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Abstract
Pirfenidone (PFN) is an anti-fibrotic drug with significant anti-inflammatory property used for treatment of fibrotic condi-
tions such as idiopathic pulmonary fibrosis (IPF). In the coronavirus disease 2019 (Covid-19) era, severe acute respiratory 
syndrome 2 (SARS-CoV-2) could initially lead to acute lung injury (ALI) and in severe cases may cause acute respiratory 
distress syndrome (ARDS) which is usually resolved with normal lung function. However, some cases of ALI and ARDS 
are progressed to the more severe critical stage of pulmonary fibrosis commonly named post-Covid-19 pulmonary fibrosis 
which needs an urgent address and proper management. Therefore, the objective of the present study was to highlight the 
potential role of PFN in the management of post-Covid-19 pulmonary fibrosis. The precise mechanism of post-Covid-19 
pulmonary fibrosis is related to the activation of transforming growth factor beta (TGF-β1), which activates the release of 
extracellular proteins, fibroblast proliferation, fibroblast migration and myofibroblast conversion. PFN inhibits accumulation 
and recruitment of inflammatory cells, fibroblast proliferation, deposition of extracellular matrix in response to TGFβ1 and 
other pro-inflammatory cytokines. In addition, PFN suppresses furin (TGFβ1 convertase activator) a protein effector involved 
in the entry of SARS-CoV-2 and activation of TGFβ1, and thus PFN reduces the pathogenesis of SARS-CoV-2. Besides, 
PFN modulates signaling pathways such as Wingless/Int (Wnt/β-catenin), Yes-Associated Protein (YAP)/Transcription Co-
Activator PDZ Binding Motif (TAZ) and Hippo Signaling Pathways that are involved in the pathogenesis of post-Covid-19 
pulmonary fibrosis. In conclusion, the anti-inflammatory and anti-fibrotic properties of PFN may attenuate post-Covid-19 
pulmonary fibrosis.

Keywords  Pirfenidone · Pulmonary Fibrosis · Covid-19 · Anti-Inflammatory · Anti-Fibrotic

Inflammopharmacology

 *	 Gaber El‑Saber Batiha 
	 gaberbatiha@gmail.com

 *	 Hebatallah M. Saad 
	 heba.magdy@mau.edu.eg

 *	 Jesus Simal‑Gandara 
	 jsimal@uvigo.es

	 Hayder M. Al‑kuraishy 
	 Hayderm36@yahoo.com

	 Hani Faidah 
	 hsfaidah@uqu.edu.sa

	 Ali I. Al‑Gareeb 
	 Dr.alialgareeb78@yahoo.com

1	 Department of Clinical Pharmacology and Medicine, 
College of Medicine, ALmustansiriyia University, 
M.B.Ch.B, FRCP, Baghdad, Iraq

2	 Department of Pharmacology and Therapeutics, 
Faculty of Veterinary Medicine, Damanhour University, 
Damanhour 22511, AlBeheira, Egypt

3	 Microbiolgy Department Faculty of Medicine, Umm Al Qura 
University, Mecca, Saudi Arabia

4	 Department of Pathology, Faculty of Veterinary Medicine, 
Matrouh University, Matrouh 51744, Matrouh, Egypt

5	 Nutrition and Bromatology Group, Department of Analytical 
Chemistry and Food Science, Faculty of Science, 
Universidade de Vigo, E‑32004 Ourense, Spain

http://orcid.org/0000-0001-9555-7300
http://crossmark.crossref.org/dialog/?doi=10.1007/s10787-022-01027-6&domain=pdf


2018	 H. M. Al‑kuraishy et al.

1 3

Introduction

Pirfenidone (PFN) is an anti-fibrotic drug with signifi-
cant anti-inflammatory property used for the treatment of 
fibrotic conditions such as idiopathic pulmonary fibrosis 
(IPF) (Taniguchi et al. 2010). PFN acts through inhibi-
tion the production of fibroblast, suppression release of 
transforming growth factor beta (TGF-β1), and inhibition 
release and deposition of collagen (Carter 2011). Besides, 
PFN reduces the synthesis of pro-inflammatory cytokines 
such as tumor necrosis factor-alpha (TNF-α) (Takeda et al. 
2014). It was first used in Japan in 2008 after a success-
ful clinical trial for IPF. PFN in 2014 was approved for 
clinical uses in the USA (Maher et al. 2020). Anti-fibrotic 
drugs are commonly indicated in the management of 
IPF, liver fibrosis, and as an adjuvant with chemotherapy 
against lung cancer (Ley et al. 2017).

