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COVID-19 and risk of pulmonary fibrosis:
the importance of planning ahead

Francesco Gentile1, Alberto Aimo1,2, Francesco Forfori3,
Giosu�e Catapano1, Alberto Clemente1, Filippo Cademartiri4,
Michele Emdin1,2 and Alberto Giannoni1,2

Interstitial pneumonia represents the most common
cause of hospitalization for coronavirus disease 2019
(COVID-19) and may be complicated by acute distress
respiratory syndrome, refractory respiratory failure
and death. On the other hand, whether survivors of
COVID-19 pneumonia may be at risk of chronic
sequelae is unknown. From observational studies, it
is known that some SARS-CoV-1 survivors have devel-
oped fibrotic pulmonary remodelling, restrictive lung
abnormalities, associated with impaired exercise toler-
ance and poor quality of life at follow-up. Based on the
numerous similarities between SARS-CoV-2 and
SARS-CoV-1 infections, we hypothesize that lung
fibrosis may be also a possible long-term consequence
of COVID-19 pneumonia. Assessing the long-term
consequences of COVID-19 thus appears crucial. We
therefore stress on the importance of: (a) setting up
specific follow-up strategies in COVID-19 patients
showing pulmonary involvement to assess the possible
progression toward lung fibrosis; (b) treating patients
at risk from the early phases with therapies preventing
the development of future lung fibrosis.

As of 2 May 2020, over three million people world-
wide have been diagnosed with COVID-19, with
almost 230,000 deaths. Interstitial pneumonia is one
of the most common features of COVID-19 and can
be complicated by acute respiratory distress syndrome
(ARDS), a condition associated with high mortality,
especially in elderly with multiple comorbidities.1

However, the degree of lung involvement may be
highly variable among different patients, ranging
from mildly symptomatic to rapidly lethal diseases
(Figure 1). Nevertheless, the majority of patients with
COVID-19 pneumonia survive the acute phase and it is
currently unknown whether they could be at risk of
developing long-term consequences on lung function.

Between November 2002 and August 2003, the
SARS-CoV-1 outbreak resulted in over 8000 cases

and 900 deaths. SARS-CoV-1 infection mainly caused
an atypical interstitial pneumonia, named SARS, fre-
quently complicated by ARDS (in about one-third of
patients).2,3 Some patients survived to the acute phase
and were then followed up by a few studies, which have
assessed the long-term pulmonary consequence of
SARS. The most informative of these studies enrolled
97 survivors from SARS. At one-year follow-up,
abnormalities on chest radiography were observed in
28% of patients, while pulmonary function testing
(PFT) showed decreased forced vital capacity (FVC),
total lung capacity (TLC) and diffusing capacity for
carbon monoxide (DLCO) <80% of predicted in 4%,
5% and 24% of patients, respectively. Notably, the
extent of radiographical abnormalities correlated with
the severity of functional impairment. Moreover, FVC
and DLCO were the only independent predictors of six-
minute-walking-test performance, which was signifi-
cantly lower in SARS survivors compared with age-
matched healthy controls. Similarly, SARS survivors
had worse overall quality of life, with patients admitted
to intensive care units (32%) showing a greater impair-
ment of PFT than those treated in medical wards.3

Among 55 patients with two-year follow-up data,
FVC, TLC and DLCO were decreased in 16%, 11%
and 53% of patients, respectively, suggesting a persis-
tent impairment of lung function.4 More recently, lung
diffusion abnormalities were observed in about
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one-third of patients in a 15-year follow-up study on
71 SARS survivors.5 Long-term sequelae of SARS at
computed tomography (CT) (e.g. air trapping,
‘ground-glass’ opacities, reticulations and traction
bronchiectasis) were found in over one-half of a popu-
lation of 40 patients during a follow-up lasting up to six
months.6 Although the number of pulmonary segments
involved was lower at the end of an 84-month follow-
up, intralobular and interlobular septal thickening

overcame ground-glass opacities as predominant
lesions, suggesting ongoing lung remodelling.7

Findings from both CT and PFT are similar to dis-
orders characterized by pulmonary fibrosis, where
thickened alveolar membranes and interstitial remodel-
ling usually affect gas diffusion and decrease lung com-
pliance. Accordingly, while biopsy samples showed
lung oedema, desquamation of pneumocytes and for-
mation of hyaline membranes during the early stages of

Figure 1. Serial high-resolution computed tomography (HRCT) images of three patients with a confirmed infection by SARS-CoV-2,
showing different possible evolutions of lung involvement.
(a) Mild COVID-19 lung involvement in a 39-year-old woman, scarcely symptomatic and home-treated with hydroxychloroquine.
HRCT at day 1 showed a small subpleural mono-lateral ground-glass opacity (GGO) at the superior segment of the left inferior lobe
(1), which was significantly reduced at day 7 (2), and almost completely resolved after two weeks (3). (b) Severe COVID-19 pneu-
monia in a 67-year-old man, hospitalized and treated with tocilizumab and ventilatory support with favourable evolution. HRCTat day
1 showed multiple patchy bilateral subpleural and peripheral areas of GGO associated with limited interlobular septal thickening (1).
At day 5, there was a significant progression of the disease with air-space consolidations (2). After three weeks, HRCT showed
significant reduction of the extension and severity of the consolidations with residual GGO and peribronchovascular thickening (3). (c)
Severe COVID-19 pneumonia in a 74-year-old man, hospitalized with poor outcome. HRCTat day 1 showed bilateral extensive GGO
with diffuse distribution associated with reticulations in a ‘crazy-paving pattern’, particularly at the lower lobes (1). At day 9, there was
a reduction of the GGO with progressive evolution in peripheral consolidations (2). Finally, HRCT at day 18 showed diffuse bilateral
GGO and marked increase of the consolidative posterior distribution in a full-blown acute distress respiratory syndrome (3).
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SARS, fibrin deposition and infiltration of inflamma-

