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Acute respiratory distress syndrome (ARDS) is an acute inflammatory condition with a
dramatic increase in incidence since the beginning of the coronavirus disease 19 (COVID-
19) pandemic. Neutrophils play a vital role in the immunopathology of severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) infection by triggering the formation of neu-
trophil extracellular traps (NETSs), producing cytokines including interleukin-8 (CXCLS),
and mediating the recruitment of other immune cells to regulate processes such as acute
and chronic inflammation, which can lead to ARDS. CXCLS8 is involved in the recruitment,
activation, and degranulation of neutrophils, and therefore contributes to inflammation
amplification and severity of disease. Furthermore, activation of neutrophils also supports
a prothrombotic phenotype, which may explain the development of immunothrombosis
observed in COVID-19 ARDS. This review aims to describe hyperinflammatory ARDS due
to SARS-CoV-2 infection. In addition, we address the critical role of polymorphonuclear
neutrophils, inflammatory cytokines, and the potential targeting of CXCL8 in treating the
hyperinflammatory ARDS population.
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Introduction

Acute respiratory distress syndrome (ARDS) is an acute inflam-
matory and life-threatening respiratory condition with a mortality
rate that may exceed 40% [1]. Before the emergence of the coro-
navirus disease 2019 (COVID-19) pandemic, caused by severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), there
were an estimated 190,000 cases of ARDS annually in the United
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States, associated with 74,500 deaths per year [2]. However, in
the context of COVID-19, 29-42% of patients with COVID-19
have developed ARDS, with a mortality of 15-52% [3]. Common
causes of ARDS include pneumonia and nonpulmonary sepsis.
In addition, risk factors such as older age may place patients at
higher risk for developing ARDS [4, 5]. ARDS is characterized
by acute onset of severe hypoxemia, diffuse bilateral pulmonary
infiltrates, and extensive pulmonary edema induced by increased
vascular permeability, reduced compliance, and protein-rich fluid
in the alveolar space combined with accumulation of activated
immune cells such as neutrophils [6].
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Neutrophil extracellular trap (NET) formation may lead to
compromised gas exchange and profound hypoxemic respiratory
failure [7]. NETSs are extracellular structures composed of granule,
nuclear, and mitochondrial constituents assembled on a scaffold
of decondensed chromatin with antimicrobial proteins and pep-
tides [8]. NETs play a crucial role in host defense and pathogens
clearance during infection; however, dysregulation of NETs can
lead to autoimmune and inflammatory disorders [9]. The for-
mation of NETs occur through various molecular mechanisms
related to neutrophil death. This process is mainly stimulated by
the induction of mitogen phorbol 12-myristate 13-acetate (PMA),
which results in the activation of PKC, leading to reactive oxy-
gen species (ROS) production through the activation of different
enzymes such as NAD phosphate (NADPH), oxidase, myeloperox-
idase (MPO), and through the release of neutrophil elastase (NE)
from granules into the cytoplasm. NE then migrates to the nucleus
of neutrophils where it leads to nuclear membrane disintegration.
Moreover, various proteins have also been found to prime neu-
trophils leading to the release of NETs [10-12].

Recent attempts to define precision management strategies for
the heterogeneous population of patients with ARDS have empha-
sized defining hyper-inflammatory versus hypo-inflammatory
phenotypes of ARDS [13]. The hyperinflammatory phenotype is
characterized by higher plasma levels of inflammatory biomark-
ers and is more common in patients with sepsis or pneumonia and
on vasopressors. Because of the high concentrations of cytokines
and chemokines present in patients with severe COVID-19, they
are likely to be classified as having a hyper-inflammatory pheno-
type [14]. This review focuses on hyperinflammatory ARDS, par-
ticularly due to SARS-CoV-2 infection, and addresses the critical
role of the polymorphonuclear neutrophils and the inflammatory
cytokine storm caused by an accumulation of high plasma levels
of inflammatory cytokines [15].

