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Abstract: The outbreak of the novel severe acute respiratory syndrome coronavirus (SARS-
CoV-2) started in China in December 2019. COVID-19 patients at presentation show a wide
spectrum of clinical and pathological involvement. We report two cases of respiratory
insufficiency due to COVID-19 pneumonia that occurred in adults without a history of
respiratory diseases. Although these patients improved and were discharged from the acute
ward, during the hospitalization they both progressed with a subsequent clinical and radi-
ological worsening, pointing out one of the main concerns for these patients at discharge: the
possibility of developing persistent lung abnormalities also in healthy people not having
other risk factors. In conclusion, these cases represent two examples of early lung fibrosis in
patients with COVID-19 pneumonia with different severity disease evolution and highlight
the need for long-term follow-up strategies. The etiology of this fibrosis is under discussion:
we suppose that it could be due to either a possible outcome of natural history of lung
damage produced by ARDS, or to the lung injury related to high oxygen level or to the lung
damage directly induced by viral infection or finally to the autoimmune response. At this
moment, it is not possible to predict how many people will have consequences due to
COVID-19 pneumonia, and therefore we believe that careful follow-up should be
mandatory.

Keywords: COVID-19, pulmonary fibrosis, critical care, viral disease, computed
tomography, follow-up

Introduction

The outbreak of the novel severe acute respiratory syndrome coronavirus (SARS-
CoV-2) started in the Hubei Province in China in December 2019, and spread
through the European Countries and soon all around the world.

Italy has been one of the worst-hit countries.' The World Health Organization
(WHO) declared that the coronavirus disease of 2019 (COVID-19) can be char-
acterized as a pandemic in March 2020.> COVID-19 patients show a wide spec-
trum of clinical and pathological involvement, from asymptomatic infections or
mild upper respiratory tract symptoms, to pneumonia, severe acute respiratory
infection (SARI), acute respiratory distress syndrome and septic shock.> At the
very early presentation, the more frequent symptoms are fever (at least 37.3°C),
fatigue, dry cough, myalgias, dyspnea and other less common symptoms are
headache, sore throat, rhinorrhea, conjunctivitis and gastrointestinal symptoms.
The severity of presentation appeared strictly related to age and the presence of
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coexisting illness (among the overall population, 24%
have at least one comorbidity, e.g. hypertension, diabetes
mellitus and obesity).” The spectrum of clinical condi-
tions is varied and can evolve from a mild or moderate
clinical picture to a severe acute respiratory syndrome
(SARS). In March 2020, WHO published a new definition
of SARI, defining it as an acute respiratory infection with
history of fever or measured fever of >38°C, cough, with
within  the 10 days
hospitalization.

onset last and requiring

Basic respiratory treatment is based on oxygen supple-
mentation or mechanical ventilation in more severe clin-
ical condition. There are many treatments for COVID-19
currently being evaluated and tested worldwide, from anti-
virals to anticoagulant therapies, hydroxychloroquine and
corticosteroids, humanized monoclonal antibody and
others, but unfortunately, the management of COVID-19
has currently more doubts than certainties.

Due to the lack of an effective therapy, the manage-
ment is focused on supportive therapies.” Focusing on
radiological features, at the chest computed tomography
(CT) the disease is mainly characterized by ground glass
opacities (GGO), “paving stone-like”, thickening of inter-
lobular septa with small honeycomb-like with fuzzy edge,
multiple or patchy opacities in both lungs and consolida-
tions. The findings obtained on the chest tomography have
a good correlation with the natural history of the disease.*

Thanks to the experience gained from previous severe
(SARS)

epidemic,™® one of the main concerns at the discharge of

acute respiratory syndrome coronavirus
these patients is the possibility of developing persistent
lung abnormalities such as different degrees of architec-
tural distortions (e.g. bronchiectasis).” The development of
early lung fibrosis, characterized by the excessive and
abnormal deposition of extracellular matrix in order to
reconstruct the damaged alveolar epithelium, is a major
concern in this disease. The pathogenesis of this fibrotic
damage is not known, although it is known that SARS-
CoV-2 infection involves the activation of a complex cyto-
kine pathway that could cause a pro-fibrotic pathway.
Other mechanisms involved in promoting fibrosis due to
the epithelial damage and fibroblast activation are chronic
inflammation and the oxidative stress produced by exces-
sive oxygen supply that can lead to apoptosis of follicular
cells. These effects add to the already known causes of
pulmonary fibrosis development, such as age, smoking,
viral infection, drug exposure, genetic predisposition and
environmental exposures.®

The aim of this article is to describe two cases of early
lung fibrosis in patients with COVID-19 pneumonia and
different severities of the disease, then discuss the possible
strategies for a long-term follow-up.

