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ABSTRACT:
The COVID-19 pandemic passed several years ago,

but a significant proportion of people still suffer its con-
sequences. Physicians face the difficult task of managing
these consequences, monitoring their patients over time,
and the need to apply an individual-specific approach. In
this article, the main risk factor and mechanisms for de-
veloping post-COVID fibrosis are discussed. The avail-
able therapeutic options for preventing and treating of
that type of fibrosis are summarized. The need for follow-
up of these patients is emphasized. Basic guidelines and
optimal time intervals for their follow-up are presented.

Keywords: Pulmonary fibrosis, COVID-19, risk fac-
tors,

INTRODUCTION
Basic concepts
The COVID-19 pandemic passed several years ago,

but a significant proportion of people still suffer from the
consequences of the infection. Physicians face the diffi-
cult task of managing these consequences, monitoring
their patients over time, and as often happens in daily
practice, an individual approach is needed for every sin-
gle patient. The term “Long Covid” (“Post Covid condi-
tions”, chronic COVID-19 or consequences after acute
COVID-19) describes persistent, recurring health problems
or new ones that have arisen after 4 weeks from the onset
of acute COVID-19 infection in the absence of another al-
ternative etiological cause. [1, 2, 3]

The long-term consequences of COVID may be due
to direct damage from the virus, the immune system’s re-
sponse to the macroorganism, underlying concomitant
diseases, side effects of the applied therapy, or a combi-
nation of all these factors. The consequences of COVID
in the long term include diffuse lung disease (inflamma-
tion and/or fibrosis), respiratory muscle weakness (espe-
cially in patients on mechanical ventilation), conse-
quences of Pulmonary embolism (PE) as a complication
and secondary infections (bacterial or mycotic). Between
42% and 80% of dehospitalized patients complain of
shortness of breath for 3 months after discharge from the
hospital, but only in about 10% the shortness of breath
considered significant (assessed on the mMRC scale). [1,
2, 4] Other post-COVID clinical complaints are shortness
of breath, dry cough, chest pain, hypotension, hypoxemia,
hemoptysis, persistent fever, asthenia, persistent tachycar-
dia and tachypnea [1], as well as reduced physical capac-
ity [1, 5] between 3 and 4 months after COVID-19.

ARDS is also a common severe complication of
COVID-19. [2] Several articles have reported that a rela-
tively high percentage (around 40%) of patients with
COVID-19 develop ARDS, with 20% of these cases being
very severe. [6] Histopathological evidence of pulmonary
fibrosis is present in a significant proportion of patients
with severe COVID-19 and ARDS. In survivals, this fibro-
sis is seen on imaging studies, and significant lung dam-
age is reported on lung function tests. [7]
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Post-COVID fibrosis is also observed in patients
who have had COVID, which is generally described as or-
ganizing pneumonia, interstitial lung disease, pulmonary
fibrosis or fibrotic lung disease in general. According to
various sources, such fibrosis, confirmed on computer to-
mography (CT), is observed 3 months after the illness in
between 30% and 71%, [5] with some authors indicating
a significantly higher percentage - up to 90%. [1]. Despite
the high incidence of post-COVID fibrosis, abnormalities
in functional respiratory tests are significantly less com-
mon, as they are observed in 50-60% of the patients fol-
lowed up in the third month after discharge. [1] Diffusion
capacity impairments are more common in those who
have recently had COVID-19. [2, 8, 9]

Despite the described consequences of COVID-19
infection, full recovery is observed in 50% of patients at
6 months after infection and in 75% at 9 months. [5] The
severity of fibrosis correlates positively with the duration
of the disease, and often it resolves spontaneously. [10]

Post-COVID Pulmonary Fibrosis
Pulmonary fibrosis can occur as a consequence of

chronic inflammation or as a primary, age-related, geneti-
cally predisposed fibroproliferative process, as in idi-
opathic pulmonary fibrosis. [6]

Pulmonary fibrosis has a multifactorial etiology
and includes age, smoking, viral infection, the use of cer-
tain medications, and genetic predisposition and the ef-
fect of free radicals. [10]

