
Review

Andrea Vianello*, Gabriella Guarnieri, Fausto Braccioni, Sara Lococo, Beatrice Molena,
Antonella Cecchetto, Chiara Giraudo, Leonardo Bertagna De Marchi, Marco Caminati
and Gianenrico Senna

The pathogenesis, epidemiology and biomarkers
of susceptibility of pulmonaryfibrosis in COVID-19
survivors
https://doi.org/10.1515/cclm-2021-1021
Received September 17, 2021; accepted November 8, 2021;
published online November 16, 2021

Abstract: Pulmonary fibrosis (PF), a pathological outcome
of chronic and acute interstitial lung diseases associated
to compromised wound healing, is a key component of
the “post-acute COVID-19 syndrome” that may severely
complicate patients’ clinical course. Although inconclusive,
available data suggest thatmore than a third of hospitalized
COVID-19 patients develop lung fibrotic abnormalities after
their discharge from hospital. The pathogenesis of PF in
patients recovering from a severe acute case of COVID-19 is
complex, and several hypotheses have been formulated
to explain its development. An analysis of the data that
is presently available suggests that biomarkers of suscepti-
bility could help to identify subjects with increased proba-
bility of developing PF and may represent a means to
personalize the management of COVID-19’s long-term
effects. Our review highlights the importance of both
patient-related and disease-related contributing risk factors
for PF inCOVID-19 survivors andmakes it definitely clear the
possible use of acute phase and follow-up biomarkers for
identifying the patients at greatest risk of developing this
disease.

Keywords: ACE2; biomarker; COVID-19; interleukin;
pulmonary fibrosis.

Introduction: the long-term health
consequences of COVID-19

On December 31st, 2019 the WHO China Country Office
was informed of cases of pneumonia of unknown etiology
detected in Wuhan City; the report signaled the beginning
of the coronavirus disease 2019 (COVID-19) emergency
and pandemic, with currently over 183 million confirmed
cases and fourmillion deaths recorded [1]. As the pandemic
evolves, evidence-based medical treatments including
anticoagulants, corticosteroids, oxygen therapy and
mechanical ventilation (MV) have succeeded in improving
patients’ outcomes, and the majority are now expected to
recover spontaneously or after acute phase management
[2]. In particular, a prolonged administration of low-dose
methylprednisolone or dexamethasone has been found
to reduce mortality in hospitalized patients with severe
disease [3, 4]; accordingly, a WHO guideline panel has
recommended systemic corticosteroids in patients with
severe or critical COVID-19 [5].

While effective treatments for the acute phase were
feverishly being developed, the scientific community also
set out to investigate the clinical and functional long-term
consequences of COVID-19, which include a complexity of
symptoms and organ-related injuries referred to as “long
COVID” or “post-acute COVID-19 syndrome” (PACS) [6].
The term “post-acute COVID-19 syndrome” has been
proposed to refer to the symptoms and/or abnormalities
not attributable to another cause persisting or present
beyond four weeks from the time the disease was diag-
nosed [7]. The severity and extent of the long-term effects
of COVID-19 are even now not entirely clear: indeed, on
April 1, 2021, the Office for National Statistics estimated that
1.1 million people in the UK were experiencing PACS [8].
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According to the scientific literature, PACS is a
heterogeneous condition, consisting of a constellation of
approximately 50 symptoms, including fatigue, headache,
breathlessness, chest discomfort, attention disorders,
neurological symptoms such as dementia, depression,
anxiety, as well as sleep disturbances and organ lesions
affecting the respiratory, cardiovascular, renal, endocrine,
ear-nose-throat, gastrointestinal or dermatological systems,
and many patients have reported experiencing multiple,
overlapping symptoms (Figure 1) [9]. Considered a key
component of PACS, pulmonary fibrosis (PF), can severely
complicate the clinical course of COVID-19 survivors.
Indeed, almost half of patients with moderate to severe
COVID-19 pneumonia may show impaired pulmonary
diffusion after discharge from hospital. Moreover, lung
fibrotic changes on chest CT scan have been reported in
approximately one third of patients who recovered from
severe or critical disease. It appears that residual fibrotic
lesions could beprevented by theprolongeduse of low-dose
corticosteroids [10, 11].