Case Description
Case |

A 59-year-old woman, with a past medical history consis-
tent with autoimmune thyroiditis, major depressive disor-
der, obesity with a Body Mass index (BMI) of 37.78 kg/m”
and penicillin allergy, was admitted on March 12th, 5 days
after the onset of fever and cough. The swab for the
detection of SARS-CoV-2 RNA, collected at nasopharyn-
geal and oropharyngeal levels in accordance with Centers
for Disease Control (CDC) guidelines,” resulted positive
the same day and the CT scan showed bilateral GGO with
poorly defined margins and multiple patchy opacity with
slight thickening of pulmonary interstitial structures invol-
ving the 50% of the parenchyma (Figure 1A). Physical
examination revealed fever (37.6°C), normal value of
blood pressure, mild tachycardia and normal respiratory
rate. Respiratory failure was detected, with an initial oxy-
gen partial pressure (PO2) of 68 and a carbon dioxide
partial pressure (PCO2) of 41 with pH normal value
(7.38), at an arterial blood gas analysis (ABG) done with
a fraction of inspired oxygen (FIO2) of 28%. The fraction
of inspired oxygen ratio (PaO2/Fi02) was 243. Laboratory
results showed normal value of procalcitonin, while
C-reactive protein (CRP) was mighty elevated (Table 1).
She underwent conventional oxygen therapy, hydroxy-
After an
improvement, clinical conditions rapidly worsened and

chloroquine and lopinavir/ritonavir. initial
a noninvasive ventilation was performed, with scarce
patient adherence and no clinical improvement. As
a consequence, treatment with high-flow nasal oxygen
(HFNO) was started and subcutaneous Tocilizumab
(324 mg), with two consecutive injections, was adminis-
tered. After 20 days, the patient improved and was dis-
charged at home with an acceptable room air saturation of
94% at room air. After a week, she was newly admitted at
the Emergency Room (ER) department because of short-
ness of breath and fatigue: the new contrast-enhanced CT
scan, performed on April 10th, about one month later the
onset of initial symptoms, showed a larger extension of the
opacities, with parenchymal changes including consolida-
tions and signs of reticular interstitial thickening, linear
scarring and volume loss at the upper lobes (Figure 1B).
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Figure | (A) Case |. Bilateral GGO with poorly defined margins and multiple patchy opacity with slight thickening of pulmonary interstitial structures. (B) Case |. Larger
extension of the opacities, with parenchymal changes including consolidations and signs of reticular interstitial thickening, linear scarring and volume loss at the upper lobes.
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Table | Demographic, Clinical and Laboratory Features

Case | Case 2
Age 59 59
Sex F M
BMI 37.78 33.25
Symptoms
Fever YES YES
Cough YES YES
Dyspnea YES YES
Fatigue NO NO
N. comorbidities 2 3
Smoking habit NO NO

Blood tests at presentation

Leukocytes 6.25 x 1000/uL 3.06 x 1000/uL
Lymphocytes 1.26 x1000/mmc 0.71x1000/mmc
C-reactive protein 4.03 mg/dL 1.42 mg/dL
Procalcitonin 0.14 ng/mL 0.10 ng/mL
Lactate de-hydrogenase 590 U/ 412 U/l
Creatine-phospho-kinase 220 U/I 304 U/

AST 6l 42 U/l

ALT 59 42 U/l

Again, the respiratory failure was present (ABG at room
air: pO2 56, pCO2 52, pH 7.28), needing oxygen support
with a maximum FIO2 of 60%, but not requiring ventila-
tion. During the second hospitalization, the patient was
asthenic, she was weak and unable to support effort and
it was not possible to withheld oxygen therapy, so the
patient was discharged to a rehabilitation ward to continue
pulmonary and motor rehabilitation. The laboratory find-
ings were normal, in particular leukocyte (5.58 x1000/uL);
haemoglobin: 13.5 g/dl; liver function glutamic-oxalacetic
transaminase (GOT): 34 U/l; glutamic-pyruvic transami-
nase (GPT): 49 U/l; renal function (1.02 mg/dl); electro-
lytes; Lactate de-hydrogenase (LDH): 438 U/l and
C protein (0.1 mg/dL). Two swab specimens were per-
formed, resulting both negative.

