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Abstract

Introduction: the perennial pandemic: There are serious challenges posed by the SARS-
CoV-2 virus and COVID-19 as the disease. With the persistence of the pandemic over one and
half year, it is being feared that the COVID-19 may have become the new reality associated with
human existence world over and the mankind may have to live with it for years or even decades.
Further, the grievous nature of the disease is evolving further with genomic changes in the virus
in form of mutations and evolution of variants, with enhanced infectivity and probably virulence.

Acute and chronic phases of COVID-19: Epidemiologically, it is becoming clear that apart
from the advanced age and pre-existing conditions, such as diabetes, cardiovascular, pulmonary,
and renal diseases, certain constituent factors render some patients more vulnerable to more
severe forms of the disease. These factors influence the COVID-19 manifestations, its course,
and later the convalescence period as well as the newly defined ‘Long COVID phase. The
substantial continuing morbidity after resolution of the infection indicates persisting multisystem
effects of ‘Long Covid’.

Lung damage associated with COVID-19: COVID-19 is primarily a respiratory disease
presenting with a broad spectrum of respiratory tract involvement ranging from mild upper
airway affliction to progressive life-threatening viral pneumonia and respiratory failure. It affects
the respiratory system in various ways across the spectrum of disease severity, depending on
age, immune status, and comorbidities. The symptoms may be mild, such as cough, shortness
of breath and fevers, to severe and critical disease, including respiratory failure, shock, cytokine
crisis, and multi-organ failure.

Implications for the post-COVID care: Depending on the severity of respiratory
inflammation and damage, as well as associated comorbidities, duration of injury and genetics,
the progressive fibrosis leads to constriction and compression of lung tissues and damage
to pulmonary microvasculature. Consequently, the COVID-19 patients with moderate/severe
symptoms are likely to have a significant degree of long-term reduction in lung function.
Depending on the severity of the disease, extensive and long-lasting damage to the lungs can
occur, which may persist after resolution of the infection.

Managing the long COVID’s challenges: Given global scale of the pandemic, the
healthcare needs for patients with sequelae of COVID-19, especially in those with lung affliction
are bound to increase in the near future. The challenge can be tackled by harnessing the
existing healthcare infrastructure, development of scalable healthcare models and integration
across various disciplines with a combination of pharmacological and non-pharmacological
modalities. Following clinical and investigational assessment, the therapeutic strategy should
depend on the disease manifestations, extent of damage in lungs and other organs, and
associated complications.
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Introduction: The evolving pandemic
The SARS-CoV-2 Virus and COVID-19

Following infection, the SARS-CoV-2 virus becomes an
intracellular entity. The intracellular replication, ensuing
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cellular damage, and involvement of various cells in
respiratory system, immune system, and other organs,
propels the clinical course of the disease. While we continue
to explore the agent factors, disease transmission dynamics,
pathogenesis and clinical spectrum of the disease, and
therapeutic modalities, the grievous nature of the disease is
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evolving further with the genomic changes in the virus and
pathophysiological alterations and clinical manifestations of
the disease. Further, it may not be possible to eradicate the
intracellular virions, which may persist and continue to carry
on the inflammatory process leading to the ongoing organ
damage and manifestations of ‘Long Covid’.

The future course of the disease, of course, is said to
depend on various known and unknown factors, many of them
may not be modifiable. There are serious challenges posed
by SARS-CoV-2 virus and COVID-19 as the disease that are
further increased by mutations and evolution of variants with
enhanced infectivity and probably virulence. The significance
of viral mutations needs to be explored in this context, which
may help in diagnostic workup, designing therapeutics to
combat the disease and developing effective vaccines for
its prophylaxis. In addition, the avenues for improving the
immune response to the infection and following vaccine
inoculation, and the immunity in general are to be explored
and harnessed. It is being increasingly realised that the
COVID-19 may have become the new reality associated with
human existence world over and the mankind may have to
live with it for years or even decades [1].

Clinical Spectrum of Acute Covid-19 lliness

COVID-19 is primarily a respiratory disease presenting
with a broad spectrum of respiratory tract involvement
ranging from mild upper airway affliction to progressive
life-threatening viral pneumonia. Coming into contact with
the mucous membranes lining nose, mouth, and occasionally
eyes, the SARS-CoV-2 virus enters the host cells, multiplies
intracellularly and the released virions infect other cells. As the
virus attacks the cells, it travels down the airways, from upper
to lower respiratory tracts, finally infecting the alveoli and
manifesting as pneumonia. In general, a significant number of
those infected with the SARS-CoV-2 virus are asymptomatic,
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and as documented in a recent systematic review, at least one-
third of those infected remain asymptomatic [2]. The study
included serologic surveys from more than 365,000 people
in England and more than 61,000 in Spain. When analyzed, a
similar proportion of asymptomatic cases 32.4% in England
and 33% in Spain was noted.

Thus, on being exposed to the SARS-CoV-2 virus, not all
persons develop the disease. For those who develop the
disease, there is a large variation in disease severity, which
may partly be due to the genetic variability in the response
to the virus [3]. The individual vulnerability to the infection,
response following the SARS-CoV-2 exposure, and the clinical
spectrum of COVID-19 are greatly variable. In general, older
adults and people who have concurrent health conditions
like heart disease, cancer, obesity, and diabetes are prone to
develop serious manifestations. The clinical manifestations
of COVID-19 illness have been grouped into Stages I to
I1I, based on the need for hospitalization, need for oxygen
supplementation, progression to respiratory failure, and
other parameters of the disease severity (Figure 1). Presently,
considering the delayed post-illness convalescence and
persisting clinical manifestations, the resolution phase can be
added to this, as Stage IV.

The COVID-19 affects the respiratory system, too, in
various ways and degrees across the spectrum of disease
severity, depending on age, immune status, and comorbidities.
The patients with underlying lung disease such as asthma,
chronic obstructive pulmonary disease (COPD), interstitial
lung disease, etc. can suffer with worsening of respiratory
conditions. The symptoms may be mild, such as fever, cough,
and shortness of breath, to severe and critical disease,
including respiratory failure, shock, and multi-organ failure
(MOF).In general, most people who develop clinical COVID-19,
manifest mild to moderate symptoms [4]. They may have a
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Figure 1: The clinical spectrum of COVID-19.
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dry cough or sore throat, whereas a minority of them goes
on to develop pneumonia, with ground-glass opacities on a
chest CT scan. Further, about 14% of COVID-19 cases have
severe infection affecting both lungs. On the serious side of
the clinical spectrum, about 5% of all COVID-19 cases suffer
with critical disease with extensive damage to the airways
and the alveoli, developing into severe pneumonia or acute
respiratory distress syndrome (ARDS). Further, about 20% -
30% of critically ill patients are shown to develop vasculopathy
and clots in the lungs, heart, brain, and legs. There may occur
disseminated intravascular coagulation (DIC).