The current review focuses on the epidemiology and
pathogenesis of post-COVID-19 PF and the biomarkers
that may be able to identify the patients who have an
increased likelihood of developing the disease. In
particular, this study aims to describe different patho-
genic hypotheses formulated to explain the development
of PF and investigate both the acute phase and follow-up
biomarkers that may predict the onset of pulmonary
fibrotic lesions.

Pulmonary fibrosis consequent to
COVID-19: epidemiology and risk
factors

A pathological outcome of acute/chronic interstitial lung
diseases associatedwith abnormal wound healing, PFmay
contribute to alterations in lungmechanics and pulmonary
gas exchange. The most important histopathological
characteristics of the disease are: impaired reconstruction
of the damaged alveolar epithelium, persistence of fibro-
blasts, excessive deposition of extracellular matrix (ECM)
components such as collagen, and the destruction of
normal lung architecture [12]. Notably, clinical, radio-
graphic, and autopsy findings of PF were commonly noted
in patients with severe acute respiratory syndrome (SARS)
and Middle East respiratory syndrome (MERS), conditions
caused by a coronavirus similar to COVID-19.

As the number of patients recovering from severe
COVID-19 disease rises, it is becoming increasingly
apparent that a substantial number show signs of post-
inflammatory PF, in particular those patients overcoming
COVID-19 related Acute Respiratory Distress Syndrome
(ARDS) requiring treatment with high flow nasal oxygen
(HFNO) and/or MV [13, 14]. Indeed, PF subsequent to ARDS
is a well-recognized phenomenon. In fact, when Thille
et al. [15] analyzed 169 autopsies of patients with ARDS
linked to a variety of etiologies, they reported that PF was
present in three (4%) out of 82 patients with disease

Figure 1: Clinical manifestations of patients
with “post-acute COVID-19 syndrome”,
indicating the possible involvement of the
respiratory, cardiovascular, nervous, renal,
endocrine, ear-nose-throat, gastrointes-
tinal, musculoskeletal and dermatological
system.
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duration of less than 1 week, 13 (24%) out of 54 patients
with 1 to 3-week disease duration, and 14 (61%) of 23 pa-
tients with disease duration longer than three weeks.
Moreover, when Desai et al. analyzed 27 patients who un-
derwent MV to treat ARDS, they reported that 23 (85%)
showed signs of PF 110–267 days after extubation, and a
close association with the duration of the pressure-
controlled inverse-ratio ventilation was noted [16].

Since 7.2–31% of COVID-19 patients suffer from viral
induced ARDS [17], PF can be considered an important
long-term adverse health outcome of the disease [18].
Indeed, bilateral, extensive lung involvement and histo-
pathological findings of diffuse alveolar damage and
fibromyxoid cell exudates have been considered structural
factors predisposing to impaired lung reconstruction in
patients who have overcome a severe case of COVID-19
[19]. Of interest, patients with severe COVID-19 leading to
ARDS may also show full thickness tracheal/large airway
cartilage lesions with fibrous-hyaline degeneration: this
pathologic feature is uncommon in individuals with non-
COVID ARDS and could have contributed to the unex-
pectedly high prevalence of pneumomediastinum reported
during the second wave of COVID-19 pandemic [20, 21].

A diagnosis of post-COVID-19 PF should be based on
clinical, radiologic, and pathologic findings. While the
appropriate timing for a diagnosis of irreversible PF has not
yet been established, many specialists recommend serial
lung function tests, chest CT scans and exercise tests 3, 6,
and 12months after the onset of an acute COVID-19 episode
[12]. Due to the diagnostic challenges linked to the current
pandemic, there are no reliable data on the frequency of PF
complicating COVID-19. Nevertheless, data collected at the
time of hospital discharge suggest that more than a third of
COVID-19 patients may develop fibrotic abnormalities [22].
Hu et al. reported that reticular changes, which may
represent a sign of irreversible fibrosis, were evident on
chest CT scan in 23 out of 46 patients two weeks after the
onset of the disease and persisted at the four-week follow-
up [23]. Similarly, Pan et al. reported fibrotic alterations on
the chest CT scans of 11 out of 63 patients during the acute
phase [24]. When Huang et al. carried out a longitudinal
analysis of CT findings in patients hospitalized for
COVID-19 twomonths after discharge, they found that 52%
(42/81) showed extensive fibrosis [25]. Finally, Wallis et al.
reported that 32 out of 101 patients had persistent chest
X-ray (CXR) abnormalities at their 12-week post hospitali-
zation follow-up. Notably, the length of the patients’
hospital stay, smoking-status and obesity were found to be
independent risk factors for persistent abnormalities.
Moreover, serum lactate dehydrogenase (LDH) levels were
significantly higher both at baseline and follow-up testing

times in the patients with abnormalities compared to those
who had recovered [26].

