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A B S T R A C T

COVID-19 is a new disease caused by coronavirus SARS-CoV-2. It was first described in 2019, developed into an
epidemic in January 2020 and has spread the global to the present COVID-19 pandemic. Specialized pro‑re-
solving mediators (SPMs) may play a new role in the management of this lung disease because SPM actively
stimulate the resolution of infectious inflammation and are organ protective in animal disease models. Many
tissues have been suitable targets for treating inflammation with SPMs or their active precursors 18-HEPE, 17-
HDHA and the 14-HDHA, in order to elicit dynamic resolution of inflammation.
Here we discuss the possible mode of action of these substances in the management of SARS Covid 19.

The role of inflammation

In many chronic diseases, including vascular and neurological dis-
orders, as well as metabolic syndrome, excessive inflammatory pro-
cesses are manifested, thus representing a public health concern. If the
endogenous control points within the inflammatory pathways were
understood completely, the pathogenesis of the diseases might become
more explicit, and new approaches for treatment might be found.

When a host experiences a trauma, barrier breakage, or microbial
invasion, potential invaders must be eliminated, the location must be
cleared, and affected tissue must be remodelled and regenerated. For
the acute inflammatory response, several lipid mediators are crucial.
They include eicosanoids (prostaglandins and leukotrienes), which de-
rive from arachidonic acid, an essential fatty acid [1,2], and different
proteins like cytokines and chemokines [3–5]. These molecules interact
with each other, thereby further intensifying the inflammatory process
that may, in turn, be counteracted with pharmacological inhibitors and
receptor antagonists. Since inflammatory processes are involved in
many prevalent diseases, it is necessary to broaden the knowledge of all
mechanisms involved in order to improve the therapeutic options.

Historically, the inflammatory response used to be separated into an
active initiation and a passive resolution process [6]. Recently, how-
ever, mediators were identified which have pro-resolving capacities and

can be synthesized from omega-3 (n-3) essential fatty acids (EFA).
Studies have shown that the resolution process can be “switched on” in
animal models and may thus rather be an active response in the self-
limitation of acute inflammation than a passive dilution of chemo-at-
tractants [7,8].

Molecules, which are supposed to act as mediators, must be supplied
in enough amounts in order to lead to reactions in vivo. For EPA and
DHA, anti-inflammatory properties have been proposed for many years.
These omega-3 fatty acids compete with arachidonic acid in reducing
pro-inflammatory eicosanoids [9]. However, the underlying molecular
mechanisms had remained obscure until recent results emerged, and
whether EPA or DHA is more relevant for human health or therapeutic
options is still under debate [9].

It has been shown for resolving inflammatory exudates that omega-
3 fatty acids serve as substrates for the synthesis of specific signalling
molecules – the so-called specialized pro-resolving mediators (SPMs),
which comprise resolvins, protectins, lipoxins and maresins [10]. These
findings triggered new studies concerning the resolution pathways and
the immune mechanisms underlying homeostasis. It was shown in an-
imal models that SPMs promote critical paths of the inflammatory re-
solution, as they limit the infiltration of polymorphonuclear neutrophils
and the elimination of apoptotic cells by macrophages [11].
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Active resolution of inflammation

Inflammations may be resolved entirely or become a chronic state.
Formerly, resolution of active inflammation has been considered a
passive event, upon which inflammatory mediators such as pros-
taglandins or cytokines were merely diluted, thus disappearing from the
site of inflammation. This would finally lead to prevent leukocyte in-
filtration into the tissue. However, Serhan et al. provided new evidence
to revise this theory by demonstrating the existence of an active re-
solution process mediated by so-called selective pro-resolving media-
tors (SPMs) in several studies. The SPM molecular superfamily contains
subgroups named resolvins (Rvs), protectins, maresins, and lipoxins.
The biosynthesis of the SPMs (with lipoxygenases and cyclooxygenases
intervening both on the pathways of eicosanoids and SPMs), as well as
the corresponding cell membrane receptors, have been described. SPMs
are crucial for enough resolution of inflammatory processes, and based
on these new findings, Serhan et al. described in detail novel pathways.
They include the action of the SPMs, as well as crucial endogenous
control mechanisms. [12].

Importantly, within this new perception of inflammatory processes,
the resolution is an active mechanism, which does not start with a
delay, but at experimental timepoint Zero.