Serum autoantibody panel was negative and the detec-
tion of serum immunoglobulin G and M against SARS-
COV2 was not yet available at the time of admission.

Case 2

A 59-year-old man, with a history of hypertension, obesity
with a BMI of 33.25 kg/m? and benign prostate hyperplasia
started complaining cough, asthenia and fever on
March 10™ and was first admitted in the emergency depart-

ment ten days after. He was not taking any chronic therapy

except angiotensin binding receptor antagonist for the con-
trol of arterial hypertension. The swab was soon performed
because he had a history of exposure to an infected person,
but the mild clinical presentation led to discharge him. In
this occasion, the CT scan showed multiple patchy, nodular
opacity and GGO under the pleura, with poorly defined
margins and few consolidations at the right lower lobe
with a cumulative extent of 20% (Figure 2A). He had
fever (37.8°C), normal value of blood pressure and pulsa-
tion, tachypnea (respiratory rate of 24 breaths per minute).
At the first presentation, he already had characteristics of
a more severe disease, such as leukopenia with lymphope-
nia (Table 1). He came back at the emergency department
after a week with the evidence of respiratory failure (ABG
at room air: pO2 54, pCO2 30, pH 7.50 and the PO2/Fi02
ratio was 257) and was admitted in a Medicine ward.
Because of the lack of intravenous doses, a subcutaneous
Tocilizumab (324 mg) with two consecutive injections was
performed, together with hydroxychloroquine and lopinavir/
ritonavir, but the situation suddenly worsened (the PaO2/
FiO2ratio fell to 100 on day 2 with a FIO2 of 60%) and,
after a brief trial of non-invasive ventilation in the
Respiratory ward, he was admitted to the Intensive Care
Unit (ICU) and underwent endotracheal intubation (EOT)
the day after. The endotracheal tube was removed after
a week and noninvasive ventilation was continued for
a few days, then stopped and supplemental oxygen gradu-
ally tapered. He was discharged to a medical rehabilitation
unit (MRU) still requiring low flow oxygen therapy which
he continued even in the following days. Because of the
delay in recovery and weaning from oxygen support (ABG
at room air: pO2 57, pCO2 39, pH 7.48), a CT scan was
therefore repeated, showing a right sided pleural effusion
and the presence of sub-pleural consolidations and reticular
thickening involving the upper lobes (Figure 2B). Again,
autoantibody screening was negative and the detection of
serum immunoglobulin G and M against SARS-COV2 was
not performed because not available yet.

Discussion

These two cases describe different clinical presentations
and severity of the disease caused by COVID-19, both
started with radiological characteristics consistent with
the recent scientific literature'® and ended in the develop-
ment of early fibrotic damage. Results like these are not
usual for respiratory viral infections, in fact, it is well
known that subacute viral infections are associated with
the development of late fibrosis in the long term.'" There
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Figure 2 (A) Case 2. Multiple patchy, nodular or large opacity and GGO under the pleura, with poorly defined margins and few consolidations at the right lower lobe. (B)
Case 2. Right sided pleural effusion and the presence of sub-pleural consolidations and reticular thickening involving the upper lobes.
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is still debate on what interpretation give to fibrosis, but in
these cases, the presence of fibrosis in the early stage of
the disease was not related to a worse prognosis.'?

Moreover, it is possible that the older the lung, the
greater the risk of virus susceptibility.'* The pathogenesis
of this fibrotic damage is not known: we are aware that the
disease caused by SARS-CoV-2 involves the activation of
a complex cytokine pathway that could cause the various
manifestations of the disease, including a pro-fibrotic
pathway.'* ' For this reason, Tocilizumab (a humanized
monoclonal antibody directed against interleukin-6 recep-
tor) has been used in clinical practice for COVID-19
patients within clinical trials or compassionate use in
order to limit the cytokine storm; in these cases, due to
the lack of the drug, we were not able to administer it
intravenously or (in the first case) at the full dosage.'”'®
These two cases were not treated with corticosteroids
because the Tocilizumab protocol excluded the possibility
of concomitant use. However, this does not rule out the
possibility of using steroids for the treatment in the acute
disease phase, as recently published.'’

