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Pulmonary fibrosis in critically ill patients with novel
coronavirus pneumonia during the convalescent stage
and a proposal for early intervention
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The coronavirus disease 2019 (COVID-19) outbreak poses a serious
challenge to China and most countries around the world, thus the
World Health Organization has declared the outbreak a public
health emergency of international concern. On August 24, 2020,
more than 23,584,000 cases of COVID-19 had been confirmed in
more than 120 countries/regions worldwide, 812,519 patients had
died, and 16,078,455 confirmed cases were still undergoing
treatment. Most patients with COVID-19 have a good prognosis,
but a small portion of patients become critically ill and even die
(the cumulative mortality rate is ~3.7%). Critically ill patients
account for ~15% of those with COVID-19, and most of them are
the elderly, patients with underlying diseases or patients with
obesity [1]. Critically ill patients often experience dyspnea and/or
hypoxemia 1 week after onset of the illness, and in severe cases,
the patient can rapidly develop acute respiratory distress
syndrome (ARDS), septic shock, uncorrectable metabolic acidosis,
bleeding and coagulation dysfunction, and multiple organ failure.
According to our clinical treatment experience, we previously
proposed the “Huashan Model”, which is based on supportive
therapy for multiple organs supplemented with anti-inflammatory
and anticoagulation therapies, for the treatment of patients with
severe novel coronavirus pneumonia (NCP) [2]. This model
significantly improved the survival rate of critically ill NCP patients
by correcting the pathophysiological state, adjusting immune
system function, and promoting clearance of the virus and
affected cells through symptomatic and supportive treatment.
Patients with severe NCP in the convalescent stage often
experience serious complications, such as multiple organ failure.
In particular, prevalent pulmonary parenchymal lesions, alveolar
lumen exudates, and pulmonary interstitial fibrosis can lead to
poor pulmonary function in patients and seriously affect their
long-term quality of life. Therefore, alleviating/reversing the
process of pulmonary interstitial fibrosis, improving the pulmon-
ary function of patients with severe NCP, and improving the
quality of life of patients should be the focus of treatment for
patients with severe NCP in the convalescent stage.
The pathological changes in the lungs of patients with NCP

have the following characteristics. The lungs show varying
degrees of consolidation, serous fluid and fibrinous exudates,
and hyaline membrane formation is seen in the alveolar lumen.
Exuded cells are mainly monocytes and macrophages, but
multinucleated giant cells are also seen. The significant prolifera-
tion of type II alveolar epithelial cells is observed, and some cells

are detached. Inclusion bodies are seen in type II alveolar
epithelial cells and macrophages. Alveolar septal vessels exhibit
congestion and edema, and mononuclear and lymphocytic
infiltration and intravascular hyaline thrombus formation are
observed. Focal hemorrhage and lung tissue necrosis are present,
and hemorrhagic infarction may occur. Alveolar lumen exudates
and pulmonary interstitial fibrosis are visible. Part of the
epithelium of the bronchial mucosa in the lung detaches, and
mucus and mucus plug formation are observed in the lumen [3].
A few alveoli are hyperinflated, and alveolar septa rupture and
cyst formation are observed. Observation reports of the gross
anatomy of deceased patients with NCP have revealed that the
pleura is thickened and extensively adhered to lung tissues and
that fibrous cords are visible in the lung section. The pathological
features of NCP are very similar to those caused by severe acute
respiratory syndrome (SARS) and Middle Eastrespiratory syndrome
coronavirus (MERS), with pulmonary fibrosis and consolidation.
The follow-up data for recovered SARS patients showed that
25.5%–62.0% of recovered SARS patients exhibited pulmonary
interstitial fibrosis-like changes on 33–68 days after disease onset
[4, 5]. Pulmonary fibrosis caused by SARS is not only one of
the important clinical manifestations of the pathogenesis of the
disease but also a more common sequela in SARS patients in the
convalescent stage. Chest imaging has suggested that these
patients have different degrees of fibrotic lesions. Currently,
through the study of critically ill NCP patients successfully rescued
by our team, the imaging findings of pulmonary fibrosis are as
follows (Fig. 1): (1) reticular opacities accompanied by ground-
glass opacities; (2) pulmonary consolidation combined with
bronchiectasis; (3) reticular nodular opacities; and (4) fibrosis with
other changes.
Approximately 7%–8% of recovered patients have severe

