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Abstract: In the early months of the outbreak (2020–2022), COVID-19 was responsible for acute respi-
ratory distress syndrome (ARDS) and an exceptional number of intensive care unit (ICU) admissions.
Weaning difficulties from invasive mechanical ventilation (IMV) and many deaths related to COVID-
19 were associated with persistent pulmonary hyperinflammation leading to pulmonary fibrosis and
sometimes, in the first wave of the pandemic and before the use of dexamethasone was introduced,
pulmonary cystic necrosis. A 72-year-old man hospitalized with severe COVID-19 required IMV
and died on day 31 of refractory ARDS. Postmortem examination of the lungs found obliterative
endotheliitis proximal to pulmonary cystic necrosis. The presence of SARS-CoV-2 envelope and
complement/lectin (MASP-2) deposits near the endotheliitis lesions suggested that the virus acted
directly on vascular involvement by a complement-mediated mechanism. Together with classic
features of ARDS (epithelial lesions and diffuse alveolar damage), endothelial involvement with
endotheliitis was the hallmark of severe COVID-19. Corticosteroids and complement blockade were
sometimes beneficial for treating severe COVID-19, perhaps by preventing microvascular damage.
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1. Introduction

COVID-19 was an extraordinary pandemic in terms of the number of patients treated
in intensive care units (ICUs) for ARDS. Due to immune imbalance, patients with severe
COVID-19 developed hyperinflammatory pulmonary syndrome resulting in severe hy-
poxemia and required invasive mechanical ventilation (IMV) [1]. In developed countries
and before the emergence of the SARS-CoV-2 Omicron variant, ICU-related deaths were
often linked to persistent inflammation (persistent ARDS under IMV) and lung fibropro-
liferation [2]. During the first epidemic wave, a large number of patients presented with
persistent inflammation leading to pulmonary fibrosis and sometimes to pulmonary cystic
necrosis [3]. Pulmonary histopathological findings were initially dominated by classic
features of ARDS consisting of epithelial lesions with diffuse alveolar damage (DAD) [3–5].
Lesions more specific to COVID-19 were later described, consisting of microvascular in-
volvement [6] and endothelial damage [7–9]. Microvascular inflammation and thrombosis
(small arteries, arterioles, capillaries, venules, and small veins) appeared to characterize
disease severity and to be the hallmark of COVID-19-related ARDS [3]. We report a case
of severe and fatal COVID-19 with persistent ARDS leading to pulmonary involvement
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with cystic necrosis. It may have been related to underlying endotheliitis related to viral
envelope and complement deposits.

2. Case Presentation

A 72-year-old man was hospitalized with severe COVID-19. On day 8, his respira-
tory condition worsened, and he required IMV and four prone positioning sessions. On
admission, a first chest computed tomography (CT) scan confirmed typical COVID-19
lesions with peripheral ground-glass opacities. A second CT scan was performed in the
ICU for persistent ARDS four weeks later (Figure 1A) and showed cystic lung disease with
peripheral necrosis. The patient died of refractory ARDS on day 31.

Figure 1. (A) CT scan four weeks after ICU admission; the lung section shows severe fibrosis (*) and
pseudo-cysts (arrow). (B) Microscopic appearance of necrosis and fibrosis, hematoxylin–eosin–saffron
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stain, original magnification × 10. (C) Microscopic appearance of vascular lesions, hematoxylin–
eosin–saffron stain: acute endotheliitis with cytoplasmic vacuolization (large arrow) and cell detach-
ment (small arrow), original magnification × 120. (D) Microscopic appearance of vascular lesions,
hematoxylin–eosin–saffron stain, recanalized thrombosis, ×70. (E) Immunostaining with anti-SARS-
CoV-2 envelope antibody showing positive endothelial cells, suggesting COVID-19 endothelial injury,
×200. (F) Immunostaining with anti-MASP2 showing patchy deposition indicating obliterating
endarteritis suggesting overactivation of the complement system, ×200. (G) Immunostaining with
anti-C5B9 showing patchy deposition in the intima suggesting overactivation of the complement
system, ×250. (H) Immunostaining with anti-C4d showing patchy C4d deposition in the vascular
intima of lung capillaries, ×200.