Pulmonary fibrosis is a consequence of pathologi-
cal accumulation in the extracellular matrix and block-
age of pathways associated with the deactivation of pro-
fibrotic cells on the one hand and stimulation of matrix
proliferation on the other. The process involves the acti-
vation of immune mechanisms involving neutrophils and
macrophages, with the release of cytokines and chemo-
kines, procoagulant factors, myofibroblast transition into
epithelial cells, oxidative stress, replacement of normal
type I alveolar epithelial cells with hyperplastic type II
cells. [11,12]

A key role in the progression of pulmonary fibro-
sis is the interaction between epithelial and mesenchy-
mal structures, which leads to the accumulation of dam-
aged extracellular matrix and structural remodeling [10,
11, 12], which clinically presents with respiratory failure.
[10, 13]

In humans, SARS-CoV-2 is thought to use angi-
otensin-2-converting enzyme (ACE2) as a cellular receptor,
initially causing interstitial lung damage and subse-
quently lesions. [10, 14] A high similarity has been found
between the SARS-CoV-2 viral spike protein and the an-
giotensin 2 converting enzyme receptor ACE2 - the viral
protein reduces the levels of the ACE2 receptor. In turn,
ACE2 has a protective role in the formation of pulmonary
fibrosis. The reduction of ACE2 expression leads to high
levels of angiotensin 2 (ANG II). ANG II plays a role as a
vasoconstrictor peptide, directly involved in the devel-
opment of the inflammation and fibrosis cascades. [13]

Other mediators contributing to the development
of interstitial fibrosis include: excessive formation of free
oxygen radicals or delayed neutralization; TGF-_1 (con-
tributes to the development of fibrosis and production of
free oxygen radicals); overexpression of fibroblast growth
factor (FGF) and platelet-derived growth factor (PDGF),
[10] as well as other proinflammatory factors such as
interleukin-6 (IL-6) and IL-8, [13] transforming growth
factor-β1 (TGF-β), tumor necrosis factor-α (TNF-α),
interleukin-1 (IL-1) and interleukin-6 (IL-6) [14] which
in turn accelerate lung fibroblast proliferation and the
pro-fibrotic effect of TGF-_1. [10] TNFα also plays a key
role - initial activation of IL-6, has a potent vasoconstric-
tor effect, accelerates the accumulation of neutrophils and
macrophages in the alveolar spaces, has a direct damag-
ing effect on the endothelium. [14] The role of Gal-3 as a
mediator in the formation of pulmonary fibrosis has been
studied for a long time: high levels of Gal-3 are associ-
ated with the development of interstitial lung diseases.
Macrophages secrete Gal-3, which has a stimulatory ef-
fect on TGF-β receptors on fibroblasts and myofibroblasts,
which in turn leads to the formation of granulation tissue
(via collagen deposition) and the formation of fibrous tis-
sue/scar. [11, 14]

TGF-β is a cytokine that is involved in oxidative
processes and suppresses antioxidant enzymes. In post-vi-
ral pulmonary fibrosis, oxidative stress is increased in
epithelial cells, stimulating the production and release of
TGF-β, which in turn enhances the migration, prolifera-
tion, activation and differentiation of fibroblasts and
myofibroblasts. Fibroblasts and myofibroblasts produce
collagen and non-collagenous matrix molecules. TGF-β
regulates ANGII-induced collagen expression and its sub-
sequent accumulation in the extracellular matrix. [14]

Galectin-1 (Gal-1) is also a member of the galectin
family with growth, cell proliferative, inflammatory, and
carcinogenic functions. Under hypoxic conditions, Gal-1
interacts with focal adhesion kinase-1 (FAK1) in lung epi-
thelial cells and contributes to the transdifferentiation of
fibroblasts into myofibroblasts. [11]

Other mediators, cells, or processes that are in-
volved in the formation of fibrosis include:

• Connective tissue growth factor (CTGF) is stimu-
lated by the TGF-β signaling pathway and contributes to
increased secretion and deposition of collagen by
fibroblasts. [11 ]