Role of neutrophils in cytokine storm in COVID-19
ARDS

Patients with COVID-19 ARDS tend to have higher levels of neu-
trophils in the plasma and BALE which have been correlated with
poor outcomes and illness severity [16, 17]. Neutrophil infiltra-
tion of the lungs is a hallmark of ARDS [18]. Activated neu-
trophils trigger oxidative stress, release proteases, and form NETs,
resulting in lung damage [19]. Infiltration of neutrophils at the
site of infection, and their degranulation and release of NETs in
response to microbial stimuli, produces an increase of cytokines
and chemokines that might result in cytokine storm and con-
tribute to ARDS [20, 21]. The unregulated excess of cytokines
further causes lung inflammation resulting in diffuse alveolar
damage, septic shock, and multiple organ dysfunction [22]. Neu-
trophils are pivotal effector cells in the human innate immune
defense against infections that migrate to infected tissues in mul-
tiple ways including rolling, adhesion, crawling, and transmigra-
tion [23]. They are known to have protective roles against intra-
cellular pathogens such as viruses and mycobacteria. But, they are
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also involved in the immunopathology of SARS-CoV-2 infection
by triggering NETosis, the process of NET formation, to result in
severe tissue damage and immunological and inflammatory pro-
cesses (Figure 1) [24]. Based on these findings, targeting neu-
trophils could represent a new therapeutic strategy in acute lung
injury and inflammation.

Effectors of neutrophil activation in COVID-19 ARDS

Inappropriate activation of neutrophils can lead to tissue or organ
injury, thrombus formation, vascular leakage or necrosis that may
lead to the development of a wide range of diseases, including
ARDS and COVID-19 ARDS [25, 26]. Specifically, this inappropri-
ate hyperactivation is caused by a cascade of cellular processes
(oxidation, degranulation, NETosis and/or cytokine overproduc-
tion) and it is characterized by the production of various neu-
trophils effectors, ultimately leading to host tissue/organ dam-
age. The most commonly reported effectors are ROS, granular
enzymes such as MPO, NE, cathepsin G (CatG), NETs and various
pro-inflammatory cytokines (Figure 2) [9, 27, 28]. Additionally,
increasing evidence shows that oxidative stress plays an essen-
tial role in endothelial dysfunction and can lead to coagulation,
thrombosis, and atherosclerosis [29, 30]. Patients with COVID-19
ARDS have damage to pulmonary microvascular endothelial cells
due to higher levels of ROS that contribute to pulmonary vascular
injury, permeability defects, and thrombotic complications [30].
In support of this hypothesis, ROS produced by the NADPH oxi-
dase complex (Nox2) has been associated with thrombotic events
in COVID-19 patients [31].

Increased serum levels of NE, a proteolytic enzyme, in patients
with COVID-19 and fatal ARDS have been reported, suggesting
a key role of neutrophil serine proteinases (NSPs) in COVID-19
pneumonia-driven ARDS [32]. This observation deserves further
investigation to define the role of NSPs, and to evaluate if NSPs’
elimination, by using cathepsin C inhibitors which block NSP mat-
uration, could be a potential therapeutic strategy to prevent the
pulmonary damage in patients with COVID-19 [33]. Myeloperox-
idase, the principal enzyme of peroxidases that catalyzes H,O,
to produce toxic ROS, was demonstrated to be a local media-
tor of alveolar damage [34]. COVID-19 disease severity is corre-
lated with MPO-DNA complexes as a measure of NETs in plasma
and tracheal aspirates of patients with COVID-19 [35]. Exagger-
ated NET formation and high concentrations of NET markers have
been observed in hospitalized patients, including circulating free
DNA (cfDNA), DNA-MPO and DNA-NE complexes [36, 37].

