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Background: Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has varied
clinical and radiographic manifestations. Severe initial viral infection, cytokine release, opportunistic infection and post-viral inflammation may
all contribute to progressive symptoms and severe lung injury. Acute fibrinous and organizing pneumonitis (AFOP), a rare pattern of acute lung
injury characterized by intra-alveolar fibrin ball, has so far been reported associated with infections, connective tissue diseases, drugs and toxins,
hematologic malignancy, altered immune status and inhalation injury.

Case Report: The authors report a case of 26-year-old man with severe COVID-19 pneumonia that clinical and radiographic imaging worsened
after episode of cytokine storm. The diagnosis of AFOP was confirmed by transbronchial biopsy, and the patient was successfully treated with
high-dose corticosteroids.

Conclusion: AFOP can be found in severe COVID-19 patients especially when clinical deterioration occurs later in disease course. Clinical suspicion
is needed for prompt diagnosis and treatment. High-dose corticosteroid is an effective medication.
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Pandemic COVID-19 can result in a spectrum of illness with acute respiratory distress syndrome (ARDS) — which

ranging from asymptomatic infection to severe pneumonia
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develops in 15 to 30% of patients —and death"?. The acute
phase of lung injury is usually caused by viral pneumonia.
The next stage is believed to be caused by cytokine storm
evidenced by increased levels of inflammatory biomarkers,
such as C-reactive protein (CRP), ferritin, interleukin-6
(IL-6), interleukin-1 (IL-1), and D-dimer®®. There are
several treatment modalities used to treat cytokine release
syndrome such as glucocorticoids, IL-6 pathway inhibitors
(tocilizumab), a Janus kinase inhibitor (baricitinib), and
IL-1 pathway inhibitors (anakinra)®2". Despite treatment
with these agents, some patients will deteriorate, and a
subset will develop lung fibrosis.

From a postmortem study on patients with COVID-
related ARDS, diffuse alveolar damage (DAD) was the
predominant pulmonary pathology, reported to occur
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in 88% of patients; pulmonary microthrombi reportedly
occurred in 57% and organizing pneumonia (OP) was found
in up to 52% of these patients®”. COVID-19-associated
pulmonary aspergillosis (CAPA) was found around 19%
of ICU patients®.

Acute fibrinous organizing pneumonia (AFOP) is
a nonspecific injury pattern, initially described in 2002
by Beasley, characterized by the presence of fibrin
deposition in the form of fibrin “balls” within the alveolar
spaces®¥. AFOP has been reported in postmortem studies
in patients with COVID-19%329, The authors report a case
of severe COVID-19 pneumonia found to have AFOP on
transbronchial lung biopsy.

Case Report

A 26-year-old, lifelong nonsmoking male, with
no past medical history and unvaccinated for COVID-19
vaccine, presented with fever, dry cough, sore throat,
myalgia, and fatigue. On admission in April 2021 (one week
after disease onset), his oxygen saturation on room air was
99%, his body temperature was 40.5 degree Celsius, and
his respiratory rate was 18/min. His chest x-ray showed
patchy opacification in the right lower lobe (Figure 1A).
Nasal swab real-time polymerase chain reaction (RT-PCR)
was positive for SARS-CoV-2. The RT-PCR cycle threshold
(Ct) values of SARS-CoV-2 viral load on ORF lab gene
was 17.2 and on N gene was 13.8. CRP was 5.6 mg/L.
Favipiravir, lopinavir/ritonavir, ceftriaxone, azithromycin
and dexamethasone 6 milligram IV once daily were
initiated. Awake prone positioning was also implemented.
His oxygenation worsened, and his chest x-ray developed
bilateral opacities (Figure 1B) with persistent fever. High-
flow nasal cannula was initiated. On the seventh day in
ICU, the CRP increased to 81.4 mg/L and the white blood
cell count rose from 4,000/ul to 16,870/uL. The RT-PCR
Ct values on ORF lab gene was 27.2 and on N gene was
25.3. Tocilizumab 8 mg/kg single dose was given, and
he became afebrile the next day. Oxygenation and chest
x-ray slowly improved (Figure 1C). The CRP dropped
over time from 36.6 to 2.1 mg/L. On the fourteenth
day in ICU, his oxygenation and radiographic opacities
worsened (Figure 1D). High-resolution chest computed
tomography (HRCT) demonstrated multiple peripheral
ground-glass and consolidative opacities. There were also
some areas of central ground-glass opacity surrounded by
consolidation (the reversed halo sign or "atoll" sign (Figure
2A)). Bronchoalveolar lavage (BAL) analysis showed
699 cells/cubic millimeter of white blood cells with 83%
lymphocytes, 10% macrophages and 4% eosinophils.
Transbronchial biopsy showed intra-alveolar fibrin ball
formation, focal interstitial thickening, focal myxoid change
and lymphoplasmacytic cell infiltration in interstitial areas
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Figure 1. (A) Chestx-ray on admission, day 1, demonstrated patchy alveolar
infiltration in the right lower lobe. (B) Day 7, progression to bilateral
peripheral consolidation predominated more on left sided. (C) Day 10,
infiltration improved after tocilizumab. (D) Day 14, infiltration once again
progressed to bilateral peripheral consolidation. (E) Day 18, two days
after pulse methylprednisolone, infiltration improved. (F) Chest X-ray on
2 weeks follow-up was much improved. Only minimal peripheral ground
glass was observed.

