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Mustafa Bozdağ 1, * and Recep Savas 2

1Department of Radiology, Tepecik Training and Research Hospital, Izmir, Turkey
2Department of Radiology, Faculty of Medicine, Ege University, Izmir, Turkey

*Corresponding author: Department of Radiology, Tepecik Training and Research Hospital, Izmir, Turkey. Email: bozdagmustafa.84@gmail.com

Received 2020 May 26; Revised 2020 August 01; Accepted 2020 November 07.

Abstract

Shortly after being identified in China, 2019 coronavirus disease (COVID-19) caused by SARS-CoV-2 has spread rapidly and millions of
people were infected as of May 2020; the outbreak resulting in more than 250,000 deaths was declared a pandemic. In this critical
stage of the ongoing pandemic of COVID-19, information regarding the long term effects of the disease remains limited. While
most of the patients recover completely, some patients may develop complications. In this report, we aimed to present the serial
chest high-resolution computed tomography (HRCT) findings in a patient who developed pulmonary fibrosis (PF) similar to usual
interstitial pneumonia (UIP) pattern during recovery from severe novel coronavirus pneumonia.
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1. Introduction

Novel coronavirus also known as Severe Acute Respira-
tory Syndrome-Corona Virus-2 (SARS-CoV-2) was first iden-
tified in Wuhan, China in December 2019 and later it has
spread rapidly across the globe in a few months. The World
Health Organization (WHO) declared the outbreak of coro-
navirus disease-19 (COVID-19) as a pandemic on 11 March
2020 (1). Clinical diagnosis of COVID-19 is based on real-
time reverse-transcription-polymerase-chain-reaction (RT-
PCR) testing of combined nasopharyngeal and oropharyn-
geal swab samples. The main drawbacks of the RT-PCR test
are the high rate of false-negative results in early stages
and the limited testing capability during the pandemic
(2). These causes may end up delaying the diagnosis and
therefore the initiation of treatment as well. Non-contrast
chest computed tomography (CT) scans may be particu-
larly beneficial in patients with moderate to severe clinical
symptoms who are suspect cases for COVID-19 or those who
have tested negative for COVID-19 using RT-PCR testing (3).
A chest CT scan is recommended for confirmed COVID-19
cases especially when respiratory symptoms worsen dur-
ing follow-up, for detection of potential complications and
assessment of functional impairment or hypoxemia after
recovery (3, 4). We aimed to present the serial chest high-
resolution computed tomography (HRCT) findings in a pa-
tient who developed pulmonary fibrosis (PF) similar to
usual interstitial pneumonia (UIP) pattern during recovery
from severe novel coronavirus pneumonia.

2. Case Presentation

A 50-year-old male patient with fever, fatigue, cough
and diarrhea complaints, and no known history of chronic
diseases was referred to our hospital by ambulance on
March 30, 2020 following his first positive RT-PCR test per-
formed on March 28, 2020. On admission to the hospital,
routine laboratory blood work, d-dimer, and serum procal-
citonin levels were within normal limits except for mild
anemia (Hemoglobin: 12.3 gr/dl [14.1 - 18.1]) and elevated C-
reactive protein (CRP) levels (CRP: 131.4 mg/l). Blood oxygen
saturation (SpO2) at admission was 89%.

Serial chest-CT examinations were performed using
a 64-channel multidetector CT scanner (Somatom go.Up,
Siemens Healthineers, Germany) without intravenous con-
trast medium. CT imaging protocol was as follows: 110
kVp with automatic tube current modulation, slice thick-
ness 1 mm, and high-spatial-frequency reconstruction al-
gorithm. Initial chest CT performed on the day of admis-
sion revealed ground-glass opacities (GGOs) in subpleural
and peripheral areas of bilateral upper lobes, as well as
GGOs substantially covering the basal segments of bilat-
eral lower lobes and accompanying subpleural curvilinear
lines (Figure 1). 3D-CT volumetry was performed to mea-
sure total lung volume (TLV) (TLV: 4169 cm3, right lung vol-
ume: 1981 cm3, left lung volume: 2188 cm3). The patient was
put on a combination treatment of azithromycin, hydrox-
ychloroquine, and oseltamivir. SpO2 gradually decreased
to 84% on day 4, and an oxygen mask with a reservoir
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bag was utilized. Enoxaparin sodium due to increased d-
dimer levels, favipiravir, and piperacillin-tazobactam were
added to the treatment regimen. The patient tested nega-
tive using PT-PCR on day 5. The second chest HRCT scan per-
formed on the same day demonstrated the progression of
pulmonary infiltrations and the transformation of GGOs
into consolidative opacities for the most part (Figure 2).
TLV was measured to be 2128 cm3 (right lung volume: 924
cm3, left lung volume: 1204 cm3) on the then-current scan.
There is a significant volume loss compared to the first CT.
The patient was admitted to the intensive care unit due
to the progression of CT imaging findings. At that time,
SpO2 was around 84-86%. High-flow oxygen therapy, non-
invasive ventilation, intermittent prone positioning, a sin-
gle administration of intravenous immunoglobulin (IVIG)
and cytokine adsorption were applied. The patient was
not intubated, and SpO2 recovered to 95%. On day 30, he
was discharged from the intensive care unit to ward. Due
to persistent effort dyspnea and cough symptoms, the pa-
tient underwent a third chest HRCT scan on day 37 after
admission. HRCT revealed subpleural reticular opacities
with GGO’s that increase from the apex to the bases of the
lungs, traction bronchiectasis and honeycombing appear-
ance with decreased lung volumes and, interface sign-on
fissures (Figure 3). TLV was measured to be 2433 cm3 (right
lung capacity: 1016 cm3, left lung capacity: 1417 cm3. Lung
volume increases compared to the second CT, but there is
significant volume loss compared to the first CT. All these
CT findings suggested UIP-type lung fibrosis. On day 43, the
patient’s SpO2 was 98% with spontaneous breathing and
there was only minimal cough symptom. A repeat RT-PCR
was negative, and the patient was discharged on the same
day.

