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Abstract:

Total 219 countries and territories globally suffering from the recent pandemic COVID-19 is
now in its second wave with more brutality, caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) . It has several symptoms like as persistent fever; respiratory
illnesses; cough; fatigue; shortness of breath; loss of appetite; persistent pain or pressure in the
chest; dysgeusia; acute respiratory distress syndrome (ARDS) etc., and here the things to worry
about is the development of pulmonary fibrosis after COVID-19 in both peoples who had died of
due to acute respiratory distress syndrome (ARDS) or those who survived. Due to COVID-19,
dysregulated immune response and wound repair mainly in elderly patients causes this secondary
pulmonary fibrosis. Thus using anti-fibrotic agents could be meaningful in these circumstances
although their efficacy in treating COVID-19 is subject to more detailed laboratory research
works. In this review article you will get to know about the lung fibrosis generation due to
COVID-19 infection, about anti-fibrotic agents and the currents challenges of this field.
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syndrome (SARS), ORF (open reading frame), dipeptidyl peptidase 4 (DPP4), angiotensin-
converting enzyme 2 (ACE2), transforming growth factor-beta 1 (TGF-B1), angiotensinogen
(AGT), connective tissue growth factor (CTGF), vascular endothelial growth factor (VEGF),
fibronectin (FN), interleukin-6 (IL-6), 3C-like protease (3CLpro), RNA-dependent RNA
polymerase (RdRp), papain-like cysteine protease (PLpro), idiopathic pulmonary fibrosis (IPF),
chronic obstructive pulmonary disease (COPD), Mesenchymal Stem Cells (MSCs), Galectin-3
(gal-3), Hepatocyte growth factor (HGF).

Introduction:

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that is earlier known as
2019 novel coronavirus (2019-nCoV) causes COVID-19 viral disease globally and till now
affected 219 countries [1-5]. Due to this outbreak and pandemic situation 155,844,806 cases that
is 155(M) million and 3,255,604 deaths reported globally as of May 06, 2021, 05:26 GMT and in
India the death number is 226K and the current cases distribution of COVID-19 also represented
here in figure 1[6,7].

Turkey: 3.18 % (4,955,594 cases) / Russia: 3.11 % (4,847,489 cases)
France: 3.66 % (5,706,378 cases) i United Kingdom: 2.84 %

- (4,425,940 cases)
Brazil: 9.59 % (14,936,464 cases) ~.
India: 13.54 % (21,077,410 cases) ~———

 naly: 2.61 % (4,070,400 cases)
/ " Spain: 2.28 % (3,551,262 cases)

_‘é

United States: 21.41 %
(33,321,244 cases)

Figure 1 Countries cases distribution of COVID-19 infectionas of May 06, 2021, 05:26 GMT

(source:Worldometer - www.worldometers.info[7]
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Ortho-coronavirinae is the subfamily of this virus where the Alpha, Beta, Gamma and Delta
coronavirus are four genera of this subfamily and other three [5,8] are Middle East Respiratory
Syndrome, or MERS, severe acute respiratory syndrome, or SARS and finally SARS-CoV-2 ,
the novel COVID-19[1,9]. In December 2019, this virus first reported in Wuhan City, Hubei
Province, Central China, that causing some common symptoms like fever, dry cough and fatigue
on the other some severe symptoms like as respiratory illnesses, shortness of breath, loss of
appetite, persistent pain or pressure in the chest, high temperature (above 38 °C) and persistent
fever, dysgeusia, lung injury acute respiratory distress syndrome (ARDS) with epithelial and
endothelial injury in some individuals[10-12]. It is reported that among the seventh members,
four result in minor symptoms related to the upper respiratory tract. On the other hand, the rest
three including SARS-CoV-2 cause lower respiratory tract infections that’s leads to major lung
complications such as acute respiratory distress syndrome (ARDS), cytokine release syndrome
and pulmonary fibrosis (PF) which starts early in the course of ARDS as PF is a recognized
sequel of ARDS [10,13]. The most dangerous consequences of this viral infection that was
already hypothesized [14,15] is found to be real in the current scenario as of chest physicians
from all over the world recognized peoples recovered from COVID-19 still left with lung fibrosis
that is termed here as post-COVID lung fibrosis [13,16]. It has been suggested that the
pulmonary fibrosis is interconnected to the pathology of ARDS, that’s has three phases:
exudative, proliferative, and fibrotic, where in the first week or you can say at initial stage, the
diffuse alveolar damage, the exudative phase with edema, hyaline membranes, and interstitial
acute inflammation occurs and next to that an organizing phase with loose organizing fibrosis
and fibro-proliferative ~ phase and, in non-survivors, end-stage fibrotic lung can be
seen[11,13,16,17].In COVID-19 disease, the various pro-inflammatory cytokines are produced
abnormally in higher level along with excessive infiltration of inflammatory cells, the
phenomenon is also known as ‘cytokine strom’, which is believed to be key event in COVID-19
mortality and morbidity and due to this abnormal inflammatory event, the pulmonary fibrosis can
be promoted [13,18]. Reported data also supports the view that about 40% of patients with
COVID-19 develop ARDS, and 20% experienced more severity and may further leads to fibrosis
later [13,17].