Postmortem examination of the lung showed large areas of dense subpleural fibrosis
in cystic lesions and abscesses. Light microscopic examination of formalin-fixed paraffin
sections of the lung showed collagen fibrosis, ultimately leading to almost complete de-
struction of the pulmonary parenchyma and pulmonary infarction (Figure 1B). Within the
fibrosis, mononuclear inflammation was identified with a predominance of TCD8+ lympho-
cytes and IgG4-positive plasma cells. These lesions were associated with intense vascular
damage corresponding to several stages of endotheliitis: acute endotheliitis with endothe-
lial thickening, cytoplasmic vacuolization and cell detachment in small- to medium-sized
pulmonary arteries (Figure 1C), and obliterating endotheliitis with intimal proliferation
leading to luminal obliteration and thrombosis with fibrin thrombi or images of recanalized
thrombosis (Figure 1D). CD3+CD8+ and CD3+CD4+ T-cells were observed in the intima.
Immunohistochemistry (IHC) for anti-SARS-CoV-2 envelope showed positive endothelial
cells. IHC with anti-MASP2 and anti-C5B9 was positive with patchy deposition indicating
obliterating endotheliitis in the intima (Figure 1F,G). These vascular lesions were associated
with pulmonary necrosis with the appearance of ghost cells. Patchy C4d deposition was
observed in the vascular intima of the lung capillaries (Figure 1H). Real-time RT-PCR was
negative on a lung sample. Transmission electron microscopy of lung, kidney, and heart
samples was not contributive.

3. Discussion

During the first two years of the pandemic, the primary clinical presentation of severe
COVID-19 infection was ARDS related to hyperinflammatory pulmonary syndrome [10,11].
IL-6, IL-1, and complement hyperactivation were then at the heart of the inflammatory
storm [12]. Corticosteroids [13], IL-6 [14], or complement blockade [15] were effective
to some extent in treating the most severe patients. Hyperinflammation was associated
with a prothrombotic state related to immunothrombosis around the endothelium [16].
Endothelial inflammation, or endotheliitis, has been shown to be one of the hallmarks of
severe COVID-19 [3,7,8].

SARS-CoV-2 first infects the upper airway tract epithelium after binding to the ACE2
receptor of type II pneumocytes [17]. Among the first immune effectors, the complement
system is activated on the lectin and alternative pathways. On the lectin complement
pathway, MASP-2 recognizes the SARS-CoV-2 N protein [18] and triggers the cascade. In
some patients, SARS-CoV-2 crosses the epithelial barrier to reach the endothelial system [8],
overactivating the innate immune system and thrombosis to cause endothelial damage.

We confirmed that endothelial involvement may characterize the most severe forms of
COVID-19. In the lungs, obliterative endotheliitis may lead to subpleural cystic necrosis.
Endotheliitis activated coagulation [19], promoting endothelial and microvascular throm-
bosis. In such lesions, the presence of complement deposits (C5b-9 and MASP2) suggests
that overactivation of the complement system may be involved in endotheliitis [20,21]. C5a
anaphylatoxin may also play a role in the attraction of myeloid cells to the site of inflam-
mation [22] and promote thrombosis due to its close connection to coagulation pathways
and the formation of neutrophil extracellular traps (NETs) [23]. Therefore, C5a blockade
may be an effective therapeutic option [15]. IL-6 may also promote lung inflammation
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and fibrosis, activating IgG4-positive plasma cells or CD4+Th17 T cells [24]. Lung necro-
sis has previously been described in multicentric Castleman disease, an IL-6 associated
disease [25]. Our observations may be useful in guiding anti-inflammatory therapies to
prevent pulmonary fibrosis or necrosis secondary to persistent ARDS.

4. Conclusions

Endotheliitis is the hallmark of severe COVID-19 and may have led, in the first wave of
the pandemic, to downstream pulmonary cystic necrosis. The massive use of corticosteroids
and other immunosuppressive therapies for these critically ill patients may explain the
disappearance of such lesions in the months that followed.
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