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ABSTRACT

This brief communication demonstrates the correlation of persistent respiratory
symptoms with functional, tomographic, and transbronchial pulmonary biopsy findings
in patients with COVID-19 who had a long follow-up period. We report a series of
six COVID-19 patients with pulmonary involvement who presented with persistent
dyspnea within 4-15 months of discharge. We performed transbronchial biopsies, and
the histopathological pattern consistently demonstrated peribronchial remodeling with
interstitial pulmonary fibrosis. Therefore, lung biopsy may be useful in the approach of
patients with long COVID-19, although the type of procedure, its precise indication, and
the moment to perform it are yet to be clarified.

(Brazilian Registry of Clinical Trials—ReBEC; identifier:
ensaiosclinicos.gov.br])

RBR-8j9kay [http://www.
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The prevalence of pulmonary involvement in severe acute COVID-19 is high, and
there is a concern regarding the occurrence of lung sequelae in the long term.t?
However, the risk, prevalence, and severity of post-COVID-19 pulmonary fibrosis over
time are still uncertain.(** There is still a low number of histopathological reports
regarding pulmonary lesions, and they are mostly based on explants and autopsies. 1
Additionally, pathological reports of interstitial lung disease secondary to COVID-19
in the long term are even scarcer.

Patients with COVID-19 may present three major lung histopathological patterns:
epithelial lesions and diffuse alveolar damage (DAD); vascular injuries; and interstitial
fibrosis. These patterns may coexist in the same patient during the natural history of
the disease.®'" The most common histopathological pattern described in acute and
severe cases is DAD. Progressive phases of DAD include an early exudative pattern
with edema and hyaline membrane formation, a transition to an organizing phase,
followed by a fibrosing stage later.(*?

A better understanding of the pulmonary sequelae of the lung lesions in the long
term is warranted for determining a more targeted and optimized therapeutic proposal.
The aim of this study was to report pulmonary histopathological findings obtained from
transbronchial biopsy in a series of COVID-19 patients who had long follow-up periods.

We included six patients with a confirmed diagnosis of COVID-19 by a positive RT-PCR
from a nasal swab specimen who presented with persistent respiratory symptoms and
interstitial lung abnormalities on CT scans within 4 months of discharge at least and
suspected of having post-COVID-19 pulmonary fibrosis. All patients were followed
at the Hospital das Clinicas of the Universidade Estadual Paulista (UNESP, S3o Paulo
State University).

This study was approved by the institutional research ethics committee (CAAE
n. 31258820.5.1001.5411) and registered with the Brazilian Registry of Clinical
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Trials (identifier, RBR-8j9kqy). Bronchoscopy with
transbronchial biopsy®**® was performed after a
multidisciplinary discussion based on the presence of
symptoms or lung function impairment and persistence
of interstitial lung abnormalities on CT scans. The lung
samples (average size = 3.8 mm?) were evaluated
by an experienced pulmonary pathologist. The final
diagnosis was defined by a multidisciplinary team, mainly
based on the combination of clinical, tomographic,
and histopathological features. We selected patients
who were neither on immunosuppressive treatment
nor using systemic corticosteroids after discharge.
The following variables were collected from all of the
patients before the biopsy procedure: baseline dyspnea
index (BDI); post-bronchodilator spirometry; Di,;
TLC; Pa,, on room air; SpO, on room air; six-minute
walk distance (6MWD); and Saint George’s Respiratory
Questionnaire (SGRQ) score. All patients signed the
informed consent form.

Figure 1 shows CT scans of the study subjects
before and after discharge, whereas Figure 2 shows
the histopathological findings from the biopsy samples
of the patients.

Patient 1: a 62-year-old female, former smoker with
diabetes mellitus experienced COVID-19 symptoms for
15 days before hospitalization and was discharged 25
days later without oxygen supplementation. Maximal
oxygen supplementation (MOS) during the use of
mechanical ventilation was Fi,, = 90% and Pa,,/F1,, <
100. Fifteen months after discharge, she presented with
dyspnea (BDI = 7); SGRQ score = 32.2; and reduced
Dr., (57%). Spirometry, SpO,, Pa,,, and 6MWD (440 m)
were unremarkable. There was improvement from chest
CT results obtained at hospital admission (Figure 1A)
to those obtained at 15 months after discharge (Figure
1B), demonstrating subtle peripheral and posterior
ground-glass opacities (GGO). Histopathological analysis
of biopsy samples showed focal septal thickening by
prominent extracellular matrix deposition associated
with architectural distortion of the bronchial smooth
muscle layer (Figures 2A and 2B).