|

Figure 2. (A) HRCT on day 14 after admission demonstrated multifocal
peripheral ground-glass opacities and consolidation in bilateral lungs
with reversed halo sign or “atoll” sign. (B) HRCT at 2 weeks follow-up after
pulse methylprednisolone revealed significant improvement of multifocal
consolidation. Only minimal ground-glass opacity remained.

with focal pneumocyte reactive hyperplasia and proliferation
without evidence of hyaline membrane formation. No
obvious organizing pneumonia, granulomatous reaction,
microvascular fibrin thrombi formation or specific viral
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Figure 3. (A) Histopathology (H&E stain) from transbronchial lung biopsy
reveals focal interstitial thickening and intra-alveolar fibrin ball formation
(thick black arrow); 100X magnification. (B) The section reveals focal
pneumocytes reactive hyperplasia and proliferation (short white arrow),
intra-alveolar fibrin ball (thick black arrow) and focal myxoid change of
interstitium (white arrow head); 400X magnification. (C) The section
reveals focal pneumocytes with reactive hyperplasia and proliferation
(short white arrow) and intra-alveolar fibrin ball (thick black arrow). Some
alveolar interstitial areas have normal thickness (thin black arrow) compare
with affected interstitial thickening area at right side of the figure; 400X
magnification. (D) Close-up of affected interstitial area reveals occasional
lymphoplasmacytic cells infiltration.

inclusion were observed (Figure 3). BAL microbiological
work-up was negative. The diagnosis of AFOP associated
with COVID-19 was made. The patient was treated with
pulse methylprednisolone at 1,000 mg daily for three days.
The patient had no adverse effect from the treatment. His
clinical status and radiographs improved (Figure 1E). The
patient weaned off of high-flow nasal cannula to room air
within three days. Chest x-ray and HRCT at 2 weeks follow-
up were significantly improved (Figure 1F, 2B).

The present study was approved by Center for Ethics
in Human Research, Khon Kaen (HE641310).

Discussion and Conclusion

Some patients with COVID-19 pneumonia face clinical
and radiographic deterioration during the later courses of
disease®?739, Understanding the histologic patterns of lung
injury might help physicians initiate appropriate and timely
treatment. Although a DAD pattern, typically associated
with acute lung injury or ARDS, has been found to occur in
postmortem studies of patients with COVID-19 pneumonia,
OP and AFOP have also been reported to occur?225:2629:3D)