Several neutrophil subpopulations exert different biological
functions [38]. Among them, high density neutrophils (HDNs)
are abundantly represented both in physiological and pathological
settings. Whereas, low-density neutrophils (LDNs), an immature
neutrophil population, and low-density granulocytes (LDGs), a
distinct set of pro-inflammatory granulocytes, differ from LDNs in
surface marker expression and are mainly associated with patho-
logical conditions [39, 40]. LDN subpopulations that expresses
intermediate levels of CD16 (CD16™) have been identified in
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Figure 1. Infiltration of neutrophil in the lung contribute to ARDS. In ARDS, activated alveolar macrophages recruit neutrophils, and induce the

secretion of IL-8, into the lungs; this process leads to alveolar pathology associated with the development and severity of the condition. Excessive
accumulation of neutrophils in the alveolar space may trigger release of reactive oxygen species, and neutrophil extracellular traps (NETs) which
can result in epithelial injury. An excess of inflammatory cytokines further causes immune cell infiltration into inflamed lungs resulting in the

pathologic hallmark of diffuse alveolar damage. ARDS, Acute respiratory distress syndrome; NETs, neutrophil extracellular traps; CXCL8, Interleukin
8; IL-1b, interleukin 1 beta; IL-2R, Interleukin 2 receptor; IL-6, interleukin 6; TNF-«, tumor necrosis factor alfa.

blood samples of patients with severe COVID-19, and exhibit a  such as DNA-MPO and DNA-citrullinated histone-3 complexes,
pro-inflammatory phenotype with phagocytic capacity, NET for- linked with disease severity [36]. Further evidence suggests that
mation, and interactions with platelets leading to a hypercoag-  SARS-CoV-2 can directly stimulate human neutrophils to release
ulable state [41]. Additionally, a significant increase of the LDG  NETs, through the stimulation of angiotensin-converting enzyme
subpopulation, the generally less characterized neutrophil sub- 2 (ACE2) and transmembrane serine protease 2 (TRPMSS2) axis
population in viral infections, has been observed in the blood  [43]. ACE2 is a key mediator of viral entry into the host cells in
of patients with COVID-19, thus demonstrating an increase in =~ SARS-CoV-2 infection due to its interaction with the glycoprotein
neutrophil recruitment and activation of this disease [42]. These  Spike (S) and its expression in several host cells, including lung
findings support the hypothesis that hyperactivation of specific = pneumocytes, epithelial cells, and endothelial cells, and it is cru-
neutrophilic subpopulations is an essential feature of inflam- cial in release of NETs by neutrophils [43]. ACE2-mediated SARS-
matory progression and pathogenesis of COVID-19 ARDS, and  CoV-2 cell entry causes a reduction of ACE2 levels on the cell
that neutrophil effectors produced by the over-activated pro-  surface, leading to worse disease severity from neutrophil infiltra-
cess can consequently lead to tissue/organ damage and disease  tion, vascular permeability, and lung edema [44].
progression. NETs cause endothelial damage and necroinflammation via
complement activation linked to the release of thrombogenic
NETs combined with Tissue Factor (TF) which may lead to mul-
tiorgan failure and death [45, 46]. In parallel, NETs have been
proposed to promote thrombus formation during COVID-19 that
The neutrophilic infiltration into lung tissue in COVID-19 ARDS  leads to multiple organ system dysfunction [47]. Severe disease is
is associated with NETs release and surrogate markers of NETs,  associated with markers of increased coagulopathy, thus suggest-