• Epithelial-mesenchymal transition (EMT) is a pro-
moter of the fibrotic process, in which epithelial cells pro-
gressively lose their normal phenotype and stimulate sev-
eral profibrogenic factors such as alpha-smooth muscle
actin (α-SMA), fibroblast specific protein 1 (FSP1), type 1
collagen, and fibronectin. Following SARS-CoV-2 infec-
tion, EMT appears to promote the formation of neutrophil
extracellular traps (NETs) and the secretion of alveolar
macrophage factors such as TGF-β, IL-8, and IL-1. [11]

• Pulmonary lipofibroblasts are a specific type of
interstitial fibroblasts that contain lipid droplets, are lo-
cated in close proximity to type 2 alveolar epithelial cells
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and are responsible for the transfer of triglycerides to these
epithelial cells. Lipofibroblasts may play an important role
in post-COVID sequelae, especially in patients with obes-
ity and diabetes mellitus. Under the influence of various
stimuli (such as hyperoxia and infection), myofibroblasts
can transdifferentiate into lipofibroblasts. [11]

Chronic inflammation is considered another major
cause of epithelial damage and fibroblast activation. Some
studies have implicated alveolar epithelial damage and
the formation of active myofibroblast foci as the basis for
most fibrotic lung processes. Viral infections may act as a
trigger for the initiation of IPF or for the exacerbation of
pre-existing fibrosis. This is particularly true in older pa-
tients, who are predisposed to virus-induced fibrosis due
to reduced immune responses and cofactors from the vi-
ral agent itself. [10, 11] It is likely that the increased lev-
els of proinflammatory cytokines in the elderly patient
population are responsible for the more severe course of
the disease in these patients. [10]

Although the main cause of pulmonary fibrosis af-
ter COVID-19 is ARDS, there are reports that ARDS due
to COVID-19 is different from typical ARDS. COVID-19
ARDS usually occurs between days 8 and 12, does not
correspond to the degree of hypoxia, and the changes ob-
served on CT do not correspond to typical ARDS. The
pathological finding shows alveolar epithelial cell in-
volvement to a greater extent compared to endothelial
cell involvement. [10]

Also, some iatrogenic factors may contribute to the
development of fibrosis in patients with COVID-19. The
main ones are ventilator-induced lung injury and the ef-
fect of high-flow oxygen therapy. When interpreting these
data, the fact that patients with severe COVID are in a
more severe condition, usually have bilateral diffuse lung
involvement, and require high flow rates for oxygen
therapy for a long period of time should be taken into
consideration. Prolonged exposure to high oxygen con-
centrations leads to overproduction of free oxygen radi-
cals, which affect the pulmonary endothelium, and high
pressures during mechanical ventilation lead to mechani-
cal stress on lung tissues. [13, 14]

Risk factors for the development of post-COVID
fibrosis

According to literature data, patients at risk for the
development of post-COVID fibrosis are elderly people
over 60 years of age, patients with comorbidities [1, 5, 7,
11], smokers, with underlying lung disease (asthma,
COPD, IPF, patients with chronic respiratory failure on
home oxygen therapy). [1, 10] Other authors point out
gender as a risk factor (mainly affecting the male gender),
race (African-American and Asian are indicated at in-
creased risk), [7] prolonged stay in the Intensive Care Unit
and prolonged treatment with mechanical ventilation.
[11] Patients at risk for the development of post-COVID
fibrosis are also patients with more consolidations/in-
volvement of more areas of the lung on CT upon admis-
sion and those with severe COVID-19 pneumonia. [15]

Lung imaging changes after COVID-19
A number of lung imaging changes have been re-

ported after COVID-19 infection: consolidations, ground-
glass changes [2, 7, 13, 16], and air trapping and thrombi
in the microcirculation. [2, 17] There are studies with con-
clusions that changes in the lung parenchyma are revers-
ible in most patients without any specific treatment. [1]
However, sometimes the imaging changes in COVID-19
pneumonia do not always resolve completely, and some
patients develop residual pulmonary fibrosis. [7]