It is important that clinicians are able to recognize
potential contributing risk factors for PF. Depending on
their origin, these can be classified as patient-related or
disease-related (Table 1). Some studies have demonstrated
that patients at higher risk of PF tend to be older, male,
active smokers and have underlying disorders, such as
diabetes and lung and cardiovascular diseases. Indeed,
lung fibrosis due to a variety of etiologies is more
frequently found in elderly adults. Accordingly, a 230-day
follow-up study uncovered that older patients were more
likely to develop PF following MERS [27]. Active smoking
has been associated to the pathogenesis of various lung
diseases such as emphysema, chronic bronchitis, and PF.
Epidemiological studies have shown a higher incidence of
familial and sporadic Idiopathic PF (IPF) in smokers with
respect to their nonsmoking counterparts. A multivariable
logistic analysis by Liu et al. uncovered that current
smoking was a factor determining progression of lung
fibrosis in a group of 78 COVID-19 patients [28]. It has also
been suggested that chronic alcoholism increases the risk
of PF in COVID-19 patients [29].

Comorbidities also seem to play a decisive role in the
development of post COVID-19 PF. Huang et al. used an
observational cohort study design to investigate potential
indicators of post-COVID-19 PF. Eighty-one COVID-19 sur-
vivorswhohadundergone at least three follow-upCT scans
after discharge fromhospital were divided into two groups:
a fibrosis (n=42) one and non-fibrosis (n=39) one depend-
ing on the presence/absence of extensive, persistent
fibrotic changes on the CT scans. Compared to the non-

Table : Potential contributing risk factors for pulmonary fibrosis in
COVID- survivors.

Patient-related risk factors Disease-related risk
factors

Male gender Length of hospital stay
Older age Length of ICU stay
Active smoking Use of HFNO or MV
Alcohol abuse Presence of ARDS
Comorbidities: Degree of systemic

inflammation– Diabetes
– Obesity
– Hypertension
– Chronic pulmonary disease
– Chronic liver disease
– Cardiovascular and cerebrovascular

disease

ARDS, acute respiratory distress syndrome; HFNO, high flow nasal
oxygen; ICU, intensive care unit; MV, mechanical ventilation.
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fibrotic patients, the fibrotic ones were older (p<0.001),
disproportionately male (p=0.036), had more underlying
diseases (78 vs. 41%), including diabetes (31 vs. 23%),
hypertension (40 vs. 23%), chronic pulmonary disease
(21 vs. 7%), chronic liver disease (19 vs. 13%), cardiovas-
cular and cerebrovascular disease (29 vs. 15%) [25].

It has also been noted that the length of stay in a
normal ward and in an Intensive Care Unit (ICU), the use of
HFNO, the need for MV, and the presence of ARDS seem
to be associated with a higher risk of PF [30, 31]. Several
clinicians have postulated that prolonged MV-induced
lung injury (VILI), which consists in an acute lung injury
arising from or exacerbated by MV and is associated
with increased ICU mortality in ARDS, may play a role in
the development of PF [32]. Abnormalities in ventilator
pressure and/or volume settings may underlie the injury
leading to a release of pro-inflammatory modulators,
worsening acute lung injury and increased mortality or PF
in survivors [33].

Severe systemic inflammation may also predict the
onset of post-COVID-19 PF. Huang et al. demonstrated
that neutrophil, the neutrophil-lymphocyte ratio (NLR),
C-reactive protein (CRP) and LDH levels were markedly
above the normal range during the first four weeks
following hospital admission in patients showing exten-
sive fibrosis at the two month follow-up. Conversely, CRP
and LDH increased within two weeks, but then sharply
dropped to normal levels in the non-fibrosis group [25].

