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Radiologically suspected COVID-19-associated organizing
pneumonia responding well to corticosteroids: A
report of two cases and a review of the literature
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Abstract. Organizing pneumonia (OP) is a type of diffuse
interstitial lung disease, which may be induced in the context
of several clinical conditions, such as drug reactions, infec-
tions, autoimmune diseases and cancer. Coronavirus disease
2019 (COVID-19)-associated OP has been reported as a
late-stage consequence of the infection or a histological form of
COVID-19-associated pneumonia. Autopsies and postmortem
lung biopsies have demonstrated that the majority of patients
with COVID-19-associated pneumonia develop secondary OP,
and COVID-19-associated pneumonia and OP have common
radiological features. The diagnosis of COVID-19-associated
OP should be suspected in patients with severe acute respira-
tory syndrome coronavirus 2 infection who exhibit clinical
deterioration despite optimal care, or who have aggravating
symptoms following an initial recovery. The use of cortico-
steroids is a typical treatment for OP. However, to date, at
least to the best of our knowledge, there are a few reports
regarding the role of corticosteroids in COVID-19-associated
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pneumonia; thus, the optimal time for administration, the dose
and treatment duration have not yet been determined. The
present study presents two cases of patients with COVID-19,
who exhibited clinical deterioration following the initial phase
of infection and with radiological characteristics of OP who
received corticosteroids and had a favorable outcome. The
early diagnosis of COVID-19-associated OP may lead to
targeted treatment, decreased requirements for ventilatory
support and an improved survival rate.

Introduction

Since December, 2019, the new coronavirus disease 2019
(COVID-19) has become a worldwide hazard. The multi-organ
manifestations of COVID-19 have been well-established. The
most common manifestation is COVID-19-associated pneu-
monia. Although the majority of cases of COVID-19 are mild,
in more severe cases, acute lung damage may be followed by
interstitial lung disease, pulmonary fibrosis and chronic lung
function impairment (1,2).

Organizing pneumonia (OP) is a type of diffuse interstitial
lung disease, which is histopathologically characterized by
inflammatory debris in the distal airway containing myofi-
broblasts, fibroblasts and inflammatory cells embedded in a
matrix of connective tissue, and interstitial inflammation of
the surrounding lung parenchyma (3). OP may develop in the
context of various clinical conditions, such as reactions to
medication, infections, connective tissue disorders and solid
organ or hematologic malignancies (4). The term cryptogenic
OP is used for the primary disease, in which no cause is
identified (5). Typical radiological features of OP are peribron-
chovascular and peripheral ground glass opacities (GGOs) or
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consolidations. These lesions may be migratory and accom-
panied by nodules, masses and interstitial opacities. Another
radiological finding consistent with OP is the reversed halo
sign, a central GGO surrounded by a consolidation halo.
According to previous research, OP is considered to be in the
spectrum of manifestations of acute lung injury (6).

Research on viral-induced OP during severe acute
respiratory syndrome coronavirus (SARS), Middle East
respiratory syndrome (MERS) and HINI infection is exten-
sive (7,8). An increasing number of studies have revealed a
link between SARS-coronavirus 2 (CoV-2) infection and OP.
COVID-19-associated OP had been previously considered
to be a result of COVID-19 infection or a histological type
of COVID-19-associated pneumonia (9). Of note, the most
common findings on chest computed tomography (CT) scans
in patients with COVID-19 are peripheral GGOs, consolida-
tion or both, mostly in bilateral and multifocal distributions
that highly resemble a CT pattern of OP (10). Moreover, post-
mortem lung pathological examinations have demonstrated
that the majority of patients with COVID-19-associated
pneumonia have secondary OP (11).

Research concerning COVID-19-associated OP is still
limited. The present study reports two cases of patients
with COVID-19 with radiological evidence of OP following
the initial infection, who responded well to treatment with
corticosteroids.

Case report

Case 1. A 51-year-old male patient with no notable previous
medical history was admitted to the Emergency Department
(ED) of Laiko General Hospital complaining of fever, cough
and dyspnea over the last 7 days. The patient had been diag-
nosed with COVID-19 by reverse transcription polymerase
chain reaction (RT-PCR) of a nasopharyngeal swab sample for
SARS-CoV-2 4 days prior to his admission. The patient was
unvaccinated against SARS-CoV-2.