For this reason using anti-fibrotic therapies could be a game changer in this situation and some of

the approved anti-fibrotic drugs for e.g. pirfenidone and nintedanib [19,20] which are effective

3|Page


https://doi.org/10.20944/preprints202105.0423.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 May 2021 doi:10.20944/preprints202105.0423.v1

against lung functional abnormalities and improving life can be administrated. Here in this
article, we will discuss about the post-COVID-19 lung fibrosis and how this lung fibrosis gets
developed and disrupted by COVID-19virus.After that we have discussed about some potential
anti-fibrotic agents that could be used as a potential therapeutics for post-COVID pulmonary
fibrotic patients depending on other co-morbidities and severity of the disease. Therefore, we

have listed some open questions which are the limitations and future challenges of this field.

Coronavirus disease 2019 (COVID-19) pathology:

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a RNA virus and its
genome size is 30kb, that’s mainly code for several proteins (poly proteins) also known as
ORF1a/b (open reading frame) and it furthers cleaved into more several proteins parts among
them, 5 accessory and 4 structural proteins important for its assembly and infectiveness including
spike surface glycoprotein, membrane protein, envelop protein and neucleocapsid [1,21,22]. It is
the seventh member from the family that infect humans with approximately 70% genetic
similarity to SARS-CoV and the site of infection is mainly depends upon the presence of the
dipeptidyl peptidase 4 (DPP4) and angiotensin-converting enzyme 2 (ACE2), where the viral
spike protein binds also similar for MERS and SARS [1,10,23-25]. As most of the human cells
related to lower respiratory tract including endothelial, alveolar cells, further tracheal, bronchial
cells bearing the ACE2 receptor, the SARS-CoV-2 virus which has 10-20 fold greater affinity
towards this than SARS-CoV easily in a faster way enters and upon replicating inside host cells
initiates the immune-pathogenesis and resulting huge amount of local cytokines secretion
causing lung tissue damages, acute respiratory distress syndrome (ARDS), multiple organ
failure[1,26,27].Decreased immune functions, reduction of lymphocytic T Cells (CD4+ and
CD8+) and natural killer (NK) cells and the high level of inflammatory cytokines (IL-2, IL-6, IL-
7, IL-10), MCP-1, MIP-1A and TNF-a are linked with SARS-CoV-2 severity [28,29]. Most
susceptible groups for this viral infection are older peoples but in the second wave in India from
18+ young generation are included in this range, even kids (below the age of 16) are right now

also prone to the dangers [30].
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Pulmonary fibrosis after COVID-19:

Several data available from autopsy, clinical radiography have shown that the novel corona virus
damages mainly the respiratory system and in the long run its causes pulmonary fibrosis
[10,11,13,17]. We know very well about the pathogenic mechanism of viral lung fibrosis, as it
has been studied with others viruses like influenza and SARS, where it has been reported that, in
case of HIN1 influenza the transforming growth factor-beta 1 (TGF-B1) level increased, found
similar for SARS-CoV-1 (outbreak in 2002) and due to higher level of this cytokine the
extracellular matrix proteins deposition and fibroblast differentiations takes place in abnormal
manners that finally promote the lung fibrosis [16,31,32]. In case of novel corona virus, the
molecular mechanism for the progression of pulmonary fibrosis is not clearly understood but
believed to depends upon various factors and similar to SARS-CoV [13].A very recent research
by Xu et al., (2020) confirmed that SARS-CoV-2 binds to the ACE2 caused activation of fibrosis
related process and genes, like as altered expression in mRNA and protein level of
angiotensinogen (AGT), transformation growth factor-beta 1 (TGF-B1), connective tissue growth
factor (CTGF), vascular endothelial growth factor (VEGF) and fibronectin (FN), are observed by
the bioinformatics studies which are also found in the patients with lung fibrosis [29]. So here in
SARS-CoV-2, it may be also possible that its first activates the TGF-p pathway then through this
signaling its increased the ECM proteins mainly the FN and the thus the alveolar-epithelial cells
may result in lung fibrosis [16,33]. In addition to this, decreasing of ACE-2 level causes up-
regulation of angiotensin 2, which plays key role in the development of inflammation and
fibrosis by generation of reactive oxygen species(ROS), production of the pro-inflammatory
cytokines mainly interleukin-6 (IL-6) and IL-8 and activation of TGF-B signaling is also
postulated [16,34]. Furthermore, It is also possible that oxygen toxicity (oxygen-derived free
radicals) and mechanical stress or ventilation (including barotrauma and volutrauma) can cause
lung and pulmonary injury, contributing to ARDS in which during inflammatory stage matrix
metallo-protease released in abnormal manners and causes endothelial injury, increase cytokine
production, upsurge epithelial-mesenchymal transition (EMT) and collagen deposition in lung