The pathogenesis of post-COVID-19
pulmonary fibrosis

Following an initial phase of lung injury causing acute
inflammation, repair mechanisms can elicit the restoration
of normal pulmonary architecture or they may lead to
PF with architectural distortion and irreversible lung
dysfunction. In normal conditions, during the early stages
of lung injury, acute damage to the endothelial cells leads
to the release of inflammatory mediators and triggers an
antifibrinolytic coagulation cascade that temporarily plugs
the damaged vessel with a platelet and fibrin-rich clot [34].
Platelet recruitment, degranulation and clot formation
rapidly lead to vasodilation with increased permeability,
allowing extravasation and the direct recruitment of
leukocytes to the injured site. Subsequently, access to the
site of tissue damage is facilitated by the action of
zinc-dependent endopeptidases, also called matrixme-
talloproteinases (MMPs), which may disrupt the basement
membrane by cleaving one or more ECM constituents. As a

consequence, chemokine gradients may recruit inflam-
matory cells. Neutrophils, eosinophils, and lymphocytes
are present at the sites of acute lung injury with cell debris
and areas of necrosis cleared by alveolarmacrophages [35].
The nature of the inflammatory responsemay influence the
resident tissue cells and the ensuing inflammatory cells,
since the latter additionally exacerbate inflammation by
secreting chemokines, cytokines, and growth factors.
Many cytokines are involved throughout the wound-
healing response, with specific groups of genes activated
in different conditions. Interleukin (IL)-4 (IL-4), IL-13, and
transforming growth factor-beta (TGF-β) are cytokines that
have received attention with regard to various pulmonary
fibrotic conditions since each can exhibit pro-fibrotic
activity by promoting the recruitment, activation and pro-
liferation of fibroblasts, macrophages, and myofibroblasts
[36]. The final phase of wound healing consists of tissue
repair, involving angiogenesis, fibroblast activation, and
collagen deposition. In the presence of alveolar exudates,
organization occurs which consists in the fibroblastic
invasion of the alveoli and transformation into myofibro-
blasts leading to the deposition of the ECM. Epidermal
growth factor (EGF) and transforming growth factor-alpha
(TGF-α) stimulate proliferation of bronchiolar stem cells to
replace damaged alveolar epithelium. Finally, vascular
endothelial growth factor (VEGF) and fibroblast growth
factor (FGF) stimulate the migration and proliferation of
uninjured endothelial cells leading to pulmonary capillary
angiogenesis [37]. In the event of ARDS, a condition char-
acterized by persistent injury with damage to the basement
membranes, fibroblastic activities may instead persist,
converting organizing into fixed and/or progressive fibro-
blastic tissue. As a consequence, the formation of either
focal or diffuse scar tissue may result in disorganized
alveolar architecture, and excessive deposition of ECM is a
central aspect of the process [38].The pathogenesis of PF in
patients overcoming a severe case of COVID-19 is complex,
and several hypotheses (listed below) have been formu-
lated to explain its development (Figure 2).

Virally activated profibrotic pathway

Structural analysis has uncovered that residues in the
receptor binding domain (RBD) of SARS-CoV-2 have a high
affinity to angiotensin-converting enzyme 2 (ACE2), a re-
ceptor expressed in the airway and alveolar epithelial cells
consisting of 805 amino acids, acting as a regulator of the
renin-angiotensin system (RAS). Through ACE2-mediated
endocytosis, SARS-CoV-2 endocytosed into epithelial cells
is released and undergoes rapid replication, leading to
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pyroptosis, a typical virus-linked programmed cell death.
A significant downregulation of ACE2 expression occurs

due to ACE2-mediated endocytosis, which reduces the

host’s ability to balance RAS. Since ACE2 functions as a

counter-regulator of RAS, the decrease in ACE2 expression

leads to a weakened ACE2-Ang (1e7)-MasR axis, primarily

manifested in a higher angiotensin II (Ang II) level and a

lower vasodilator Ang (1e7) level; the latter may induce

protective anti-inflammatory and antifibrotic effects in

normal conditions [39]. The finding that plasma Ang II

levels in 12 COVID-19 patients were significantly higher

than those in uninfected individuals supports this

hypothesis [40]. As a consequence, Ang II, which activates

a broad range of signaling pathways, seems to increase

its proinflammatory and profibrotic effects. While the

former effects include activation of IL-6, tumor necrosis

factor-alpha (TNF-α), and increased recruitment of neu-

trophils and macrophages as well as direct endothelial

cell injury, the latter involve promoting collagen I gene

activation through MAPK/ERK and TGF-β, both critical

factors in the fibrotic response [18]. It has been

hypothesized that α1-Antitrypsin (AAT) may hinder

SARS-CoV-2 cell entry after ACE2 binding by inhibition of

TMPRSS2-mediated priming and that its deficiency may

play a central role in the pathogenicity and virulence of
SARS-CoV-2 [41–43].