Upon admission, his body temperature was 37.4°C, his
blood pressure was 120/70 mmHg, his heart rate was 94 beats
per minute, his respiratory rate was 32 breaths per minute, and
his oxygen saturation (SpO,) was 92% in room air. A chest
examination revealed crackles on auscultation in all lung
fields. Arterial blood gases analysis revealed a partial pres-
sure of oxygen (pO,) of 56 mmHg, partial pressure of carbon
dioxide (pCO,) 31 mmHg, pH 7.51, HCO; 24.7 mmol/l on
room air. A chest X-ray revealed diffuse infiltrates in all lung
fields (Fig. 1). The laboratory findings included an increased
white blood cell (WBC) count (11.22 k/ul; reference range,
4.5-11 k/ul) with neutrophilia (87.4%; reference range, 40-74%)
and lymphopenia (6.63%; reference range, 19-48%), elevated
C-reactive protein (CRP) levels (151.77 mg/l; reference range
0-5 mg/l), elevated lactate dehydrogenase (LDH) levels
(331 U/1; reference range, 135-225 U/1) and elevated ferritin
levels (1,200 ng/ml; reference range, 30-400 ng/ml).

Based on these findings, treatment with intravenous remde-
sivir (200 mg on the first day, followed by 100 mg daily for the
following 4 days) and dexamethasone (6 mg/day) for 10 days
was commenced for SARS-CoV-2 infection. The patient also
received oxygen therapy with a Venturi mask, delivering an
oxygen concentration of 60%. The patient exhibited further

Figure 1. Chest X-ray illustrating diffuse infiltrates in all lung fields in the
patient in case 1 upon admission.

respiratory deterioration and required oxygen therapy with a
high-flow nasal cannula [oxygen flow rate, 60 1/min; fraction
of inspired oxygen (FiO,), 90%]. He also received a single dose
of intravenous tocilizumab (400 mg).

The patient's fever, cough, dyspnea and inflammatory
indices improved after the treatment was commenced, and on
day 8 of hospitalization (day 15 of illness), his SpO, was 97%
while breathing through a high-flow nasal cannula with lower
settings (oxygen flow rate, 40 1/min; FiO,, 70%). However,
on day 14 of hospitalization (day 21 of illness), he developed
rapidly progressive respiratory failure, and his SpO, decreased
to 90%; He thus required oxygen therapy with a high-flow
nasal cannula at maximum settings (oxygen flow rate, 60 1/min;
FiO,, 100%).

The patient underwent a new chest X-ray which revealed
worsening infiltrates in all lung fields (Fig. 2A). He also
underwent a chest CT scan and chest computed pulmonary
angiogram (CTPA), which revealed bilateral peripheral GGO
infiltrates and consolidation in both lower lung lobes, with
areas of reversed halo sign (Fig. 2B-D). There were no findings
suggesting pulmonary embolism. Simultaneously with this
radiological and respiratory deterioration, the patient presented
with recurrent fever and significantly elevated CRP levels
(279.31 mg/l; reference range, 0-5 mg/1). He received antimicro-
bial therapy with intravenous piperacillin-tazobactam at 4.5 g
four times daily and intravenous linezolid 600 mg twice daily.
Blood and sputum culture did not reveal any infectious micro-
organisms. In addition, serum procalcitonin levels were within
the normal range. The patient did not exhibit any improve-
ment with antibiotics. Based on clinical and radiological
data, COVID-19-associated OP was suspected, and systemic
corticosteroid therapy (methylprednisolone 1 mg/kg/day) was
initiated. On day 23 of hospitalization (day 30 of illness),
3 days following the commencement of corticosteroid
therapy, his oxygenation level markedly improved. A chest
X-ray and CT imaging performed on day 14 following the
commencement of corticosteroid therapy (day 34 of illness)
revealed an improvement of lung infiltrates (Fig. 3). The levels
of CRP also returned to normal. The methylprednisolone
administration was decreased to 40 mg, and the patient was
discharged on day 39 following admission (day 46 of illness).
Following discharge, the methylprednisolone administration
was decreased to 32 mg for 10 days, 16 mg for 10 days and
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Figure 2. Chest X-ray and computed tomography of the patient in case 1 on day 14 of hospitalization. (A) Chest X-ray illustrating lung infiltrates in all lung
fields. (B) Chest computed tomography illustrating bilateral peripheral ground glass infiltrates in upper lung lobes. (C and D) Chest computed tomography
illustrating consolidation in both lower lung lobes, with areas of reverse halo sign.