In the coronavirus disease 2019 (Covid-19) era, severe 
acute respiratory syndrome 2 (SARS-CoV-2) could ini-
tially lead to acute lung injury (ALI) and in severe cases 
may cause acute respiratory distress syndrome (ARDS) 
that are usually resolved with normal lung function (Al-
Kuraishy et al. 2021a; Mostafa-Hedeab et al. 2022). How-
ever, some cases of ALI and ARDS are progressed to the 
more severe critical stage of pulmonary fibrosis commonly 
named post-Covid-19 pulmonary fibrosis which needs an 
urgent address and proper management. Therefore, the 
objective of the present study was to review the potential 
role of PFN in the management of post-Covid-19 pulmo-
nary fibrosis (Ali and Ghonimy 2021).

Covid‑19 and risk of pulmonary fibrosis

By the end of April 2022, over one billion subjects had 
been established infected all over the world with more than 
six million deaths. Most of the Covid-19 patients presented 
with mild respiratory symptoms in near 85% to ARDS in 
about 5% (Al-Kuraishy et al. 2021b). Furthermost Covid-
19 patients are cured without lung injury, though num-
bers of affected patients still have residual serious sequelae 
(Lugnier et al. 2021). The crucial risk factors for Covid-19 
severity are old age, male sex, and comorbidities such as 
hypertension and diabetes mellitus that might augment the 
risk of post-Covid-19 squeals (Al-Kuraishy et al. 2021c). 
These squeals ranged from mild such as fatigue or severe 
such as pulmonary fibrosis, which requires prolonged oxy-
gen supplementation or lung transplantation (Mahmud 
et al. 2021). Therefore, long-term follow-up of patients 
with severe Covid-19 is compulsory to find early and late 
complications in post-Covid-19 recovery.

It has been reported that severe SARS-CoV-2 infection 
is linked with the development of significant pulmonary 
fibrotic changes (Schwensen et al. 2020). However, these 
fibrotic changes are uncommon with most respiratory viral 
infections and have never been reported following the 
HINI influenza epidemic (Bridevaux et al. 2014). Into the 
bargain, pulmonary fibrotic disorders have been reported 
in 8% of SARS patients and 20% in patients with H7N9 
influenza (Udwadia et al. 2021b). Previously, Ajlan et al 
(2014) reported that Middle East Respiratory Syndrome 
coronavirus (MERS-CoV) is associated with the progres-
sion of interstitial pulmonary fibrosis. Likewise, pulmonary 
fibrosis may develop in numbers of patients who recovered 
from MERS-CoV pneumonia mainly in old age patients' 
undergone admission to the intensive care unit (ICU) with 
high lactate dehydrogenase (LDH) levels (Das et al. 2017). 
Both SARS-CoV and MERS-CoV are genetically similar 
to that of SARS-CoV-2 and can cause pulmonary disorders 
similar to that of SARS-CoV-2 (Al-Kuraishy et al. 2020a). 
SARS-CoV lung radiological manifestations are observed 
following 2 weeks of infection and may persist for 4 weeks. 
Though, 15 years of follow-up of 71 patients who recovered 
from SARS-CoV infection, about 4.6% develop bilateral 
pulmonary interstitial abnormality (Zhang et al. 2020a, b).

