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Antithrombotic drugs with adjuvant action against COVID-19
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ABSTRACT

Waiting for the vaccine and/or the best antiviral treatment for coronavirus infection disease 2019 (COVID-19), after its out-
break in China at the beginning of 2020 and its viral diffusion around the world in the following weeks, several drugs have
been suggested for their potential adjuvant support against infection. Several drugs have been suggested to have a potential an-
cillary antiviral role. Circulating proteins, in particular proteases and peptidases regulated by drug functions, may interact with
well-known drugs like anticoagulants, antihypertensives, antiserotoninergics, and so also with viral proteases. We here report a
brief list of these drugs (i.e., heparinoids, flavonoids, antiplatelets, anticoagulants) that may interact with COVID-19.

Introduction

Venous thromboembolism (VTE) has been fre-
quently reported as a clinical complication of hospi-
talization of patients affected by coronavirus infection
disease 2019 (COVID-19) in particular in Intensive
Care Unit."> Moreover, after the viral diffusion of se-
vere acute respiratory syndrome coronavirus 2
(SARS-CoV-2) from China to other countries in the
world, several reports testified that alteration of he-
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mostasis as the increase of fibrinogen and D-dimer
might be associated with poor outcome not only of
COVID-19 per se but also of the associated VTE.*

For this reason, the benefit of antithrombotic drugs
during COVID-19 was discovered.® Antithrombotic
drugs, in fact, may have specific antiviral and anti-in-
flammatory actions as testified in vitro besides their
attested antithrombotic actions.

So, antithrombotics may interact with infections
and with their most common complications (i.e. VTE).
Heparinoids, may exert their actions because of their
ability to interact with viral proteases’ and because of
their antithrombotic actions.® However, other antico-
agulants can exert their action, only preventing throm-
botic complications as well as aspirin and other
antithrombotic drugs.

So in this report, we summarized the action of sev-
eral drugs able to improve the outcome of COVID-19
infection in different ways.

Flavonoids

Flavonoids are natural products; they have a
polyphenolic structure widely found in fruits and veg-
etables.® They have various biochemical and antioxi-
dant effects that may be useful during various
diseases such as cancer, Alzheimer’s disease, and ath-
erosclerosis.”!?

Intriguingly, some flavonoids also have antiviral
activity, as demonstrated in vitro. Their main antiviral
action is related to the ability to inhibit viral proteases,
in particular SARS-CoV 3-C-Like-protease.”!°

Furthermore, they may exert their antiviral action
because of the affinity with oligosaccharides of the ex-
ternal wall of several cells that are responsible for the
interaction between virus and host, in particular, such
fucosylated oligosaccharides.
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Heparan sulfate

Heparan sulfate (HS) is an abundant cell-surface
glycosaminoglycan (GAG) that is also present in the
extracellular matrix and can bind several viruses;"
however, other GAGs present on cellular surfaces as
chondroitin sulfate showed similar properties.

From a pathophysiological point of view, HS is
also abundant in the respiratory tract, and it plays a
role as a binding factor for coronaviruses with tropism
to bronchitis and other respiratory infections.!

These actions may explain, in part, the extended tro-
pism of this virus for cells of the respiratory tract.'>!?

Moreover, HS is also present on the surface of en-
dothelial cells, in particular, next to alveolar-capillary
areas, so the capacity of SARS-CoV-2 to induce dam-
ages to lungs is due also to this property."!

Therefore, viral actions and viral capacity of SARS-
CoV-2 to bind host cells may slow down in the presence
of high doses of HS, and these are really important for
the pathophysiology of COVID-19 infection.

Heparins

Unfractionated heparins and low molecular weight
heparins have a similar structure with HS, so an action
similar to HS may be hypothesized during infection
of coronaviruses.

Furthermore, heparins can exert their activity, in-
creasing the action of several anti-proteases as an-
tithrombin'>!* and other serpin family members.

Moreover, heparins and HS are also able to interact
not only with clotting factors but also with endothelial
cells, so their role in the pathophysiology of mi-
crovascular thrombosis that is described in COVID-
19 infection is particularly important.'®

In this field, in fact, as a hypercoagulable state has
been testified in several articles in patients with
COVID-19 infection,* pulmonary embolism and
other types of thromboses may be associated with
morbidity and mortality of these patients."? So, he-
parins also assume an important role also for the
thromboprophylaxis and prevention of venous throm-
boembolism in this infection.

For this reason, prophylactic anticoagulation with
LMWH as early as possible is suggested for patients
affected by COVID-19 to prevent thrombotic events
and organ damage. This recommendation has been re-
cently published in a preliminary International Society
on Thrombosis and Haemostasis (ISTH).!” Further-
more, after several clinical round tables, also the use
of intermediated doses of LMWH has been recently
reported as safe and effective in a clinical study.'®* Of
course, patients with anticoagulant contraindications
should not do it.
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Fondaparinux

Fondaparinux is the synthetic pentasaccharide se-
quence with antithrombotic actions present in all he-
parins. In daily clinical practice, fondaparinux and
enoxaparin have the same clinical indication for the
prevention of VTE. Nevertheless, although the action
of heparins toward SARS-CoV-2 has been found in
vitro and in vivo, data concerning fondaparinux lack
in the Literature. Italian Authors recently suggested a
good antithrombotic action of fondaparinux in VTE
prevention in COVID-19 in the FONDENOXAVID
study (data not published).