Figure 3. Chest X-ray and computed tomography of the patient in case 1 performed on day 14 following the commencement of corticosteroid therapy. (A) Chest
X-ray illustrating an improvement in lung infiltrates in all lung fields. (B) Chest computed tomography reveals improvement in bilateral peripheral ground glass
infiltrates in upper lung lobes. (C and D) Chest computed tomography reveals improvement in lung lesions compared to Fig. 2C and D.
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Figure 4. Chest X-ray illustrating diffuse infiltrates in all lung fields with
consolidations in the right upper and middle lung field and in the left middle
lung field of the patient in case 2 upon admission.

8 mg for 10 days, and discontinued thereafter. The patient did
not present with a relapse on a follow-up at 3 months after
discharge.

Case 2. A Tl-year-old male patient presented to the ED of
Laiko General Hospital complaining of fever, cough and
dyspnea over the last 24 h. The patient had been diagnosed
with COVID-19 by RT-PCR testing of a nasopharyngeal swab
sample for SARS-CoV-2 14 days prior to his admission. The
patient reported low-grade fever then for only 2 days without
any other symptoms and had not received any specific therapy
for COVID-19.

The patient had a medical history of asthma, arterial
hypertension, dyslipidemia, appendectomy and inguinal
hernia surgery. His current medications included inhaled
formoterol/budesonide (160/4.5 ug twice daily), olmesartan/
hydrochlothiazide (40/12 mg once daily) and atorvastatin
(20 mg once daily). The patient was unvaccinated against
SARS-CoV-2.

Upon admission, his body temperature was 38.5°C, his
blood pressure was 140/80 mmHg, his heart rate was 90 beats
per minute, his respiratory rate was 28 breaths per minute,
and his SpO, was 87% in room air. A chest examination
revealed crackles on auscultation in all lung fields. Arterial
blood gas analysis revealed a pO, of 52 mmHg, a pCO, of
29 mmHg, pH 7.50 and HCO; 22.7 mmol/l in room air. A
chest X-ray revealed diffuse infiltrates in all lung fields with
consolidations in the right upper and middle lung field and
in the left middle lung field (Fig. 4). The laboratory findings
included an increased WBC count (13.56 k/ul; reference
range, 4.5-11 k/ul) with neutrophilia (84.8%; reference range,
40-74%) and lymphopenia (8.7%; reference range, 19-48%),
elevated CRP levels (93 mg/l; reference range, 0-5 mg/l),
elevated LDH levels (500 U/l; reference range, 135-225 U/I)
and elevated ferritin levels (816 ng/ml; reference range,
30-400 ng/ml).

Based on these findings, treatment with intravenous
remdesivir (200 mg on the first day, followed by 100 mg daily
for the following 4 days) and dexamethasone (6 mg/day) was
commenced for SARS-CoV-2 infection for 10 days. The patient
also received oxygen therapy with a Venturi mask, delivering
an oxygen concentration of 60%. The patient exhibited further
respiratory deterioration with a further elevation of CRP levels
(174 mg/l; reference range, 0-5 mg/l) on the second day of
hospitalization (day 15 of illness) and required oxygen therapy
with a high-flow nasal cannula (oxygen flow rate, 60 1/min;
FiO,, 90%). He also received antimicrobial treatment with
intravenous ceftriaxone at 2 g once daily and linezolid 600 mg
twice daily for 7 days.

