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Abstract:

Although there has been a large number of studies focusing on the role of airways in coronavirus
disease 2019 (COVID-19), the relationship still remains unclear. With the disruption of the de-
fense mechanism of the airways, including the intact mucus barrier, ciliary activity, and normal
cough reflex, sticky and difficult-to-remove sputum becomes the main problem and the cough be-
comes the main symptom. Although interferons are considered the main elements of the defense
against the virus, the pathogenesis of COVID-19 is complex and cannot be elucidated with only
elevated interferon levels; there is more. The progression of the disease is mainly determined by
the type and the levels of interferons and the affected part of the respiratory system. The airways
have an important role in the pathogenesis of COVID-19, as the microorganism uses the airways
as a gateway to the body, being the first element of defense against the virus, the importance of
its relationship with the immune system, and its importance in the treatment.

Keywords:
Alveolar damage, interferon, pulmonary functions, respiratory distress, viral pneumonia

Introduction ease is unclear, but there are previously

defined risk factors. COVID-19 patients
who are older and have comorbidities,

evere acute respiratory syndrome
such as hypertension, diabetes mellitus,

coronavirus-2 (SARS-CoV-2) causing

coronavirus disease 2019 (COVID-19) has
become the most popular issue of life in
the new millennium. While most patients
are asymptomatic or have mild symp-
toms, approximately one-fifth have se-
rious illnesses requiring hospitalization,
and one-fourth of them need intensive
care unit (ICU) follow-up.l! What makes
patients more vulnerable to severe dis-

cardiovascular diseases, chronic lung dis-
eases, chronic kidney disease, cancer, and
obesity, are at higher risk of developing
severe clinical outcomes than previously
healthy individuals.™

Although it can affect almost all organ sys-
tems, the primary targets of the pathogen
are the airways and lungs, utilized as
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gateways to the body. The virus may affect different
compartments of the respiratory system and cause bron-
chitis, diffuse alveolar damage (DAD), and macro—-micro
thrombi in the pulmonary vasculature. In this review, we
aimed to discuss a relatively unknown and unvalued is-
sue, COVID-19-related airway inflammation.

Entrance Gate

The coronavirus family use angiotensin-converting en-
zyme-2 (ACE-2) to bind to the cell and carry on the patho-
genesis.”! The binding between ACE-2 and the spike (S)
protein on the surface of the SARS-CoV-2 ensures the en-
try of the virus into the cell by activating transmembrane
protease serine 2.4/ It means the higher ACE-2, the higher
risk for severe infection. Wrapp et al.l! showed that as a
consequence of having more spike proteins, SARS-CoV-2
has more affinity to ACE-2 than SARS-CoV; thus, SARS-
CoV-2 is a more dangerous virus than SARS-CoV.

Besides being the first organ system to encounter the
virus, excessive ACE-2 expression on the bronchioles,
alveoli, and vascular endothelium causes the respiratory
system to be the main target of SARS-CoV-2."! In addi-
tion to the binding mission, ACE-2 has a balancing role
by degrading angiotensin-2, which causes lung injury
by its proinflammatory properties.®”) All these features
make ACE-2 an issue of the pathophysiology and a treat-
ment target for drugs and vaccines.

Clinical Phases of COVID-19

Binding to the cell surface is followed by endocytosis,
amplification of viral genome by viral RNA-dependent
RNA polymerase, and exocytosis.!""! Stage 1 (early phase)
represents rapid virus replication and high viral load.
In this phase, the clinical presentation is related to viral
load and inflammation activates all host defense mecha-
nisms to eliminate the pathogen. Alveolar macrophages
invading the virus, activated T cells, and type 1 interfer-
ons play the antiviral role in this phase. Laboratory
findings are limited to mild lymphopenia. Fortunately,
the war ends this phase in the majority, and patients suf-
fer from mild illnesses.!"?

Stage 2, known as the “pulmonary phase,” represents a
transitional phase between the first stage and the hyper-
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inflammatory third stage. This stage can be divided into
2a, which can be considered the end of the first stage,
and 2b, where hyperinflammation begins. Besides, the
local inflammation in the first phase spreads to the whole
body by releasing inflammatory mediators into systemic
circulation. Common laboratory findings are lymphope-
nia, the mild-to-moderate elevation of transaminases,
and acute phase reactants, including C-reactive protein
(CRP), sedimentation, and ferritin."? By this phase,
shortness of breath and chest pain appear in addition to
fever and dry cough.

