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ABSTRACT
Various forms of diffuse parenchymal lung disease
have been proposed as potential consequences of
severe COVID‑19. We describe the clinical, radiological
and histological findings of patients with COVID‑19-
associated acute respiratory distress syndrome who
later developed severe organising pneumonia including
longitudinal follow-up. Our findings may have important
implications for the therapeutic modalities in the late-
phase of severe COVID‑19 and might partially explain
why a subgroup of COVID‑19 patients benefits from
systemic corticosteroids.
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INTRODUCTION

Over 15% of hospitalised patients with COVID-19
develop acute respiratory distress syndrome
(ARDS).1 ARDS is characterised by acute onset of
bilateral infiltrates, hypoxaemia and lung oedema,
which is not fully explained by cardiac failure
or fluid overload, and is associated with high
mortality.2 The mortality in the critically ill group
of patients with COVID-19 is comparable with
that of severe ARDS, reaching approximately 40%
at day 30 after admission to the intensive care
unit (ICU).1 Of note, the majority of patients with
COVID-19-
associated ARDS receive prolonged
mechanical ventilation.3 Several reports have now
provided radiological evidence for different forms
of diffuse parenchymal lung disease (DPLD) during
the later course of the disease.4 Organising pneumonia (OP), a form a DPLD, is a distinct clinicopathological entity that may occur as a pulmonary
reaction to various injuries, including ARDS. OP
is characterised by the patchy filling of alveoli and
bronchioles by loose plugs of connective tissue with
concomitant diffuse alveolar damage, the hallmark
of ARDS. Radiological findings typically include
peripheral consolidation, ground-
glass infiltrates
and/or solitary nodules. The definitive diagnosis of
OP requires histological assessment and the primary
treatment of OP is, apart from treating the underlying disease, corticosteroid administration over
several months, initially at relatively high doses.5
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Here, we describe the clinical, radiological
and histological findings of three patients with
COVID-19 who presented at our ICU and later
developed severe OP, also focusing on the phase of
recovery on corticosteroid therapy. Legally authorised representatives of the patients included in this
study provided written informed consent. Between
March and May 2020, 38 patients tested positive
for SARS-CoV-2, as confirmed by real-time PCR,

and were admitted to our ICU. Twenty-four of these
patients were diagnosed with moderate to severe
ARDS, requiring mechanical ventilation. Over the
course of the disease, after a phase of transient
recovery, three patients exhibited extraordinary
clinical worsening with progressively decreasing
pulmonary compliance (from initial 40.1±2.3 to
59.9±6.8 on recovery, and then to 18.9±3.8 mL/
mbar on deterioration) and reduced PaO2/FiO2 ratio
(for clinical data see online supplemental table 1).