Patient 2: a 69-year-old female with systemic arterial
hypertension (SAH), diabetes mellitus, and dementia
experienced COVID-19 symptoms for 15 days before
hospitalization and was discharged 9 days later. MOS
flow with nasal prong was 4 L/min. Seven months after
discharge, the patient reported persistent dyspnea
(BDI = 7). Post-bronchodilator spirometry, SpO,,
and Pa,, were unremarkable. However, TLC (75%),
DL, (52%), 6MWD (389 m/78.8% of predicted),
and SGRQ score (15.7) were reduced. CT scans at
hospital admission and at 7 months after discharge
are presented in Figures 1C and 1D, respectively, and
there was tomographic improvement in the follow-up,
although there were residual pulmonary abnormalities.
Pulmonary histopathological analysis demonstrated
mild hyaline peribronchial remodeling with septal
extension and focal septal thickening by prominent
extracellular matrix deposition (Figures 2C and 2D).
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Patient 3: a 65-year-old female with hypothyroidism
experienced COVID-19 symptoms for 14 days before
hospitalization and was discharged 8 days later. She
used a nasal prong (O, flow = 4 L/min). Six months
after discharge, she still reported dyspnea (BDI = 9),
and 6MWD was 502 m. Spirometry, SpO,, and Pa_, were
unremarkable. Di., was mildly reduced (62%), and the
SGRQ score was 30.8. Comparing CT scans at hospital
admission and at 6 months after discharge, there
were improvements, demonstrating subtle scattered
GGO (Figures 1E and 1F, respectively). Pulmonary
histopathological findings highlighted prominent
peribronchial remodeling with extensive extracellular
matrix deposition (Figure 2E). The architectural
distortion of the bronchial smooth muscle layer was
highlighted (Figure 2F).

Patient 4: a 44-year-old female with asthma and
SAH started having COVID-19 symptoms 7 days before
hospitalization and was discharged 14 days later. She
used a non-rebreathing mask with a maximum O, flow
of 6 L/min. Four months after discharge, she presented
with dyspnea (BDI = 8) and an SGRQ score of 40.3.
Spirometry, TLC, D, (76%), SpO,, and Pa_, were
unremarkable. In comparison with CT scans obtained
at hospital admission (Figure 1G), only residual
lesions were identified on CT obtained at 4 months
after discharge (Figure 1H). Histopathologically, the
architectural distortion around hyaline peribronchial
remodeling promoted focal simile-desquamative reaction
(Figure 2G). Note the disarray and hypertrophy of the
bronchial smooth muscle layer (Figure 2H).

Patient 5: an 85-year-old male with SAH experience
COVID-19 symptoms for 7 days before hospitalization
and was discharged 16 days later. He used a nasal prong
with MOS of 2 L/min. Ten months after discharge he
still presented with reduced quality of life (SGRQ score
= 62.0) and 6MWD (226 m/43.4% of predicted). He
was unable to perform spirometry. SpO, and Pa,, were
normal. The comparison of CT scans at admission and
at 10 months after discharge revealed improvements,
the latter showing residual pulmonary lesions only
(Figures 11 and 1], respectively). Histopathological
analysis was compatible with prominent peribronchial
remodeling with extensive extracellular matrix deposition
and small calcification (Figures 2I and 2J).

Patient 6: a 44-year-old female with a history of
hysterectomy presented with COVID-19 symptoms
for 7 days before hospitalization and was discharged
21 days later. MOS with non-rebreathing mask was
10 L/min. Seven months after discharge, she reported
persistent dyspnea (BDI = 7), and her SGRQ score
was 41.7. Spirometry suggested a restrictive pattern.
SpO, and Pa,, were normal, and 6MWD was reduced
(375 m/69.0% of predicted). Follow-up CT scanning
demonstrated an improvement in comparison with that
at hospital admission (Figures 1K and 1L, respectively),
showing residual pulmonary lesions only. Pulmonary
histopathological analysis was compatible with
peribronchial remodeling with extensive extracellular
matrix deposition (Figures 2K and 2L).
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Figure 1. Chest CT scans of the patients studied. Patient 1: in A, a scan during the acute phase showing bilateral ground-
glass opacities (GGO), consolidations, and parenchymal bands; in B, a scan after 15 months of follow-up showing subtle
peripheral and posterior GGO. Patient 2: in C, a scan during the acute phase showing bilateral and peripheral GGO; in D,
a scan after 7 months of follow-up showing subtle GGO with subpleural curvilinear lines and small dilated bronchioles in
the right lower lobe. Patient 3: in E, a scan during the acute phase showing bilateral GGO and crazy-paving pattern; in
F, a scan after 6 months of follow-up showing subtle scattered GGO. Patient 4: a scan during the acute phase showing
bilateral and peripheral GGO and consolidations; in H, a scan after 4 months of follow-up showing subtle bilateral and
peripheral GGO. Patient 5: in I, a scan during the acute phase showing bilateral GGO; in J, a scan after 10 months of
follow-up showing subtle GGO and mosaic attenuation in the lung parenchyma. Patient 6: in K, a scan during the acute
phase showing bilateral GGO and consolidations; in L, a scan after 7 months of follow-up showing bilateral GGO with
some dilated bronchioles.
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Figure 2. Histopathological panel of transbronchial biopsy samples collected from the patients studied (H&E; low power
field, x4, and high power field, x40). All of the patients showed hyaline peribronchial remodeling with septal extension.
Patient 1: focal septal thickening by prominent extracellular matrix deposition (blue dashed ellipse in A) associated with
architectural distortion of the bronchial smooth muscle layer (blue arrows in B). Patient 2: mild hyaline peribronchial
remodeling with septal extension (red arrow in C). Note the focal septal thickening by prominent extracellular matrix
deposition (red dashed ellipse in D). Patient 3: prominent peribronchial remodeling with extensive extracellular matrix
deposition (double green arrow in E). The architectural distortion of the bronchial smooth muscle layer is highlighted
(green arrow in F). Patient 4: the architectural distortion around hyaline peribronchial remodeling promoted focal simile-
desquamative reaction (area enclosed by blue dashed line in G). Note the disarray and hypertrophy of the bronchial
smooth muscle layer (double blue arrow in H). Patient 5: prominent peribronchial remodeling (red arrow in I) with
extensive extracellular matrix deposition (double red arrow in J) and small calcification. Patient 6: prominent peribronchial
remodeling (green arrow in K) with extensive extracellular matrix deposition (green arrow in L).
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Few studies have described pulmonary histopathological
findings in patients with COVID-19 after a long follow-up
period. Most case series have detailed features during
the acute phase and based their findings on lung tissue
from autopsy or transplant.!® To our knowledge,
this is the first study that evaluated histopathological
features obtained from transbronchial biopsies during
the late stage of pulmonary involvement by COVID-
19, 4-15 months after the acute infection. The main
finding of our study was that the histological analysis
of the six patients with long COVID-19 and persistent
pulmonary abnormalities on HRCT demonstrated signs
of bronchiolocentric interstitial pneumonia, most of them
presenting with architectural distortion and peribronchial
remodeling with extracellular matrix deposition.