3. Discussion

The definitive diagnosis for COVID-19 is made by RT-
PCR. On the other hand, a chest CT scan is used for follow-
up, and staging of COVID-19 pneumonia in progressive dis-
ease. To date, several studies have identified the imaging
findings of chest CT scans in COVID-19 patients. As the most
common infiltration pattern and earliest to be detected,
GGOs show bilateral, subpleural, and peripheral distribu-
tion in the lungs of most patients (5-9). GGOs are usually ac-
companied by consolidations and/or crazy paving appear-
ance overtime and it may take up to 14 days for CT findings
to progress (6). Parenchymal findings are expected to be
completely resolved by around day 26 at the absorption
stage (6). Fibrotic bands may appear during the healing
process of pulmonary opacities. However, in some cases,
pneumonia may result in varying degrees of PF depending
on the severity of disease (10-12).

PF is the pathological end stage of chronic inflamma-
tion in the lungs caused by different reasons. Idiopathic
pulmonary fibrosis (IPF) known as the main manifestation
of PF is a chronic, progressive lung disease with unknown
origin and is defined by the histopathologic and/or radio-
logic pattern of UIP (13). Progressive dyspnea and cough are
usually the most prominent symptoms. Typical CT imag-
ing features of UIP pattern fibrosis include reticular (inter-
stitial) opacification particularly prominent in peripheral
and basal regions, traction bronchiectasis, honeycombing
pattern, and a decrease in lung volume (13). UIP type pat-
tern fibrosis can also be seen secondary to viral pneumo-
nia. During the critical stage of the ongoing pandemic of
COVID-19, PF related to COVID-19 pneumonia has started to
be reported as the long term outcomes of disease (10-12).
Fibrous stripes, distortion of the parenchyma, and defor-
mities in bronchi suggestive of PF were observed in a small
portion of COVID-19 patients (10, 11). These fibrous lesions,
which represent the replacement of cellular components,
might occur during healing of chronic inflammation (14).
However, as can be seen in the aforementioned articles, fi-
brosis induced by COVID-19 does not totally reflect the UIP
pattern. In our case, the third chest CT performed due to
persistent effort dyspnea and cough during recovery pe-
riod revealed the development of honeycombing accom-
panied by traction bronchiectasis suggestive of UIP type
pattern and reticular opacities (interlobular and intralob-
ular septal lines) in subpleural and basal regions where
previous chest CT showed the old GGO/consolidations (Fig-
ure 3). The latest HRCT measurements indicated a sub-
stantial decline from baseline TLV calculated on admission
(2433 cm3 vs 4169 cm3). In the literature, COVID-19-related
PF recovered from severe novel coronavirus pneumonia
with CT imaging findings has not been reported to date.

The etiology of COVID-19-related PF is unclear for now.
The abnormal systemic immune response due to the hy-
perinflammatory state caused by COVID-19 might play a
pivotal role in promoting PF. Progressive hypoxemia seen
in severe COVID-19 cases has been reported to induce fibro-
sis (15). Additionally, mechanical ventilation-related iatro-
genic lung damage caused by mechanical stress may be
an important cause of PF. Regardless of etiological factors,
continuous damage to lung tissue seems to be the key rea-
son for PF. If these factors cannot be clarified, PF has the po-
tential to become a major complication of post-COVID-19
patients with reduced quality of life.

Information regarding the long term effects of COVID-
19 remains limited for now. Further research of the re-
covered COVID-19 patients must be conducted to show
whether they have developed PF. Upon incomplete recov-
ery of respiratory functions or persistent need for oxygen
therapy following coronavirus pneumonia, PF should be
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Figure 1. A-C, Initial chest HRCT scans were performed on the day of admission. Axial CT images (A and B) show diffusely subpleural, peripheral and basal distributed ground-
glass opacities (GGOs) in both lungs. Sagittal CT image (C) shows that GGOs are mostly distributed in basal and posterior regions of the lungs.

Figure 2. A-C, Follow-up chest HRCT images on day 5 after admission. Axial and sagittal CT images (A-C) show increased density and size of GGOs and prominent progression
of GGOs to consolidation.

Figure 3. A-C, Follow-up chest HRCT images on day 37 after admission. Axial CT images (A and B) revealed replacement of resolved infiltrations by subpleural honeycombing
(black arrow heads) in the upper lobe of the left lung, GGOs (black circles) with traction bronchiectasis (white arrows) and reticular opacifications in the middle lobe of the
right lung and lower lobes of both lungs. Sagittal CT image (C) shows thickening of right major fissure (black square) and traction bronchiectasis (white arrow) in the middle
lobe of the right lung.

suspected in COVID-19 patients and a chest CT scan should
be performed. As we indicated in our case, the clinicians
should be aware that COVID-19-related PF may demonstrate
similar CT imaging manifestations seen in the UIP pattern.
Medical treatment should be focused on preventing and
delaying the occurrence of PF in COVID-19 patients in the
presence of CT imaging findings consistent with fibrosis.
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