Patient 1

A 57-year-old male patient was admitted to our ICU
with severe acute respiratory failure, 8 days after he
had developed unproductive cough and fever with
an initial peripheral oxygen saturation (SaO2) of
72% under room air. On supplementation with 6 L
O2/min, arterial blood gas analysis revealed a PaO2
of 67 mm Hg and a SaO2 of 94% accompanied by
moderate hypocapnia as a consequence of compensatory hyperventilation. The initial chest X-ray of
the patient revealed extensive ground-glass opacification in both lower lobes and the left midfield
(online supplemental figure 1A). On the fourth day
in the ICU, the patient had to be intubated due to
severe respiratory failure. In the following hours, the
PaO2/FiO2 ratio remained ~70. Oxygenation could
be improved after prone positioning and inhaled
nitric oxide therapy. Over the following 2 weeks,
the condition of the patient gradually improved. In
sequential bronchial lavage samples, SARS-CoV-2
remained positive for 8 days after admission to
ICU (and 16 days after the initial PCR). Subsequent
lavage samples were all SARS-CoV-2 negative. The
microbiological analysis of a lavage sample on day
8 after admission revealed a bacterial superinfection with Serratia marcescens that was treated with
antibiotics. Approximately 16 days after initiation
of mechanical ventilation, lung compliance deteriorated, necessitating the use of higher driving
pressure and respiratory rate and ultimately extracorporeal CO2 removal to limit further ventilator-
induced lung injury and to prevent the deleterious
effects of respiratory acidosis on distant organs. At
this point, the microbiological analysis of a bronchial lavage revealed no bacterial or fungal infection.
A follow-up X-ray, as well as a high-resolution CT,
revealed consolidation, bronchiectasis and fibrous
bands after the initial phase of ground-glass opacification (online supplemental figure 1B, figure 1A
and B, online supplemental video 1). These radiological findings were compatible with severe OP as
an apparent cause of declining pulmonary compliance and gas exchange. Subsequently, the patient
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Figure 1 Organising pneumonia complicating severe COVID-19. (A) Thoracic CT of a patient with COVID-19 on clinical deterioration and markedly
decreasing pulmonary compliance 16 days after the initiation of mechanical ventilation, revealing extensive subpleural patchy consolidation (black
asterisk), fibrotic bands and traction bronchiectasis (black arrow) of the middle lobe, the lingula and both lower lobes, compatible with organising
pneumonia. (B) A colour-coded lung density map (based on Hounsfield units) at the same level as (A). Blue areas represent normal lung tissue
with normal lung density values, whereas green areas represent lung tissue with slightly increased density values, consistent with ground-glass
opacification and red/white areas characterise lung tissue with markedly increased density values consistent with consolidations/fibrotic changes.
(C) Follow-up CT approximately 8 weeks after the initiation of corticosteroid therapy, showing partially reversed peribronchovascular consolidation,
fibrotic bands and bronchiectasis. (D) The corresponding colour-coded lung density map confirms the decreased density values of the affected areas.
(E) Histology of a transbronchial biopsy from the same patient with H&E staining at a magnification of ×400 is illustrated. The organisation of an
actin+ fibrous plug (immunostainings not shown) within an alveolus, intermingled with lymphocytes (dotted line), corresponding to organising
pneumonia with prominent hyperplasia of surrounding alveolar pneumocytes (arrows). Scale bar corresponds to 40 µm.
underwent bronchoscopy with transbronchial biopsies from the
affected regions to enable histological evaluation. Apart from
diffuse alveolar damage, histopathological findings confirmed
the typical features of OP, including mesenchymal plugs partially
filling the alveolar lumen (Masson bodies; figure 1E, online
supplemental figure 2). Consequently, a systemic corticosteroid
therapy with prednisolone at a dose of 1 mg/kg/d for 4 weeks,
and gradually reduced over the subsequent weeks, was initiated.
On steroid therapy, the pulmonary function and blood gases
markedly improved, which correlated with the radiological findings (figure 1C and D and online supplemental video 2). Two
and 4 weeks after the initiation of steroid therapy, respectively,
the patient was weaned from extracorporeal CO2 removal and
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the ventilator; after which he was transferred to a rehabilitation
clinic without any oxygen supplementation required.

Patient 2
An intubated 70-year-old male patient with COPD was transferred to our ICU from another hospital with confirmed
SARS-
CoV-2 infection, presenting with an acute pneumothorax on mechanical ventilation that could only partially be
resolved after placing a narrow-bore chest tube. The patient
was admitted to the ICU 8 days after the initial presentation of symptoms, and mechanical ventilation was required
2 days postadmission. The pneumothorax was evident on
Vadász I, et al. Thorax 2021;76:201–204. doi:10.1136/thoraxjnl-2020-216088
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Similar to patient 2, patient 3 was transferred to our ICU from
another hospital with confirmed SARS-CoV-2 infection 8 days
after the initial presentation of symptoms. At admission, the
76-year-old male patient required supplementation of 6 L O2/
min. After a further deterioration of respiratory function, the
patient underwent intubation 4 days later because non-invasive
ventilation via a helmet was not tolerated. After the acute phase
of ARDS, weaning of the patient from the ventilator remained
problematic. On worsening of lung compliance, CT suggested
OP. The diagnosis of OP was confirmed by histological analysis
of transbronchial biopsies, 8 weeks after initiation of mechanical ventilation. Similar to the other two cases, on prednisolone
therapy, radiological signs of OP abated, and the patient was
weaned from the ventilator. Of note, 4 weeks after the initiation
of prednisolone, the patient was transferred to a rehabilitation
clinic without the requirement of supplemental oxygen.