The Phases of SARS-CoV-2 Lung infection

When the SARS-CoV-2 infection starts spreading into the
respiratory tract and lungs, it triggers various symptoms and
complications, and may be associated with constant coughing
oftenwithoutphlegm, and painin chest. The pathophysiological
processes underlying COVID-19 illness may or may not show
clinical features of earlier or later phases.

Phase 1: Cell invasion and viral replication

The SARS-CoV-2 virus gains entry via ACE2 receptors,
which are present on goblet (secretory) cells and on ciliated
(hairy) cells in the nose, and through ACE2 receptors in the
mucous cells of mouth and tongue.

Phase 2: Viral replication and immune response

As part ofthe defensive immune response, the lymphocytes
begin to produce the IgM-type antibodies at first and later the
longer-term specific neutralizing antibodies (the IgG type).
In a German study, about 50% of the participants showed
circulating IgM or IgG antibodies by day 7, and by day 14 all
of them had developed antibodies [5]. Here, it is noteworthy
that the antibodies titre may not predict the clinical course of
the disease [6].

Phase 3: Lung inflammation and pneumonia

Approximately 13.8% of people with COVID-19 suffer with
dyspnoea and severe disease and require hospitalization. Out
of these, three-fourth patients may have evidence of bilateral
pneumonia [7]. The pneumonia in COVID-19 manifests
as consolidation and collapse of lung regions. There is reduced
surfactant in the alveoli due to destruction of pneumocytes by
the virus, infiltration by white blood cells, such as neutrophils
and macrophages, as part of the immune response, and
oedema due to injury to blood vessels and leakage in response
to proinflammatory factors released by the inflammatory cells.
The fluid accumulation compresses the alveoli from outside
and in combination with lack of surfactant, leads to their
collapse. As a result, the surface area in the lung for gaseous
exchange is reduced leading to hypoxia and dyspnoea.

Phase 4: ARDS, the cytokine storm, and MOF

https://doi.org/10.29328/journal.jprr.1001022

6]

The critical illness in COVID-19, frequently develops in
a period of about 10 days, though it can occur suddenly in
a small proportion of those with mild or moderate disease.
There occurs formation of fibrin clots in the alveoli and
fibrin-platelet microthrombi in the small blood vessels in the
lungs affecting gaseous exchange at the alveolar level. The
cytokines, such as IL1, IL6, and TNFa damage and dilate the
vessel walls, making them more permeable and may lead to
cardiovascular shock. The angiotensin converting enzyme 1
(ACE1), in response to infection, leads to excess availability
of angiotensin-2 from angiotensin-1, resulting in pulmonary
vasoconstriction and leaky blood vessels.

The Recovery or Convalescence Phase

The usual recovery time for mild COVID-19 is about two
weeks and three to six weeks for severe disease. However,
the recovery is variable and depends on Constitutional factors
such as patient’s age and pre-existing comorbidities in addition
to the severity of the disease. The studies in the U.S. show
that only 39% of those who had been hospitalized reported
a return to baseline health by 14-21 days after diagnosis
[8]. Similar findings have been reported from the European
studies. In a study of 143 patients hospitalized for COVID-19,
only 13% were symptom-free after a mean period of 60 days
following disease onset [9]. The remaining 87% patients
reported persistence of symptoms such as, fatigue, cough,
dyspnoea, joint pains, and chest pain following discharge from
the hospital, with over 55% patients continuing to experience
three or more symptoms. As measured by the EuroQol visual
analog scale, a decline in quality of life (QOL) as was noted
in about 44% patients. The pneumonia-like manifestations
may persist for several weeks in immunosuppressed patients.
Even the patients with milder infection can suffer with have
prolonged symptoms. A recent survey showed that about 65%
of those infected returned to baseline health by 14-21 days
after diagnosis [10]. The persisting symptoms with delayed
recovery include cough (43%), fatigue (35%) and rarely
fevers and chills in those with prior mild infection.

Pathophysiology of lung damage in COVID-19

SARS-CoV-2 Infection: Challenge to Lung Physiology:
The alveoli are the basic functional units in lungs, where
the oxygen from inspired air is exchanged with the carbon
dioxide, which is expired subsequently. Normally, there is a
tight connection between the alveolar type I (AT-I) cells and
the capillaries. The AT I cells are thin and flat cells which line
the alveolus, interspersed by alveolar type II (AT II). The type
Il pneumocytes secrete surfactant, which lines the walls of
alveoli and prevents them from collapsing and sticking to each
other at the end of a respiratory cycle, when the air pressure
inside the lungs drops in the expiration phase.

COVID-19 infects alveolar cells (pneumocytes) leading
to damage of the alveolar wall and the lining of the alveolus
and capillaries. In addition, there occur microthrombi, which
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block the micro-vessels. The debris in form of plasma protein
accumulates onthealveoluswalland thickenstheliningleading
to the impaired gaseous exchange and oxygen transfer to the
red blood cells. Simultaneously, there occurs loss of surfactant
as the infection affects the surfactant producing cells, which
are rich in ACE2 receptors [11]. Other contributory factors for
loss of surfactant are environmental factors, like air pollutants
and smoke, and a hyperactive immune response. The direct
damage of the virus-infected cells as well as cytokine hyper-
response reduces the availability of surfactant in the alveoli
leading to their collapse at the expiratory phase, manifesting
as considerable stress on respiratory muscles at subsequent
inspiratory phase evidenced as dyspnoea and hypercapnia
[12].

Inter-relationship of Pathophysiology and Clinical
Spectrum: The respiratory involvement in COVID-19 may
be mild to moderate to severe (Figure 2). Depending on the
extent of underlying pathophysiology in the mild disease there
are infected AT I and II cells and presence of inflammatory
cells and secretion of cytokines leading to reduced surfactant,
vasodilatation, and reduced gaseous exchange leading to
hypercapnia and hypoxia. Whereas, in a more severe disease,
there occur increased interstitial fluid, widespread alveolar
collapse, accumulation of protein and cellular debris and
fibrosis leading to severely compromised gaseous exchange
and inability to maintain tissue oxygenation in various organs.

To prevent redundant blood circulation through the
collapsed alveoli, there occurs constriction of blood vessels
supplying these alveoli. Depending on the severity of damage,
the respiratory muscles work to handle the respiratory stress,
buteventuallytire,leavingthe gaseous exchange compromised.
In COVID-19, not only the respiratory cells richly endowed
by ACE2 receptors are affected, the lung vasculature having
ACE2 receptors is also infected and damaged impairing the
compensatory blood redistribution from collapsed alveoli,
resulting in significant redundant deoxygenated blood

‘Normal alveolar]|
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flow [13]. Further, the associated hypercoagulability with
COVID-19, further hampers gaseous exchange in lungs and
oxygen supply to various tissues and vital organs [14].