Alfa signals Omega throughout the course of inflammation, mainly
SPMs were found to repress inflammatory signals by ending tissue in-
filtration of neutrophils and preventing further recruitment of immune
cells to the site of inflammation. Subsequently, phagocytic macro-
phages are stimulated, which further leads to increased clearance and
elimination of apoptotic polymorphonuclear neutrophils (PMNs) by
efferocytosis and phagocytosis [4].

SPMs are synthesized from eicosapentaenoic acid (EPA, C20:5n-3)
and docosahexaenoic acid (DHA, C22:6–3). Both are omega-three
polyunsaturated fatty acids (PUFAs) and serve as precursors in the
biochemical pathways leading to SPMs via the metabolites 18-HEPE,
17-HDHA, or 14-HDHA [13].

Since the development of this new concept of inflammation, many
tissues have been suitable targets for treating inflammation with SPMs
or their active precursors 18-HEPE, 17-HDHA and the 14-HDHA, in
order to elicit dynamic resolution of inflammation. In contrast to tra-
ditionally applied anti-inflammatory therapies, they do not act as im-
munosuppressors, and debris is cleared, thus being potentially useful
for the treatment of chronic inflammation. Substances, which are ap-
plied nowadays, have distinct disadvantages: steroids may interfere
with wound healing, can promote osteoporosis, and is im-
munosuppressive. NSAIDs may lead to stomach bleeding, are poten-
tially toxic for the cardiovascular system and the kidneys and interfere
with wound healing. Cyclooxygenase (COX)2 inhibitors constitute a
risk factor for cardiovascular and thromboembolic events. Anti-TNF
therapies for blocking cytokines lead to increased rates of infections and
enhance the risk of lymphoma development.

SPMS, on the other hand, was shown to increase the killing of mi-
crobial invaders and their clearance by immunocytes. It was demon-
strated that they down-regulate infiltration and recruitment of PMN,
enhance phagocytosis, and efferocytosis (M1 to M2). Application of
SPMs also decreased the level of pro-inflammatory chemical mediators,
while increasing the number of anti-inflammatory mediators like IL-10,
for example. Finally, they can reduce inflammatory pain, stimulate the
regeneration of inflamed tissue, and promote wound healing [12].

COVID-19 is a new disease caused by coronavirus SARS-CoV-2. It
was first described in 2019, developed into an epidemic in January
2020 and has spread the global to the present COVID-19 pandemic. It
spreads mainly through droplet infection. On surfaces, virus particles
remain infectious for hours to days, so that they can reach the mucous
membranes of the mouth and nose from keyboards, tables, door handles
and handles via the hands(lubricating infection). Infection via the
conjunctiva of the eye is also possible [14].

The disease histories are non-specific and vary greatly. In addition

to symptomless infections, mainly mild to moderate histories were
observed, but also severe ones with pneumonia on both sides, including
lung failure, multiorgan failure and death. Even as easily described
disease histories can lead to long-term damage cannot be ruled out.
Thus far, there are no specific therapeutic agents for coronavirus in-
fections [15].

The global mortality rate of COVID-19 is 3.4% [16], whereas its
mortality rate in Wuhan is 4.3% [17], as the proportion of severe cases
in Wuhan is relatively high. A study has demonstrated that patient with
hypertension and/or diabetes had a higher risk of contracting COVID-
19 [18]. So far, there are no clinically proven effective antiviral drugs
for COVID-19. 80% patients were moderate, without acute respiratory
distress syndrome (ARDS) [18]. Without effective treatment, moderate
patients could convert into severe patients and develop ARDS and
multi-organ failure. Because most, if not all, death cases arise from
severe patients, it is of great significance to carry out effective antiviral
treatment in the 80% moderate patients with COVID-19, which can
reduce the risk for moderate patients converting into severe cases.

Now, there is no specific treatment for COVID-19, so healthcare
providers treat the clinical symptoms (e.g. fever, difficulty breathing) of
patients. Supportive care (e.g. fluid management, oxygen therapy, etc.)
can be highly effective for patients with symptoms. Specifically, there
are currently no antiviral drugs recommended or licensed by WHO or
any government regulatory department for COVID-19. Clinical studies
of some drugs (human interferon alpha-2b, ribavirin, chloroquine
phosphate, lopinavir and arbidol) were currently undergoing to test the
efficacy and safety of these drugs in the treatment of COVID-19 [18].

