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We present a 76-year-old man who visited our center because of persistent dyspnea with hypoxia on exertion 6
months after onset of coronavirus disease 2019. Chest computed tomography showed bilateral extensive sub-
pleural reticulation with traction bronchiectasis predominantly in the lower lung lobes. Transbronchial lung
cryobiopsy revealed spatially and temporally intermittent interstitial fibrosis with mild lymphoid cell infiltration.

Not only were there membranous fibrotic scars on the alveolar septa, but there were scattered foci of alveolar
collapse with young fibroblastic proliferations, suggesting progressive interstitial fibrotic lesions. In addition to
fibrotic phase of diffuse alveolar damage, the acceleration of subclinical preexisting interstitial lung abnormal-
ities might have affected his respiratory condition.

Introduction

Coronavirus disease 2019 (COVID-19), which is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), occasionally
leads to respiratory failure. Diffuse alveolar damage (DAD) and throm-
bosis were common pathological features of pulmonary involvement in
COVID-19 [1]. Clinically, they lead to acute respiratory distress
syndrome.

Even after recovering from the acute phase of COVID-19, many
survivors still suffer from its long-term effects. An ambidirectional
cohort study in China revealed that 76% of COVID-19 survivors had at
least one lingering symptom as late as six months after the disease onset
[2]. Several recent reports have suggested that persistent interstitial
pneumonia is one of the important post-COVID-19 sequelae [3].
Radiologically, more than a third of COVID-19 survivors had fibrotic-
like changes on chest CT scan [4].

The accurate mechanism of interstitial pneumonia in COVID-19

survivors remains unclear. Various components are considered as can-
didates associated with the pathogenesis of interstitial pneumonia after
COVID-19 infection; they include viral infection itself, the secondary
cytokine cascade, and mechanical ventilation [5]. In addition, little is
known about how long pathological progression of pulmonary fibrosis
lasts after COVID-19 infection. Herein, we present a case of active pul-
monary interstitial fibrosis diagnosed by transbronchial lung cryobiopsy
6 months after onset of COVID-19.

Case presentation

A 76-year-old Japanese man was admitted to a hospital with acute
respiratory failure. He had a medical history of angina pectoris, type 2
diabetes, and hypertension. He had smoked 20 cigarettes per day for 35
years from 20 to 55 years old. Chest computed tomography (CT) of the
lungs showed bilateral diffuse ground-glass opacities with slight sub-
pleural reticulation, which implied preexisting subclinical interstitial

Abbreviations: COVID-19, coronavirus disease 2019, CT, computed tomography; DAD, diffuse alveolar damage; DL, diffuse capacity for carbon monoxide; KL-6,
Krebs von den Lungen-6; PCR, polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SpO,, percutaneous oxygen saturation; VC,

vital capacity.
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Fig. 1. Radiological findings of the patient The left panels (A, B) are chest CT scans upon diagnosis of COVID-19 that show bilateral diffuse ground-glass opacities
in the lungs and slight subpleural reticulation with bronchiectasis. The middle panels (C, D) are chest CT scans 2 months after onset that show that ground-glass
opacities remained, and that slight pleural effusion appeared. The right panels (E, F) are chest CT scans 6 months after onset that show extensive subpleural
reticulation with traction bronchiectasis distributed predominantly in the lower lung lobes. Ground-glass opacities which had been observed at onset had dis-

appeared. COVID-19, coronavirus disease 2019; CT, computed tomography.

lung abnormalities (Fig. 1A, 1B). The patient was diagnosed with
COVID-19 based on SARS-CoV-2 positivity using reverse transcription-
PCR. Remdesivir, corticosteroids, and antibiotics were administered,
and noninvasive positive pressure ventilation was required for 20 days.
After 2 months of treatment, the patient was discharged with long-term
oxygen therapy (the flow rates of 2 L/min at rest and 5 L/min with
exertion) (Fig. 1C, 1D). However, his dyspnea with hypoxia on exertion
had remained unresolved throughout the course of treatment. Then, he
was referred to our hospital for further investigation 6 months after
onset of COVID-19. A physical examination revealed a height of 155.0
cm, body weight of 60.0 kg, a respiratory rate of 18/min, and percuta-
neous oxygen saturation (SpO;) of 94% (ambient room air). Fine
crackles were heard on inhalation at the bilateral lower back areas.
Laboratory data showed elevation of Krebs von den Lungen-6 (KL-6)
(1158 U/mL) and surfactant protein D (213.7 ng/mL), while serum C-
reactive protein (0.12 mg/dL) was within the normal range. Chest X-ray
revealed bilaterally diffuse granular shadow predominantly in the lower
lung zones. Chest CT revealed bilaterally extensive subpleural reticula-
tion with traction bronchiectasis distributed predominantly in the lower
lung lobes, while the ground-glass opacities that had been observed at
onset of COVID-19 had disappeared (Fig. 1E, 1F). Pulmonary function
test results showed vital capacity (VC) of 2.43 L (82.9% of predicted
value), forced expiratory volume in the first second of 1.88 L (83.6% of
predicted value), and diffuse capacity for carbon monoxide (DL¢o) of
8.19 mL/min/mmHg (62.0% of predicted value). Transthoracic echo-
cardiography showed no elevation of peak tricuspid regurgitation ve-
locity (2.69 m/s). Six-minute walk test results revealed the distance of
455 m and minimum SpO, of 78% in ambient room air. Bronchoalveolar
lavage fluid revealed inflammatory changes with a cell differential count
of 64.0% macrophages, 25.1% lymphocytes, and 10.5% neutrophils, and
the CD4/CD8 ratio was 0.7. Transbronchial lung cryobiopsy was per-
formed from the left lower lobe via the B8a and B9a bronchi. Histo-
logical examination revealed spatially and temporally intermittent
interstitial fibrosis with mild lymphoid cell infiltration. Not only were