In addition, following infection, AT II cells release
inflammatory signals to recruit immune cells including
macrophages which release cytokines causing vasodilatation
leading to increased permeability and fluid accumulation.
The increased fluid dilutes surfactant and triggers alveolar
collapse, leading to decreased gaseous exchange and increased
work of breathing. The neutrophils recruited to the inflamed
areas also release reactive oxygen species (ROS), which
cause destruction of the infected AT I and AT II cells leading
to widespread alveolar collapse precipitating ARDS. Finally,
the protein rich fluid and debris enter the blood stream and
precipitate systemic inflammatory response syndrome (SIRS),
associated with septicaemia, shock, DIC, and MOF [15].

Host Immune System and SARS-CoV2 Infection: The
viral genome typically consists of 6 open reading frames
(ORFs), of which the ORF1a and ORF1b produce polypeptides,
ppla and pplb, respectively, which in turn form non-
structural proteins (NSPs). The remaining ORFs synthesise
various structural proteins (SPs) including the spike and
envelop proteins. The SPs induce immune response whereas
NSPs appear to modify the host immune response. The SARS-
CoV2 infection induces both innate and adaptive immune
response and leads to infiltration by macrophages and T
cells which release various pro-inflammatory cytokines/
chemokines and lead to molecular changes in the lung tissue
microenvironment.

The pro-inflammatory cytokines induce DNA damage,
excessive production of angiogenic molecules (VEGF, IL-8,
NO), ICAM-1 and VCAM-1, production of ROS and reactive
nitrogen species (RNS), and alterations in cellular proteins and
stimulation of cell proliferation and inhibition of apoptosis.
The cytokines affect cells via activation of transcription

[COVID-19 Clinical
course
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Nil to Mild (about 80%)

Severe disease with
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Figure 2: The alveolar morphology and physiology, pulmonary involvement, and the clinical manifestations.
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factors like STATSs, NF-kB, and AP-1 by binding to their specific
receptors and subsequent activation of intracellular kinases
like Janus activated kinase (JAK), phosphatidylinositol-3-
kinase (PI3K)/Akt, and MAP kinases. There can occur a sudden
cytokine-burst, the cytokine release syndrome (CRS), leading
to exacerbation of pneumonia and respiratory failure, and
multiple organ dysfunctions. This is also associated with rapid
progression of the viral infection, destruction of the immune
system, and increased susceptibility to secondary infections.

There is another aspect of increased plasma level of TNFq,
IL-6 and IL-1(3, which are present in COVID-19 patients. TNFa
is a major associated pro-inflammatory cytokine, having
a potential for DNA damage and cellular transformation
through ROS in inflammation-associated carcinogenesis.
The IL-6 promotes several pro-oncogenic pathways and
genetic expression for cell cycle progression and regression
of apoptosis, and suppression the host antitumor immune
responses. Whereas other cytokines such as IL-1a, IL-1f, and
IL-17, elevated in COVID-19 disease may affect the regulation
of inflammation-related carcinogenesis. Further, IL-1a has
been related to increased cell proliferation and angiogenesis,
and IL-1f plays an important role in proliferation of epithelial
cells in lungs. The COVID-19 patients, thus, have an increased
propensity to develop cellular metaplasia. In this respect, the
similarity and overlap in CT features between the COVID-19
illness and lung cancer progression has been highlighted
and the widespread GGO findings in CT images of COVID-19
patients have raised the probability of developing lung cancer
in due course. Thus, a follow up at regular interval is in long
Covid patients [16].

The Long-term lung damage in COVID-19: As COVID-19
is a relatively new disease, the long-term effects of COVID-19
in those who recover, are still not known, but various recent
observational case and cohort studies continue to provide
data. Based on initial case studies from those with moderate-
severe disease and those suffered with pneumonia, the
initial damage to the lungs can persist leading to decreased
lung function and impact the activities of daily living (ADL).
Pulmonary fibrosis is one of the major complications of
severe COVID-19 and even those fully recovered symptomatic
patients, may have long-term lingering effects persisting for
several months.

Depending on the severity of respiratory inflammation
and damage, presence of comorbidities, duration of injury and
certain ill-defined genetic factors, the chronic inflammation
leadstoepithelialdamageandfibroblastactivation, manifesting
as pulmonary fibrosis. In due course, the progressive fibrosis
may lead to constriction and compression of lung tissue and
damage of pulmonary microvasculature. In addition, the lope-
sided regeneration, the dysregulated fibroblastic activity
and excessive deposition of hyaline, collagen, and other
extracellular matrix proteins lead to alveolar damage and
scarring in lungs. In case of about 23% of the recovered SARS
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patients, there was seen reduced lung exercise capacity and
pulmonary function a year after infection [17]. The COVID-19
patients with moderate/severe symptoms are likely to have
a similar level of long-term reduction in lung function. Thus,
depending on the severity of the disease, extensive and long-
lasting damage to the lungs can occur, continuing to persist
after the recovery from the infection.

Autopsy findings in lungs of COVID-19 patients: A
post-mortem study involving 41 people died from COVID-19
in Italy has documented extensive damage, distortion of
the pulmonary structure with scarring and massive blood
clots in the arteries and veins [18]. Out of 41 cases, all 41
patients had extensive lung damage, while 36 of 41 (88%)
had massive abnormal blood clotting in the lung arteries and
veins. Further, in the study, nearly 90% of the lungs showed
the fusion of smaller cells forming giant cells with several
nuclei. The fused cells, or syncytia, are caused by SARS-CoV-2
S protein, which stimulates the fusion of infected cells with
normal lung cells, leading to structural changes, inflammation,
and abnormal blood clotting. The extent of damage to lungs in
severe COVID-19 is, thus, enormous especially in those that
are clinically vulnerable and suffer with a severe disease [19].

Autopsy findings reveal extensive lung damage, with firm,
heavy and rubbery lungs with bilateral haemorrhagic edema,
pleuraleffusionaswellassignsofextensive shockcharacterized
by variegated appearance of the liver and kidneys [20]. There
is extensive endothelial injury associated with immune cell
infiltration including T-lymphocytes and megakaryocytes. In
the pulmonary vessels there is widespread thrombosis with
microangiopathy and alveolar capillary microthrombi in
addition to neovascularization and angiogenesis. The SARS-
CoV-2 genome has been found in respiratory cells, cells lining
the blood vessels, and the syncytia, in these patients. These
histopathologic changes are pathognomonic of COVID-19
pneumonia, and the persistence of the abnormal cells and
the virus-infected cells may be linked with continuance of
ongoing viral replication and organ damage, and persistence
of long Covid symptoms in those recovered from the disease.

The clinical correlates of lung involvement

Clinical Presentation of COVID-19: Depending on the
severity of damage, the respiratory involvement may appear
as asymptomatic, mild to moderate respiratory illness, severe
bronchopneumonia, or acute respiratory distress syndrome
(ARDS).