In a pre-Covid-19 era, approximately 30% of patients 
that developed ARDS regardless of etiology showed pul-
monary fibrosis and residual lung abnormality (Osterholzer 
et al. 2012). Taken together, the older age group appears to 
be predominant among hospitalized Covid-19 patients who 
develop ARDS due to underlying autoimmune inflamma-
tory disorders that eventually predispose them to the devel-
opment of pulmonary fibrosis (Al-kuraishy et al. 2021d). 
Post-Covid-19 pulmonary fibrosis might be irreversible and 
characterized by a significant reduction in lung function and 
early mortality (Fila et al. 2021). Thus, urgent recognition 
of the pathophysiology of post-Covid-19 pulmonary fibrosis 
is mandatory to highlight therapeutic lines for this serious 
late complication.

In Covid-19, the development of pulmonary fibrosis is 
so differed due to the large affected population and using of 
steroid therapy as a standard treatment, which might reduce 
the incidence of this squeal. However, steroid dose in the 
management of Covid-19 does not prevent post-Covid-19 
pulmonary fibrosis adequately (Udwadia et  al. 2021a). 
Moreover, recovered Covid-19 patients experienced a 
restrictive pulmonary abnormality, abnormal diffusion 
capacity, pulmonary microangiopathy, alveolar dysfunctions 
and abnormal lung functions two weeks following hospital 
discharge (Zhao et al. 2020; Mo et al. 2020). Udwadia et al 
(2021b) observed that most discharged severe Covid-19 
patients within six weeks have an abnormal lung CT scan, 
insistent dyspnea, and abnormal diffusion capacity, and these 
pulmonary abnormalities declined significantly following 
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12 weeks. It is suggested that pulmonary abnormalities in 
Covid-19 patients are not progressive and might be resolved 
with time.

In contrast, retrospective studies illustrated that Covid-19 
patients with ARDS on mechanical ventilation may develop 
pulmonary fibrosis, interstitial thickening, diffuse alveolar 
injury and honeycomb appearance similar to that of IPF 
within four weeks despite intensive antiviral and steroid 
therapies (Kayhan and Kocakoç 2020). As well, lung inter-
stitial thickening and fibrosis may follow mild SARS-CoV-2 
infections; also irregular reticular changes and formation of 
parenchymal bands might be predictors for post-Covid-19 
pulmonary fibrosis (Xue et al. 2021). It has been revealed 
that smoking, alcoholism, prolonged duration of mechanical 
ventilation, severe ALI and cytokine storm are correlated 
high risk of pulmonary fibrosis (McDonald 2020). Besides, 
high interleukin (IL)-6, C reactive protein (CRP) and LDH 
levels in SARS-CoV-2-induced pneumonia are linked with 
a high risk of the development of pulmonary fibrosis (Leem-
ing et al. 2021). Therefore, clinical review and frequent bio-
chemical investigations mainly LDH serum levels in recov-
ered Covid-19 patients are mandatory to follow the risk of 
pulmonary fibrosis.

Pathogenesis of post‑Covid‑19 pulmonary 
fibrosis

The precise mechanism of post-Covid-19 pulmonary fibro-
sis is related to the activation of TGF-β1, which activates 
the release of extracellular proteins, fibroblast prolifera-
tion, fibroblast migration, and myofibroblast conversion 
(Yo et al. 2021). Both influenza pneumonia and SARS 
infections are connected with stimulation and elevation 
of TGF-β1 (Denney et al. 2018; Wang et al. 2017). Li 
et al (2016) illustrated that SARS-CoV-2 papain-like pro-
tease (PLpro) up-regulates TGF-β1 through activation of 
reactive oxygen species (ROS), p38 mitogen-activated 
protein kinase (p38 MAPK) and signal transducer and 
activator of transcription 3 (STAT3) pathways. In SRAS-
CoV-2 infection, TGF-β1 serum level is correlated with 
Covid-19 severity and development of pulmonary fibrosis 
(Hamer et al. 2020). SRAS-CoV-2 induces an adaptive 
immune response via stimulation of TGF-β1 gene expres-
sion, which engaged with neutrophils recruitment to the 
site of pulmonary infection (Barnes et al. 2020). TGF-β1 
is tangled in the development of systemic inflammation 
and cytokine storm through the initiation release of IL-6 
(Turner et al. 1990). In addition, TGF-β1 may induce vas-
culitis and endothelial dysfunction via switching of IgA 
production (Yu et al. 2020). Of note, TGF-β1 mediates its 
action through the triggering of Smad 3 protein, which 
is also stimulated by angiotensin II (AngII), CRP and 