Role of NETs in COVID-19 ARDS
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Figure 2. Neutrophil hyperactivation in ARDS COVID-19. Neutrophil hyperactivation causes an enhancement of cellular processes including oxi-
dation, degranulation, NETosis and increases in the production of various neutrophils effectors, ultimately leading to host tissue/organ damage.
The most commonly reported effectors are ROS, MPO, NE, CatG, NETs and various pro-inflammatory cytokines. IL-1b, interleukin 1beta; IL-2R, Inter-
leukin 2 receptor; IL-6, interleukin 6; CXCL8, Interleukin 8; TNF-a, tumor necrosis factor alfa; ROS, reactive oxygen species; NE, neutrophil elastase;
CatG, cathepsin G; MPO, myeloperoxidase; NETs, neutrophil extracellular traps; ARDS, Acute respiratory distress syndrome

ing a potential interplay between the coagulation system and NET
formation [48]. Occlusion of small pulmonary vessels, by aggre-
gated NETs, have been observed in lungs of patients who died
from COVID-19 [35]. Interestingly, the recent use of a combina-
tion of high-dimensional single-cell analysis and ex vivo functional
assays of neutrophils from patients with COVID-19 ARDS, com-
pared with patients with non-COVID ARDS, was used to identify
a distinct landscape of neutrophil activation in COVID-19 ARDS
that was intrinsically programmed during SARS-CoV-2 infection
[49]. Thus, demonstrating that neutrophils in COVID-19 ARDS
are functionally primed to produce high amounts of NETs. This
molecular mechanism of neutrophil priming escapes conventional
therapy with corticosteroids, like dexamethasone, paving the way
to consider neutrophil priming in COVID-19 as a promising new
target for adjunctive treatments against severe COVID-19.

The concept of activated neutrophils that produce various
cytotoxic products, NETS, and pro-inflammatory cytokines (IL-
18, IL-6, IL-8, TNF-a, MCP-1, and GM-CSF) leading to enhanced
inflammation and tissue damage and lung dysfunction is estab-
lished in ARDS and COVID-19 ARDS [50-52]. A prospective study
investigated the presence of NETs in blood and lung samples of
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patients with critical COVID-19, and demonstrated that plasma
NET levels peaked early after intensive care unit (ICU) admission
and correlated with plasma levels of chemokines and inflamma-
tory markers [53]. NET quantity correlated with disease sever-
ity and infection duration, with continued detection of NETs in
bronchial and alveolar spaces [37]. All these findings support the
hypothesis of the crucial role of NETs in severe COVID-19 pneu-
monia and ARDS, and their potential contribution to the patho-
logic changes observed in severe cases.

Neutrophil role in immunothrombosis in COVID-19
ARDS

COVID-19 acutely causes lung injury, primarily affecting the vas-
cular endothelium, as evident by the finding of endothelitis and
capillaritis in patients with diffuse severe lung alveolar dam-
age and ARDS [54]. Venous thromboembolism (VTE) has been
reported to occur in up to one-third of COVID-19 cases and
is associated with severe disease, worse clinical outcomes, and
an increase in mortality [55, 56]. Higher VTE rates in patients
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Figure 3. Microvascular coagulopathy and immunothrombosis processes in patients with severe COVID-19. A dysregulated inflammatory condi-
tion contributes to a prothrombotic phenotype characterized by activation of platelets, endothelial dysfunction and complement activation. This
inflammatory induced coagulopathy can result in excessive formation of immunologically mediated thrombi primarily in the microvasculature, a
process known as immunothrombosis. The microvascular coagulopathy and immunothrombosis observed in patients with severe COVID-19 may
be responsible for severe multiple organ dysfunction like ARDS. IL-1b, interleukin 1; IL-2, Interleukin 2; IL-6, interleukin 6; CXCL8, Interleukin 8;
TNF-a, tumor necrosis factor o; INF - y, interferon gamma; NETs, neutrophil extracellular traps; ARDS, Acute respiratory distress syndrome.

with severe COVID-19, compared to matched cohorts with other
forms of ARDS, suggest that additional mechanisms beyond typi-
cal risk factors of hospitalized critically ill patients (e.g. immobil-
ity and severe illness) exist [57]. Microvascular coagulopathy and
immunothrombosis observed in patients with severe COVID-19
are partially responsible for the hypercoagulation consequences
from severe COVID-19 (Figure 3) [58]. This cascade can be acti-
vated by SARS-CoV-2 itself, but also by hypoxemia, activated com-
plement and pro-inflammatory cytokines (such as IL-1f and IL-6)
released as part of the cytokine storm that can trigger endothelial
cells injury [59-62].

