easy
and convenient.

d) Positive Expiratory
Pressure (PEP) device

mucins (MUC1, MUC4, MUC16) are found to play a major role [7].
Along with the defensive role, mucin also performs functions such as
encapsulating, holding and liberating biologically active molecules in
signal transduction; inflammation, proliferation, differentiation and
immune response regulation[8]. Besides their protective role, mucus
and mucin are seen to play a role in many pulmonary obstructive
disorders.

Upon evaluating many respiratory conditions such as Asthma,
Chronic obstructive pulmonary disease(COPD) etc, it was observed that
the mucus plugging of airways has a significant correlation with
increased morbidity and mortality. In asthmatic patients, even after the
sputum is expectorated, airway obstruction persists due to the mucus
hypersecretion occurring in the distal airway. As the distal airways are
too narrow, a slight elevation of mucus level may result in airway lim-
itation and rapid decline of lung function[9]. In comparison with other
respiratory conditions such as COPD and Cystic fibrosis (CF), mucus in
an asthmatic patient is more viscous and tends to form mucus plugs.
Autopsy studies have shown that mucus plug formation is the main
reason for mortality in asthma patients[10]. In a study with 146 asthma
patients, 67% of subjects showed a high mucus score (plugs in greater
than 4 segments) with marked eosinophilia [11]. The pathophysiolog-
ical phenotype in asthma is exhibited as airway inflammation, luminal
mucus hypersecretion with MUC5B (low charge glycoform) and
MUC5AC as the major mucin constituents (MUC5AC < lcgf
MUC5B>>>»MUC2), goblet cell hyperplasia and plasma exudation. The
secretory mucins (MUC5B& MUCS5AC) lining the airways are suspected
to contribute towards mucus hypersecretion in asthmatic patients [12].
Two significant signaling pathways, IL-13/ IL-4 receptor a complex and
epidermal growth factor are the inducers of MUC5AC secretion [13].
Strong clinical evidence is available to support the improvement of lung
function in subjects with asthma by giving drugs targeting mucus
secretion or synthesis [14]

Another important pulmonary pathology characterized by mucus
hypersecretion is Chronic obstructive pulmonary disorder (COPD), a
progressive disorder that manifests as a myriad of diseases. This is
characterized by persistent airway obstruction which is related to the
chronic inflammatory response of the airway and lungs towards toxic
gas and particles. Inflammatory response and toxic particles cause injury
to the airway, which triggers to undergo structural changes (airway
remodelling). Bronchiolar smooth muscle hypertrophy, mural oedema,
peribronchiolar oedema, mucus metaplasia and mucus hypersecretion
(in airways less than 400 pm in diameter) are the common structural
changes in COPD patients. In a study, it was noted that MUC-1 expres-
sion was remarkably increased in COPD patients when compared with
that of healthy individuals of having normal lung function.MUC-1 is
suspected of triggering airway remodelling and thereby increasing the
number of mucus-producing cells [15]. Along with this, elevated levels
of MUC5AC and MUCSB are seen in the sputum collected from COPD
patients. When the sputum of smokers was examined, MUC5AC was
found to be the predominant mucin, whereas, in COPD patients, the
lower charged glycosylated form of MUC5B was abundant. Together
with this, mucus clogging in airways increases the risk of airway
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Table 2
Ongoing clinical trials targeting mucus secretory pathways against COVID-19.
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Drug Mechanism of clinical Expected Outcome Title of the study & NCT No
Action trial
N-Acetyl Cysteine Mucolytic Phase 2 Loose thickened mucus A Study of N-acetylcysteine in Patients With COVID-19 Infection:
NCT04374461
Aerosolized Dornase Alpha ~ Mucolytic Phase 3 Facilitate mucus clearance Nasal Irrigation to Reduce COVID-19 Morbidity: NCT04355364
Infliximab TNF-« inhibitor Phase 2 Improved oxygenation in hypoxia patients A Phase 2 Trial of Infliximab in Coronavirus Disease 2019
(COVID-19): NCT04443881
Anakinra IL-1 Receptor Completed Reduce hyperinflamation& respiratory Clinical Trial of the Use of Anakinra in Cytokine Storm Syndrome
antagonist distress Secondary to Covid-19 (ANA-COVID-GEAS): NCT04443881
Anti-interleukin Drug and Siltuximab -IL-6 Phase 3 Improvement in oxygenation Treatment of COVID-19 Patients With Anti-interleukin Drugs
their combination inhibitor (COV-AID): NCT04330638
Toclizumab -IL-6
inhibitor
Anakinra -1L-1
inhbitor
Anti-interleukin Drugs Toclizumab - IL-6 Recruiting Patient clinical status improvement and Comparison of Tocilizumab Versus Tocilizumab/Infliximab in
inhibitor improvement in oxygenation Patients With COVID-19-associated Cytokine Storm Syndrome
Infliximab — TNF-«
inhibitor