Asymptomatic COVID-19 Patients

A large proportion of healthy individuals, over 40%,
though positive for SARS-CoV-2, do not exhibit clinically
significant symptoms. They are, however, able to transmit
the disease. The majority of these asymptomatic patients are
from younger age group. But the asymptomatic patients not
showing any signs of lung damage, may suffer subtle changes,
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potentially predisposing them for various long Covid-related
complications in future.

In these asymptomatic COVID-19 patients, there have
been shown lung abnormalities on chest CT scans. This is
exemplified by the outbreak on Diamond Princess cruise
ship, at beginning of the COVID-19 pandemic in February
2020, where 73% of those positive were asymptomatic, of
which 54% showed ground-glass opacities (GGOs) in lungs
indicating alveolar edema, inflammation, and fibrosis in the
lungs. In the retrospect, this could be an age-dependent effect
and appears to occur to a lesser extent in younger patients.

Symptomatic COVID-19 Patients

In most people, COVID-19 leads to very mild, mild, or
moderate clinical manifestations. The variance in clinical
presentation may be attributed to amount of viral load, age,
pre-existing health conditions, genetic constitution, ethnicity/
demographics, lifestyle, and environmental factors. It should
be remembered that the majority of pathological and imaging
data come from hospitalized COVID-19 patients rather than
non-severe symptomatic patients who may not visit a medical
facility for diagnostic workup or treatment [21].

Severe COVID-19 Illness and Pneumonias: The patients
with severe disease manifesting as pneumonia and ARDS,
exhibit extensive alveolar damage, capillary congestion,
necrosis of AT I and II pneumocytes, and interstitial and
alveolar edema. Simultaneously, there is AT II pneumocyte
hyperplasia, squamous metaplasia with atypical cells and
platelet-fibrin thrombi in small arterial vessels, and increased
D-dimer levels. As these changes hinder the pulmonary
function, and the higher the impairment, the higher is disease
severity and mortality.

In severe disease, micro-thrombosis and associated
ischemic events are common and the ARDS can occur due to
the compromised gaseous exchange and the vascular insult to
the alveolar architecture. The COVID-19 pneumonia presents
with severe hypoxemia and altered respiratory mechanics
[22]. The alveolar infiltration and the vascular insult are
common factors responsible for the respiratory distress [23].
Accompanied with by hyper-activated coagulation cascade,
with widespread micro- and macro-thromboses in the lung
and in other organs and elevated serum D-dimer levels, the
ARDS is associated with adverse outcomes. Simultaneously,
the endothelial damage disrupts pulmonary vaso-regulation,
promotes ventilation-perfusion mismatch, and promotes
thrombogenesis. In the lungs, the ARDS directly impacts the
alveoli and other tissues leading to extensive damage with
scarring and fibrosis.

COVID-19 Related ARDS and Respiratory Failure:
With the progression of COVID-19 pneumonia, increasing
number of alveoli become affected and filled with exudative
fluid clinically manifesting as shortness of breath. Further
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progression leads to ARDS, a form of lung failure requiring
respiratory support to improve gaseous exchange. The
ARDS is a serious and potentially fatal complication, and in
the survivors may have lasting symptoms due to pulmonary
fibrosis and scarring. It is helpful to assess and categorize
the COVID-19 patients as per symptoms and signs of the
respiratory failure, as the ventilatory approach depends on
the underlying pathology [24].

Broadly, the severe COVID-19 illness presents with two
types of respiratory syndromes, the type 1 without ARDS, and
type 2 with ARDS [25]. The two types may have overlapping
characteristics. Further, during the early phases of respiratory
decompensation, the high transpulmonary pressures
associated with spontaneous vigorous inspiratory effort may
contribute to lung injury, called the patient self-induced lung
injury [P-SILI) resulting in worsening of respiratory failure.

Type 1 or L Type: These patients present with near-
normal pulmonary compliance with isolated viral pneumonia.
The hypoxemia is associated with respiratory system
compliance >50ml/cmH20 and mainly due to the hypoxic
pulmonary vasoconstriction and impaired regulation of
pulmonary blood flow. There is, thus, severe hypoxemia due
to ventilation/perfusion (VA/Q) mismatch and high PEEP
and prone positioning may not improve oxygenation through
recruitment of collapsed areas but redistribute pulmonary
perfusion and improve the VA/Q relationship. In fact, long-
term prone positioning/supine cycles is of little benefit in
these patients. The PEEP levels should be kept lower in these
patients with high pulmonary compliance. Respiratory rate
should not exceed 20 breaths/min and doing too much should
be avoided.

Type 2 or Type H: These patients present with decreased
pulmonary compliance and severe hypoxemia is associated
with compliance values <40 ml/cmH20, indicating significant
ARDS. The type 2 respiratory syndrome is seen in 20-30%
of COVID-19 patients admitted to the ICU. The patients
may transit to a clinical picture characteristic of ARDS, with
extensive CT consolidations, high elastance (low compliance),
and higher lung weight as assessed by CT scans. These
patients respond to high PEEP by increasing aerated lung size
by recruiting previously collapsed lung units. But the high
transpulmonary pressure may not be well-tolerated by some
patients. A relatively low tidal volumes, coupled with modest
hypercapnia, facilitate the goal of minimizing ventilator-
induced lung injury (VILI) and prone positions are helpful.

Following onset of respiratory distress, patients initially
retain relatively good compliance despite compromised
oxygenation, may not appear overtly dyspnoeic, and are
termed type L. The infiltrates at this stage are limited in
extent and characterized by a ground-glass pattern signifying
interstitial edema, and lower lung weight as assessed by
CT scans. There are chances that the clinical condition may
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stabilize at this stage without further deterioration. But, if
pneumonia and lung edema increase in these patients, either
because of the disease inciting inflammation and/or P-SILI,
the type H phenotype may progressively develop. Over time,
the unchecked viral disease promotes inflammation and local
as well as generalized thrombogenesis, intense cytokine
release, right ventricular overload, and systemic multi-organ
dysfunctions. In the advanced state, it is advisable to apply a
conventional lung-protective strategy: higher PEEP (< 15 cm
H20), lower tidal volume (6 mL/kg), and prone positioning
while minimizing oxygen consumption. A daily check of
coagulation parameters, in particular D-dimer levels, in both
the type 1 and the type 2 patients and judicious anticoagulation
is helpful [22].

Ct imaging in covid-19 and post-covid follow up

CT Imaging During Acute COVID-19 illness: The
computed tomography (CT) is an important tool for early
diagnosis and monitoring of the affliction of lungs in COVID-19.
The GGOs, dense opacities obscuring underlying vessels and
bronchial walls, are common in COVID-19. Studies have shown
a higher frequency of multifocal, bilateral, peripheral, and
nonspecific distribution of GGOs with sub-segmental patchy
consolidations in SARS-CoV2-infected individuals compared
to controls [26]. Another study highlighted that more than
50% of the SARS-CoV2-infected patients have significant
ground-glass and consolidative opacities on chest CT scans
[27]. The chest CT scans can be helpful for the diagnosis as
well as for monitoring the prognosis.

