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Abstract. The year 2020 is characterized by the COVID‑19
pandemic that has resulted in more than half a million deaths
in recent months. The high mortality is associated with acute
severe respiratory failure that results in ICU admission and
intubation. While facing this fatal disease, research and clinical observations need to be carried out in order to evaluate the
long‑term effects of the COVID‑19 acute respiratory distress
syndrome (ARDS). Potent clinical and laboratory biomarkers
should be studied to be able to predict the subgroup of
patients that are going to deteriorate or develop lung fibrosis.
The opportunity of personalized medicine is a good way to
consider for these patients.
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1. Introduction
The novel coronavirus disease 2019 (COVID‑19) pandemic,
caused by severe acute respiratory syndrome coronavirus 2
(SARS‑CoV‑2), has generated huge concern for the high
mortality rate and the lack of specific and effective treatment.
Millions of people have been infected globally by SARS‑CoV‑2,
which is a novel coronavirus, and the seventh member known
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to cause respiratory tract infections in humans. Four of them
result in minor symptoms associated with the upper respiratory tract, while three coronaviruses, including SARS‑CoV‑2,
are the causative agents of lower respiratory tract infections
and major lung complications. The most critically ill patients
in the context of SARS‑CoV‑2 infection, develop acute respiratory distress syndrome (ARDS) (1).
2. Post‑ARDS lung fibrosis
Radiologically, most patients infected by SARS‑COV‑2
present with bilateral ground glass opacities with or without
consolidation, and with preference of lower lobes (2). However,
it should be considered that long‑term lung impairment may
develop following virus clearance, and in particular fibrotic
interstitial lung disease. Pulmonary fibrosis can be idiopathic
and considered as a genetically predisposed, age‑related
fibroproliferative disease, but chronic inflammation may also
be involved in the pathogenesis of lung fibrosis. Importantly,
pulmonary fibrosis is a recognised sequelae of ARDS, and
several studies have shown that protective lung ventilation
tends to diminish the radiographic abnormalities following
ARDS (3).
The pathological correlate of ARDS is the diffuse
alveolar damage (DAD) which is characterized by an initial
(acute inflammatory) exudative phase with edema, hyaline
membranes, and interstitial acute inflammation, followed by
an organizing phase with loose organizing fibrosis mostly
within the alveolar septa, and type II pneumocyte hyperplasia (4). A potent third and final stage of ARDS may be
the fibrotic phase. Thille and coworkers described in a cohort
of 159 autopsies from patients with ARDS, stating that
these pathological findings can either resolve to normal lung
parenchyma or progress to fibrosis (5). In this study, 4% of
patients with a disease duration of less than 1 week, 24% of
patients with a disease duration of between weeks 1 and 3,
and 61% of patients with a disease duration of greater than
3 weeks, developed fibrosis (5). This description along with
further data, support that pulmonary fibrosis begins early in
the course of ARDS (3).
Abnormal immune mechanisms initiate and promote
pulmonary fibrosis, possibly as a consequence of a cytokine
storm. Dysregulated release of matrix metalloproteinases
during the inflammatory phase of ARDS causes epithelial and
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endothelial injury. VEGF and cytokines such as IL‑6 and TNFα
are also implicated in the fibrotic process. It remains unclear
why certain individuals are able to recover from such an
insult, whereas others develop accumulation of fibroblasts and
myofibroblasts and excessive deposition of collagen resulting
in progressive pulmonary fibrosis (6). The crucial role of
macrophages/monocytes, that can exert a proinflammatory or
an anti‑inflammatory effect based on the microenvironment
in different stages, is also well established (7).
Available data indicate that about 40% of patients with
COVID‑19 develop ARDS, and 20% of ARDS cases are
severe (8). The prevalence of post‑COVID‑19 fibrosis will
become apparent in time, but early analysis from patients
with COVID‑19 on hospital discharge suggests that more
than a third of recovered patients develop fibrotic abnormalities. Additionally, 47% of patients had impaired Diffusing
Capacity of the lungs for carbon monoxide (DLCO) and
25% had reduced total lung capacity (TLC). This seemed
even worse in patients with severe disease (9). Long‑term
follow‑up is definitely required to determine whether the
reticulation represents irreversible fibrosis (10), although it
seems that older patients with severe illness during treatment are more prone to develop fibrosis (11). Furthermore,
the impact of COVID‑19 in the progression of patients with
preexisting interstitial lung disease still remains unknown
and needs to be studied.