inflammation, bacterial load and hence, chances of disease exacerba-
tion. [16]. Therefore, techniques that can improve the mucociliary
clearance in COPD patients work better to improve the exacerbations
and poor health-related quality of life (HRQL), even though major
therapies still focus on bronchodilators and anti-inflammatory gluco-
corticoids [17].

Evidence supporting the mucus hypersecretion in COVID-19
patients

From all the aforementioned evidence, it is clear that besides the
protective role, abnormal or hypersecretion of mucus is associated with
sudden deterioration of the functioning of lungs, increased rate of hos-
pitalization and mortality in affected people. Reviewing the background
of COVID-19, we found evidence linking mucus hypersecretion and
disease severity. Blood analysis of COVID-19 patients in an early stage
showed a normal WBC count mostly. As the disease progress, they
exhibited significant neutrophilia and lymphopenia with a drastic in-
crease in the level of pro-inflammatory cytokines such as IL-6, IL-10, and
TNF-a. [18]. Therefore, as mentioned earlier, a severe COVID-19
infection can be indicated as a cytokine release syndrome which is
characterized by elevated plasma levels of pro-inflammatory cytokines
and markers. Several studies support that the pro-inflammatory cas-
cades trigger overproduction of mucus with altered composition and
impaired mucociliary clearance in infected respiratory epithelia, which
ends up in further obstruction of airways and respiratory distress
[19,20]. A clinical autopsy conducted in two severe COVID-19 patients
found that prominent mucus plugging with serous and fibrinoid
exudation in all respiratory tracts, which was not a ventilator-induced
lung injury. Bronchial mucus plugging and peribronchiolar metaplasia
were evident in these COVID patients, which resembles the morphology
of mucoid adenocarcinoma. The corona virus-infected alveolar macro-
phages acquire an aggregated phenotype with the massive release of
cytokines which contributes to hyperinflammatory responses, hypox-
emia, mucus plugging, and fibrosis in the respiratory tract [21]

Some studies suggested that neutrophils can form Neutrophil extra-
cellular traps (NET) which can either detain the viral particles or exac-
erbate lung hyper inflammation in COVID-19 subjects [22]. Veras et al.
reported elevated levels of NET in both the tracheal aspirate and plasma
of 32 hospitalized severe COVID-19 patients and also found it in the lung
tissue specimen during post-mortem analysis. They also observed
prominent mucus plugging in all the studied subjects which revealed the
link between neutrophilia and mucus hypersecretion. The hyper-
inflammatory and hyperimmune responses lead to NET overproduction
and a higher level of neutrophil elastase which trigger modifications in
mucus to become too thick and viscous with no antimicrobial properties.

This promotes bacterial colonization, facilitates secondary infections,
and eventually declining the respiratory functions of COVID-19 patients
[23,24].

A recent study thoroughly investigated the extent of mucus pro-
duction in COVID-19 infected lung epithelial cells of both humans and
macaques. H &E and periodic acid Schiff staining of bronchoalveolar
lavage showed the presence of abundant mucus and linked carbohy-
drates. It was further confirmed by immunohistochemical staining
which identified remarkably upregulated mucins mainly MUC 2,
MUCSA and MUCSB. Later, they demonstrated the role of interferons in
mucin overexpression. The study indicates that SARS CoV2 infection
triggers the release of IFN-y and IFN-f which activate aryl hydrocarbon
receptor (AhR) signaling and stimulate mucin genes. In the initial stage,
the synthesized mucus stick to the blood-gas barrier, increase its thick-
ness and reduce the gas exchange, specifically oxygen exchange in the
alveolar epithelial cells which manifest as silent hypoxia. But, as the
disease worsens, the inflammatory exudates combine with the thick,
viscous mucus and increases the barrier thickness to a greater extent
which impairs the gas exchange of both 02 and CO2 which ultimately
leads to critical illness [25].