There are peripheral lung GGOs seen in CT imaging of
the chest. Peripheral pulmonary vascular changes are less
well characterized. The effects of SARS-CoV-2 infection on
the alveolar architecture manifesting as GGOs depend on the
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severity of the infection and its effects on the immune system,
and imply partial collapse of alveoli, partial filling of air
space, and interstitial thickening. The severity of the disease
is related to the extent of lesions on initial chest CT scans
and the abnormalities on later CT scans have been related
to the disease course [28]. In general, during the course of
the disease, the GGO occurs from the beginning of COVID-19
and tends to decrease after 14 days, whereas consolidations
appear around day 9, followed by fibrosis after 14 days.

There are typical, indeterminate, and atypical findings on
CT Imaging in COVID-19 (Figure 3). The typical findings are
bilateral GGOs with areas of consolidation, associated with
septal thickening. The scans may show multifocal round GGOs
with areas of consolidation or the GGO areas surrounded
by complete and incomplete rings of consolidation. The
indeterminate findings are bilateral diffused GGOs associated
with consolidations with some areas of septal thickening
or unilateral GGOs in a lung segment or a small GGO with a
non-rounded and non-peripheral distribution. Whereas,
the atypical findings are isolated segmental consolidation,
discrete small centrilobular nodules, lung cavitations and
bilateral smooth interlobular septal thickening with pleural
effusion [29]. In general, at time of initial presentation 88%
patients show GGOs with bilateral involvement, 80 % show
posterior distribution, 79% have multi-lobar involvement,
and 76% have peripheral distribution, whereas only 32%
display consolidation on initial presentation [30].

The pulmonary fibrosis is a major consequence of SARS-
CoV-2 infection and primarily results due to direct alveolar
damage and as the fallout of ARDS. The effects of pulmonary
fibrosis and ongoing damage in the lung are also observed
later in the absence of the infection and have been attributed

Typical
findings

- Bilateral GGOs with areas of consolidation
associated with septal thickening

- Multifocal round GGOs with areas of
consolidation

- GGO areas surrounded by complete and
incomplete rings of consolidation

Intermediate
findings

- Bilateral diffused GGOs associated with
consolidations with areas of septal thickening

- Unilateral GGOs in a lung segment

- A small GGO with a non-rounded and
non-peripheral distribution

Atypical
findings

- Isolated segmental consolidation

- Discrete small centrilobular nodules

- Pulmonary cavitations

- Bilateral smooth interlobular septal thickening
with pleural effusion

Figure 3: The typical, indeterminate, and atypical findings on CT Imaging in COVID-19.
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to the persistent hyper-inflammatory state, with the elderly
being at higher risk. Further, SARS-CoV2 is a cytopathic
virus that can induce host cell lysis following infection. The
virus led pyroptosis causes apoptosis along with excessive
immunologic response, resulting in increased IL-1f level
and cytokine storm. The CT findings of GGOs have also been
correlated with increased expression of ACE2. There take
place different stages of pulmonary tissue damage in the
lungs of COVID-19 patients with the appearance of GGOs, and
include consolidation, reticular pattern, crazy paving pattern,
air bronchogram including the airway changes, pleural
changes, sub-pleural curvilinear line, and finally, fibrosis and
scarring seen on CT images.

CT Imaging for the Long-term Follow up: A long-term
study highlighted that in the SARS infection, the fibrosis-like
findings on CT in recovering patients diminish over time
[31]. It is expected that similar prognosis may be possible in
convalescent COVID-19 patients [32]. In the Post-COVID-19
patients, the follow up CT scans may reveal probable lifetime
lung damage in about one-third of the patients. About 20-
30% of patients who have suffered mild disease may have
persisting diminished lung function and exercise capacity,
whereas in 55% of patients with critical disease may continue
to have the lung function impairment three months following
hospital discharge. Further, there has been shown a definite
correlation between initial chest CT scan involvement and
impaired PFT [33].

The lung function, exercise capacity, persistent radiologic
abnormalities, and quality of life data have been related to
radiologic lung involvement at admission. In fact, the later
radiological and functional sequelae have been related to
initial lung involvement on CT scans. On chest CT, the main
abnormalities are GGOs at hospital admission and fibrosis
3 monthslater, and the patients may remain disabled 3 months
after discharge in terms of lung function, exercise capacity,
and QoL. The radiologic impairment may improve following
recovery, but normalization is seen only in a small number of
patients. In general, about 12% - 23% COVID-19 hospitalized
patients show restrictive pattern on PFT one month after
discharge [33]. In the study, the exercise capacity was still
poor 3 months after ICU discharge and decreased QoL was
associated with severity parameters during ICU admission
and chest CT abnormalities on admission.

Pan, et al. analysed 21 patients (6 men and 15 women
aged 25-63 years) with confirmed COVID-19 with a total of
82 chest CT scans and reported that in patients recovering
from COVID-19 without severe respiratory distress during the
clinical course, lung abnormalities on chest CT scans showed
greatest severity approximately 10 days after initial onset of
symptoms [34]. The follow up CT studies revealed that the
lung damage may persist in post-COVID-19 patients and over
one-third of recovered patients follow-up CT scans after six-
month show pulmonary fibrosis [35]. In a follow-up CT scans

https://doi.org/10.29328/journal.jprr.1001022

6]

study involving 114 patients who recovered from severe
COVID-19 pneumonia, about 62 percent still showed evidence
of abnormalities on the scans after 6 months, whereas
about 35% had fibrosis-like features indicating potentially
permanent damage, such as honeycombing patterns and
parenchymal bands. In all, about up to 63% of those suffered
with ARDS had lingering lung involvement [35].

COVID-19 Follow Up: Links with Neoplastic Lesions:
The SARS-CoV-2 Infection causes molecular changes and
recruitment of inflammatory cytokines/chemokines in lung
tissue microenvironment [16]. As well known, several pro-
inflammatory cytokines are involved inflammation-associated
neoplastic alterations through various molecular and
metabolic pathways, and ROS. The widespread GGO findings
in CT images of COVID-19 patients have raised the probability
of developing lung cancer and highlighted need for a regular
follow up for early detection of any pre-neoplastic lesions.