Neutrophil activation induced by thrombin and factor Xa,
through fibrinogen, fibrin, and C5a, can lead to increased pro-
duction of IL-6 and CXCLS8, to result in a strong procoagulant
response and neutrophil-derived TF and NETs formation [63, 64].
As previously reported, in severe COVID-19, high-dimensional
flow cytometric analysis of circulating neutrophils revealed a
highly activated phenotype, LDN, that is more prone to spon-
taneously forming NETs and is associated with microthrombosis
and organ damage [35, 37, 65]. NET-driven thrombosis is largely
platelet-dependent, and have been identified as a major contribu-
tor to neutrophil-related thrombo-inflammation. Von Willebrand
Factor (VWF), released by endothelial cells and platelets, can
result in increased platelet adhesion and fibrin formation, and can
contribute to immunothrombosis. Histone proteins, present in the
DNA fragments of NETSs, are potent Damage-Associated Molecu-
lar Patterns (DAMP) molecules also capable of initiating a positive
inflammatory feedback loop [66-68].

© 2022 The Authors. European Journal of Immunology published by
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Several cell types of the immune system can contribute to
cytokine storm, including polymorphonuclear neutrophils (PMN),
through NET formation [69]. Cytokine storm, through the release
of proinflammatory cytokines and chemokines can exaggerate the
immunothrombotic and coagulation response to create immune
thrombi formation [70, 71]. Both IL-6 and IFN-y increase platelet
production and activity, while TF expression on endothelial cells
and monocytes increases endothelial dysfunction augmenting
coagulopathy. In addition, IL-2 can further promote coagulation
by decreasing fibrinolysis as a consequence of plasminogen acti-
vator inhibitor-1 (PAI-1) release [72]. CXCL8 has a key role
in the production of the prothrombotic phenotype by attract-
ing neutrophils to the site of infection and causing NETs forma-
tion [63]. Dysregulated signaling in the CXCL8/CXCR1/2 axis
may initiate and perpetuate a self-sustaining loop leading to an
activated, prothrombotic neutrophil phenotype, characterized by
intense degranulation and NET formation [73, 74]. Serum and
plasma from patients with COVID-19 demonstrated NET release
and increased adhesion to activated platelets from healthy neu-
trophils. [65, 75]

Petito et al. found thrombotic complications in 22.2% of 36
patients with COVID-19 and suggested a crucial role of neutrophil
activation as compared to platelet activation, because NET forma-
tion was the biomarker most associated with increased thrombo-
sis and overall disease severity. Thrombotic complications were
observed more often in severe disease, including patients admit-
ted to the ICU and requiring mechanical ventilation, as compared
to patients with mild COVID-19 [76]. Thus, this suggests that NET
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Table 1. Targeted Immunological Therapies for COVID-19 ARDS

Eur. J. Immunol. 2023;53:2250010

Medication Mechanism PHASE Patient Population NCT

Lenzilumab Inhibitory GMCSF III Severe and Critical COVID-19 Pneumonia NCT04351152
mADb

Mavrilimumab Inhibitory GMCSF II/III Severe COVID-19 Pneumonia NCT04447469
mAb

Otilimab Inhibitory GMCSF 1II Severe COVID-19 Pneumonia NCT04376684
mAb

Anakinra IL-1 receptor 111 Severe COVID-19 Pneumonia NCT04680949
antagonist

Canakinumab Inhibitory IL-1 111 Severe COVID-19 Pneumonia NCT04362813
mAb

Sarilumab Inhibitory IL-6 II Moderate and Severe COVID-19 Pneumonia NCT04357808
receptor mAb

Tociluzumab Inhibitory IL-6 111 Severe COVID-19 Pneumonia NCT04320615
receptor mAb