The second part of the pulmonary phase is the precursor
of stage 3, the hyperinflammation phase, in which au-
toimmunity plays the leading role while the activity of
the virus is almost eliminated. Elevated proinflammatory
cytokines and immune mediators such as interleukin
1 beta, interleukin 6 (IL-6), granulocyte-macrophage
colony-stimulating factor, tumor necrosis factor-alfa
(TNF-a), and interferon-gamma (IFN-y) activate more
and more cells, which results in a vicious cycle.' All
these processes cause a cell death called PANoptosis,
which initiates a feedback loop that sustains lymphope-
nia, local edema, inflammation, and tissue damage.™™
Laboratory findings include increased acute phase reac-
tants (CRP, lactate dehydrogenase, and ferritin), inflam-
matory markers (IL-1 and IL-6), and markers represent-
ing organ damage (troponin, n-terminal brain natriuretic
peptide [NT pro-BNP], and creatinine). Patients have
severe illnesses, such as acute respiratory distress syn-
drome, multiorgan failure, and shock."

Airway Involvement

COVID-19 consequences on the lungs are airway dis-
ease, DAD, and thromboembolic events. Despite con-
vincing data about alveolar and vascular involvement,
the cause of COVID-19-related airway illness is still un-
known. Airway involvement may result in increased air-
way secretion and nasal drip, which may cause only mild
coughing, as well as thick viscous plugs that disrupt vital
airway continuity and prevent ventilation.

The physical defense mechanism of the airways consists
of an intact mucus barrier, a properly functioning ciliary
activity, and a normal cough reflex. Sufficient mucus
production is essential to protect the lungs from inhala-
tion of toxic foreign particles and pathogens. However,
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we should keep in mind that excessive accumulation of
mucus is a crucial component of many respiratory dis-
orders. Therefore, mucus expulsion from airways by
mucociliary activity in harmony with production is also
essential for normal function.!"!

Mucus hypersecretion and its tendency to be more vis-
cous and thickness seem to be the major problem for
airways. Widysanto et al.'! reported that the bronchial
walls were in normal appearance, but there was a thick
and copious mucus plug in bronchi thought to result
in desaturation in their bronchoscopies of COVID-19
patients. Mucus hypersecretion was also associated
with typical radiologic findings of COVID-19. Numer-
ous studies examining COVID-19 radiology explained
ground-glass opacities (GGO) by partially filling the
airspaces, air bronchograms by narrowing bronchi by
gelatinous mucus, and bronchial wall thickening to hy-
perplasia of secretory cells.['>7]

The mucus layer of the airway consists of two well-de-
fined layers. The mobile gel layer, containing 98% wa-
ter, is responsible for hindering penetration of the virus
to the airway epithelium. The remaining 2% comprised
mucin (MUC5B and MUC5AC) and other nonmucin
components.3!! The other deeper and more concen-
trated layer is the stationary periciliary layer participat-
ing in mucociliary clearance. Previous studies showed
that several pathologic mechanisms cause excessive mu-
cus production during viral infections. For instance, pa-
tients infected with influenza virus (IV) present with in-
creased sputum and productive cough in which autopsy
studies showed edema of the airway mucosa and accu-
mulation of jealous material.?**"! Another common in-
fectious agent, respiratory syncytial virus, was shown to
enhance mucus production, resulting in filling up bron-
chioles with thick plugs.??! The closest relative of SARS-
CoV-2, SARS-CoV, which typically causes DAD, has also
triggered viscous mucus secretion.* Li and Tang have
speculated that the SARS-CoV-2 may conduce similar
pathological findings.! A study examining the broncho-
scopies performed on 16 COVID-19 patients hospitalized
in the ICU determined that the bronchoalveolar lavage of
all patients was white-gray and highly viscous. Optical
coherence tomography confirmed the mucus retention
in bronchioles of COVID-19 individuals.? It was sup-
ported by autopsy studies that detected dense mucoid
material in airways.[#2!
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Pathogenesis of Airway Inflammation

Role of interferons

In case a virus enters the respiratory tract, alveolar
macrophages, T cells, and type 1 interferons take on the
task of controlling the infection. This scenario works sim-
ilarly with COVID-19. At this point, interferons (IFN)
become important due to the role of clash with the virus
by stimulating both IFN production by IFN producer
cell (autocrine) and synthesis of IFN-regulated proteins
(paracrine).® Type 1 IFN (IFN-1) and Type-3 IFN (IFN-3)
induce interferon-stimulated genes (ISGs) to bring the im-
mune system to “antiviral state.” The ability of the virus
to inhibit the release and the activity of IFN-1 determine
whether the infection will be controlled at an early stage
or viral load will increase rapidly and lead the disease to
advanced stages.”! However, Sposito et al.*? argued that
the issue is not that simple, and interferon levels in airways
were measured in their study. They stated that higher IFN-
3 and relatively lesser extent of IFN-1 levels in the upper
respiratory tract in response to high viral load were asso-
ciated with mild disease. But in contrast, overexpression
of IFNs and low level of ISGs were also detected in lower
respiratory tract of severe COVID-19 patients. Higher lev-
els of IFN-3 in lower respiratory tract also result in the
disruption of the protective barrier function of cells which
may cause bacterial superinfections.®™ The role of inter-
ferons in COVID-19 defense seems to be a more complex
mechanism related to the degree of viral load, anatomical
localization, and age rather than a simple level increase.*

In summary, IFNs increase apoptosis and decrease prolif-
eration acting as antiviral in acute infections, but type 3
IFNs play detrimental role in prolonged infections. Acting
as antiviral in acute infections but in prolonged infections,
type 3 IFNs play a detrimental role. Moreover, based on
human and mouse model studies, upregulation of IFNs
act as an antiviral / protective role in upper airways. When
the virus reaches the lower airways, upregulation of type 3
and type 1 IFNs increases tissue damage and participates
in hyperinflammatory response, which is detrimental.