there membranous fibrotic scars on the alveolar septa, but there were
also scattered foci of alveolar collapse with young fibroblastic prolifer-
ation (fibroblastic foci) (Fig. 2). These findings suggested that there
could be active and potentially progressive interstitial fibrosis, which is
similar to usual interstitial pneumonia. Multidisciplinary discussion was
conducted, and we concluded that his condition was fibrotic phase of
DAD complicated with progression of preexisting interstitial lung ab-
normalities. He started daily oral nintedanib. After 4 months of anti-
fibrotic therapy, VC improved to 2.88 L (97.0% of predicted value).
DL¢o was 8.86 mL/min/mmHg (66.7% of predicted value) and serum
KL-6 level was 1210 U/mL.

Discussion

It is now well known that severe COVID-19 is DAD pathologically.
DAD is divided into exudative, proliferative, and fibrotic phases. The
exudative phase is characterized by alveolar septal edema, hyaline
membranes, and leukocytes infiltration, whereas the organizing phase is
characterized by young fibroblastic proliferation and type II pneumo-
cyte hyperplasia. The fibrotic phase follows about three weeks after
onset of COVID-19 [1,6,7]. In the present case, the membranous fibrosis
on the alveolar septa was observed. Lymphoid cell infiltration was mild.
They were consistent with the scar of DAD. In addition to the mem-
branous fibrotic scars, fibroblastic foci were formed; it indicated the
pulmonary interstitial fibrosis was progressive even 6 months after onset
of COVID-19 [8].

To date, some reports have described the pathological features of the
lungs of COVID-19 survivors several months after onset. Two patients
who had been treated using veno-venous extracorporeal membrane
oxygenation underwent lung transplantation more than 4 months and 6
months after diagnosis of COVID-19, respectively [9,10]. The explanted
lungs showed diffuse interstitial fibrosis with mild lymphocytic in-
filtrates. Another study showed that usual interstitial pneumonia was
the most common pathological finding in 18 patients who had
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undergone surgical lung biopsy an average of 142 days after diagnosis of
COVID-19 [11]. The findings from those cases and ours support the
notion that persistent interstitial pneumonia can be one of the important
post-COVID-19 sequelae.

The progression period of pulmonary interstitial fibrosis after
COVID-19 infection remains unclear. Since 6 months was too long for
young fibroblastic cells to proliferate as simple scars of COVID-19, other
pathogenesis might have affected the activity of fibrosis. Several recent
reports have suggested that COVID-19 can progress or exacerbate pre-
existing interstitial pneumonia [12,13]. In the present case, the patient
was ex-smoker and slight subpleural reticulation and bronchiectasis
were present on chest CT scan at onset of COVID-19. They were
consistent with preexisting subclinical interstitial lung abnormalities

Human Pathology Reports 29 (2022) 300666

Fig. 2. Histological findings of specimens from
transbronchial lung cryobiopsy Histological ap-
pearances of the transbronchial lung cryobiopsy
specimen are shown. The scanning view reveals
spatially intermittent alveolar collapse and interstitial
fibrosis (A). Membranous fibrotic scars can be
observed on alveolar septa (A circle 1, B, and C),
along with foci of alveolar collapse with young
fibroblastic proliferation (fibroblastic foci) (A circle 2,
D and E), and also zonal/layered fibrosis consisting of
different temporal phase fibrosis (A circle 3, F and G).
Very mild lymphoid cell infiltration in fibrotic inter-
stitium is seen (C, E, and G). Images B/C, D/E, and E/
G are closed up views from circles 1, 2, and 3 in A,
respectively. Elastica van Gieson was used for A, B, D,
and F. Alcian Blue Periodic Acid Schiff was used for C,
E, and G.

despite the absence of imaging data before onset of COVID-19 [14]. One
possibility we suppose is that the preexisting interstitial lung abnor-
malities were accelerated by COVID-19 infection.

As for treatment, nintedanib was administrated based on the deter-
mination at multidisciplinary discussion including pulmonologists, ra-
diologists, and pathologists. Nintedanib is effective in retardation of the
progression of interstitial lung diseases [15]. A case report has shown a
significant improvement of COVID-19-related pulmonary fibrosis by
nintedanib administrated about 2 months after onset of COVID-19 [16].
In the present case, after 4 months of nintedanib therapy, VC in pul-
monary function test improved despite the high level of serum KL-6.
DL¢o remained low level; it could have been affected by his smoking
history. Careful follow-up is necessary to monitor the progression of
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interstitial fibrosis.
Conclusion

Transbronchial lung cryobiopsy revealed active pulmonary intersti-
tial fibrosis 6 months after onset of COVID-19. Based on the pathological
findings, acceleration of preexisting subclinical interstitial lung abnor-
malities might have affected his respiratory condition in addition to the
scars of DAD. Accumulation of studies on COVID-19 survivors is needed
to understand the potential pathological bases of post-COVID-19 con-
dition and to establish efficient therapeutic strategies.
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