Direct viral injury

Although still unconfirmed, some have hypothesized that
a viral injury itself may play a key role in the development
of PF, resulting in an altered cell function and secretory
profile as well as cell death. Despite the fact that multiple
cell types may become infected, the infection and death of
type II alveolar epithelial cells (AEC) seem to be of critical
importance as they stabilize and repair the epithelial
barrier, secrete vital prosurfactant and are not efficiently
replaced [44, 45]. Following an injurious stimulus, AEC
may release damage-associated molecular patterns
(DAMPs), which, together with pathogen-associated mo-
lecular patterns (PAMPs) frommicrobes, are recognized by
alveolar macrophages, leading to a series of downstream
transduction and release of antimicrobial and proin-
flammatory cytokines, including IL-1 and TNF-α. In the
light of these considerations, type II AEC damage induced
by viral infection is thought to be an initiating event trig-
gering the development of PF [46]. At the same time, the
disruption of the alveolar epithelial surface and the loss of

Figure 2: Pathophysiological pathways underlying pulmonary fibrosis in COVID-19 survivors.
Multiple cellular and molecular mechanisms may contribute to the pathogenesis of the disease, including direct viral and indirect patient-
specific immune-mediated damage (ACE2, angiotensin-converting enzyme 2; AEC, alveolar epithelial cells; ANG II, angiotensin II; ARDS, acute
respiratory distress syndrome; CRP, C-reactive protein; DAMPs, damage-associated molecular patterns; ERK, extracellular signal-regulated
kinase; MAPK, mitogen-activated protein kinase; TGF-β1, transforming growth factor-beta 1; TNF-α, tumor necrosis factor-alpha).

Vianello et al.: Pulmonary fibrosis in COVID-19 survivors 311



alveolar macrophage populations can leave endothelial
cells susceptible to direct infection. Endothelial cell
death is important since it leads to the disruption of bar-
rier function and higher vascular permeability which
substantially increases the extent of pulmonary injury.
This type of damage to the lungmicrovascular architecture
may also contribute to PF development [47].

Hyper-inflammatory response

Other potential determinants of post-COVID-19 PF include
a hyper-inflammatory response to the virus leading to the
activation of a complex cytokine pathway. Indeed, the
SARS-CoV-2 infection may affect the inflammatory
response, inducing a specific inflammatory pattern unlike
the ones during other viral infections. In normal condi-
tions, cytokines and chemokines play an important role in
the wound-healing response by promoting activation of
immune populations that clear infection via T cell and
B cell recruitment. They also lead to the activation of
macrophage populations that efficiently clear apoptotic
cellular debris. An immune hyper-reaction referred to as a
“cytokine storm” may, instead, occur in patients with
severe COVID-19 and lead to an uncontrolled release of an
excessive amount of cytokines, including IL-1-β, IL-6, IL-7,
IL-8, IL-9, IL-10, monocyte chemoattractant protein, and
TNF-α. “Cytokine storms” can cause apoptosis of endo-
thelial and epithelial cells, ischemia, and hypoxia, leading
to inflammatory-induced lung injury, ARDS and multi-
organ failure resulting in poor patient outcome and even
death [48]. If the “cytokine storm” is not interrupted in a
timely manner, it can also result in lung tissue damage,
stiffening and altered vascularization, and finally PF. It has
been found that the balance of chemokines and cytokines
vs. interferons is essential to eliminating infection without
inducing significant lung injury [49].

Mechanical injury

SinceMV applies physical stresses to the tissues of the lung,
it may give rise to VILI, particularly in patients with ARDS.
Increased lung stretch can induce oxidative injury, stimu-
late cytokine production and epithelial-mesenchymal tran-
sition (EMT) and finally increase collagen deposition in the
lungs [50]. Yang et al. [51] demonstrated in a murine acid
aspiration model that the expression of EMT markers is
associated to PF development.

Susceptibility biomarkers to
identify patients at risk of
developing pulmonary fibrosis

Since it has been demonstrated that PF consequent to
ARDSmay lead to high levels of morbidity andmortality, it
is crucial to identify the COVID-19 patients at risk of
developing fibrotic damage permitting timely action to
minimize morpho-functional damage to the lungs. Since
no reliable clinical or laboratory indicators are as yet
available during the early phases of disease progression,
some have proposed using susceptibility biomarkers to
identify subjects with an increased probability of devel-
oping PF. The acute and follow-up phase biomarkers that
have been identified until now are listed in Table 2.