Luigi Vetrugno and group, in 2020 described the imaging features of
COVID-19 patients mainly by lung ultrasound and high-resolution
computerized tomography (HRCT). This work reported the presence of
pathological fluid in alveolar space, increased sputum volume and
mucus hypersecretion in 40% of patients [26]. The formation of
colloidal mucus plug was also evident in another imaging study pub-
lished in the initial phases of the pandemic. This study evaluated the
autopsy of 12 deceased patients and reported unique pulmonary mani-
festation characterized by fibromyxoid exudates and thick mucus plug
formation, which was not observed in SARS-CoV-1[27]. From a series of
autopsies conducted, it was noted that the lungs of the COVID-19 victims
appeared heavy, firm, and edematous, with some haemorrhage areas
and thick mucus into the airways, and the mediastinal lymph nodes were
dimensionally augmented. [28].COVID-19 autopsies performed in
Oklahoma, USA was also reported diffuse alveolar damage, chronic
inflammation, mucus plugging and superimposed bacterial pneumonia
[29]. Among the 38 autopsy samples of COVID-19 from northern Italy,
24 cases showed inflammatory infiltration with abundant neutrophils
and lymphocytes in the alveolar lumina and importantly, dense mucoid
material in the lumina of bronchi and bronchiolar branches [30].
Approximately, 40% of COVID-19 patients exhibited an increase in
sputum volume [31] and mucus hypersecretion associated symptoms
and 33% of COVID-19 autopsies detected severe mucoid tracheitis in the
lower respiratory tract [32].

Another study showed that our immune system recognizes SARS
CoV2 as an allergen and establishes an allergic immunity against the
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Fig. 1. a) RESPONSE OF AIRWAY SECRETORY CELLS: NORMAL Vs SARS CoV2. The lung airway is lined with epithelial tissue, that is coated by a mucus layer. The
mucus layer protects the lungs from various external agents such as pathogens and dust particle by trapping and expel through mucociliary action. The elasticity and
viscous property of the mucus is governed by mucin, glycosylated macromolecular constituents of the mucin. In a normal airway epithelium, goblet cells and mucus
cells are responsible for mucin synthesis and secretion and hence control the thickness and nature of the mucus layer. The airway epithelium of lungs performs a
variety of critical function including, maintenance of lung fluid balance, metabolism and/or clearance of inhaled agents, attraction and activation of inflammatory
cells in response to injury and the regulation of airway smooth muscle function via secretion of numerous mediators. The airway epithelium is also the primary site of
contact for various external agents that may trigger mucus hypersecretion and cause airway obstruction. In a SARS CoV-2 infected airway epithelium, the mucin
secretion is upregulated as a result of a cascade of events originating from cytokine storm. Additionally with goblet cell hyperplasia and mucous cell hypertrophy
results in viscous mucus secretion. The virus also causes ciliary dysfunction, leading to impaired mucociliary clearance. This together with excess mucus pro-
ductionlead to mucus plug formation and airway clogging. The clogging increases the risk of airway inflammation and bacterial load thereby, causing disease
exacerbation leading to severeacute respiratory distress syndrome (ARDS). b) POTENTIAL ROLE OF MUCUS TARGETING IN IMPROVING LUNG FUNCTION OF
COVID-19 PATIENTS. We postulate that the drugs targeting elevated mucins to remove excess mucus clogging in airways can improve pulmonary complications in
COVID patient. This will subsequently improve efficiency or decrease the need for ventilation and oxygen therapy and also hastening recovery rate and improve the
survival rate.
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Fig. 1. (continued).

virus. This stimulates respiratory mucosal sensitivity and activation of
SOX2 gene which leads to goblet cell hyperplasia and mucus hyperse-
cretion as same as other allergic and inflammatory diseases [33].Apart
from the reports depicting mucus plugging as an acute manifestation of
COVID-19, a case report of painless-noninflammatory tracheal mucus
hypersecretion in COVID-19 has been published in 2020, which was the
first to suggest mucus plugging as one of the long term symptoms of
COVID-19. They reported that the hyperstimulation of tracheal goblet
cells by the coronavirus triggered mucus production and accumulation
of mucus leading to hypoxemia and suffocation in patients though the
patient did not have a severe COVID-19 infection [34].