Aspirin and other antiplatelets

A specific antiviral action of aspirin toward SARS-
CoV-2 has been found neither in vitro nor in vivo, but
the use of aspirin for patients with COVID-19 seems
to have several advantages.

The majority of patients admitted to hospital for
COVID-19 in the world, in fact, showed age older
than 50 yy, and for this reason, they were already tak-
ing cardiovascular and antithrombotic drugs for the
secondary prevention of cardiovascular diseases.!*?°

In particular, an Italian cohort of patients admitted
to the hospital for COVID-19 were on treatment with
antiplatelets for secondary prevention of atherothrom-
botic disease (i.e., acute myocardial infarction or is-
chaemic stroke). Interestingly, in this study, the rate of
admitted patients for COVID-19 ongoing antiplatelets
was higher than the one of patients taking anticoagu-
lants. Furthermore, in this cohort of patients, aspirin
was the most frequent antiplatelet drug, while dual an-
tiplatelet therapy was present for a minority of pa-
tients. Interestingly, patients taking aspirin during
hospitalization did not show increased mortality for
thrombotic disorders.!

So, based on the data of this Italian study, the sug-
gestion not to withdraw the chronic use of aspirin has
been made; the benefit of its action was based on the
prevention of ischemic stroke and acute coronary syn-
drome, and also on the safety for the low rate of bleed-
ing complications.

Furthermore, the safety of aspirin during the
COVID-19 outbreak has also been reported in preg-
nant women affected by this viral infection.

Warfarin and direct oral anticoagulants

A specific action of oral anticoagulants toward
SARS-CoV-2 is not present. However, for the frequent
association of chronic arrhythmias or paroxysmal ar-
rhythmias as atrial fibrillation, the use of anti-vitamin
K (AVK) or direct oral anticoagulants (DOACs) has
been found safe during the COVID-19 outbreak.?'-?
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Furthermore, the use of AVK or DOAC:S is also asso-
ciated with a reduced risk of developing VTE during
COVID-19.2

Nevertheless, in this clinical setting, the adminis-
tration of DOACs to these patients should be thor-
oughly performed because a possible drug-drug
interaction between DOACs and antivirals.”

Furthermore, the use of any type of anticoagulant
therapy is not associated with developing ARDS or
death during hospitalization for COVID-19.%2

So, the use of any oral anticoagulants (i.e., AVK
or DOACs) may help escape different types of em-
bolism during COVID-19, as venous thromboem-
bolism due to hypercoagulable state and\or
cardioembolism due to the frequent comorbidities as
atrial fibrillation or other cardiovascular diseases.?

Bleedings

Although COVID-19 has been associated with
thrombophilia and thrombosis since first reports, re-
cently, a clinical study underlines also a relevant rate
of bleedings. In this study, the incidence of throm-
botic complications was similar to the rate of major
bleedings.?

These data seem to be different from those previ-
ously published from other Authors.

In the Italian cohort of patients affected by COVID-
19 and treated with antiplatelets, the number of bleed-
ings was inconsistent.?! Also, a clinical registry from
Austria on gastrointestinal bleedings reported a reduced
rate of bleeding events during the outbreak, probably
also related to home rest for lockdown.? So, because
the international scientific societies have recommended
prophylactic LMWH without an excess of bleedings at
standard doses, and at intermediate doses, also higher
doses can be considered, especially since bleeding
events in COVID-19 are rare.”

Of course, bleedings may occur in such patients
and could be explained by the presence of comorbidi-
ties with the trend to bleed of affected patients and also
by the use of antithrombotic drugs.

So, a clinical evaluation of bleeding risk in patients
affected by COVID-19 should always be considered
when the administration of antithrombotic is ongoing
as well as for other acute medical illnesses.

Conclusions

Several drugs have been suggested to improve the
outcome of COVID-19 infection, particularly antico-
agulants, for the associated risk to develop VTE dur-
ing infection. This association is one of the reasons for
which this outbreak has been more aggressive than the
previous coronavirus epidemics (i.e., SARS and
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MERS). The target of these drugs may be viral pro-
teases or other proteases that may interfere with the
clotting system or inflammatory system. Furthermore,
because cardiovascular diseases with a trend to car-
dioembolism have been frequently reported in all pop-
ulations of infected patients, also other anticoagulants
as AVK or DOACs showed their useful actions during
the COVID-19 outbreak.

Furthermore, additional useful actions have been
demonstrated by flavonoids and heparins because of
their ability to counteract the viral action on the cellu-
lar surface and the extracellular matrix. In conclusion,
waiting for specific studies that may help understand
the real power of these drugs in the prevention of mor-
tality of patients with COVID-19, we strongly encour-
age to use the better antithrombotic strategy to prevent
any thrombotic complication during COVID-19.
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