and finally all these contributing to pulmonary fibrosis [16,35-37].

From several scientific reports, medical observations and evidences we can summarize that after

SARS-CoV-2 infection in some patients, activation of the TGF-p signaling;
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inflammation(cytokine storm);ARDS pathology the well-known acute and diffuse inflammatory
damage into the alveolar-capillary barrier; high ROS level; accumulation and deposition of ECM
proteins all are involved for the post-COVID lung fibrosis generation. There may be more
unknown pathways, signaling crosstalk’s which are directly or indirectly causes lung fibrosis are

yet to discover and gradually will be published through research in upcoming days.

Anti-fibrotics, the game changer:

Based on current scenario, using anti-fibrotic drugs are may be very useful to tackle the post-
COVID pulmonary fibrosis [11,17,38]. There are some well-known chemical compounds such as
pirfenidone and nintedanib (FDA-approved) and some natural compounds including quercetin,
baicalin and baicalein, and salvianolic acid B are recognized as potential anti-fibrotic agents that
can be applied to the COVID-19 patients to save them from the development of pulmonary
fibrosis and other consequences. The chemical structures of these potential drugs are represented
here in the figure 2. Pirfenidone is an oral drug that has anti-fibrotic, anti-oxidative and anti-
inflammatory properties. Nintedanib is also an good anti-fibrotic agents that’s being an tyrosine
kinase inhibitor regulate downstream signaling of fibrosis, it also has anti-inflammatory property
and inhibits IL-6 and IL-1[11,38,39]. Others well-known natural compounds that exhibit anti-

fibrotic effects are some flavonoids and non-flavonoids.
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Figure 2: Chemical structure of some potential anti fibrotic compounds.

From fruits and vegetables we have the quercetin which shows dose dependent anti-fibrotic
activity in vitro [40]. Recent in silico and in vitro studies suggested that quercetin can performed
key role to modulate various stages of the coronavirus entry into host cells and also with
replication cycle [40,41]. Previous studies with viral 3C-like protease (3CLpro) of SARS-CoV
and with others important targets parts of SARS-CoV-2 like the host entry apparatus, Spike
protein and ACE2 receptor, the RNA-dependent RNA polymerase (RdRp), that is crucial for the
replication of viral RNA, and papain-like cysteine protease (PLpro), that’s controlling virus
maturation, impairment of host inflammation, suggested that the quercetin binds better with all
these[42]. Furthermore, The baicalin and baicalein also can be acts as novel inhibitors of SARS-
CoV-2 3CL protease [43]. The salvianolic acid B that’s is available in Salvia miltiorrhiza, it is
also found effective to inhibit the entry of 2019-nCoV spike pseudovirus into angiotensin-
converting enzyme 2 high-expressing HEK293T cells (ACE2h) cells by binding to the RBD of

7|Page

d0i:10.20944/preprints202105.0423.v1


https://doi.org/10.20944/preprints202105.0423.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 May 2021 doi:10.20944/preprints202105.0423.v1

the 2019-nCoV spike protein and ACE2 protein [40,44]. The full list of these chemical and

herbal compounds and their key functions including antiviral role summarized in the table 1.

Table 1: Brief details about some well-known anti-fibrotic drugs.

Drugs/ Key function Antiviral activity References
Compounds
Pirfenidone It has anti-fibrotic, anti-inflammatory, Not reported [11,38]
Anti-oxidative, inhibits IL-6 and IL-1
Nintedanib It inhibits downstream molecules [11,38,39]
involved in fibrosis, control fibroblast Not reported

differentiations
Anti-COVID-19 activity by modulating  [40,41]

Quercetin In vitro study shown dose-dependent its entry into host cells and also with
anti-fibrotic activity and low cytotoxicity replication cycle
Baicalin and Anti- inflammation, anti-fibrotic Antiviral property against influenza and  [43,45,46]
Baicalein inflammation and anti -fibrosis dengue virus also Anti COVID-19
activity

Salvianolic Anti-fibrosis, Suppressed TGF-B1. Anti COVID-19 activity by inhibiting the [40,44]
acid B entry of 2019-nCoV spike pseudovirus
into ACE2 cells.