In a 6-month follow-up of patients who had COVID,
residual CT lung changes were observed in 62% of cases,
and in about 1/3 of patients with severe COVID, residual
fibrotic changes were reported. Such imaging changes
were associated with older age, ARDS, changes described
on previous CT scans, and currently known reduced dif-
fusion capacity. Other authors have observed that 63% of
patients with ARDS and only 5% of patients without
ARDS developed fibrotic-like changes 6 months after
COVID. [2, 18] In a 3-month follow-up of patients in the
Netherlands, a reduction, without complete recovery, of
changes such as ground-glass changes (observed in 86%
of participants), bronchiectasis and bronchioles (with a
frequency of 60%), linear shadows (64%), and fibrotic
changes (26%). [2, 19]

From all imaging changes in the lung, interstitial
and vascular changes appear to be the most clinically sig-
nificant, which also necessitates the need for follow-up
of patients with COVID. [7] In a study including CT fol-
low-up of 90 patients with COVID-19, 94% of patients
had residual changes on control CT at discharge (median
duration of 24 days after the onset of the first symptoms),
with ground-glass changes being the most frequently de-
scribed. A similar study, but with 110 patients with Covid-
19 (91 (83%) patients with mild to moderate form and 19
(17%) with severe form), found that half of all patients in
the study had impaired diffusion capacity for CO (TLco).
Lung function assessment was evaluated on average 20
days (for mild forms) and after 34 days (for severe forms)
from the onset of the first symptoms. TLco is decreased
in patients with severe disease and is considered a more
sensitive indicator compared to other pulmonary indices,
such as forced vital capacity (FVC) and total lung capa-
city (TLC). Also, among these patients, TLco/Kco (alveo-
lar volume) is significantly lower in those with severe dis-
ease than in those with mild or moderate disease, likely
due to the degree of pulmonary vasculopathy. [7]

Lung parenchymal changes that persist after recov-
ery from COVID-19 infection may manifest as persistent
chronic inflammation or pulmonary fibrosis. HRCT is use-
ful in characterizing the type and extent of parenchymal
involvement. [1] A relatively small percentage of cases
with residual, non-progressive post-COVID fibrosis can
result in significant morbidity/disability and mortality,
even in older patient populations with pre-existing lung
disease. [6, 13]
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TREATMENT
Antifibrotic treatment
Currently, there is limited scientific evidence for

treatment guidelines for residual parenchymal changes. [1]
Some of these are known from the treatment recommen-
dations for idiopathic pulmonary fibrosis, while others are
still experimental. Since cytokine mediators in IPF and
COVID-19 fibrosis are similar, it is expected that medica-
tions for the treatment of IPF will also be effective in pa-
tients with fibrosis after COVID. [10] It is worth noting
that the effect of antifibrotic drugs occurs after 1 to 3
months from the start of administration. [13]

Nintedanib and pirfenidone – currently, there is no
definitive data on the impact of these drugs on the sever-
ity of COVID-19 symptoms. Single studies on the use of
antifibrotic drugs in Covid patients were conducted in
2020, but they were short-term, with a small group of pa-
tients, and mainly monitored radiological changes via CT,
laboratory results from ABG (arterial blood gas), inflam-
matory markers, lymphocytes and viral particle titer, as
well as quality of life assessed by a questionnaire (King’s
Brief Interstitial Lung Disease questionnaire- K-BILD),
symptoms, mortality rate. [5]

The first clinical trial with nintedanib was con-
ducted in April 2020 - a single-center, randomized, pla-
cebo-controlled study of the efficacy and safety of
nintedanib for the treatment of pulmonary fibrosis in pa-
tients with moderate to severe COVID-19. At week 8 of
follow-up, patients were assessed for FVC, DLCO, 6MWT
and HRCT results. [5] In October 2020, another study was
conducted among patients aged 18 to 89 years, with a
positive PCR test in the last 2 to 6 months and with the
presence of imaging signs of fibrosis (>10% of the lung
parenchyma and DLCO<70%). The authors monitored the
decline in DLCO, physical capacity, quality of life, se-
verity of pulmonary hypertension, some biomarkers, as
well as the presence of a relationship between genetic pre-
disposition (presence of MUC5B polymorphism) and pul-
monary fibrosis in those who had recovered from COVID
at 6 and 12 months of the study. [5]