Siltuximab Inhibitory IL-6 111 Acute Respiratory Failure by COVID-19 Pneumonia NCT04330638
mAb

Reparixin IL-8-CXCR1/2 III Severe COVID-19 Pneumonia NCT04878055
pathway
inhibitors

Dornase alfa Aerosolized 11 Acute Respiratory Failure by COVID-19 Pneumonia NCT04402970
DNAse

DNase I II Acute Respiratory Failure by COVID-19 Pneumonia NCT04541979

rh-DNase II Acute Respiratory Failure by COVID-19 Pneumonia NCT04445285

Mesenchymal I/lla Acute Respiratory Failure by COVID-19 Pneumonia NCT04524962

stem cell
therapy

https://clinicaltrials.gov/ct2/home last access 03.03.2022

formation is a possible biomarker to predict disease severity and
the potential for thrombotic complications [76].

Neutrophils and NETs have been previously implicated in the
pathophysiology of thrombosis in VTE, as well as ARDS and sep-
sis [77, 78]. In this context, ARDS is defined as a “NETopathy” in
which higher levels of NETs in the plasma and BALF are a charac-
teristic feature of transfusion-associated and pneumonia-related
ARDS [79-81]. There remains an unmet need in the context
of immunothrombosis in COVID-19 and ARDS-related syndrome.
Future and ongoing clinical trials may help to identify agents
with “immunothrombosis targeted interventions” that modulate
the immune response and the cytokine cascade.

Targeting neutrophils and NETosis in COVID-19

There are several investigational anti-inflammatory strategies
under evaluation as potential immunological therapies for hyper-
inflammatory COVID-19 ARDS (Table 1). Corticosteroids are cur-
rently recommended in severe COVID-19 patients due to their
ability to inhibit cytokine release by blocking the NF-kB pathway.
Other commonly utilized agents include anti-IL-6 monoclonal
antibodies, tocilizumab or sarilumab, and agents targeting the
JAK-STAT pathway, such as baricitinib. A recent prospective meta-
analysis of 10,930 patients hospitalized for COVID-19, demon-

© 2022 The Authors. European Journal of Immunology published by
Wiley-VCH GmbH

strated that IL-6 antagonists were associated with lower 28-day
all-cause mortality [82]. Still, many current immunomodulators
have unknown benefits in early cytokine release syndrome.
Recognizing the important role of neutrophils in severe
COVID-19 has led to the investigation of novel potential thera-
peutic strategies targeting neutrophil recruitment and/or activa-
tion. CXCL8, a key neutrophil chemotactic factor and its bind-
ing to the cognate CXC receptor types 1 and 2 (CXCR1/2),
mediates neutrophil recruitment, activation, and NETs release to
potentiate inflammation and multiple organ system dysfunction
in severe COVID-19 [83, 84]. Elevated CXCL8 levels have been
found in patients at risk for ARDS, and found useful as a prognos-
tic biomarker in patients with severe COVID-19 and ARDS [85].
In the setting of COVID-19, CXCL8 has been significantly associ-
ated with time until death and time from hospital admission until
death [86]. In a study of 24 critically ill adults, CXCL8 was shown
to be significantly correlated with 30-day mortality (r = 0.50),
respiratory failure (r = -0.68), acute kidney injury (r = 0.73),
and elevated CRP levels [87]. Li et al. demonstrated a correlation
of CXCL8 levels and survival after 14 days from their ICU admis-
sion [88]. It was hypothesized that IL-6 levels spike first and pro-
mote the recruitment of CXCL8 later, resulting in the continuous
cytokine cascade [88]. Elevated admission CXCL8 plasma levels
(>30 pg/mL) have been shown to have a sensitivity of 54.90%
and specificity of 90.26% in predicting mortality in patients with

www.eji-journal.eu
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COVID-19, or can be utilized to predict the length of hospital stay
until death [89]. This data lends further support that CXCL8 may
be a prognostic biomarker for hospital mortality along with other
poor outcomes, and supports new clinical trials targeting CXCL8
as strategy to treat severe COVID-19.