Mucus hypersecretion

The main points of mucus hypersecretion are upregu-
lation of the mucin gene and the stimulation of goblet
cells, which contain secretory granules filled with mucin.
Numerous mechanisms and substances are impelling the
process, including (1) smoking: by producing reactive
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oxygen species; (2) chronic obstructive pulmonary disease
(COPD): stimulating TNF-« and epidermal growth factor
receptor (EGFR); (3) asthma: interleukin (IL)-13-, IL-17-
mediated allergic inflammation; and (4) infections.**

After the airway epithelium membrane recognizes the
virus, the immune response, which will end with mucus
hypersecretion, starts. Several soluble mediators and cy-
tokines are secreted by epithelial, dendritic, and T helper-2
cells drive mucus secretion as a team. First, upregulation of
IL-2, IL-4, and IL-6 enhances an increase in IL-5, IL-13, and
TNF-a, which in turn causes the stimulation of IL-1p and
IL-8. IL-4 and IL-8 use the activator of transcription (STAT)
pathway to increase mucus secretion. Activation of STAT1,
STAT3, STAT5, and STAT6 causes the upregulation of
MUCSAC gene expression and mucus hypersecretion.**!

Another pathway used by IL-1f, IL-5, IL-6, and IL-17
is mitogen-activated protein kinase. At the end of these
pathways, where different intermediate substances are ac-
tivated for each cytokine, there is an increase in MUC5AC
gene expression and mucin production and secretion.>*"!

Increased mucus hypersecretion by EGFR expression is
led by TNF-a. TNF-a mediated by “nuclear factor kap-
pa-light-chain-enhancer of activated B cells” protein
complex causes overexpression of EGFR in the respira-
tory tract, concluding with MUC5AC gene expression
and mucin production.>!

The asthma-like leukotriene synthesis is also a possible
pathway for COVID-19-related airway inflammation
similar to rhinovirus. B cell activation by IL-2, IL-4, and
IL-5 causes IgE production, mediating leukotriene pro-
duction, and increasing mucus release.>*%)

Effects on Pulmonary Function Tests

COVID-19 has long-term effects after the acute process,
which is defined as “long COVID.” Long COVID-19
symptoms include pulmonary system complaints such as
shortness of breath, cough, exercise intolerance, and other
organ systems such as fatigue, chest and abdominal pain,
headache, difficulty in concentration, sleep disorders, di-
arrhea, and mood changes.””! Pulmonary function tests
(PFTs) are commonly used to determine whether there is a
loss in pulmonary functions or not. Lewis and colleagues
have investigated pre- and post-infection PFT results of 80

150

mild and moderate COVID-19 patients. They stated that
there was no difference in forced expiratory volume at one
second (FEV)), forced vital capacity (FVC), FEV, /FVC ra-
tio, total lung capacity, and diffusion capacity for carbon
monoxide (DLCO). They also mentioned that there might
be a relationship between underlying lung diseases and
decreased lung functions after infection.*!! There were
also studies examining changes in PFT parameters after
discharge. Sonnweber et al.*?! investigated PFT results of
124 patients 3 months after discharge and stated that there
was no abnormality in spirometry and static volumes but
in DLCO. DLCO was normal in mild patients but signifi-
cantly impaired in moderate and severe patients and cor-
related with the disease severity. In a recent prospective
multicenter study, the most common PFT abnormality was
DLCO decrease despite its severity decreasing over time.
In their comprehensive review, Thomas et al.!*? stated that
the most common PFT abnormality was DLCO compati-
ble with interstitial extension radiologically. It seems that
PFT abnormalities after COVID-19 are related to alveolar
interstitium affecting DLCO rather than airways.

Conclusion

Although we have learned more and more about the
pathogenesis of COVID-19 over time, we still have a
knowledge gap about airway involvement. Local inflam-
mation, edema, and increased secretion of viscous mucus
causing narrowed airway seem to be the cornerstones of
this issue. IFN expression in COVID-19 varies based on lo-
cation, viral load, age, and severity. Enhanced eosinophil-
mediated inflammation and dysregulated humoral re-
sponses might be the drivers of severe COVID-19. Future
clinical, postmortem, and laboratory studies examining
airway findings will enlighten us more on this issue.
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