SARS-CoV-2 and influenza viruses have a similar disease presenta-
tion. Both clinical manifestations are dominated by respiratory symp-
toms, which present as a wide range of illness from asymptomatic or
mild through to severe disease and death. Importantly, both viruses are
RNA virus and depends on RNA-dependent RNA polymerase (RdRp) to
replicate. Although no antiviral drugs were proven effective for COVID-
19, clinically assessible antiviral options exist for influenza.

Some pathogens, such as the influenza virus and the Gram-negative
bacterium Francisella tularensis, do trigger life-threatening “cytokine
storms” in the host which can result in significant pathology and ulti-
mately death. For these diseases, it has been proposed that down-
regulating inflammatory immune responses may improve outcome
[19].

As described previously, due to the lack of specific treatment,
therapy has so far mainly been limited to supportive care [20–22].
Although acute respiratory distress syndrome (ARDS) is the central
feature of disease severity, non-pulmonary organ damage has emerged
as an important predictor of mortality [18].

Patients hospitalized for COVID-19 are at high risk for kidney failure
and myocardial involvement is common in severe cases, both corre-
lating with poor outcome [25,26,27,]. The underlying mechanisms of
COVID-19 pulmonary and non-pulmonary tissue injury are in-
sufficiently understood [23].

Preliminary data point to a prothrombotic state in COVID-19 pa-
tients [24,25], with a possible beneficial effect of heparin. However, a
thorough analysis of cellular and plasmatic coagulation of affected
patients is missing [26–28]. It is unclear whether and how the in-
flammatory response to SARS-CoV-2 and its associated coagulopathy
are intertwined.

Specialized pro‑resolving mediators (SPMs) may play a new role in
the management of this lung disease because SPM actively stimulate the
resolution of infectious inflammation and are organ protective in an-
imal disease models [29]. SPM are produced by cells of the innate
immune, which are formed via the stereoselective enzymatic conver-
sion of essential fatty acids that include arachidonic acid, eicosa-
pentaenoic acid, n‑3 docosapentaenoic acid and docosahexaenoic acid
(DHA) [6]. SPMs are grouped into four families, lipoxins, resolvins,
protectins, and maresins [10,13]. These endogenous mediators share
basic physiologic properties in regulating host responses to actively
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enhancing resolution of inflammatory response mechanisms, such as
reducing the hosts’ production of proinflammatory cytokines and che-
mokines, limit the neutrophils trafficking, stimulating the macrophages
phagocytosis of apoptotic cells, bacterial killing, and cellular debris via
G‑protein coupled receptors (GPCRs) [10,29].

Recent results [32] indicate that SPMs regulate the AFC in ARDS to
protect lung function. Damage to the lung results in activation of the
immune system, which not only leads to the release of several proin-
flammatory proteins and neutrophilic influx into the alveolar space but
also leads to the local biosynthesis of pro‑resolution lipids mediators,
such as lipoxins, resolvins, protectins, and maresins [30]. Along these
lines, Cilloniz et al. [31] used a mouse model to investigate influenza A
virus virulence, comparing host transcriptional responses to infection
with reconstructed 1918 H1N1 virus to avian H5N1 virus (Vietnam/
1203). They found that extra-pulmonary dissemination was associated
with down-regulation of genes involved in mediating the pro-resolution
impact of lipoxin on leucocyte recruitment and counter-regulation of
pro-inflammatory cytokine induction and that loss of lipoxin’s pro-re-
solution actions may be associated with greater influenza A virus
virulence. These findings suggest a protective role for SPM in this in-
fection, possibly related to the reduction and counter-regulation of pro-
inflammatory cytokines that are up-regulated during viral infections.

If the beneficial actions of these mediators translate from pre-clin-
ical studies into human clinical trials, they represent promising new
strategies in the management of infectious disease. The pro-resolution,
anti-inflammatory and antimicrobial-enhancing actions of SPM such as
the resolvins, protectin and potentially maresins make these appealing
candidates for further study in humans and specifically in COVID19
patients. From a therapeutic perspective it is important to note that
these pro-resolution mediators have a substantial advantage over ster-
oids for use in the treatment of infectious inflammation, or other sys-
temic inflammatory states, as they are not immunosuppressive agents.
Acetylsalicylic acid-triggered lipoxins and resolvins epimers share these
pro-resolution actions and act by the same intracellular pathways
[32,33]. This effect is unique to aspirin, and is not shared with non-
steroidal anti-inflammatory drugs, which do not trigger the endogenous
biosynthesis of these mediators.