The above-noted analysis gives a clear picture of the similarity in
disease progression of COVID-19 with typical mucus hypersecretory

diseases such as asthma and COPD. This is clear from several studies that
factors like MUC5AC, MUC5B, MUC1 etc are overexpressed and the
changes in them might be the reason behind the mucus adhesion, airway
obstruction later leading to respiratory distress. Hence, the excess mucus
load in the airways of COVID-19 patients is a prerequisite issue that is to
be addressed, if not, it will make all the therapies ineffective like passing
oxygen through a blocked path or even worsen hypoxia in patients.

Hypothesis. Based on the background information, we hypothesize that
the drugs targeting elevated mucins or else implementing better ways to
remove excess mucus clogs in airways can improve pulmonary complications
in COVID-19 patients. This will improve the treatment outcome or drop off
the need for ventilation and oxygen therapy and thereby, gearing faster
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Fig. 2. DRUGS TARGETING POTENTIAL SIGNALLING PATHWAYS REGULATING MUCIN SYNTHESIS, MUCUS SECRETION AND MUCOCILIARY CLEARANCE.
The flowchart represents the various pathways that can be targeted to decrease mucus accumulation in the airway and reduce mortality in COVID-19 patients. Mucus
hypersecretion may occur due to increased mucin synthesis. Aberrant expression of mucin synthesizing genes and mucus hypersecretionoccur as a result of cytokine
storm in the hyperinflammatory phase of COVID-19 infection. This will further lead to the activation of various signallings such as IDO dependent KYN AhRsignalling
pathway and EGFRmediated MAPK pathway. This flowchart represents important signalling pathways involved in mucus production and suggests the drugs targeting
various signalling molecule, which helps to modulate mucus hypersecretion in COVID-19 patients.

recovery and get a better survival rate. Therefore, a proper consideration of
the mucus plug in COVID-19 patients and an adequate therapy based on the
pathological state can contribute greatly to reduce the hospital and socio-
economic burden during this pandemic time.

Justification of the hypothesis

Evidence of ACE receptor-mediated entry of SARS CoV2 is numerous,
while the virus can also utilize mucus, which is present in the outer and
inner layer of lung epithelial cells for entry into host cells. Depending on
the pattern and extent of glycosylation, mucin can either prevent or
facilitate virus entry into epithelial cells [35,36]. Sungnaket al in 2020
surveyed single-cell RNA sequencing data sets from valid resources and
reported significant overexpression of SARS CoV2 entry factors such as
ACE, TMPRSSS2 with detectable co-expression of mucin synthesizing
genes in a nasal goblet and ciliated cells. Since it does not require lysis
for release, SARS CoV2 is more likely to utilize inherent secretory
pathways in goblet cells and they signify the role of nasal carriage,
thereby mucin secretion in disease transmission [37]. Cantuti-castlevetri
et al in 2020 evaluated the role of Neuropilin-1 as the host factor to
facilitate SARS CoV2 entry after comparing published scRNA-seq data
sets of human lung tissue and human olfactory epithelium. They re-
ported abundant expression of NRP1 and NRP2 in almost all pulmonary
and olfactory cells and later confirmed the results after detecting posi-
tive immunoreactivity for NRP1 in human autopsic tissues, specifically
in the surface layer of human respiratory and olfactory epithelium [38].
Zhou R et al reported a positive correlation between NRP1and MUC 1
and found that MUC 1 can induce the expression of NRP1 [39]. All these

studies justify the significance of evaluating mucin expression and its
glycosylation to predict the extent of viral load in a host cell and sus-
ceptibility to COVID-19 infection, because of the involvement of mucus
and its associated genes in facilitating viral entry into epithelial cells.