Although all of the patients in our series showed
tomographic improvements, dyspnea and pulmonary
tomographic abnormalities still remained. Only one
patient met the criteria for ARDS. However, the late
functional and tomographic findings of this patient
with ARDS were similar to that of the others. It is
not completely clear, however, when the presence
of irreversible post-COVID-19 pulmonary fibrosis is
defined, and which patients may present tomographic
and functional improvement over time. Additionally, it
remains uncertain in which scenario after COVID-19
lung biopsy should be considered for histopathological
analysis. 131415

Previous descriptions of pulmonary histopathological
characterization of COVID-19 were mostly obtained
from autopsy and explanted lungs.®:>7°.10 The main
patterns identified alone or in combination were
exudative and organizing DAD, hemorrhage, thrombosis,
intra-alveolar fibrin deposition, lymphoid infiltrates,
and organizing pneumonia. However, in the fibrosing
DAD phase, our group has already demonstrated
a fibrotic phenotype with excessive extracellular
matrix and collagen deposition and lung architectural
distortion, corroborating other studies.”-'? Likewise,
some autopsy and explanted lung cases demonstrated
interstitial and bronchiolar fibrosis, with collagen
deposition, bronchial metaplasia, and pulmonary
vascular remodeling. Some cases have demonstrated
areas of microscopic honeycombing.©>*) A recent case
series reinforced the presence of diffuse interstitial
fibrosis and areas of microscopic honeycombing in
patients after a 4-month follow-up period.® Our findings
demonstrated some similarities, as we predominantly
identified bronchiolocentric interstitial pneumonitis.
However, to our knowledge, no study has described
histological features and their patterns after COVID-19
with pulmonary involvement during a long follow-up
period, which would add for a better understanding
of this process.

Patients with interstitial lung disease secondary to
COVID-19 might need to be monitored for a longer
time, preferably through a multidisciplinary approach.®®
Pulmonary lesions may persist in the long term after
COVID-19, although a significant proportion of patients
may present progressive functional and tomographic
improvement during follow-up.®*>

Our study has limitations. First, there were a small
number of patients included for robust conclusions.
Second, transbronchial biopsy does not allow assessment
of peripheral lesions, which may have histological
patterns that are different from those identified. Third,
all patients showed tomographic improvements at
follow-up, and we cannot conclude that the pattern
found here would be the same as those found in patients
who remain stable or deteriorate during follow-up.

In conclusion, findings compatible with bronchiolocentric
interstitial pneumonia were identified from transbronchial
biopsies in patients with long COVID-19. Patients with
pulmonary involvement secondary to COVID-19 that
require biopsy during the follow-up period need to be
better defined. Based on our series, transbronchial
biopsy may be an initial step in the assessment of
patients with post-COVID-19 pulmonary fibrosis in the
presence of symptoms or lung function impairment
and persistence of interstitial lung abnormalities on
CT scans. Further studies are warranted to determine
the histopathological patterns in a larger number of
lung tissue samples obtained from transbronchial
cryobiopsy or surgical biopsy, as well as in patients
who remain stable or present worsening of pulmonary
involvement associated with COVID-19. It will also be
important to assess the indications for and responses
to drug treatment in such scenarios, including the use
of corticosteroids and antifibrotic drugs.
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