advanced glycation end-product (AGEP) in patients with 
metabolic disorders (Nath et al. 2011). Therefore, TGF-β1-
induced hypercytokinemia and pulmonary vascular dys-
function may predispose to severe ALI and subsequent 
progression for post-Covid-19 pulmonary fibrosis.

On the other hand, the binding of SRAS-CoV-2 to the 
angiotensin-converting enzyme 2 (ACE2) induces meta-
bolic sequences through elevation of circulating Ang II and 
reduction of vasodilator Ang1-9 (Al-Kuraishy et al. 2020b). 
High circulating AngII induces pulmonary inflammation 
and fibrosis through different pathways including activation 
release of TGF-β1, induction formation of pulmonary ROS, 
induction apoptosis of pulmonary epithelial cells, accel-
eration release of extracellular matrix, promotion of fibro-
proliferations, and stimulation release of IL-6 that together 
differentiation, migration and proliferation of pulmonary 
fibrosis (Konigshoff et al. 2007). AngII-induced pulmonary 
fibrosis is mainly mediated through stimulation of AngII 
receptor type 1(ART1); however, Rathinasabapathy et al 
(2018) showed that activation of ART2 attenuates ALI and 
pulmonary fibrosis. Zhang et al. observed that recombinant 
ACE2 protects from ARDS in patients with viral infections 
through reduction of AngII and elevation of Ang1-7 (Zhang 
and Baker 2017). Therefore, in SARS-CoV-2 there is domi-
nancy of AngII/ATR1/ACE axis over that of Ang1-7/ATR2/
ACE2 axis leading to ALI and progressive pulmonary fibro-
sis (Kai and Kai 2020). Previously, Marshal et al. (2000) 
illustrated that AngII has a prolonged mitogenic effect on 
the lung by promoting the effect of TGF-β1 and platelets-
derived growth factor (PDGF). Indeed, AngII-induced pul-
monary PDGF activation is linked with the progression of 
pulmonary vascular endothelial dysfunction and the devel-
opment of pulmonary hypertension that exacerbates hypoxia 
and pulmonary fibrosis (Li et al. 2018).

Furthermore, most patients with post-Covid-19 pulmo-
nary fibrosis were subjected to mechanical ventilation and 
high oxygen concentration that per se may cause pulmo-
nary fibrosis, since oxygen toxicity is correlated with lung 
injury and fibrosis (Lee et al. 2020). Combet et al (2020) 
reported a rapid onset development of pulmonary fibrosis in 
Covid-19 patients who were never subjected to mechanical 
ventilation which might be due to aberrant immunological 
response on both pulmonary endothelial and alveolar cells 
with subsequent development of honeycomb pulmonary 
fibrosis. However, a retrospective study involving 107 ARDS 
patients found a positive correlation between the power of 
mechanical ventilation and high levels of TGF-β1 and con-
nective tissue growth factors as well as pulmonary structural 
remodeling (Xie et al. 2019). Likewise, the use of high oxy-
gen concentration in the management of Covid-19 patients 
with ARDS is linked with the production of ROS and the 
progression of oxidative stress-induced pulmonary fibrosis 
(Amarelle et al. 2021).
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Therefore, the causal relationship between SARS-CoV-2 
infection and the risk of pulmonary fibrosis is so complex 
but mainly related to the pathological and iatrogenic factors 
that may interrelate together in susceptible high-risk Covid-
19 patients (Fig. 1).