Morita et al. [34] reported that the SPM, protectin D1 (aka neuro-
protectin D1) markedly attenuated influenza virus replication via RNA
export machinery. Production of this SPM was reduced during severe
influenza and PD1 inversely correlated with the pathogenicity of H5N1
viruses. Importantly, treatment with the SPM improved both survival
and pathology of severe influenza in mice, even under conditions where
known antiviral drugs fail to protect from death.

Another new and important factor is that the infection with SARS-
CoV2 may lead to significant inflammatory responses as measured by
an increase in IL-6, C-reactive protein, fibrinogen and erythrocyte se-
dimentation rate [35]. Since the virus primarily attaches to ACE2 re-
ceptors, activation and damage of affected endothelial cells may lead to
the above-described pro-thrombotic changes. Accordingly, enhanced
plasma concentrations of proinflammatory cytokines have been found
in Covid-19 patients with need for intensive care compared to non-ICU
patients in early reports of COVID-19 patients [15]. These inflammatory
conditions may lead to subsequent activation of the coagulation re-
sponse as measured by increased levels of D-Dimers, a characteristic
parameter for pro-coagulatory conditions. Elevated concentrations of
D-Dimers have been linked to increased mortality of Covid-19 patients
and both septic patients as well as those developing DIC conditions are
at a higher risk for a fatal course of the disease. Although the me-
chanisms leading to coagulation during SARS-CoV-2 infection have not
been elucidated yet, they rather seem to relate to the inflammatory
response of the host instead of distinct viral pathogenic factors and in
contrast to RNA-stranded viruses associated with haemorrhagic fever
like Ebola, infections with SARS-CoV-2 do not result in excessive
bleeding [15]. Data from Wuhan support the view that Covid-19- re-
lated coagulopathy rather results from the inflammatory host response

that leads to exaggerated thrombotic processes through the above-de-
scribed thrombo-inflammatory interrelations of different host signalling
pathways.

Recent data of Nicolai et al. [36] present Covid-19 as a disease with
a dysregulated immunothrombosis driven by activated neutrophils and
immunogenic platelets that contribute to organ injury and a systemic
thrombogenic state in COVID-19.

In addition, they found that plasmatic coagulation is skewed to-
wards a procoagulant state correlating with disease severity, reflected
by peripheral blood coagulation tests as well as histopathological evi-
dence of microvascular thrombosis in affected organs. They stated that
platelets, neutrophils, and the coagulation cascade are drivers of dis-
ease severity and might prove to be valuable pharmacological targets in
Covid-19. In addition, SARS-CoV-2 infected patients are at risk for in-
creased thrombotic events, making prophylactic anticoagulation and
vigilant monitoring for thrombotic complications a central task in
management of COVID-19 patients.

Cherpocova et al. could show that the administration of resolvin D4
(RvD4), an SPM that was enriched at the natural onset of thrombus
resolution, significantly reduced thrombus burden, with significantly
less neutrophil infiltration and more proresolving monocytes in the
thrombus, as well as an increased number of cells in an early apoptosis
state. Moreover, RvD4 promoted the biosynthesis of other D-series re-
solvins involved in facilitating resolution of inflammation, and they
suggest that delivery of SPMs, specifically RvD4, modulates the severity
of thromboinflammatory disease in vivo and improves thrombus re-
solution [37].

Serhan et al. also could show under a long-term treatment the safety
of the SPMs. This trial was intended to improve de-clotting in coronary
arterial disease and no severe adverse events were reported. Therefore,
SPMs can be considered as highly safe [38].

Together these results with SPM in animal disease models are pro-
mising and suggest a clinical trial be initiated to test their ability to
activate resolution of lung inflammation and reduce tissue damage in
COVID 19 patients to stop the cytokine storm; namely, the adjuvant
management of the Covid-19 disease or the in the management of the
cured humans for the improvement and resolution of chronic lung and
heart inflammation) in the post-acute phase of this disease (see
Table 1). We should also consider means to increase endogenous pro-
duction of SPM in these patients and test their association with out-
comes of the disease? This pandemic brings urgent needs and suggest
that we test whether activation of endogenous pro-resolving mechan-
isms in COVID 19 patients can expedite their recovery.
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