The patient's clinical symptoms and inflammatory indices
(CRP, 17 mg/l; reference range, 0-5 mg/l) improved after
commencing the treatment, and on day 10 of hospitalization
(day 23 of illness), his SpO, was 97%, while breathing through
a Venturi mask delivering an oxygen concentration of 60%.
The patient did not exhibit any further improvement for the
following 2 days. On day 13 of hospitalization (day 26 of illness)
the patient developed recurrent low-grade fever and a concurrent
new increase in CRP levels (49 mg/I; reference range, 0-5 mg/l).

The patient underwent a new chest X-ray, which revealed
persistent infiltrates in all lung fields with consolidations
in the right upper and middle lung field, and in the left
middle lung field (Fig. 5A). He also underwent a chest
CT scan and CTPA, which revealed bilateral consolida-
tions with areas of reversed halo sign in all lung fields
and peripheral GGO infiltrates in both lower lung lobes
(Fig. 5B-D). There were no findings suggesting pulmonary
embolism. No infectious microorganisms were isolated
from blood and sputum cultures. Based on the clinical and
radiological data, COVID-19-associated OP was suspected,
and systemic corticosteroid therapy (methylprednisolone at
1 mg/kg/day) was initiated on day 15 (day 28 of illness).
On day 18, at 3 days following the commencement of
corticosteroid therapy (day 31 of illness), his oxygenation
level improved considerably. A chest X-ray and CT imaging
performed on day 13 following the commencement of
corticosteroid therapy (day 28 of hospitalization, day 41 of
illness) revealed a notable improvement in previously noted
lung infiltrates (Fig. 6). The levels of CRP also returned to
normal. Methylprednisolone administration was decreased
to 40 mg, and the patient was discharged on day 33 after
admission (day 46 of illness). Following discharge, meth-
ylprednisolone administration was decreased to 32 mg for
7 days, 16 mg for 7 days and 8 mg for 7 days, and discon-
tinued thereafter. The patient did not present with a relapse
and he had improvement in chest X-ray at a follow-up
2 months after discharge (Fig. 7).

Discussion

The present study describes the cases of two individuals who
had rapidly worsening respiratory symptoms after the initial
phase of COVID-19 infection. In numerous aspects, the
patients' symptoms are compatible with those of OP caused by
SARS-CoV-2. Following early treatment for their COVID-19
infection, both patients had rapidly deteriorating respiratory
symptoms that were not responding to optimal therapy.
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Figure 5. Chest X-ray and computed tomography of the patient in case 2 on day 13 of hospitalization. (A) Chest X-ray illustrating persistent infiltrates in all
lung fields with consolidations in the right upper and middle lung field and in the left middle lung field. (B and C) Chest computed tomography illustrating
bilateral consolidations with areas of reverse halo sign in upper lung fields. (D) Chest computed tomography illustrating bilateral consolidations with areas of
reverse halo sign and peripheral ground glass infiltrates in both lower lung lobes.

Figure 6. Chest X-ray and computed tomography of the patient in case 2 performed on day 13 following the commencement of corticosteroid therapy. (A) Chest
X-ray illustrating an improvement in lung infiltrates compared to Fig. 5A. (B and C) Chest computed tomography illustrating an improvement in lung infiltrates
in upper lung fields. (D) Chest computed tomography reveals improvement in lung infiltrates in both lower lung lobes.
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Figure 7. Chest X-ray illustrating a significant improvement in lung infiltrates
of the patient in case 2 at the follow-up of 2 months. Please compare this to
the image in Fig. 5A.

Of note, the patient in case 1 who was younger than the
patient in case 2 developed rapidly progressive respiratory
failure on the day 14, while the patient in case 2 recovered more
easily under the same treatment regimen. Genetic factors may
be a possible explanation for this event. Some patients have
heritable, single-gene mutations that influence their immune
systems. Such distinctive mutations have been detected in
numerous cases of young individuals who are healthy, yet
suddenly develop a life-threatening infection (12).

Furthermore, no substantial superimposed infection was
proven in the patients described herein. Moreover, their condi-
tion markedly improved following the initiation of high-dose
corticosteroid treatment, suggesting that OP was the cause of
their decompensated respiratory symptoms.