The two other strains of the coronavirus family that
have been considered in previous years as highly pathogenic, SARS‑CoV and MERS‑CoV, are genetically similar
to SARS‑CoV‑2 and cause contiguous lung disease. Data
according to previous studies claim that there are reticular
changes approximately two weeks after symptom onset
in SARS‑CoV that persist in half of the patients after one
month (12). Longer follow‑up data, 15 years later, showed that
there were interstitial abnormalities in 4.6% of patients who
had been infected with SARS‑CoV (13). Although patients
recovered from MERS are less well described in the literature,
there is evidence of fibrotic abnormalities in about a third of
patients in chest X‑rays taken after hospital discharge (14).
Importantly, it has been shown that progressive pulmonary
fibrosis can be a cause of mortality in a substantial proportion
of patients with ARDS (15), while a considerable proportion of
survivors will experience long‑term impairment of lung function and radiographic abnormalities suggestive of pulmonary
fibrosis (16,17). The extent of reticulation on computed tomography correlates with quality of life and pulmonary function
measures that indicate a restriction pattern, such as forced
vital capacity (FVC) and DLCO (18).
Taking into consideration these data, even a relatively
small degree of residual fibrosis could result in considerable morbidity and mortality in older patients who suffer
from COVID‑19, many of whom may already have lung
disorders (19). Long‑term follow‑up studies are required to
establish the true prevalence of post‑COVID‑19 fibrosis, but
it is speculated that the consequences of COVID‑19 could
include a large cohort of patients with fibrosis and persistent
or progressive lung impairment. Importantly, as thousands of
individuals became affected by COVID‑19, one can speculate
that even rare complications will have major health effects at
the population level.

3. Possible biomarkers of disease progression
The early identification of the subpopulation that is going to
develop pulmonary fibrosis is of great importance. Based on
the current knowledge, we assume that we have to act early
in the ARDS course in order to avoid, delay or diminish the
development of lung injury. At present, there are no reliable
clinical or laboratory indicators early in disease progression
to identify patients who are going to deteriorate and develop
ARDS, although there are several markers associated to
worse outcomes (1). Currently, it seems that apart from lung
injury due to mechanical ventilation, lung damage is mostly a
result of maladaptive immune responses leading to excessive
cytokine release (19). The activation of lung‑resident immune
cells via pattern‑recognition receptors, is followed by the
release of high amounts of pro‑inflammatory cytokines and
extravasation of blood neutrophils and monocytes into the
bronchi (20). Results from a recent Greek study reveal that
patients with pneumonia caused by SARS‑CoV‑2, who developed severe respiratory failure, display hyper‑inflammatory
responses with features of either immune dysregulation
or macrophage activation syndrome (MAS) (21). Immune
dysregulation characterized by low expression of HLA‑DR on
CD14 monocytes, accompanied by profound depletion of CD4
lymphocytes, CD19 lymphocytes, and natural killer (NK) cells
seem to predominate in most patients. The authors show that
circulating monocytes are hyperactivated, producing IL‑6 and
TNF‑α, possibly contributing to this immune dysregulation.
Interestingly, all patients with SARS‑CoV‑2 and severe respiratory failure had either immune dysregulation or MAS, and
this particular pattern is distinct when compared with patients
suffered from bacterial or H1N1 associated pneumonia (21).
A study from Wuhan described the retrospective analysis of
blood samples of 485 patients as an attempt to identify markers
of mortality risk. Based on a mathematical modelling approach
the authors identified three indicators (LDH, hs‑CRP and
lymphocytes) for COVID‑19 prognostic prediction (22). The
increase of LDH reflects tissue destruction and is regarded as a
common sign of cell damage. In patients with severe pulmonary
interstitial disease, the increase of LDH is significant and is one
of the most important prognostic markers of lung injury (23).