Role of pirfenidone in post‑Covid‑19 
pulmonary fibrosis

PFN has potent anti-inflammatory and anti-fibrotic effects 
in various pulmonary disorders that are induced by different 
stimuli in animal and human studies as in bleomycin-induced 
pulmonary fibrosis (Liu et al. 2017). PFN was approved in 
2013 in china for the treatment of IPF and unclassified inter-
stitial pulmonary diseases; it inhibits the accumulation and 
recruitment of inflammatory cells as well as fibroblast pro-
liferation and deposition of extracellular matrix in response 
to TGFβ1, PDGF and other pro-inflammatory cytokines 
(Lancaster et al. 2017). PFN in different clinical trials has 
been proposed to be effective against pro-fibrotic changes 
induced by SARS-CoV-2 and related inflammatory deregu-
lation as observed in previous SARS pandemic (Rosa and 
Santos 2020). It has been shown that early use of PFN in 

Covid-19 may reduce and prevent subsequent immunologi-
cal and inflammatory complications that trigger pulmonary 
fibrotic changes (Ferrara et al. 2020). Therefore, timing 
administration of PFN reflects its efficacy in the prevention 
of pulmonary fibrosis; however, PFN can cure residual pul-
monary fibrotic changes in recovered Covid-19 patients with 
severe SARS-CoV-2 pneumonia (Seifirad 2020). Thus, PFN 
has potential therapeutic effects against Covid-19 both in the 
early hyperinflammatory phase through inhibition of pro-
inflammatory cytokines, and in the late phase through anti-
fibrotic mechanism since it is effective for post-inflammatory 
pulmonary fibrosis (Kayarat et al. 2021).

In silico study by Artigas et al (2020) confirmed that 
PFN in combination with melatonin leads to a significant 
reduction of SARS-CoV-2 viral load. PFN suppresses furin 
(TGFβ1 convertase activator) a protein effector involved in 
the entry of SARS-CoV-2 and activation of TGFβ1, and thus 
PFN reduces the pathogenesis of SARS-CoV-2 (Quay et al.). 
It has been verified that PFN inhibits the activation of NLR 
family pyrin domain containing 3 (NLRP3) inflammasome 
in acute kidney injury (Sharawy and Serrya 2020). NLRP3 
inflammasome is activated by SARS-CoV-2 via the NF-κB 
pathway and is involved in the release of pro-inflammatory 
cytokines (Rodrigues et al. 2020; Al-kuraishy and Al-Gareeb 
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p38MAPK 

SARS-CoV-2

Covid-19

Iatrogenic Pathological 

Mechanical 
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Fig. 1   Pathogenesis of post-Covid-19 pulmonary fibrosis: Covid-19 
leads to pulmonary fibrosis through iatrogenic pathway, therapy with 
high oxygen concentration or mechanical ventilation cause oxygen 
toxicity, which induces the production of reactive oxygen species 
(ROS) and connective tissue growth factors (CTGFs). The patho-
logical pathway through SARS-CoV-2 induces downregulation of 

angiotensin-converting enzyme 2 (ACE2) with subsequent activation 
of AngII, p38 mitogen-activated protein kinase (MAPK) and signal 
transducer and activator of transcription 3 (STAT3). Together, AngII, 
MAPK and STAT3 activate the production of transforming growth 
factor beta1 (TGFβ1). Both AngII and TGFβ1 activate fibroblast acti-
vation with subsequent development of pulmonary fibrosis



2021Pirfenidone and post‑Covid‑19 pulmonary fibrosis: invoked again for realistic goals﻿	

1 3

2021). Similarly, PFN attenuates lung fibrosis through inhi-
bition of the NF-κB pathway and related chemokines and 
pro-inflammatory cytokines such as IL-1β, IL-8, IL-6, CCL5 
and CXCL10 (Liu et al. 2019). Herein, PFN might have 
noteworthy anti-inflammatory and anti-SARS-CoV-2 effects 
through modulation of NLRP3 inflammasome/ NF-κB axis, 
and inhibition of cellular furin activity.