There are also studies tracking the effect of ninte-
danib on slowing the progression of lung damage. [5] The
side effects of both drugs (fatigue, diarrhea, loss of appe-
tite) have been noted as disadvantages of the treatment
applied, which somewhat overlap with Covid-19 symp-
toms, can mask them, or even worsen them. [5] Covid pa-
tients sometimes also have manifestations of liver dam-
age, and especially in them, the hepatotoxicity of anti-
fibrotic drugs must be additionally taken into account.
[5] Therefore, the intake of antifibrotic drugs must be
strictly monitored, especially in seriously ill patients, and
their hepatotoxic effect must be monitored. [13]

Zhan Xi and his team share their experience in
treating post-COVID fibrosis with pirfenidone (600 mg
twice daily) for 40 days. Significant improvement in in-
terstitial changes was reported on CT follow-up. [16]
Maher T, et al. obtained similar results, including im-
provement in FVC values, but administered pirfenidone

for a longer period of 24 weeks. [16, 20] Other authors
note that fibrosis after COVID is considered non-progres-
sive. Only patients with underlying IPF would benefit from
the inclusion of antifibrotic treatment. [2]

Other drugs for the treatment of fibrosis in the ex-
perimental stage are Treamid, LYT-100 (deupirfenidone),
Collagen-Polyvinylpyrrolidone (FibroquelMR), and these
drugs have shown good anti-inflammatory and
antifibrotic properties in studies to date. [5] Another
antifibrotic drug in the experimental stage is OATD-01 (an
inhibitor of chitotriosidase 1 (CHIT1). In early 2020, it
was reported that this drug may exhibit anti-inflammatory
effects and slow the progression of pulmonary fibrosis.
Studies are ongoing to determine whether patients who
died from COVID-19 have increased expression of CHIT1,
which would prove the positive effect of OATD-01. [10]

Systemic corticosteroids
The use of corticosteroids (CS) in viral pneumonia

aims to reduce the inflammatory response in the lung tis-
sue and reduce the risk of developing severe conse-
quences such as ARDS. [10] The inclusion of inhaled
budesonide for seven days from the onset of the first symp-
toms of COVID-19 leads to a decrease in the need for in-
tensive care, visits to emergency departments and
hospitalizations. Organizing pneumonia is often observed
in COVID-19 infection, for which the use of SC is known
to have a beneficial effect. The use of 26 mg/day of pred-
nisolone for 6 weeks in symptomatic patients with
COVID-19 and pneumonic infiltrates leads to an improve-
ment in their functional indicators and in radiological
changes. [2] Ciclesonide, as an inhaled steroid, would also
find a place in the treatment of COVID-19 infection by
blocking the replication of SARS-CoV-2 ribonucleic acid
and reducing the viral cytopathic effect. This may indi-
rectly affect the severity of the disease. [10] Systemic CS
improves pulmonary symptoms, especially cough. [2, 21,
22] Wu C et al. reported that in patients with COVID-19
and ARDS, the addition of methylprednisolone to therapy
resulted in a reduced risk of mortality. [10, 23]

Long-term use of corticosteroids in patients with
COVID-19 reduces the risk of post-COVID fibrosis and has
a favorable effect on symptoms and the reversal of radio-
graphic changes.Corticosteroids are first-line medications
for the treatment of organizing pneumonia - a common
condition in post-COVID patients, and with a pronounced
functional deficit at the 6th week of dehospitalization. [5]
The positive effect of moderate doses of steroids in hypo-
xemic patients who developed interstitial lung disease af-
ter COVID was proven in the RECOVERY study. Of
course, corticosteroids alone are not sufficient to prevent
the involvement of the pulmonary interstitium and the
subsequent formation of fibrotic areas. [10, 13] Other au-
thors believe that the use of systemic corticosteroids in
COVID-19 infection delays the clearance of the body from
the viral load and increases the risk of secondary infec-
tion. [10]
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Antiviral therapy
As a prevention of fibrosis formation, the timely