The disease continuum from COVID-19 to long covid

Factors Influencing the Pulmonary Manifestations
during Disease Course: It is becoming clear that apart from
the advanced age and pre-existing conditions, such as diabetes,
cardiovascular, pulmonary, and renal diseases, certain
constituent factors render some patients more vulnerable to
the more severe forms of the disease including pneumonia
and ARDS. In addition, certain still unknown factors may
influence the clinical manifestations, its course, and later the
convalescent phase. From the clinical perspective, knowledge
of the host constituent factors, including the genetic
variations, may improve provision of healthcare for patients
with COVID-19 during the acute phase of the disease as well
as during the convalescence and ‘long Covid’ phase. The
host genetic factors have been linked to the variable clinical
manifestations of the disease following exposure to the virus
at the individual level as well as in various population groups
[36]. In fact,a model to understand several related factors such
as age, associated co-morbidities and genetic factors including
human genomic variants linked to COVID-19 outcomes can be
conceived as a continuum of the clinical course of the disease
and later period (Figure 4).

The genetic factors and pathways related to the disease
manifestations involve specific deviations in the genes
and pathways responsible for inter-individual COVID-19
susceptibility and response. To track the acute as well as
long-term impact of the disease on health, the project called
the ‘COVID Human Genetic Effort’ aims to find genetic
variants that compromise the immune systems and render
certain individuals more vulnerable to the risk of developing
COVID-19 [37]. In addition, the project aims to document the
genetic variations which make some individuals resistant
to the SARS-CoV2 infection. In nutshell, the project aims
to discover, monogenic inborn errors of immunity (IEI)
underlying severe forms of COVID-19 in previously healthy

https://lwww.heighpubs.org/jprr m



Pulmonary Involvement in COVID-19 and ‘Long Covid’: The Morbidity, Complications and Sequelae

Genetic factors, Age
Co-morbidities

Exposure to |Jmaeane espowse )|

SARS-CoV-2

f

Figure 4: The factors related to the disease manifestations - clinical course, convalescence, and ‘long Covid'.

individuals, monogenic variations which make certain
individuals resistant to the SARS-CoV2 infection despite
repeated exposure, and decipher the molecular, cellular, and
immunological mechanisms by which they cause resistance to
the viral infection or predisposition to a severe form of the
disease.

The COVID-19 Delayed and Long-term Effects: There
is a growing evidence of persisting multisystem effects
of COVID-19, indicating substantial continuing morbidity
after resolution of the infection [9]. While most people
recover quickly and completely from the virus, persistent
manifestations, especially pertaining to respiratory system
are frequently seen and the reports from various cohort
studies suggest that one in three people may not fully recover
several weeks after the initial illness and a smaller but still
substantial proportion may continue to have symptoms and
disabilities that persist for months [38]. Further, the long-
term effects of COVID-19 are seen in the younger population
also, though the risk of ‘long Covid’ increases with age. People
who suffer with severe form of the disease, experience long-
term inflammation and damage in lungs, heart, immune
system, brain, the vasculature, and other organs. These long-
term effects may last for months and years. The ‘long Covid’ is
not contagious and results due to the body’s response to the
virus infection continuing beyond the initial illness.

Most COVID-19 patients recover within few weeks
without significant complications. In others, often the
persisting symptoms may go un-noticed, as they are vague
and nonspecific. But some patients, even those who had mild
versions of the disease, including the younger people afflicted
with mild or asymptomatic disease and those who did not
suffer with serious disease or require hospitalization, may
continue to experience symptoms after their initial recovery
[39]. These patients have been described as ‘long haulers’ and
the clinical condition due to persisting or continuing symptoms
has been called post-COVID-19 syndrome, ‘Post-Acute
Sequelae of SARS-CoV-2 infection (PASC)’ or ‘Long COVID-19’,
or ‘Long Covid’ in short. The clinical condition encompasses a
delayed convalescence or recovery, persistence of symptoms,
and emergence of symptoms related to the organs involved
and damaged, and incapacitating complications and sequelae
(Figure 5).

https://doi.org/10.29328/journal.jprr.1001022

The long-haul COVID patients carry their symptoms well
beyond the normal course of recovery lasting for weeks and
months or longer. Further, of various facets of the disease,
the long-Covid syndrome may in due course prove to be the
most difficult to deal with. These symptoms are often varied
and relatively common and may defy a COVID-19-related
diagnosis. Several patients who are expected to recover,
continue to suffer for a variable period of weeks and months
with various general symptoms such as breathlessness on
exertion, fatigue, dizziness, memory lapses and other cognitive
issues, digestive disorders, erratic heart rates, headaches,
fluctuating blood pressure, and muscular and joint pains,
which are often considered by the patient himself and family
members as related to the weakness developed following
the disease. These patients report weeks- and months-long
symptoms affecting lungs, heart and other organs and given
the multitude of COVID-19 cases worldwide, the prevalence of
‘Long Covid’ is expected to be substantial and likely to increase
with the recurrent outbreaks of the disease. Furthermore,
the ‘Long Covid’ with debilitating and prolonged illness may
have profound impact on health of people, their social life and
livelihoods, and the economy.

The Presentation of ‘Long Covid’ Syndrome: The
occurrence of persistence or appearance symptoms related
to ‘Long Covid’ are being increasingly reported. Over the past
few months evidence has mounted about the significant long-
term effects of COVID-19 and millions of people are expected
to be suffering with ‘long Covid’ symptoms. The worldwide
distribution of COVID-19 suggests that many of those people
are currently living and experiencing the misery in the U.S,
India, and various European countries. The ‘Long Covid’ is
neither well-defined nor well understood, partly because the
related research is still in its infancy. The symptoms persist
or develop outside the initial viral infection, and the duration
and exact pathogenesis are unknown. Further, they vary from
vague to severe incapacitating symptoms, and there is often a
relapsing and remitting pattern.

There is little known about the prevalence, risk factors, or
probability to chart the protracted course for ‘Long Covid'. It
appears that the etiology of the syndrome is multifactorial and
may involve unbound immune responses, cardiopulmonary
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Figure 5: The abnormal convalescence or resolution phase following Covid-19 illness: delayed convalescence, persistence of symptoms, and

emergence of symptoms related to organs affected, and prolonged recovery and incapacitating complications and sequelae.

or systemic inflammation, vasculopathy and coagulation
disorders, and a direct cellular damage from viral replication
during the acute illness. The syndrome has vastly emerged
from self-reporting but is a real clinical entity with chronic
manifestations, and characterized by symptoms of fatigue,
headache, dyspnoea, and anosmia and likely to increase with
age, higher BMI, and female sex. Further, as deciphered from
various studies, experiencing more than five symptoms during
the first week of illness is associated with ‘long-Covid’ [40].

In a study with online survey data involving over 4,000
COVID-19 patients, about 13.3% of all ages suffered with the
symptoms lasting over 28 days, whereas 10% of those aged
18-49 years had the related symptoms 4 weeks after acquiring
the infection. Further, 4.5% patients of all age-groups suffered
with the symptoms for more than 8 weeks, and 2.3% of all
ages for more than 12 weeks. The study was conducted by
health-science firm Zoe Global Limited in conjunction with
Biomedical Research Centre based at GSTT NHS Foundation
Trust and supported by the UK Research and Innovation [41].
The analysis and inference derived from similar studies could
be used to identifying individuals with ‘Long-Covid’ may help
to reduce long-term complications and sequelae and planning
health education, guidance, and rehabilitation services [42].