Besides, the antioxidant effect of PFN may mitigate 
acute inflammatory reactions and late pulmonary fibrosis 
in Covid-19 patients through inhibition of NLRP3 inflam-
masome and NF-κB signaling pathway (Shah et al. 2021). 
Rasooli et al (2020) disclosed that antioxidant agents like 
vitamin E intensify the antioxidant effect of PFN in the miti-
gation of pulmonary fibrosis caused by parquets.

Of note, activation of p38 MAPK is engaged with SARS-
CoV-2 infection, and p38 MAPK pro-inflammatory path-
way is activated directly by SARS-CoV-2 viral proteins or 
indirectly by high circulating AngII (Grimes and Grimes 
2020; Al-kuraishy et al. 2022). Over-activated p38 MAPK is 
linked with the progression of endothelial dysfunction, vaso-
constriction, thrombosis, systemic inflammation and devel-
opment of pulmonary fibrosis (Goda et al. 2020). It has been 
documented that PFN attenuates and controls the activation 
of p38 MAPK by the AngII/ART1 axis (Li et al. 2017). 
Therefore, PFN down-streaming of p38 MAPK activation in 
early and late Covid-19 by SARS-CoV-2 viral proteins and 
AngII respectively. Thus, PFN role in Covid-19 seems to be 
highly effective against the progression of hypercytokinemia 
in the acute phase, and useful in the late phase and recovery 
period via attenuation development of pulmonary fibrosis 
(Malik et al. 2021).

Different studies have observed that residual pulmonary 
lesions persist for years and take a long time for complete 
resolution mainly in older subjects following recovery from 
SARS-CoV-2 infection. In addition, total viral eradication 
does not entirely prevent the development of pulmonary 
fibrosis, which might be irreversible that could cause pro-
longed morbidity and early mortality (Grillo et al. 2021). 
These findings suggest an ill-defined mechanism for post-
Covid-19 pulmonary fibrosis; herein, cohort-retrospective 
and long-term prospective studies are needed to determine 
the precise mechanism and to find drugs related to these 
mechanistic mechanisms. Consequently, more sophisticated 
pathways have been searched in relation to post-Covid-19 
pulmonary fibrosis including; Wingless/Int (Wnt/β-catenin), 
Yes-Associated Protein (YAP)/Transcription Co-Activator 
PDZ Binding Motif (TAZ) and Hippo Signaling Pathways 
(Zhang et al. 2020a, b).

YAP/TAZ pathway is a key controller and regulator of 
matrix formation and fibroblast activation. The activity of 
this pathway is correlated with the commotion of extracel-
lular matrix stimulation and cell adhesion (Boopathy and 
Hong 2019). Activated YAP/TAZ signaling pathway leads 

to prompting of nuclear transcription factors for TGF-β1, 
CTGF, type I receptor TGF (TGFB1R), type II receptor 
TGF (TGFB2R), collagen type I alpha 1 chain (COL1A1), 
collagen type III alpha 1 chain (COL3A1), tissue inhibitor 
of metalloproteinase 1(TIMP1) and fibronectin (Noguchi 
et al. 2018). Zhu et al (2020) showed that activation of YAP/
TAZ pathway is allied with the development of pulmonary 
fibrosis and pharmacological targeting of this pathway may 
attenuate inflammatory-induced pulmonary fibrosis. Selec-
tive YAP/TAZ pathway inhibitors such as dopamine type 1 
receptor agonists inhibit pulmonary fibrosis by restraining 
the conversion of pro-fibrotic pulmonary extracellular matrix 
to fibrotic state (Haak et al. 2019). Besides, Zmajkovicova 
et al (2019) revealed that prostacyclin receptor agonist inhib-
its the conversion of fibroblast to myofibroblast, synthesis of 
extracellular matrix and release of IL-6 through inhibition 
of YAP/TAZ pathway in IPF. A placebo-controlled clinical 
trial showed that prostacyclin improves clinical outcomes in 
Covid-19 patients on mechanical ventilation, which might be 
due to modulation of YAP/TAZ pathway (Johansson et al. 
2020). Walsh primer study for Covid-19 showed that YAP/
TAZ pathway is activated in patients with SARS-CoV-2 
pneumonia on mechanical ventilation, and this activation 
predisposes for post-Covid-19 pulmonary fibrosis (Walsh 
2020). Recently, PFN inhibits fibroblast activation through 
suppression of the lung fibroblast YAP/TAZ pathway (Ara-
vamudhan et al. 2020).