administration of antiviral drugs reduces viral load and
shortens the period of illness. In the search for a thera-
peutic agent, hydroxychloroquine and remdesivir seem to
be the most promising. Chloroquine and hydroxychlo-
roquine affect the glycosylation receptor and modulate
the immune system. Widely known antiviral drugs such
as remdesivir, lopinavir/ritonavir can inhibit RNA repli-
cation due to high affinity for viral enzymes, reverse tran-
scriptase and protein biosynthesis, with the process be-
ing terminated prematurely or the synthesis of nitrog-
enous bases being inhibited. Remdesivir is mainly effec-
tive in limiting lung damage, improving the general con-
dition and slowing down viral replication in animal mod-
els of MERS infection. Grein and his team reported these
results, obtained in a clinical trial conducted between
January and March 2020. [10, 24]

Remdesivir was administered to patients with con-
firmed SARS-CoV-2 infection and a mean saturation of
94%. Improvement and stabilization of saturation were
reported in 68% of patients, and 57% of patients on IV
were extubated. Mortality in the follow-up group was: in
patients on mechanical ventilation and receiving
Remdesivir was 18% (6 of 34), and 5% (1 of 19) in pa-
tients who were not on invasive ventilation (IV). An in-
creased risk of mortality was observed among older pa-
tients over 70 years (risk ratio compared with patients un-
der 70 years was 11.34; 95% CI, 1.36 to 94.17) and in
patients with high baseline serum creatinine levels (meas-
ured in milligrams per deciliter) (risk ratio, 1.91; 95% CI,
1.22 to 2.99). [10]

Lopinavir/ritonavir is safe for humans and has been
studied in clinical trials, with particularly good efficacy
seen in combination with interferon-1á or ribavirin. [10]

Other antivirals include Umifenovir and Favipiravir
(FPV). Preliminary data directly comparing the efficacy
of favipiravir and lopinavir/ritonavir have shown faster
viral clearance (4 vs 11 days) and faster resolution of X-
ray abnormalities in the FPV group. Other studies have
shown that when FPV is administered to patients with
COVID-19, bioavailability is significantly lower in criti-
cally ill patients compared to healthy subjects, suggest-
ing that higher doses of the drug should be administered
during the course of therapy to achieve optimal therapeu-
tic concentrations. [10]

Fibrinolytics
In 2001, Hardaway et al. found that the adminis-

tration of urokinase or streptokinase in patients with ter-
minal ARDS reduced mortality from 100% to 70%, with
minimal side effects of severe bleeding. When analyzing
the cause of death, it was more likely to be due to renal
or hepatic failure than to pulmonary failure. The question
of how much such “high-risk” therapies are justified in
patients with Covid-19 remains debatable. Another ap-
proach to thrombolytic therapy involves the use of tissue
plasminogen activator (tPA) - a therapy with high effi-

ciency, good and rapid response to pO2 and a decrease in
arterial pCO2 compared to controls. Suitable patients for
fibrinolytic therapy with tPA are those with impaired gas
exchange (hypoxemia with hypercapnia pCO2 >60
mmHg), not benefiting from optimal mechanical ventila-
tion. Similar data have been found in meta-analyses of
studies in animal models. [10]

Spironolactone
Aldosterone, which is an adrenocortical hormone

and a physiological activator of the mineralocorticoid
receptor, is partly responsible for enhancing the processes
in the extracellular matrix, which leads to the develop-
ment of fibrosis in various organs, especially in the lung.
Disadvantages of some studies on the effect of spironol-
actone are that they were conducted on animals. There are
also no studies that directly present the positive effects
of mineralocorticoid receptor antagonists in post-viral fi-
brosis, but they can serve as an additional drug in severe
lower respiratory tract infections. A reduced number of
lymphocytes, neutrophils, macrophages and eosinophils
in the alveoli has been reported in patients taking spiro-
nolactone, compared to those who do not take the drug.
Additionally, spironolactone exhibits antioxidant proper-
ties. [10] Barut et al. in their study analyzed the effect of
spironolactone on pulmonary interstitial ischemia and
reperfusion. From the results obtained, the authors con-
cluded that the administration of spironolactone at the
onset of the disease reduces neutrophil infiltration into
the interstitium, oxidative stress and NO levels, and his-
topathological damage. [10, 25]