A team of more than 60 pathologists and technicians assembled to
form a COVID-19 pathology team in Wuhan and Chongquing, China.
The team performed intensive pathological diagnosis and research at the
organ, tissue and molecular level on about 91 COVID-19 patients. The
study led to the conclusion that COVID-19 infection resulted in multiple
organ and tissue injury, especially in the lungs, which was characterized
by a prominent and extensive pulmonary lesion. There were also sig-
nificant pathological changes in the respiratory system as well; certain
areas of the bronchial mucosa displayed epithelial exfoliation, mucin
accumulation and mucin-plug formation. The team also found that most
of the victims of COVID-19 infections had mucus plugs in the alveoli and
the deep small airways as well, impairing ventilation. In such events of
lower airway obstruction, providing ventilatory support would be like
pumping water through a clogged pipe and will not resolve the issue and
may even lead to further damage[40]. A single-cell RNA sequence
analysis (scRNA-seq) was conducted by Jiangping He et al in 2020, on
the transcriptome profile of 8356 cells by subjecting them through
downstream analysis. For the study, the public pulmonary scRNA-seq
data set of 8 healthy donors were used as a control against COVID-19
samples. When they compared the differential expressing genes of a
healthy donor and COVID-19 patient, they noted that there is an in-
crease in the expression of gel-forming mucin (GFM), MUC5AC and
MUC2B as well as membrane-tethered protein MUC4, MUC16 and
MUC20([41].

A study was conducted by WenjuLu et al, in 2020 at the Guangzhou
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Institute of Respiratory Health (GIRH) on sixteen COVID-19 patients to
investigate the changes occurring in the lungs. The study identified that
the overexpression of mucin genes was evident that play a key role in
COVID-19 symptoms. [42]. For this study, an aspiration of respiratory
tract mucus from critically ill COVID-19 patients was performed by
bronchoscopy. Along with this, optical coherence tomography (OCT)
was carried out to obtain the cross-sectional images of bronchioles. Then
the sputum was subjected to component analysis and compared against
the healthy sample. MUC5AC and MUC1 were analyzed using ELISA and
MUCI cytoplasmic tail was measured using western blotting. In com-
parison, it was noted that the MUC5AC and MUC1 levels were elevated
in the COVID 19 patient and the OCT(Optical coherence tomography)
results showed an obstruction in the small airways of the bronchioles.
The mucus collected from the patient was highly viscous and concen-
trated and caused airway dehydration leading to mucus adhesion and
blockage of the airway. The increased mucus level and viscosity may be
due to elevated MUC5AClevel. The MUC1 and MUCI- cytoplasmic tail
were found on the cytoplasmic side of the cell, indicating disruption of
the alveolar epithelium of the airway. This disruption of the alveolar
epithelium was confirmed by the evidence obtained from the patho-
logical findings from the lung tissues of COVID-19 patients[42]

Importantly, Yixuan J Hou and the team explored SARS CoV2
pathogenesis and viral tropism along the human respiratory tract using a
reverse genetics system. The study generated valuable reference data for
future research, in which they identified the accumulation of aberrantly
secreted MUCS5BA in the alveolar region and they presented it as a
remarkable feature of COVID-19. They performed Alcian Blue Periodic
Acid Schiff staining (AB-PAS) in SARS CoV2 infected autopsy lungs for
detecting mucin or mucin-like carbohydrates. They found considerable
staining in the alveolar region of lung samples. Further, immunohisto-
chemical analysis was performed to characterize the components of the
stained area and found it as a mixture of secreted mucins, MUC5B and
MUCS5AC [43]. The aberrant accumulation of MUC5B in the alveolar
parenchyma manifests the typical feature of idiopathic pulmonary
fibrosis [44]. A detailed investigation of respiratory pathology was
conducted by Yin W and team and reported remarkable mucus plugging
in COVID-19 infected lungs. Histological staining revealed mucus
accumulation in many distal bronchioles with goblet cell hyperplasia
and hypoplasia of club cells. Importantly, the corona-infected respira-
tory epithelium showed MUCS5AC gene overexpression and poor
expression of MUC5B and CC16, which control mucus hypersecretion
mucociliary clearance respectively, as compared with healthy controls.
All these contribute to uncontrolled mucus production and accumula-
tion in airways which may cause dyspnoea or even death, if not
considered with caution. They also put forward a possibility of pushing
mucus plugs deep into the alveoli during mechanical ventilation, which
cover up most of the air exchange surface in the lungs and lead to severe
hypoxia. These evidence indicates the involvement of mucin in exacer-
bating COVID-19 symptoms [45].