For critically ill patients with COVID‑19, the rise in LDH
level indicates an increase of the activity and extent of lung
injury. The increase of hs‑CRP, a well established marker for
poor prognosis in sepsis and ARDS, reflects a persistent state
of inflammation. Lymphopenia is a common feature in patients
with COVID‑19 and might be a critical factor associated with
disease severity and mortality. Injured alveolar epithelial
cells could induce the infiltration of lymphocytes, leading
to persistent lymphopenia, as was seen in SARS‑CoV‑2 and
MERS‑CoV (22). Certainly, more studies need to be designed
for the detection of patients at high risk for increased mortality,
and for the development of fibrosis.
Previous studies in the literature have detected biomarkers
of fibrogenesis in the bronchoalveolar fluid 24 h after the
onset of ARDS that correlate with mortality. These include
N‑terminal pro‑peptide of type III collagen, C‑terminal
pro‑peptide of type I collagen, TGF‑β, and alveolar fibroblasts
and fibrocytes (24‑27). Fibrocytes have been shown to expand
in the blood in the context of both physiologic wound repair
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and several diseases associated with fibrogenesis. As it is
shown that the presence of fibrocytes in the BAL in ARDS
correlates with poor outcomes (28), a recent study evaluated
the expansion of fibrocytes in the bone marrow, blood, and lung
of animal models of lung injury (29). Furthermore, a similar
pattern in blood fibrocytes in patients with lung injury was
described, the extent of which was predictive of outcomes (29),
supporting the idea that fibrocytes could represent a useful
biomarker.
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4. Is there a role for antifibrotic therapy?

Not applicable.

Currently, there are no approved therapies for any human coronavirus. Trials are based on drugs that are already approved
for other diseases, have acceptable safety profiles or have been
effective in animal studies against the other two highly pathogenic coronaviruses (30). Pirfenidone and nintedanib are the
two approved antifibrotic drugs that, despite having different
modes of action, are both effective in attenuating the rate of
lung function decline and are widely considered to improve life
expectancy (31,32). Apart from the potent use of antivirals to
reduce the viral effects, the use of antifibrotic therapies could
also be under consideration based on the pulmonary fibrotic
disease observed after COVID‑19 recovery (33). Pirfenidone
exerts anti‑fibrotic, anti‑oxidative and anti‑inflammatory properties. Since there is no effective treatment strategy to reduce
ARDS‑associated lung injury and fibrosis, it could be suggested
that pirfenidone could attenuate lung injury based on published
data showing that pirfenidone reduces LPS‑induced acute
lung injury and subsequent fibrosis by suppressing NLRP3
inflammasome activation (34). Moreover, there is evidence of
potential use of pirfenidone, azithromycin and prednisolone
in the management of pulmonary fibrosis post‑H1N1 ARDS,
based on data from a case report of three patients (young males
aged 40‑59 years) (35). The current literature is suggestive that
any potential antifibrotic intervention should be considered
within the first week of ARDS onset so as to be more effective. This fact highlights even more the tremendous need for
the identification of biomarkers early in the disease course
to identify patients who are likely to progress to pulmonary
fibrosis. Thus, the rationale for using antifibrotic therapy should
be personalized and the role of precision medicine assumes
prediction of high risk population, better understanding of
pathophysiology and prevention of disease worsening or/and
lung fibrosis development.
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5. Conclusion
In recent months we all try to fight a new enemy, a novel coronavirus, that is almost unknown to the medical community.
In parallel to the efforts regarding the pathophysiology of this
new disease, we also need to evaluate the proportion of patients
that are going to develop chronic lung disease following
COVID‑19 recovery. Certainly, more attention should be given
to new studies that will focus on revealing potent predictors
of mortality in these patients, and discovering biomarkers of
progression of COVID‑ARDS to pulmonary fibrosis. Until
the discovery of an effective vaccine, apart from protective
lung ventilation, a close follow‑up of patients recovered from
COVID‑19‑ARDS is highly recommended.
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