Diagnosis and Manifestations of ‘Long Covid: As a
matter of fact, medical advice should be routinely sought
for all the patients having delayed recovery and persistence
or emergence of symptoms. There is a multitude of adverse
physical and mental health effects due to ‘Long Covid’ and
these afflictions may last for an indefinite period. According to
a study published in the Lancet, which included 1,733 people

tested positive for COVID-19 and followed for 4 months,
documented that more than 75% of the people who were
hospitalized for COVID-19, continued to suffer with atleast one
symptom for 6 months after recovery. Further, it was noted
that about 76% of them experienced lingering symptoms of
COVID-19 long after being cured of the illness [17].

In another recent study, Carvalho-Schneider, et al
followed-up 150 adults with only mild to moderate COVID-19
illness for two-month and found that two thirds of them were
still experiencing symptoms, most commonly shortness of
breath, loss of smell and taste, and/or asthenia and fatigue
[43]. Another study by Italian researchers, covering 143 COVID
patients who had been discharged from the hospital, found that
only about one in eight was completely free of symptoms 60
days from the beginnings of the illness [44]. The King’s College
London study, one of the largest surveys so far, reported that
around 10 percent of patients had persistent symptoms for
one month, with 1.5 to 2 percent having sustained symptoms
at 3 months. Further, the study documented that ‘Long Covid’
was twice as common in women as men, and the older people,
and those with more than five symptoms during their first
week of illness were more likely to develop ‘long Covid’ [41].

Management of ‘long covid’ syndrome

The Clinical Workup and General Guidelines: There
is envisaged a healthcare continuum for management of
pulmonary manifestations of COVID-19 and ‘Long Covid’
(Figure 6).

It encompasses diagnostic workup, clinical follow up,
investigational workup, followed by assessment of organ

The ‘Long Covid' Pulmonary Care Continuum

Clinical Investigatins |
work up P4 X Rays, Scans,
V PFT

™

Assessment [ Follow up
of pulmonary and

damage and y
dyafu%ction b

Figure 6: The ‘long Covid’ pulmonary care and management continuum — Diagnosis, Clinical follow up, Investigations, Assessment of pulmonary

damage, and Supportive treatment.
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damage and treatment which involves pharmacological as
well as non-pharmacological treatment in form of the holistic
care.

General clinical guidelines

Chest pain: Non-specific chest pain is common in post-
acute COVID-19. It could be musculoskeletal, unexplained
non-specific chest pain, or due to a cardiovascular condition.
Any persistent or recurrent pain in chest in setting of post-
COVID-19 convalescence requires meticulous workup.

Respiratory symptoms: A degree of breathlessness is
common during acute COVID-19 and convalescence. There
could be worsening breathlessness and severe breathlessness
may require hospitalization. In general, the breathlessness
tends to improve with breathing exercises and guided
pulmonary rehabilitation.

Thromboembolism: COVID-19 is an inflammatory
and hypercoagulable state, with an increased risk of
thromboembolic events including pulmonary thrombo-
embolism. The hospitalized patients, in general, receive
prophylactic anticoagulation followed by anticoagulant
therapy after discharge in the high-risk patients for an
extended period.

Other symptoms: Other symptoms such as anxiety, stress,
and insomnia are common and may have a bearing on cardo-
pulmonary status and care. The elderly patients, in addition,
are more prone to risk of sarcopenia and malnutrition.

Investigations during ‘Long Covid’ Follow up

Blood tests - Anaemia should be excluded. Lymphopenia
is a feature of severe, acute COVID-19 illness, whereas
leucocytosis may denote infection or inflammatory response.

The biomarkers - They include C reactive protein, d-Dimer,
LDH, and ferritin indicative of inflammation and continuing
prothrombotic state.

An ECG and Chest X Ray - at 12 weeks or earlier for new,
persistent, or progressive symptoms. Cardiac echo, CT scan
chest or MR scan may be required.

Further studies and research are likely to refine the
indications and interpretation of diagnostic and monitoring
tests in follow-up of ‘Long Covid'.

Supportive Treatment and Rehabilitation: The
‘long Covid’ syndrome has multi-system involvement and
unpredictable course with variable presentation depending on
unmodifiable factors such as race, age and sex, and modifiable
factors like comorbidities and lifestyle, and certain unknown
factors. Following clinical and investigational assessment,
the patients should be managed according to their clinical
manifestations, extent of organ damage and associated
complications. In case of suspected pulmonary and cardiac
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involvement, the restriction of physical activity advised,
followed by periodic assessment. An early resumption of
physical activity and exercise in the presence of pulmonary
dysfunction may also be associated with both increased
morbidity and mortality [45].

Although there are no firm data on COVID-19 recovery,
many reports indicate that it may takes weeks until people
with even moderate infections are back to baseline. If the
pulmonary function evaluation is unremarkable and there
are no further cardiopulmonary symptoms, the patient can
slowly and gradually resume physical activity, beginning with
short walks. Current recommendations for resuming physical
activity following COVID-19 illness mention no exercise for 2
weeks from the positive test, close monitoring for symptoms,
slow resumption of exercise for asymptomatic post-COVID-19
patients, those with Mild Post-COVID-19 symptoms are advised
rest for 2 weeks, clinical evaluation, with consideration for X
ray chest, ECG, and echocardiogram before resuming exercise.
Whereas those having suffered with severe COVID-19 illness
need to undergo complete cardiopulmonary evaluation during
hospitalization and 2 weeks after discharge, close monitoring
and supervised slow resumption of activity [46].

Activity guidance and occupational rehabilitation:
In general, all COVID-19 patients should be risk stratified
following recovery before recommending a return to physical
activity, which should be gradual, individualised, and based on
subjective tolerance of the activity (Figure 7). It is noteworthy
that apart from the severe cases and elderly, even those with
mild disease and a proportion of people from all age groups
may experience a prolonged recovery [47]. In general, a
return to physical activity should be after at least seven days
period free of symptoms, followed by two weeks of minimal
exertion. As a rule, those with ongoing symptoms or history of
severe COVID-19 need cardio-pulmonary assessment before
advising return to physical activity [48]. In practice, thus, for
those with mild symptoms during the COVID-19 illness and
asymptomatic during convalescence period, there should be
a phased return to physical activity with at least a week in
between every phase.