Clinical and investigation data regarding COVID-19-
associated OP are limited. The diagnosis of OP was made in
some cases, by using only radiological data (13-19), and in other
cases, by performing transbronchial biopsy and a histological
examination of the obtained tissue (14,20-25). The cases of
COVID-19-associated organizing pneumonia reported in the
literature are summarized in Table I.

A pathological investigation is essential for definitive
diagnosis of COVID-19-associated OP, as radiological mani-
festations of bacterial co-infection and OP may be similar.
Therefore, it does not appear plausible to confirm the pres-
ence of OP in patients with SARS-CoV-2-related pneumonia
based solely on radiological abnormalities (25). However, in
both cases present herein, the conduction of lung biopsy was
considered extremely dangerous and was thus not performed,
due to high hypoxic conditions.

Notably, not every case of OP is confirmed by pathological
data, as is well-recognized. The primary goal of a biopsy in
individuals with suspected OP is to rule out other possible
causes of comparable symptoms. As the histopathologic
characteristics of OP are similar to those of other interstitial
lung diseases, relying on transbronchial biopsies may increase
the risk of OP misdiagnosis or delay (13). Furthermore, the
radiographic characteristics of OP are distinct, and a chest CT
scan has a good diagnostic accuracy (79%) for OP (26).

A chest CT scan may be beneficial for ruling out complica-
tions, such as pulmonary embolism, secondary pneumonia, or
OP in patients with SARS-CoV-2 infection who have clinical
deterioration despite optimal treatment and ventilatory support,
or who have worsening symptoms following an initial recovery.
Both patients in the present study waited an average of 21 days
(20-22 days) from symptom initiation to undergo a chest
CT scan, and their average duration of stay after commencing
treatment with steroids was 10 days (5-15 days). In the case that
additional imaging analyses are required for such individuals,
this time frame may be an attractive approach.

From the beginning of the pandemic, some researchers
have expressed their concerns about potential widespread
failure to identify and treat COVID-19-associated OP (9).
Radiological evidence of OP has been documented during the
later course of SARS-CoV-2 infection. In a previous study,
the observed prevalence of COVID-19-associated OP was
12.5% (27). In another observational study, the authors studied
persistent lung changes following COVID-19 infection and
described ongoing symptoms in 39% of participants. In that
study, OP was observed in 4.8% of these patients, with signifi-
cant radiological and clinical improvement following steroid
administration (28). In addition, in a study on respiratory inter-
mediate care unit patients, 58% of patients that underwent a
chest CT scan had a radiological pattern consistent with OP and
a significantly decreased need for intubation and in-hospital
mortality compared to those with a GGO pattern (29).

Of note, both patients described herein were unvaccinated
against SARS-CoV-2. A recent study demonstrated that
vaccination with at least two doses of COVID-19 vaccine was
associated with a significant decrease in reporting the most
common post-acute COVID-19 symptoms, such as fatigue,
headache, weakness and persistent muscle pain (30). However,
whether vaccination against SARS-CoV-2 exerts a protective
effect against the development of OP following COVID-19
remains to be determined.

The role of corticosteroids in COVID-19-associated
pneumonia has been well-established. Dexamethasone
therapy is effective for COVID-19-associated pneumonia (31).
Methylprednisolone has been reported to increase the survival
of hospitalized patients who experience severe COVID-19
pneumonia (31). A previous meta-analysis revealed a posi-
tive effect of corticosteroids on short-term mortality and a
decrease in the need for mechanical ventilation in patients
with COVID-19 (32).