Antiparasitic drugs
The antiparasitic drug Ivermectin may also be of

potential high efficacy, as it has been shown to reduce
viral load by up to 99.98% in a very small group of 3
cases. The drug is non-toxic at the usual dose and is safe
in pregnant women, making it a good candidate for clini-
cal trials. [10]

Monoclonal antibody
Tocilizumab is a human monoclonal antibody

against IL-6 with immunosuppressive effect in the treat-
ment of rheumatoid arthritis. Studies have been conducted
in China with the use of Tocilizumab in patients with
COVID-19 infection, severe lung damage and elevated IL
6 levels. In one of these studies, a non-randomized, open-
label study including 21 patients, it was reported that 15
out of 20 patients (75%) on the 5th day of Tocilizumab
treatment had a significant reduction in oxygen
requirementsIn 19 patients (90.5%), computed tomogra-
phy showed resorption of parenchymal changes. [10]
Medications to improve the activity of the immune sys-
tem have also been sought. Colony-stimulating factors
such as GM-CSF can improve the immune response to vi-
ral infection and accelerate the elimination of the virus.
It should be noted that this approach is not indicated for
patients in a severely damaged critical condition. [10]
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Convalescent plasma
Convalescent plasma therapy in patients with

COVID has been conducted in a number of centers in dif-
ferent countries. In one of the pilot studies with transfu-
sion of convalescent plasma in patients with SARS (n=
19), it was reported that transfused patients had a signifi-
cantly higher frequency of hospital discharge on day 22
(73.4% vs. 19.0%; p< 0.001) and had a significantly lower
disease-related mortality (0% vs. 23.8%; p= 0.049) com-
pared to patients on steroid therapy alone (n= 21). A posi-
tive effect of plasma transfusion has also been reported
in patients with COVID-19 infection complicated by
ARDS. Within 3 days after transfusion, body temperature
gradually normalized, partial pressure in the blood im-
proved, and viral tests became negative around day 12.
[10]

Herbal preparations
The antifibrotic effects of herbal extracts have also

been studied, for example, Fuzheng Huayu, which con-
tains a composition of six Chinese herbs. [10]

Soy Isoflavones (BIO 300), long-acting hyaluro-
nidase (Bovhyaluronidase Azoximer (Longidase), natural
alkaloids (Tetrandrine (TET)), herbal preparations
(Fuzheng Huayu Tablet (FZHY)) Anluohuaxian (herbal
preparation) is recommended for the treatment of liver cir-
rhosis in China. The drug suppresses the expression of
type I and III collagen mRNAs, which is a tissue inhibi-
tor of matrix metalloprotease-1 (TIMP-1), and TGF-1 in
patients with liver cirrhosis. It is assumed that due to the
similarity in the pathogenetic mechanisms between liver
cirrhosis and pulmonary fibrosis, the drug will also have
a beneficial effect on processes in the lung. [5]

Other drugs and methods
Another drug, tetrandrine, is an alkaloid with mul-

tiple mechanisms of action, including effects on reactive
oxygen species and calcium channels, with beneficial ef-
fects on inflammatory processes. [10]

Recently, it has been suggested that COVID-19 in-
duces hypoxic pulmonary vasoconstriction, similar to
high altitude pulmonary edema (HAPE). The inclusion of
drugs for the treatment of HAPE, such as acetazolamide,
nifedipine, and phosphodiesterase inhibitors, may have a
beneficial effect on pulmonary vasoconstriction. [10]