pulmonary fibrosis sequelae. It has been reported that lung injury
in early-stage SARS patients involves a pathological change to
alveolitis and induces the occurrence of fibrosis in later stages.
Although most patients die of acute respiratory failure, as a
sequela, the fibrosis that occurs at a later stage seriously affects
pulmonary function and the quality of life of patients and leads to
an impairment in the functions of other organs, which may lead
to the death of SARS patients by secondary causes [6]. As a
consequence, we suggest a close follow-up of recovered patients
to find this sequela and an individualized treatment plan
according to the degree of fibrosis.
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Both animal and human studies have shown that inflammatory
monocytes-macrophages and neutrophils accumulate in the lungs
after humans are infected by coronavirus. These cells are a major
source of cytokines and chemokines associated with lethal human
diseases caused by coronaviruses [7, 8]. Rapid viral replication and
an exuberant proinflammatory cytokine/chemokine response lead
to the apoptosis of lung epithelial cells and endothelial cells,
which disrupts epithelial cell barriers of the pulmonary micro-
vessels and alveoli, resulting in vascular leakage and alveolar
edema and ultimately leading to hypoxia. The function and
phenotype of pulmonary macrophages may vary depending on
their polarization status, which is governed by the cytokine
environment. The virus damages lung cells, causing the accumu-
lation of macrophages that attempt to eliminate inflammation.
However, rapid viral replication and the massive destruction of
lung cells as well as an excessive inflammatory response instead
induce M1-type polarization, thereby exacerbating pulmonary
inflammation [9–11]. A study of the clinical characteristics of 99
patients with COVID-19 published in the journal Lancet found that
the COVID-19 virus may act mainly on lymphocytes, especially T
lymphocytes. Viral particles spread through the respiratory
mucosa to infect other cells and induce a cytokine storm
in vivo, and large amounts of plasma interleukin-2 (IL-2), IL-7,
IL-10, granulocyte colony-stimulating factor (G-CSF), interferon
(IFN)-γ, and monocyte chemotactic protein (MCP) are produced,
causing the rapid progression of ARDS and septic shock in
patients and eventually leading to multiple organ failure. Even
surviving patients suffer from prolonged lung injury and fibrosis
due to the excessive immune response, thus leading to respiratory
dysfunction and a reduced quality of life [12]. At present, the main
treatment is glucocorticoids. Due to excessive activation of the
immune system and the rapid transformation in immunosuppres-
sion in critically ill patients, use of the hormones carries the risk of
delayed viral clearance and secondary infection. Therefore, there is
an urgent need to research and develop new intervention
measures to inhibit excessive immune responses according to
the disease course to protect alveolar function and reduce injuries
to the lungs and systemic organs in patients with NCP. Currently,
our treatment regimen for pulmonary fibrosis in patients with
NCP is comprised of glucocorticoids (0.5–1mg/kg every day),
N-acetylcysteine, and pirfenidone in combination, which can
accelerate the absorption of pulmonary shadows. Although there
is no reliable evidence on the efficacy of corticosteroids in treating
pulmonary fibrosis following SARS-CoV-2 infection, they are
commonly used as an empirical therapy for postinflammatory
pulmonary fibrosis on the basis of the patient’s clinical condition,
High-Resolution Computed tomography manifestation and dis-
ease behavior. It could be suggested that pirfenidone, which
shows effective against inflammation, fibrosis and oxidation [13],
can attenuate lung injury because pirfenidone reduces LPS-
induced acute lung injury and subsequent fibrosis [14]. Nintedanib
can slow the progression of pulmonary fibrotic disease regardless
of the pathological pattern by inhibiting the release of proin-
flammatory and profibrotic mediators, the migration and differ-
entiation of fibrocytes and fibroblasts, and deposition of the
extracellular matrix [15]. In light of these properties, pirfenidone
and nintedanib might exert potential benefits in the prevention
and treatment of pulmonary fibrosis following SARS-CoV-2
infection.
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