Several CXCLS8 inhibitors have now entered clinical evaluation
in patients with severe COVID-19 pneumonia (Table 1). Repar-
ixin, a CXCR1/2 allosteric inhibitor has completed a multicenter,
randomized, adaptive phase 2/3 clinical study (NCT04794803).
The phase 2 portion demonstrated positive results in patients
with severe COVID-19 pneumonia who received oral reparixin
and had a lower incidence of the primary composite clinical
outcome relative to those receiving standard of care [90]. A
larger phase 3 clinical study is ongoing to confirm the role of
reparixin in limiting disease progression in patients with severe
COVID-19 (NCT05254990). Another pro-inflammatory cytokine,
granulocyte-macrophage colony stimulating factor (GM-CSF),
plays a major role in neutrophil differentiation and activation
leading to downstream inflammation caused by cytokines, and
activation of myeloid cells. LIVE-AIR, a phase 3 randomized,
double-blind, placebo-controlled trial, demonstrated a survival
benefit due to lenzilumab, an anti-GM-CSF monoclonal anti-
body, in patients without invasive mechanical ventilation and
with early-stage COVID-19 disease [91]. IL-1f is a major inducer
of CXCL8 expression and release, as well as other neutrophil
recruiting chemotactic factors. The SAVE-MORE trial investigated
anakinra, a recombinant human IL-1 receptor antagonist, in a
Phase 3 double-blind, randomized, controlled trial in 594 patients
with moderate to severe COVID-19 and demonstrated a significant
improvement in clinical status (World Health Organization Clin-
ical Progression Scale) and mortality when compared to placebo
[92]. However, other conflicting studies have demonstrated that
blockade of IL-1 has no effect in clinical improvement in patients
with COVID-19 [93].

The role of NETs in the development of ARDS complications
has prompted the investigation of the therapeutic potential of
agents designed to reduce NETs formation or accumulation. Pro-
tein arginine deiminase 4 (PAD-4) inhibitors, such as CL-Amidine,
are being evaluated in COVID-19 due to their potential role in
thrombotic complications and ability to attenuate NET formation
[94]. ROS may lead to activation of PAD-4, an enzyme involved
in histone citrullination, leading to decondensed chromatin, “net-
like” occlusions, and thrombus formation [94]. Further modula-
tion of NETosis is being investigated by administration of DNase
agents to suppress cytokine levels in patients with COVID-19 by
targeting cell-free DNA from NETs [95]. Recombinant human
DNase, is being investigated in patients presenting with COVID-19
to reduce sputum NETs and improve oxygenation [96, 97]. Sive-
lestat, a NE inhibitor, has been shown to improve pulmonary func-
tion and ventilator free days in patients with acute lung injury by
inhibiting neutrophil chemotaxis and downregulating the NF-kB
pathway [98, 99]. Sivelestat may also be beneficial in preventing
the development of disseminated intravascular coagulation (DIC),
a coagulopathic complication contributed to excess NE, as it has
shown to reduce DIC scores [100].

© 2022 The Authors. European Journal of Immunology published by
Wiley-VCH GmbH
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Conclusions

The COVID-19 pandemic has resulted in a dramatically greater
number of patients with ARDS over the past several years.
The complex relationship of neutrophils, the coagulation system,
NETosis, and the hyperimmune response has provided clinical
challenges for its management. This composite pattern supports
the evaluation of potential therapeutic agents targeting the dys-
regulated neutrophil response in SARS-CoV-2 infection to miti-
gate disease complications. The observation that elevated levels
of CXCL8 are associated with poor prognosis in severe COVID-
19 suggests a potential role in targeting CXCL8 in the future to
impact hyperinflammation and improve patient outcomes.
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