The phases have been outlined as - Phase 1: Breathing
exercises, mild stretching, and gentle walking; Phase 2: Low
intensity walking, mild household and gardening tasks, light
yoga; Phase 3: Moderate intensity aerobic and strength
challenge; Phase 4: Moderate intensity aerobic and strength
challenge with coordination and functioning skills; and Phase
5: Return to regular exercise and physical activity pattern.
Usually, a light intensity activity is advised for initial two
weeks. The Borg Rating of Perceived Exertion (RPE) scale
is a subjective assessment of activity and physical work
and helpful in guiding the progress through the phases of
increasing physical activity. The patients must rate their
subjective feeling of exertion, including shortness of breath
and fatigue, on a scale from 6 (no exertion at all) to 20 -
maximal exertion [49].
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S. N. Activity phase
1. Phase One

Activity details

Breathing exercises
Mild stretching
Gentle walking.

2. Phase Two

Low intensity walking
Mild household
Gardening tasks
Light yogic exercises

3. Phase Three

Moderate intensity aerobic
Moderate strength challenge

4. Phase Four

Moderate intensity aerobic
Strength challenge with coordination

5. Phase Five

Return to regular exercise level,
Regular physical activity pattern

Figure 7: The phases of physical activity and exercise.

Conclusion

Evolving ‘long covid’ scenario

Post-COVID-19 Pulmonary Damage and Sequelae: The
post-COVID-19 pulmonarydamageandfibrosisischaracterized
by unsuccessful reconstruction of the damaged alveolar
epithelium, persistence of fibroblasts and excessive deposition
of collagen and other extracellular matrix components, and the
destruction of normal pulmonary architecture. Its progression
in due course results in compression and destruction of normal
pulmonary parenchyma, and damage to microvasculature.
There takes place fibrin deposition in the alveoli and lung
parenchyma, together with platelet thrombotic micro-clots in
the pulmonary vessels. The elderly patients are more prone to
viral-induced fibrosis due to immunosenescence. The recent
reports show that serum levels of the various cytokines
and growth factors including monocyte-1 chemoattractant
protein (MCP-1), transforming growth factor 1 (TGF-$1),
tumor necrosis factor a (TNF-a), fibroblast growth factor
(FGF), platelet-derived growth factor (PDGF), interleukin-1b
(IL-1b) and interleukin-6 (IL-6), are overexpressed are also
highly increased in COVID-19 patients. In addition, there
occurs dysregulated release of matrix metalloproteinases,

leading to epithelial and endothelial injury and uncontrolled
fibroproliferation.

From the clinical perspective, the COVID-19 incubation
period and clinical phase involves 3 weeks. In this context, the
post-acute COVID-19 can be described as the illness extending
beyond three weeks from the onset of first symptoms, and the
chronic COVID-19 as extending beyond 12 weeks. As being
increasingly documented, about 10% of patients who have
tested positive for SARS-CoV-2 virus remain unwell beyond
three weeks, and a smaller proportion for further period. In
general, the diagnosis of the ‘Long Covid’ or ‘Long haulers”
should be entertained for various symptoms and signs linger
well beyond the period of convalescence in COVID-19 [50].
The most common of persisting signs and symptoms of
post-COVID-19 illness related to respiratory system include
extreme tiredness (fatigue) and giddiness, chest pain and
tightness, palpitations, shortness of breath and Cough. The
underlying disease state may vary from mild restrictive lung
function to decompensated persistent chronic lung disease
(Figure 8).

The Therapeutic Options and Innovations: Presently,
there is no proven and fully documented effective therapeutic

COVID-19 associated pulmonary manifestations and fallouts

Alveolar inflammation
Asymptomatic Mild pumonary fibrosis

Resolved without Future pulmonay
complications complications

v v

Potential mild restrictive
pulmonary function

Moderate to severe alveolar inlammation
Significant to extensive pulmonary fibrosis

Insetting ofexisting  denovodiminished  Exposure to

lung disease lung volume Infla. ctokines
Decompensated persistent Anaplasia and

chronic lung disease malignancy

Figure 8: Pulmonary manifestations associated with COVID-19 iliness and their fallouts.
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modalities for the treatment of post-inflammatory pulmonary
fibrosis following COVID-19. But, as the disorder bears
similarities in its pathogenesis with idiopathic pulmonary
fibrosis including cytokine profiles, it has been suggested that
the drugs useful in the treatment of Idiopathic pulmonary
fibrosis (IPF) could also be beneficial for symptomatic and
supportive therapy for post-COVID-19 patients.

Unquestionably, the most important factor in limiting
pulmonary fibrosis is timely antiviral treatment and
elimination of the causative agent. Though, currently, there is
no fully substantiated therapeutic modality for the treatment
of post-inflammatory pulmonary fibrosis after COVID-19,
some therapies need to be considered (51). The anti-viral
agents can reduce the viral load and the duration of viral
pneumonia, and hence prevent and decrease the pulmonary
fibrosis. Thus, the currently known antiviral agents like
remdesivir and favipiravir, especially when used early in the
course of disease, may inhibit RNA replication due to high
affinity to viral enzymes, reverse transcription or protein
biosynthesis through premature termination or inhibition of
nitrogenous bases synthesis. Remdesivir was found efficacious
in inhibiting viral replication and restricting lung injury in the
animal model of MERS infection. Favipiravir (FPV) may be
another possible treatment option. It has been shown that FPV
is able to inhibit virus reproduction in vitro. The preliminary
studies indicate viraemic clearance and improved radiological
appearance following favipiravir treatment.

The rationale for the use of steroids in COVID-19 viral
pneumonia is to decrease the host inflammatory response
in the lungs, which can lead to the development of acute
lung injury and ARDS. The use of steroids in COVID-19 may
also decrease the hyper-inflammatory activity in other
organs. There are several reports to suggest that the use
of spironolactone may be of significantly useful in fibrosis
prevention. Tocilizumab, the monoclonal antibody against
IL-6, has been claimed to have a beneficial effect on post-
COVID-19 patients with severe lung damage and elevated
interleukin six levels. As the final option, lung transplantation
has been considered and tried [52,53].

The ‘Long Covid’ Challenges and Solutions: The SARS-
CoV-2 virus uses ACE2 receptors to cause interstitial lung
damage followed by parenchymal lesions. ARDS is the common
acute pulmonary complication of the COVID-19, whereas
pulmonary fibrosis is the sequelae of both acute as well as
chronic (‘long”) COVID-19 leading to permanent disability. As
mentioned earlier in this review article, there is no proven
and fully documented effective therapeutic modalities for the
treatment of post-inflammatory pulmonary fibrosis following
COVID-19 illness.

Given the global scale of the pandemic both in the recent
past as well as envisioned for the near future, the healthcare
needs for patients with sequelae of COVID-19, especially in
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those with lung affliction are bound to increase alarmingly.
Following clinical and investigational assessment, the
therapeutic strategy is likely to depend on the clinical
manifestations, extent of damage in lungs and other organs,
and associated complications. The challenge can be tackled by
harnessing of existing healthcare infrastructure, development
of scalable healthcare models, novel research initiatives,
and integration across disciplines with a combination of
pharmacological and non-pharmacological modalities for
improved physical and mental health outcomes for COVID-19
survivors in the long-run [54].
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