Wnt/β-catenin pathway is a signaling pathway in which 
Wnt protein binds Frizzled receptor inside the cells that 
regulate cell cytoskeleton and involved with cell prolifera-
tion, migration and differentiation as well as tissue regen-
eration. Mutation of the Wnt/β-catenin pathway is asso-
ciated with the development of breast cancer and type II 
diabetes mellitus (Tabatabai et al. 2017). Activation of the 
Wnt/β-catenin pathway is linked with the progression and 
development of pulmonary fibrosis through the prolifera-
tion of myofibroblast and mesenchymal stem cells as well 
as prevention of lung resolution through stimulation of 
macrophages (Sennello et al. 2017). It has been shown that 
Wnt/β-catenin pathway inhibitors such as pyrvinium attenu-
ate cardiac remodeling (Saraswati et al. 2010). Karamian 
et al (2021) illustrated that pyrvinium inhibits the release of 
IL-6 and IL-8, so it may prevent the development of pulmo-
nary fibrosis. As well, vitamin D attenuates the activation of 
the Wnt/β-catenin pathway in melanoma (Muralidhar et al. 
2019). Gu et al (2020) revealed that net-cellular signal trans-
duction during SARS-CoV-2 is associated with activation 
of the Wnt/β-catenin pathway and subsequent lung injury. 
Therefore, Wnt/β-catenin inhibitors might reduce exten-
sive lung injury in SARS-CoV-2 infection and may attenu-
ate post-Covid-19 pulmonary fibrosis. Of note, pyrvinium 
blocks the replication of SARS-CoV-2 and prevents the pro-
gression of associated inflammations (Balaramnavar et al. 
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2020). Therefore, Wnt/β-catenin pathway inhibitors might 
be effective in the prevention of post-Covid-19 pulmonary 
fibrosis through attenuation of SARS-CoV-2-induced ALI. 
It has been reported that PFN inhibits the Wnt/β-catenin 
pathway in cell lines and abrogates fibrotic reactions (Zou 
et al. 2017).

Moreover, hippo pathway consists of different kinase cas-
cades involved in the regulation of cell proliferation through 
promoting apoptosis, so this pathway controls organ size, 
and its mutation may lead to overgrowth of tissues and the 
creation of the hippopotamus phenotype (Ma et al. 2019). 
The hippo pathway is regulated by cell polarity, cellu-
lar tension, and signaling of G-protein coupled receptors. 
Besides, the hippo pathway controls and modulates YAP/
TAZ activity as well as regulates critical physiological func-
tions (Yu and Guan 2013). Gokey et al (2018) found that 
the hippo pathway is connected with the pathogenesis of 
pulmonary fibrosis via induction proliferation and migra-
tion of pulmonary fibroblasts. Similarly, melatonin attenu-
ates pulmonary fibrosis via inhibition translocation of YAP 
from the cytoplasm to the nucleus, an effector of the hippo 
pathway (Zhao et al. 2018). Shneider et al (2020) inaugurate 
that melatonin reduces Covid-19 severity through attenua-
tion of lung immune-pathological reaction to SARS-CoV-2 
invasion. Thus, melatonin might be a potential candidate 

for the prevention of post-Covid-19 pulmonary fibrosis. 
Furthermore, PFN inhibits fibroblast and myofibroblast 
activations and profibrogenic T cells through modulation 
of the hippo pathway signaling pathway (Latella and Vis-
cido 2020). Finally, Chen et al (2019) PFN and other anti-
fibrotic agents prevent pulmonary fibroblast activation and 
fibrogenesis through the restoration of the miR-15a/YAP/
Hippo pathway. The net effect of PFN on development of 
post-Covid-19 pulmonary fibrosis is summarized (Fig. 2).