Discussion:

Now we have some ideas regarding development and progression of fibrosis in lungs of some
COVID-19 patients and how the pathology of lung injury gets modulated by the COVID-19 viral
infection. In this article we have summarized some potent anti-fibrotic agents both chemical and
herbal that could be used for better treatment. Upon analysis the data represented here in table 1
and through literatures survey [40,41,43,44,46], we have found that natural compounds including
quercetin, baicalin and baicalein, and salvianolic acid B could be serve as most potential agents
for the treatment of post-COVID lung fibrosis as they possess both antiviral and anti-fibrotic
properties. Thus using anti-fibrotic agents could be the game changer. According to George PM
et al., (2020),[11,16] using the anti-fibrotics can be considered within the first week of ARDS
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onset but their efficacy in treating COVID-19 is subject to more detailed laboratory research.
The anti-fibrotics agents also have some pleotropic effects so how to tackle this problem should
be our prior concerns. A randomized, open clinical trial to evaluate the efficacy and safety of
pirfenidone (ClinicalTrials.gov identifier:NCT04282902) is currently going on and in its phase 3
and more longer follow-up durations are mandatory to get better inference [15]. For the natural
compounds the low bioavailability and lacking of proper dose standardization is a limitation.

Instead of these we can think of using them for the better treatment purpose in this emergency.

Apart from these anti-fibrotic approaches several other therapeutic strategies may be useful in
this field. A group of researchers performed bioinformatics studies where they found that the
idiopathic pulmonary fibrosis (IPF), chronic obstructive pulmonary disease (COPD) patients are
subject to high risk to be infected by SARS-CoV-2. The transcriptomic analysis also revealed
similar pathways and identified some genes which are responsible for diffident types of
respiratory diseases like IPF and COPD, so that could be used for better therapeutic targets [47].
On the other, using Mesenchymal Stem Cells (MSCs) as therapeutics also could be a very
important approach that has been reviewed by Vishnupriya et al., (2021) [10]. The MSCs,
reached the site of injury and inhibits the inflammations, its secretes some factors like hepatocyte
growth factor (HGF), which disturbed the TGF-f signaling and prevent tissue fibrosis [10]. The
Galectin-3 (gal-3) that’s a carbohydrate binding protein expressed by the macrophages and
alveolar epithelial cells of lung and found to be related with the abnormal inflammation known
as ‘cytokine strom’ and lung fibrosis so using inhibitors for them could also be a good
therapeutic approach that has been reviewed by Garcia-Revilla et al., 2020 [18]. Recent study by
McGroder et al., (2021) suggested that age-adjusted telomere length should be considered as an
independent risk factor for post-COVID-19 pulmonary fibrosis [48]. Proper identification of risk
factors and biomarkers for earlier stage of lung fibrosis is very crucial to diagnose which of these

patients will proceed to develop fibrosis and so that we can implement specific therapeutics.

Although, for now it is still a big question that why only some individuals develop this post-
COVID pulmonary fibrosis and others recovers from it. Probably there are involvements of some
other risk factors such as co-morbidities, age, severity of initial illness, and duration of

mechanical ventilation, several genetic or epigenetic factors which are also a subject of research.
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There are some other obvious questions that are listed as open questions are needed to be

resolved in the upcoming days.

Open Questions
1. What are the multi factors related to this post-COVID pulmonary fibrosis development?

2. Can we use the anti-fibrotics as a combinational therapy with others antiviral and anti-
inflammatory drugs?

3. What will be the efficacy of anti-fibrotics within vaccinated and non-vaccinated persons,
among peoples who have other co-morbidities?

4. What is the underlying mechanism for activation of TGF-f signaling which is regulated
by SARS-CoV-2 in some COVID-19 patients or there is involvement of any other

signaling cross-talk?

Conclusion:

Finally after considering all the above-mentioned points, now we can say that it will be very
meaningful to use the anti-fibrotic drugs against post-COVID pulmonary fibrosis in future.
Although better understanding of pathophysiology of this lung fibrosis is required for better
inference. In case of personalized gene based treatment, more knowledge about the confirmed
risk factors responsible is required. In this situation detailed laboratory work to be performed to

fill the gaps.
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