A similar pro-fibrotic pathway is involved also in the
development of some types of lung fibrosis, such as idio-
pathic pulmonary fibrosis (IPF).?*?! On the other hand, in
many cases, the clinical syndrome associated with this
pathogen is comparable with the acute respiratory distress
syndrome (ARDS), in which the fibrotic damage is
a possible and well-known result.”> The mechanical venti-
lation may also have a role in worsening the lung damage

2324 and these

and causing the development of fibrosis
patients both demonstrated the presence of fibrosis, even
after different types of respiratory support and severity of
the disease. Furthermore, the potential pro-fibrotic role
represented by oxygen free radicals (ROS) produced by
the prolonged use of high oxygen fraction must also be
considered.?*¢

There is also the possibility that the microclots in the
pulmonary vessels together with the fibrin deposition in
the air spaces and lung parenchyma may have a role in
developing fibrosis and worsening respiratory failure.®*’

Finally, the negativity of the search for autoantibodies
allows us to exclude the possible concomitant develop-
ment of an autoimmune disease, which could be associated
with interstitial lung diseases with autoimmune features.*®

The research aimed at identifying one or more drugs
that are truly effective in treating COVID-19 is massive and
supported by huge investments. Numerous studies are

underway on more or less promising drugs with different

molecular targets. It would be impossible to report all the
studies in progress, so we will refer to one study that
summarizes most of the treatments to be considered.
Lechowicz et al review analyze possible treatments cur-
rently to be considered to prevent or limit post-COVID-19
fibrosis. Considering inflammation, steroids are used to
host
Tocilizumab is used to block the cytokine cascade.

decrease the inflammatory response meanwhile
Among humanized antibody, other studies are ongoing
with  Canakinumab  (ClinicalTrials.gov  Identifier:
NCT04362813) and with Sarilumab (ClinicalTrials.gov
Identifier: NCT04315298, NCT04327388, NCT04324073,
NCTO04322773, NCT04321993). Spironolactone seems to
have an antioxidant action in animal models. For years
there has been interest in the potential use of anticoagulant
drugs in the treatment of ARDS. Recently these drugs are
hypothesized to been used in patients with very severe
COVID-19-induced ARDS, in particular tissue plasminogen
activator (tPA). The use of antivirals in this field is intended
to reduce the duration of lung infection and the possible
consequent damage. There are many trials ongoing on
potential novel strategies,”” most of them consider antifi-
brotic agents (Nintedanib and Pirfenidone), vaccine, hydro-
xycorochine combined with antivirals, vitamins (vitamin
C and D), corticosteroids, plasma therapy, humanized
monoclonal antibody with anti-interleukin effect (tocilizu-
mab, siltuximab), mesenchymal stromal stem cells, indivi-
dualized-Chinese herbal medicine and others. The real
solution is the identification of a safe vaccine, and in this
regard, preliminary report seems reassuring about efficacy
and safety.*

Conclusion

In conclusion, we suppose that the mechanism underlying
the fibrotic process could be due to an outcome of natural
history of lung damage produced by ARDS or his treat-
ment (high oxygen level, ventilator support), or the lung
damage directly induced by viral infection or finally the
autoimmune response, triggered by viral infection.

To our knowledge, these are the first case reports
showing the development of rapid onset lung fibrosis
after SARS-CoV-2 infection in previously healthy respira-
tory patients, resulting in clinical worsening. We expect
the number of patients who develop such lung damages
will be high and therefore, we believe that these patients
will need to be taken care of with a structured follow-up
program in order to understand in which ones the fibrotic
evolution will take place, when it will appear and in which
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case it will cause restrictive pattern and eventually chronic
respiratory failure.*!

Finally, these cases should alert lung specialists to
consider COVID-19 as a possible differential diagnosis
for causes of pulmonary fibrosis.
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