AFOP is a histopathologic diagnosis characterized by
fibrin “balls” within the alveolar spaces, mild to moderate
acute and/or chronic interstitial inflammation, type 2
pneumocyte hyperplasia and alveolar septal expansion with
myxoid connective tissue. Interstitial changes are primarily
confined to areas adjacent to intra-alveolar fibrin, while the
intervening lung shows only minimal changes. Eosinophils
are inconspicuous or absent. Extensive bronchopneumonia
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and/or abscess formation and granulomatous inflammation
should be absent®. Tt is postulated that AFOP is a
transitional clinical spectrum between DAD and OP. The
main features that differentiate AFOP from DAD are that
there are no classic hyaline membranes detected in AFOP,
and the distribution of DAD is more diffuse whereas AFOP
is usually patchy. AFOP might also have features of OP,
which is characterized by patchy plugs of granulation
tissue in alveolar space and/or terminal bronchioles, but
the “plugs” of OP are typically far less extensive than the
fibrin “balls” of AFOP. The interstitial abnormality in OP
is also far less extensive than in AFOP. No architectural
distortion or extensive fibrosis is observed in OP. Typically,
OP progresses more slowly than AFOPG>3%),

Radiographic findings in AFOP are non-specific.
Bilateral basilar infiltration, diffuse patchy ground glass
opacity, focal patchy consolidation resembling atypical
pneumonia or bilateral reticulonodular opacities have been
previously reported®-*>. In our case, the authors observed
multiple peripheral ground-glass opacities combined with
consolidation and some areas of central ground-glass opacity
surrounded by consolidation (defined as the reversed halo
sign or "atoll" sign were observed). These radiographic signs
are more suggestive of OP than AFOP; however, the OP
was not observed on histopathology in our case. Therefore,
AFOP might represent a histologic pattern that can occur
within the clinical spectrum between DAD and OP or might
reflect a tissue sampling error.

AFOP can be either idiopathic or secondary to any
of a variety of conditions including infections, connective
tissue diseases, drugs and toxins, hematologic malignancy,
altered immune status and inhalation injury. Two different
patterns of disease progression in AFOP are reported: 1) an
acute fulminant course, leading to respiratory failure with
rapid progression to death and 2) a subacute course with
recovery®. AFOP and OP usually have a good response
to corticosteroid therapy®®. Fulminant AFOP may have
contributed to the high mortality rate of COVID-19 patients
prior to the recent adoption of corticosteroid treatment
recommendation®”. Several studies and a meta-analysis
showed benefits of corticosteroid therapy in severe and
critically ill COVID-19 patients>'®. The benefit was also
observed in patients in whom treatment was initiated more
than 7 days after symptom onset(!>*9.

AFOP should be considered in critically ill
patients with COVID-19, especially when clinical
deterioration occurs later in the disease course®*2>2%30),
Infection should be ruled out. Bronchoalveolar lavage that
reveals lymphocyte predominance is not specific for — but
compatible with — AFOP®?, Transbronchial lung biopsy
(TBLB) might not be possible due to clinical condition of
some patients. Like OP, AFOP can be patchy and missed
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by TBLB; and, like OP, AFOP may be non-specific injury
pattern at the periphery of the process driving the injury
(e.g., vasculitis, malignancy)®**>37. Prompt treatment with
high dose corticosteroids may help to prevent intubation
and clinical progression to death®*3®. There are no definite
corticosteroid dosage recommendations in COVID-19
AFOP®®, In the present study, the authors used one gram of
pulse methylprednisolone per day for three days, a dose the
authors typically use to treat severe OP and exacerbations
of interstitial lung disease®4?.

In conclusion, AFOP can be found in severe
COVID-19 patients especially when clinical deterioration
occurs later in disease course. Corticosteroid is an effective
medication that has demonstrated significant survival benefit
in severe COVID-19 and is strongly recommended by
the WHO 1in severe and critical COVID-19. One possible
mechanism of this corticosteroid benefit may be the
treatment of underlying AFOP and OP. The right timing and
dosage of corticosteroids still needs to be investigated.

What is already known on this topic?

Progressive symptoms and severe lung injury in
COVID-19 pneumonia patients may caused by severe initial
viral infection, cytokine release, opportunistic infection and
post-viral inflammation.

What this study adds?

A case of rare pattern of acute lung injury
characterized by intra-alveolar fibrin ball called acute
fibrinous and organizing pneumonitis (AFOP) was reported.
High-dose corticosteroid is an effective medication to treat
AFOP associated with COVID-19.
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