The cornerstone of OP treatment is corticosteroids.
Prednisone at a dosage of 0.75-1.5 mg/kg/day for 4 weeks,
tapered over a period of 3-6 months, is the current recommen-
dation (33). In COVID-19-associated OP, case reports and case
series, including ours, have documented favorable outcomes
with corticosteroid treatment, sometimes with high doses and
prolonged therapy, often weeks to months (13-19, 22-25). A
single-center prospective observational study discovered that
almost a quarter of post-COVID-19 pneumonia patients had
recurrent dyspnea with radiological signs of OP, and that
restarting corticosteroids resulted in clinical and radiological
improvement in these patients (27). Of interest, the sponta-
neous remission of OP without corticosteroid administration
has been described in two cases of histologically diagnosed
COVID-19-associated OP (20,21).
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Table I. Cases of COVID-19-associated organizing pneumonia identified in the literature.
Case Age
no. Author/(Refs.) (years)/sex Diagnosis Management Outcome
1 Alsulami et al (13) 71/M Radiological Corticosteroids Recovery
2 Alsulami ez al (13) 54/M Radiological Corticosteroids Recovery
3 Alsulami er al (13) 57/M Radiological Corticosteroids Recovery
4 Alsulami et al (13) 49/M Radiological Corticosteroids Recovery
5 Alsulami et al (13) 56/F Radiological Corticosteroids Recovery
6 Alsulami et al (13) 83/F Radiological Corticosteroids Recovery
7 Ng et al (14) 58/F Radiological Corticosteroids Recovery
8 de Oliveira Filho et al (15) 52/M Radiological Corticosteroids Recovery
9 de Oliveira Filho et al (15) 60/F Radiological Corticosteroids Recovery
10 de Oliveira Filho et al (15) 63/F Radiological Corticosteroids Recovery
11 Horii et al (16) 70/F Radiological Corticosteroids Recovery
12 Okamori et al (17) 60/M Radiological Corticosteroids Recovery
13 Okamori et al (17) 61/F Radiological Corticosteroids Recovery
14 Kim et al (18) 71/M Radiological Corticosteroids Recovery
15 Simdes et al (19) 71/M Radiological Corticosteroids Recovery
16 Simdes et al (19) 83/ M Radiological Corticosteroids Recovery
17 Ng et al (14) 81/M TBLB, histopathological Corticosteroids Recovery
examination
18 Seo et al (20) 50/M TBLB, histopathological Spontaneous Recovery
examination remission
19 Funk et al (21) 49/M TBLB, histopathological Spontaneous Recovery
examination remission
20 Golbets et al (22) 36/M TBLB, histopathological Corticosteroids Recovery
examination
21 Kanaoka et al (23) 56/M TBLB, histopathological Corticosteroids Recovery
examination
22 Kanaoka et al (23) 84/F TBLB, histopathological Corticosteroids Recovery
examination
23 Cortés Colorado et al (24) 62/M TBLB, histopathological Corticosteroids Recovery
examination
24 Vadisz et al (25) 57T/M TBLB .histopathological Corticosteroids Recovery
examination
25 Vadasz et al (25) 70/M TBLB histopathological Corticosteroids Recovery
examination
26 Vadasz et al (25) 76/M TBLB, histopathological Corticosteroids Recovery

examination

F, female; M, male; TBLB, transbronchial lung biopsy.

A previous study demonstrated that approximately one
third of OP cases exhibited a complete resolution of lesions at
1-2 months following disease onset, while those with greater
areas of consolidation and more extensive lung involvement
were more likely to develop fibrotic-like changes (34). There
is currently no evidence to indicate that corticosteroid therapy
can prevent relapses of OP or minimize the development of
residual pulmonary fibrosis in COVID-19-associated OP (35).
There has been no research to date, at least to the best of our
knowledge, on the impact of corticosteroids on the resolution
of COVID-19-related OP and long-term pulmonary outcomes.

Large, multicenter randomized control trials are required
to determine the optimal time to start, dosage, duration and
benefit of corticosteroid therapy in COVID-19-associated OP.
Clinicians should take the possible risks and advantages of
corticosteroids into account and utilize CT as an evaluation
tool for the distinct phases of CT patterns in patients with
COVID-19.

In conclusion, the importance of detecting OP arises from
the fact that patients who receive treatment with corticosteroids
have a better prognosis and outcome. Increasing awareness of
this diagnosis may lead to more effective treatment approaches
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for COVID-19 disease, further reduction of requirements
for ventilatory support, and improved survival. Patients
with COVID-19 that exhibit a minimal or no improvement
despite optimal therapy should be evaluated further with lung
imaging, as they may benefit from early diagnosis and targeted
treatment. The optimal time for corticosteroid administration,
the dose and the duration of therapy need to be addressed.
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