tory cells and fibroblasts were found some weeks later,

possibly as early signs of lung fibrosis.2

During the acute phase of COVID-19 pneumonia,

lung injury mainly derives from the inflammatory

response to viral infection with possible bacterial super-

infection. Endothelial dysfunction and microvascular

damage by local thromboembolic events are other pos-

sible determinants of lung damage.1 A histopathological

progression similar to SARS has already been observed

in COVID-19 pneumonia, with intra-alveolar and inter-

stitial fibrin deposition and chronic inflammatory infil-

trates, already a few weeks after the initial diagnosis.8

Although the possible mechanisms involved in long-

term remodelling are uncertain, a wound repair response

with predominance of pro-fibrotic pathways may be

implicated, while mechanical stress associated with inva-

sive ventilation may also contribute.9

Notably, coronavirus infection could directly pro-

mote lung fibrosis by at least two mechanisms. The

nucleocapsid protein of SARS-CoV-1 is known to

directly enhance transforming growth factor-beta

(TGF-b) signalling, which is a powerful pro-fibrotic

stimulus.10 Whether SARS-CoV-2 may share such a fea-

ture is unknown, albeit its nucleocapsid protein is over

90% similar to that of SARS-CoV-1.11 Coronaviruses

seem also to induce a downregulation of angiotensin-

converting-enzyme-2, reducing angiotensin II (Ang II)

clearance in the lungs. Ang II could then upregulate

TGF-b and connective tissue growth factor.12

The numerous similarities between COVID-19 and

SARS make us imagine a comparable risk of progres-

sion toward lung fibrosis. Given the magnitude of the

COVID-19 pandemic, it seems urgent to investigate

whether survivors may be truly at risk of developing

chronic pulmonary sequelae. Furthermore, as patients

with established cardiovascular disease seem more at

risk of COVID-19, the possible worsening of functional

capacity in these patients should not be overlooked

once recovered from the acute illness.13 Moreover,

the consequence of lung remodelling may be more pro-

nounced in patients with prior heart dysfunction, while

symptoms like dyspnoea and fatigue may characterize

both conditions. The set-up of dedicated outpatient

ambulatories to follow-up COVID-19 survivors could

then be helpful and a multidisciplinary approach,

involving both pneumologists and cardiologists, may

be valuable. On the other hand, the use of serial PFT

and/or imaging tests in the early phase post-discharge,

as well as in the mid and long term, may outline the

actual pulmonary outcomes of COVID-19 survivors.

Moreover, should the risk of long-term lung fibrosis

be confirmed, the identification of risk factors and

early markers of lung fibrosis would become crucial,

favouring the implementation of preventive strategies

in the subset at higher risk (Figure 2).

Figure 2. Possible progression of COVID-19 pneumonia to lung fibrosis, and preventive strategies.
The high-resolution computed tomography (HRCT) images in the first two panels show a case of severe COVID-19 pneumonia
recovered after three weeks in a 67-year-old man. Although clinically stable and near to discharge, the persistent residual interstitial
involvement at HRCT (second panel) could be an early sign of long-term fibrosis.
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In this regard, three complementary strategies to
reduce the likelihood of development of lung fibrosis
may be proposed: (a) a more intense and prolonged
inhibition of viral replication; (b) a long-standing inhi-
bition of the inflammatory response; (c) the adminis-
tration of anti-fibrotic drugs. To date, it is unknown
whether an early and/or prolonged administration of
antiviral agents may prevent lung remodelling, or
whether some antiviral agents are of greater value than
others. Although the use of anti-inflammatory drugs in
the acute phase of COVID-19 is still debated, a prolonged
administration of low-dose corticosteroids may prevent
maladaptive lung remodelling in survivors of ARDS.
Nevertheless, the benefit–risk ratio of these drugs
should be carefully evaluated, especially in patients with
previous comorbidities such as diabetes mellitus, hyper-
tension and chronic heart failure.14 On the other hand,
since Ang II may be a key player also in the development
of lung fibrosis, the use of either angiotensin-converting-
enzyme inhibitors or angiotensin-receptor blockers may
protect patients from chronic consequences, although this
point is still to be clarified.15 Other drugs, such as pirfe-
nidone and nintedanib, currently approved for the treat-
ment of idiopathic pulmonary fibrosis, deserve a special
mention. Indeed, beyond their anti-fibrotic actions,
they seem to have also anti-inflammatory effects, and
thus their use is intriguing even in the acute phase of
COVID-19 pneumonia.16 A multicentre, randomized,
open clinical trial (ClinicalTrials.gov identifier:
NCT04282902) is currently testing the effects of a four-
week course of pirfenidone on CT findings and gas
exchanges in patients with COVID-19. Nonetheless, fur-
ther trials with longer follow-up durations are mandatory
to clarify the efficacy of anti-fibrotic drugs in this setting.

Over the next months, the number of patients
infected by SARS-CoV-2 surviving the acute phase
with clinical and CT evidence of pulmonary involve-
ment is expected to grow exponentially. Beyond the
indisputable relevance of approaches targeting the
acute phase, the long-term sequelae on lung function
should not be overlooked. Indeed, some patients may
be at risk of developing long-standing fibrotic remod-
elling, which may affect quality of life and survival.
Therefore, clarifying the mid- and long-term conse-
quences of COVID-19 pneumonia and defining the
potential preventive and follow-up strategies may
prove valuable in the future, but only if we think
ahead to the next stage of the war against this insidious
and treacherous virus.
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