Risk biomarkers during acute COVID-19

Higher CRP and lower lymphocyte count are the laboratory
parameters that have been considered potential risk factors
for fibrotic changes during an acute phase of COVID-19.
According to a retrospective study performed by Yu et al.
involving 32 confirmed COVID-19 patients who were classi-
fied depending on signs or no signs of fibrosis on their latest
follow-up CT imaging, the two groups had significantly
different CRP levels (53.4 mg/L vs. 10.0 mg/L, p=0.002)
and lymphocyte count [0.6 (0.4–0.9) vs. 1.1 (0.8–1.3);
p=0.003] [52]. Huang et al.’s [25] observational cohort study
comparing fibrosis/non-fibrosis groups reported that CRP
and LDH levels were markedly above normal for four

Table : Potential susceptibility biomarkers to identify patients at
risk of developing post-COVID- pulmonary fibrosis.

Acute COVID- Follow-up period

C-reactive protein TNF-α
Lymphocyte count IL-A, IL-D
LDH VCAM-, ICAM-, PlGF
IFN-γ KL-
MMP-
sST

ICAM-, intercellular adhesion molecule-; IL-, interleukin-;
IFN-γ, interferon-gamma; LDH, lactate dehydrogenase; MMP-,
metalloproteinase-; PlGF, placental growth factor; sST, soluble
suppressor of tumorigenicity ; VCAM-, vascular cell adhesion
molecule-.
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consecutive weeks during the acute phase and that higher
CRP levels persisted after that date in the fibrosis group.

Yan et al. [53] retrospectively analyzed the blood
samples of 485 patients in the attempt to identify markers
of mortality risk. Using amathematical modeling approach,
the authors identified three prognostic indicators of
COVID-19 (LDH, CRP and lymphocytes). In particular,
elevated LDHreflects tissuedestructionandwas regardedas
a prognostic marker of lung injury.

When Hu et al. [49] investigated the effect of a series of
inflammatory mediators in 76 hospitalized COVID-19 pa-
tients, they uncovered that fibrosis was present in the 46
(60.5%) whose plasma interferon-γ (IFN-γ) levels were
twofold lower than those without fibrosis (p>0.05). The
finding led them to conclude that a mild interferon
response may be a risk factor for PF.

Ueland et al. [54] investigated plasma biomarkers in
39 patients with SARS-CoV-2 infection within 48 h of
hospitalization in an attempt to identify an association
between biomarker temporal profile and acute respiratory
failure (ARF). Although, multiple markers were associated
with ARF, expressed by P/F ratio, the association between
P/F ratio and metalloproteinase (MMP)-9 profile was the
only significant one after adjusting for confounding fac-
tors, and MMP-9 distinguished patients with and without
ARF. The study’s findings suggest that MMP-9 may be an
early indicator of the risk of respiratory failure in COVID-19
patients and they highlight the role of ECM remodeling in
patients’ progression to PF. That conclusion is supported
by other data showing that zinc-dependent proteases
MMP-1 and MMP-7, which are involved in the breakdown
and the remodeling of ECMcomponents, are overexpressed
in the plasma of IPF patients with respect to hypersensi-
tivity pneumonitis, sarcoidosis and chronic obstructive
pulmonary disease (COPD) subjects [55].

Some studies have recently shown that soluble sup-
pressor of tumorigenicity 2 (sST2), which is a member of
IL-1 receptor family routinely used as prognostic biomarker
in patients with heart failure, may be a risk biomarker for
PF progression. High circulating sST2 levels have in fact
been found in subjects with ARDS, PF and sepsis. The SST2
ligand is IL-33, a member of the IL-1 cytokine family
secreted by several cell types following injury. It has been
suggested that the IL-33/ST2 axis may be involved in the
development of PF since in vivo studies have demonstrated
that IL-33 expression levels increased in parallel with the
development of PF in mice undergoing bleomycin treat-
ment [56]. Ragusa et al. hypothesized that circulating sST2
levels can beused as a risk biomarker to predict the onset of
PF after discharge in COVID-19 patients [57].