Because of the similarity in the pathogenesis of
liver and lung fibrosis, immunotherapy with stromal vas-
cular fraction cells (cSVF), hybrid recombinant vaccines
containing epidermal growth factor (EGF) and cholera
toxin B-subunit domain G33D (CTB-G33D) have been
experimentally tested. The vaccine is thought to inhibit
the binding of EGF to its receptor, which is overexpressed
in patients with IPF. [5]

Although still in the early stages of research, addi-
tional molecules that affect TGF-â and lung damage
caused by viral infection, such as BG00011 (Biogen),
PLN-74809 (Pliant Therapeutics), and TD-139 (Galecto
biotech), have also been investigated. [13]

Extracorporeal membrane oxygenation (ECMO)
Extracorporeal membrane oxygenation (ECMO) is

not a widely used procedure, but it is the option of choice
in patients in whom mechanical ventilation options have
been exhausted, and lung damage is significant. Difficulty
in including ECMO occurs in patients with COVID-19 and
thrombocytopenia. [10]

Lung transplantation
Experience with lung transplantation in patients

with COVID-19 amounts to a few cases. Jing-Yu Chen et
al. reported that three patients underwent lung transplan-
tation after having COVID and with negative viremia.
Two of the patients survived and continued with rehabili-
tation programs. [10]

Chen JY, et al. share their experience in patients
with COVID-19 and end-stage fibrosis and the need for
lung transplantation. The authors emphasize the impor-
tance of a negative result for viremia and the absence of
additional damage to other internal organs. [26]

Follow-up of patients with fibrosis after COVID-19
Most experts, until more extensive data are pub-

lished, agree that it is mandatory to follow up patients
with chest CT who have functional impairment after
COVID or respiratory symptoms that cannot be attributed
to another cause. [2]

Data on long-term complications after COVID pneu-
monia are increasingly being reported. Based on previ-
ous experience with severe acute respiratory syndrome
(SARS) and Middle East respiratory syndrome (MERS),
it is assumed that some patients will suffer from long-term
pulmonary complications after COVID-19 pneumonia.
Òhe data obtained from imaging studies and the accumu-
lated clinical experience, interstitial damage and pulmo-
nary vascular disease seem to be the most severe and sig-
nificant complications. [7]

There is a growing need to define an algorithm for
monitoring these patients, finding a balance between high
quality health services and the financial resources of in-
dividual countries. The optimal period for monitoring pa-
tients and the timing of a follow-up chest CT scan are not
known for sure. [7] In the current recommendations, after
a viral or bacterial pneumonia acquired in the community,
a follow-up CT scan is performed after 6 weeks, and the
recommendation does not apply to patients who have
fully recovered. An additional goal of monitoring is to
exclude the presence of an underlying neoplasm. In cases
of COVID pneumonia, the probability of an underlying
neoplasm is lower, and in this case, the optimal period
for performing a chest CT scan is after 12 weeks. This pe-
riod is considered sufficient for complete resorption of in-
flammatory changes. [7]

If changes in the lung parenchyma persist, an in-
creased risk of long-term damage is assumed, and additional
monitoring and testing are appropriate. Patients treated in
the Intensive Care Unit or those who have had severe
COVID-19 pneumonia are subject to earlier monitoring in
the period 4-6 weeks after discharge. The monitoring in-
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cludes a comprehensive examination and a complete clini-
cal assessment. In case of discrepancy between the good
general condition of the patient and persistent imaging
changes on the control CT, a second control CT is addi-
tionally scheduled for the 8th week after discharge. [7]

Patients with mild to moderate radiographic
changes from COVID pneumonia treated on an outpatient
basis should be followed up with a follow-up radiograph
after 12 weeks. [7]

Other authors suggest a similar follow-up visit pe-
riod of 3 months from the onset of symptoms for all pa-
tients, with particular attention to those with persistent
respiratory symptoms, in whom body plethysmography,

diffusion capacity, and ABG may be additionally per-
formed. [2]

Treatment of COVID-19 and other coronavirus in-
fections does not exclude the prevention and treatment
of pulmonary fibrosis to ensure a good prognosis for these
patients, [10] optimal quality of life, and minimizing
long-term rehabilitation costs.
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