Despite these findings, Ferrara et al (2020) demonstrated 
that the therapeutic efficacy of PFN in pulmonary fibrosis 
induced by SARS-CoV-2 is still being demonstrated in 
clinical trials. A recent single center retrospective study 
involved case analysis of patients with post-Covid-19 pul-
monary fibrosis who were treated with PFN 2400 mg/day for 
12–24 weeks showed that PFN reduced risk of development 
of pulmonary fibrosis (Co et al. 2022). Therefore, PFN adds-
on standard anti-Covid-19 therapy for 12–24 week could be 
effective in reduction of oxygen requirement and lung radio-
logical abnormalities (Co et al. 2022). A clinical trial illus-
trated that PFN was effective in the reduction of D-dimer 
and risk of thrombotic events in Covid-19 patients (Zhang 
et al. 2022). Tanvir et al (2022) revealed in an open label 
pilot trial involved 60 Covid-19 patients, of them 17 received 
PFN and 19 received corticosteroids. The study parameters 

PFN in Covid-19

Anti-inflammatory 
effects 

Anti-oxidant 
effects 

Anti-viral effects Anti-fibrotic 
effects 

Inhibits TGFβ1, 
PDGF, and other 
pro-inflammatory 

cytokines 

Reduces ROS 
and oxidative 

stress 

Inhibits furin 
activity and viral 

entry 

Inhibits YAP/TAZ, 
Wnt/β catenin , and 

hippo pathways  

Inhibition of fibroblast 
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fibrotic changes 
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Fig. 2   Role of Pirfenidone in post-Covid-19 pulmonary fibrosis: Pir-
fenidone (PFN) has anti-inflammatory effects through inhibition of 
transforming growth factor beta (TGF-β1), platelet-derived growth 
factor (PDGF) and pro-inflammatory cytokines, antioxidant effect 
through inhibition production of reactive oxygen species (ROS) and 
oxidative stress, antiviral effect through inhibition of cellular furin 

activity and viral entry, anti-fibrotic effect through suppression of 
Yes-Associated Protein (YAP)/Transcription Co-Activator PDZ Bind-
ing Motif (TAZ), Wingless/Int (Wnt/β-catenin), and Hippo Signal-
ing Pathways. These effects by PFN reduce pro-fibrotic changes and 
fibroblast activation with subsequent attenuation of post-Covid-19 
pulmonary fibrosis
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were evaluated at the baseline, and after six weeks, the 
anti-fibrotic effects of PFN was more than corticosteroids 
(P < 0.001). These observations suggest that early treatment 
with PFN in severely affected Covid-19 patients may reduce 
risk of development of post-Covid-19 pulmonary fibrosis.

It seems from recent findings and according to the dis-
turbances at molecular levels that post-Covid-19 pulmo-
nary fibrosis is not simply related to the post-SARS-CoV-2 
inflammatory. Therefore, deep molecular investigations in 
relation to the initiation and development of post-Covid-19 
pulmonary fibrosis are warranted to find an effective drug 
that prevents and treats this challenged critical condition.

Conclusion

In Covid-19 era, SARS-CoV-2 could initially lead to ALI 
and in severe cases may cause ARDS that are usually 
resolved. However, some cases of ALI and ARDS may pro-
gress to a more severe critical stage of pulmonary fibro-
sis commonly named post-Covid-19 pulmonary fibrosis. 
Anti-inflammatory, antiviral, antioxidant and anti-fibrotic 
properties of PFN may attenuate post-Covid-19 pulmonary 
fibrosis. It seems from recent findings and according to the 
disturbances at molecular levels that post-Covid-19 pulmo-
nary fibrosis is not simply related to the post-SARS-CoV-2 
inflammatory. Therefore, deep molecular investigations in 
relation to the initiation and development of post-Covid-19 
pulmonary fibrosis are warranted to find an effective drug 
that prevents and treats this challenged critical condition.
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