Risk biomarkers during follow-up

A number of biomarkers potentially reflecting progression
in post COVID-19 PF have recently been evaluated. CT and
pulmonary function assessment tests, multiplex cytokine
assay, flow cytometry and 44 soluble markers were inves-
tigated by Zhou et al. who studied 72 individuals, including
COVID-19 patients discharged from four hospitals in
Wuhan, recovered asymptomatic patients (APs) from an
isolation hotel, and uninfected healthy controls (HCs) [58].
The participants’ plasma cytokines were categorized into
four classes: Class 1: cytokines associated with vascular
injury and repair/angiogenesis; Class 2: factors promoting
immune cell growth and differentiation; Class 3: pro-
inflammatory immune factors; Class 4: chemokines. Three
months after discharge, the levels of pro-inflammatory
cytokines, in particular TNF-α IL-17A and IL-17D and
factors related to vascular injury/repair, in particular,
vascular cell adhesion molecule-1 (VCAM-1), intercellular
adhesionmolecule-1 (ICAM-1), and placental growth factor
(PlGF) were significantly higher in the recovered COVID-19
patients and in particular in those who had a severe case
than in their healthy counterparts. Moreover, the class 1, 3,
and 4 cytokines were significantly associated with LDH
levels, residual CT and pulmonary function test (PFT)
abnormalities. The authors thus concluded that aberrant
vascular-injury related cytokines, inflammatory factors,
and chemokines may predict residual clinical and pulmo-
nary function abnormalities and future complications in
recovered Covid-19 patients. Another potential marker of
pulmonary epithelial cell injury is Krebs von den Lungen
6 (KL-6), which is a mucin like glycoprotein mainly
distributed on the surface of type II AECs and respiratory
bronchiolar epithelial cells that has been shown to exert
chemotactic and anti-apoptotic effects onfibroblast cells. It
has been reported that the levels of KL-6 in the epithelial
lining fluid (ELF) of patients with acute lung injury (ALI)
and interstitial lung disease are higher with respect to
those in control subjects. In addition, elevated serum KL-6
levels have been associated with severe IPF [59, 60].

Arnold et al. set out to evaluate KL-6 as a potential
marker of the severity of acute COVID-19 infection and/or
the persistence of symptoms/radiological abnormalities
over a medium term period in 93 convalescing COVID-19
patients invited to systematic clinical follow-up appoint-
ments. There was no statistical difference in the baseline
KL-6 level between severe and less severe patients eval-
uated at 28 days. Those authors showed that patients with
CT scan abnormalities at 12 weeks had, instead, signifi-
cantly higher convalescent KL-6 levels compared to the
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remainder of the cohort (1101 vs. 409 IU/mL), leading to
the conclusion that KL-6may help to differentiate patients
with persisting dyspnea due to PF from those with
deconditioning or dysfunctional breathing alone. Unlike
Arnold et al. [61], Peng et al. [62] reported that serum KL-6
concentration on admission was significantly higher in
severe patients with COVID-19 compared to those with
milder disease. Severe cases displayed a higher incident
rate of PF andmore elevated serumKL-6 values at hospital
discharge. Unexpectedly, the elevation in serum concen-
tration of fibronectin, an essential component of fibrotic
ECM, was not significant.

In the light of the observation that many non-invasive
serological biomarkers reflecting tissue remodeling and
fibrosis have been shown to predict risk of acute exacer-
bations, lung function decline and mortality in IPF and
other interstitial lung diseases, Leeming et al. suggested
using systemic biomarkers of wound healing and ECM
remodeling as prognostic markers in COVID-19 patients.
More specifically, they proposed using neoepitope tech-
nology which utilizes monoclonal antibodies to detect the
generation of newly formed epitopes of collagens and
other ECM proteins released during inflammation and the
progression of fibrosis. Neoepitopes have, in fact, been
shown to be associated to PF progression and mortality in
patients with IPF [63].

Conclusions

Much has yet to learn about the long term effects of
COVID-19, including post-inflammatory fibrosis. Our review
highlights the importance of both patient-related and
disease-related contributing risk factors for PF in COVID-19
survivors and makes it definitely clear the possible use of
acute phase and follow-up biomarkers for identifying
subjects with an increased probability of developing the
disease.We expect to see the number of efficient biomarkers
to increase as we improve our understanding of the
disease’s pathophysiology. Biomarkers can beusednot only
to predict the development of PF and other COVID-19 com-
plications, but can also be utilized to personalize treatment.
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