In addition to the aforementioned evidence depicting the role of
mucus in COVID pathology, some studies suggest a positive treatment
response and faster recovery with drug targeting mucus in COVID-19
patients. A single centred, retrospective observational study analyzed
the sputum characteristics of severely ill COVID-19 patients with an
average age of 66.7 years. Among the 41 patients included in the study,
who are progressed to critical illness had increased neutrophil/
lymphocyte ratio and importantly, had a higher percentage of grade 3
sticky sputum within 10 days of the treatment. But, the group which has
received an early IV expectorant (greater than 270 g Ambroxol/day) and
drainage in the prone position avoided progression to the critical stage
and improved prognosis[46]. Furthermore, another single-centre,
observational study retrospectively analyzed critical ill COVID-19 pa-
tients who were received mechanical ventilation. The computational
and experimental analysis predicted that, in a healthy lung with surface
tension, y = 25dyn/cm and viscosity of mucus, u=0.01 P, the airway
opening pressure would be between 2.1 and 3.8 cmH20, whereas, in a
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COVID-19 infected lung, the accumulated lower airway mucus with the
same viscosity of medicinal glycerine or even peanut butter causes a
sharp increase in airway opening pressure to 35-42 or 30-49 cmH20. In
a normal adult, the maximal transpulmonary pressure during sponta-
neous respiration is approximately 25-30 cmH20, which is less than the
predicted airway opening pressure in covid-19 infected, mucus plugged
lungs. Thus, ventilation strategy might not be effective to open the air-
ways, which worsens the hypoxia and suffocation, eventually lead to
death [47].

Farooqui et al.evaluated 3 critical cases of COVID-19, who developed
ARDS and received supportive mechanical ventilation. By considering
the possibility of mucus overproduction and plugging due to either
underlying COVID infection or supportive ventilation, they imple-
mented proper airway hygiene management using mucolytics, bron-
chodilators, and tracheal suctioning. This strategy prevented acute
complications in the ICU and also long-term sequelae of infection [48].
Importantly, the trace element, zinc is being mostly evaluated as a
prophylactic or supportive treatment for COVID-19 because of its direct
anti-viral and immune-boosting properties [49]. Together with this, the
potential of zinc to activate P2X receptor and stimulate ciliary beat
frequency help to establish proper mucociliary clearance in COVID-19
patient and therefore, may prevent the disease occurrence or avoid
respiratory complications in COVID-19 patients [50,51].

With more than 12 active COVID-19 clinical trials and the proven
involvement of zinc deficiency in the pathogenesis of about 16% of deep
respiratory infections confer remarkable value to zinc as a promising
supplement against COVID-19 [52]. Likewise, a single centred case se-
ries evaluated the combined administration of dornase alpha and albu-
terol to five mechanically ventilated COVID-19 patients through an
inline nebulizer system. Dornase alpha as a recombinant human DNase
1, digested the DNA from neutrophil extracellular traps in the mucoid
sputum and cleared the mucus plugs interfering with the ventilation. All
the five patients under study were successfully extubated and recovered
with no drug-associated toxicity[53].

The above-discussed observations suggest that the cytokine storm
associated mucus plugging in airways makes COVID-19, a mucus
hypersecretory disease to some extent, which makes them unique from
the previous coronavirus family. Therefore, significant research input is
needed to clarify the exact role of mucus in COVID-19 pathogenesis to
understand whether it is protective or harmful. In the present work, we
hypothesize that the therapies which inhibit mucus hypersecretion or
improve mucociliary clearance are found to be relieving asthma, COPD
and cystic fibrosis and thereby, reduce mortality. The same techniques
can be extrapolated to COVID-19 patients as they exhibit twinning
pathophysiological phenotype such as mucus plugging, airway inflam-
mation etc. (Tables 1 and 2, Figs. 1 and 2).

Conclusion

As the medical community across the globe is trying to find out a
suitable therapy for COVID-19, a multitude of drug development para-
digms are being evaluated day by day. Mucus plugging, airway
inflammation and subsequent disease exacerbation are found in most of
the complicated cases of COVID-19. This further point out the necessity
of targeting mucus plugs along with the antiviral therapies, which may
help to prevent the disease progression, limit the need for ventilator
support and its associated advanced hospital care. This may gradually
help to reduce the socio-economic burden of this pandemic. We high-
light with this hypothesis that the need for intense research inputs to
elucidate the exact role of mucus plugs in worsening COVID-19 symp-
toms. Additionally, it is suggested to find out a proper approach to
quantify the mucin expression and its pattern of glycosylation in pa-
tients. This will further facilitate the prediction of disease susceptibility
and exacerbation and subsequently validate the efficacy of existing as
well as novel therapies targeting mucin against COVID-19 through well-
designed clinical trials.
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