DISCUSSION

To the best of our knowledge, this is the first report on
OP with longitudinal follow-
up secondary to COVID-19-
associated ARDS. Of note, our findings may have important
implications for the therapeutic modalities in the late phase of
severe COVID-19 since OP is generally regarded as corticosteroid sensitive.5 Furthermore, the incidence of OP (12.5%)
is relatively common in our cohort. Although our study has
the limitations of its single-centre nature and of small sample
size, these findings might partially explain why a subgroup
of COVID-19 patients appears to benefit from systemic
corticosteroids.6
Various other forms of DPLD have also been proposed as
potential complications/consequences of severe COVID-19,
including pathologies where more prominent fibrotic changes
are evident.7 Even if these entities are relatively rare, given
that as of 1 October 2020, over 34 million people worldwide have been infected with SARS-CoV-2, the implications
at the population level are potentially significant. Thus, it
is important that the survivors of severe (and perhaps also
mild and moderate) COVID-19 are followed-up regularly in
specialised centres to recognise potential deteriorations early.
Indeed, in our lung centre, we have now established a post-
COVID-19 outpatient clinic where, at timed intervals, patient-
reported outcome measures are collected and lung function as
Vadász I, et al. Thorax 2021;76:201–204. doi:10.1136/thoraxjnl-2020-216088
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Patient 3

well as longitudinal CT scans are performed and analysed to
more precisely assess the burden of DPLD on COVID-19 and
whether it varies from non-COVID ARDS.
Importantly, corticosteroids (6 mg dexamethasone or
equivalent given once daily for up to 10 days) are now
recommended by the WHO in severe and critical forms of
COVID-19.6 8 Thus, it may well be that although the dose
and duration of corticosteroid therapy in OP clearly differ,
the incidence of OP on ARDS secondary to COVID-19 might
decrease. However, in selected cases in which patients show
clinical worsening together with consolidation, bronchiectasis
and/or fibrotic changes in radiological imaging, transbronchial
biopsies enabling further histological evaluation might have
added value.
Furthermore, whether these pathologies are specific to
COVID-19 or rather a consequence of sustained mechanical
ventilation has not yet been determined. If deleterious remodelling has been confirmed, it will be important to tease out
the mechanisms by which such pathologies are driven and
their nature regarding reversibility. Moreover, as parenchymal
alterations on COVID-19 have been described relatively early
in a subset of patients,7 it might be worthwhile to investigate whether in the early post-acute phase of COVID-19, a
preventive anti-inflammatory approach is more beneficial than
a therapeutic one. Prospective interventional clinical trials to
address these issues are warranted.
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day 6 after initiation of mechanical ventilation, and transfer
to our centre followed 2 days after placement of two chest
tubes. After placing a large-bore chest tube at our ICU, the
patient exhibited a transient recovery; however, it remained
difficult to wean the patient from the ventilator. Over the
following 4 weeks, a progressive clinical worsening with gradually decreasing pulmonary compliance was evident, similarly
to patient 1. High-resolution CT revealed consolidation and
bronchiectasis, in line with the presentation of OP, which was
confirmed by histological analysis of transbronchial biopsies.
On prednisolone therapy at an initial dose of 1 mg/kg/d for
4 weeks, both pulmonary compliance and the extent of the
OP that was evident radiologically markedly improved, and
the patient was rapidly weaned off the ventilator. However,
over the following weeks, several episodes of pneumothorax
assisted thoracocomplicated this case and required video-
scopic surgery. Nevertheless, nearly 4 months after admission,
this patient was discharged from the ICU without any need for
supplemental oxygen.
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Supplementary tables
Supplementary table 1: Characteristics of three patients diagnosed with organising
pneumonia secondary to COVID-19.
Patient 1

Patient 2

Patient 3

Male
57
29.4

Male
70
23.2

Male
76
24.7

Hypertension,
diabetes

Hypertension,
COPD

Hypertension,
diabetes, CAD

White cell count, g/L
Total lymphocytes
Haemoglobin, g/dL
Platelet count, giga/L
Creatinine, mg/dL†

7.1
1.54
84
316

9.6
0.87
131
233

11.9
0.36
105
287

0.5

0.9

1.2

Urea, mg/dL‡
Lactate dehydrogenase, U/L
Alanine aminotransferase, U/L
Aspartate aminotransferase, U/L
Albumin, g/L
B-type natriuretic peptide, pg/mL
C-reactive protein, mg/L
Procalcitonin, μg/L
Interleukin-6, μg/L
Ferritin, μg/L
D-dimer, mg/L

37
311
104
44
24.9
48
71.1
0.5
74
1588
3.1

111
393
81
108
33.6
65
58.1
0.7
334
524
4.3

86
301
38
56
31.0
142
212.4
0.5
280
1059
0.69

37
7

39
6

57
7

6.1
6.3
5.6
6.2

6.2
5.9
6.1
SB

6.2
5.8
5.4
6.7

26
22
30
16

20
18
22
SB

15
19
26
15

Demographics
Sex
Age, years
Body mass index, kg/m2
Comorbidities
Laboratory findings

Clinical characteristics
SAPS II
SOFA score
VT, mL/kg PBW
24 h post-intubation
2 weeks post-intubation
At time point of OP diagnosis
2 weeks after CS initiation
RR, breaths/min
24 h post-intubation
2 weeks post-intubation
At time point of OP diagnosis
2 weeks after CS initiation
PPLAT, cmH2O
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24 h post-intubation
2 weeks post-intubation
At time point of OP diagnosis
2 weeks after CS initiation

28
24
30
13

25
19
30
SB

24
16
20
14

12
8
10
5

11
9
12
SB

12
7
5
5

18
16
20
8

14
10
18
SB

12
9
15
9

38.4
52.3
18.4
57.5

42.7
65.3
22.5
SB

41.2
54.4
26.2
55.6

98.2
175.5
153.3
308.2

185.2
261.1
197.7
385.7*

194.8
240.0
208.3
347.6

Yes
Yes
Yes
60

Yes
No
No
60

Yes
Yes
No
55

Thorax

PEEP, cmH2O
24 h post-intubation
2 weeks post-intubation
At time point of OP diagnosis
2 weeks after CS initiation
Driving pressure, cmH2O
24 h post-intubation
2 weeks post-intubation
At time point of OP diagnosis
2 weeks after CS initiation
Compliance, mL/mbar
24 h post-intubation
2 weeks post-intubation
At time point of OP diagnosis
2 weeks after CS initiation
PaO2/FiO2 ratio
24 h post-intubation
2 weeks post-intubation
At time point of OP diagnosis
2 weeks after CS initiation
ARDS adjuvant therapy
Prone positioning
Nitric oxide
ECCO2R
LVEF, %

†To convert the values for serum creatinine to mg/dL, multiply by 88.4.
‡To convert the value for urea to blood urea nitrogen, multiply by 0.467.
*Spontaneously breathing at room air (FiO2 0.21%).
CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease
2019; CS, corticosteroid; ECCO2R, extracorporeal carbon dioxide removal; FiO2, fraction of inspired oxygen;
ICU, intensive care unit; LVEF, left ventricular ejection fraction; OP, organising pneumonia; PaO2, arterial
partial pressure of oxygen; PBW, predicted body weight; PEEP, positive end-expiratory pressure; PPLAT, plateau
pressure; RR, respiratory rate; SAPS, Simplified Acute Physiology Score; SB, spontaneously breathing; SOFA,
Sequential Organ Failure Assessment

Legend to Supplementary figures
Supplementary figure 1: Initial and follow-up chest x-ray of a patient with severe
COVID-19. (A) Initial chest x-ray of a 57-year old male patient presenting with COVID-19
showing extensive ground-glass opacification in both lower lobes and the left midfield (black
asterisk). A follow-up chest x-ray (B) three weeks later upon clinical deterioration and
3
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markedly decreasing pulmonary compliance showing extensive consolidations (black
asterisk) in both lower lobes with positive bronchoaerogram and bronchiectasis (black arrow).

Supplementary figure 2: Histology of a transbronchial biopsy from the same patient upon
pulmonary deterioration. HE stainings at a magnification of 40x and 200x are shown.
(A) Overview of the pulmonary parenchyma with cell-rich interstitial infiltrate (thickening of
alveolar septa) that is more prominent on the left side. Scale bar corresponds to 200 µm.
(B) Interstitial inflammatory infiltrate, featuring mostly CD3+ lymphocytes (immunostainings
not shown), but also scattered neutrophils (N) and eosinophils (E) with fibrinous leakage and
bleeding into the alveoli (arrows). Scale bar corresponds to 50 µm

Legend to Supplementary videos
Supplementary video 1: Colour-coded 3-D volume rendering technique (VRT) showing
organising pneumonia following COVID-19. As shown in the transversal color-coded
image, the blue coloured areas represent lung tissue with normal lung density on a Hounsfield
unit scale, whereas green and red/white coloured areas represent lung tissue changes with
increased density values due to ground-glass opacification and consolidations/fibrotic
changes, respectively. The lower lobes show marked fibrotic pattern with extensive secondary
volume loss.

Supplementary video 2: Follow-up colour-coded 3-D VRT showing partial recovery from
organising pneumonia post COVID-19 upon corticosteroid therapy. Follow-up
approximately eight weeks after initiation of corticosteroid therapy, showing partially
recovery, suggesting less extensive opacification and consolidations.
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