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Since its emergence, the COVID-19 pandemic has been ravaging the medical and
economic sectors even with the significant vaccination advances. In  severe
presentations, the disease of SARS-CoV-2 can manifest with life-threatening
thromboembolic and multi-organ repercussions provoking notable morbidity and
mortality. The pathogenesis of such burdensome forms has been under extensive
investigation and is attributed to a state of immune dysfunction and hyperinflammation.
In light of these extraordinary circumstances, research efforts have focused on
investigating and repurposing previously available agents that target the inflammatory
and hematological cascades. Aspirin, due to its well-known properties and multiple
molecular targets, and ought to its extensive clinical use, has been perceived as a
potential therapeutic agent for COVID-19. Aspirin acts at multiple cellular targets to
achieve its anti-inflammatory and anti-platelet effects. Although initial promising clinical
data describing aspirin role in COVID-19 has appeared, evidence supporting its use
remains fragile and premature. This review explores the notion of repurposing aspirin in
COVID-19 infection. It delves into aspirin as a molecule, along with its pharmacology and
clinical applications. It also reviews the current high-quality clinical evidence highlighting the
role of aspirin in SARS-CoV-2 infection.
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INTRODUCTION

The latest pandemic caused by the novel SARS-CoV-2 virus has led to the emergence of coronavirus
disease 2019 termed COVID-19. The disease first appeared in Wuhan, China in December 2019 as an
outbreak of atypical pneumonia (Younis et al., 2020; Rana O; Zareef et al., 2020; Tsang et al., 2021;
Younis et al.,, 2021). The virus has ever since spread at an unpreceded pace, exhausting the global
health sector and endangering the economies (Arthi and Parman, 2021; Padhan and Prabheesh,
2021). SARS-CoV-2 belongs to the Coronaviridae family. Although the majority of Coronaviridae
family members are implicated in mild upper respiratory tract illness, SARS-CoV-2 has caused a
wide range of more serious illnesses (Morens et al., 2020). Overall, most COVID-19 patients exhibit
mild to moderate disease (Landete et al., 2020). However, a small percentage of patients may display
severe sickness and are placed at greater risk of experiencing mortality and morbidity (Landete et al.,
2020). Studies have shown that some factors including obesity, older age, cardiovascular
comorbidities, pre-existing pulmonary condition, and chronic kidney disease, among other
factors, are associated with increased risk of hospitalization, mechanical ventilation and
mortality (Attaway et al., 2020; Feng et al., 2020; Klang et al., 2020; Williamson et al., 2020; Wu
and McGoogan, 2020; Phelps et al., 2021). In these cases, the disease has beleaguered multiple organ-
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systems imparting significant irreversible damage. Unfortunately,
the cardiovascular system is also embattled, with subsequent
substantial complications has been reported (Magadum and
Kishore, 2020; Zareef et al, 2020). Besides, a high rate of
coagulopathy has been described in patients infected with
COVID-19, suggesting a critical COVID-19 induced
thromboembolic event. Such events are major cardiovascular
complications and are associated with increased mortality
(Zareef et al., 2020; Zhou et al., 2020; Aktaa et al., 2021).
Studies have highlighted an astonishing rate of venous
thromboembolism and pulmonary embolism in COVID-19
patients reaching 42 and 17% respectively in severe cases (Wu
et al., 2021). Arterial thrombotic events at various sites including
coronaries, brain, and extremities have also been described
(Mehra et al., 2020; De Roquetaillade et al., 2021).

Vaccines developed against SARS-CoV-2 virus have shown
effective reduction in transmission rate as well as the pattern of
hospitalization, ventilation and mortality, as evident by the
clinical trials (Polack et al., 2020; Voysey et al, 2021).
However, even with the large-scale global vaccination
programs, the virus has attained several remarkable mutations
and produced new variants such as B.1.1.7, P.1, B.1.351, B.1.427,
P.3, B.1.429, B.1.526, and B.1.617.2 (Baden et al., 2021;
Chookajorn et al., 2021; Vasireddy et al., 2021; Voysey et al.,
2021). This is particularly problematic as emerging variants might
acquire the ability to transmit rapidly, and cause more severe
disease, while escaping the host immune system (Vasireddy et al.,
2021). They might as well challenge the previously proven vaccine
efficacy (Bernal et al., 2021). Due to the rapid rise of events during
the pandemic, and the high mortality and morbidity rates, the
quest for therapeutic strategies has been ongoing. In this manner,
drug repurposing has constituted an attractive mean for fighting
the current crisis. Several regimens have been tried including
steroids,  azithromycin, ivermectin, hydroxychloroquine,
tocilizumab, baricitinib, antivirals among others (Santos et al.,
2020; Younis et al,, 2020; Younis et al., 2021b). In light of the
evidence of thromboembolic events and the noticeable
hyperinflammatory state, several studies and investigators have
suggested a possible role for aspirin in treating COVID-19 disease
(Mohamed-Hussein et al, 2020). This paper discusses the
potential therapeutic role of aspirin in COVID-19 disease
through dissecting its pharmacology, cellular targets, clinical
uses, as well as the current high quality clinical evidence.

PHARMACOLOGY OF ASPIRIN

Salicylic acid (Aspirin) is produced and administered via different
routes in various doses and forms (Arif and Aggarwal, 2021). The
usual therapeutic range of serum salicylate concentration is
10-30 mg/dl (0.7-2.2 mmol/L). Indeed, the dosing of aspirin is
crucial as it dictates its mechanism of action. Traditionally, anti-
thrombotic effects are achieved at low doses (75-81 mg/day),
analgesic and antipyretic effects are achieved at intermediate
doses (650 mg-4 g/day), while aspirin at high doses (between 4
and 8 g/day) is effective as an anti-inflammatory agent (Pillinger
et al., 1998).

Aspirin and COVID-19

Aspirin intoxication can occur after ingesting 10-30g in
adults and as little as 3 g in children. Most patients exhibit
signs and symptoms of intoxication if the serum concentration
level of salicylate exceeds 40-50 mg/dl (2.9-3.6 mmol/L) (Hill
1973).

Pharmacokinetically

Acetylsalicylic acid is in general rapidly and completely absorbed
by the gastrointestinal tract following oral administration (Awtry
and Loscalzo, 2000). However, absorption may also be variable
depending on factors including the route of
administration, the dosage, the rate of tablet dissolution,
gastric pH, gastric contents, and emptying time (INC, 2017).
It is mainly absorbed in the stomach and small intestine. The
plasma concentration of salicylate peaks between 1 and 2h
following administration. It gets distributed to all body tissues
shortly after administration, mainly to peritoneal, spinal, synovial
fluids, milk, saliva, liver, kidneys, heart, and lungs. It is also
known to cross the placenta (DrugBankonline, 2005). Aspirin is
hydrolyzed in plasma to salicylic acid and its levels become
undetectable 4-8 h after administration. The liver is the main
site of metabolism for salicylate, although other tissues may also
be involved. It then gets eliminated by the kidneys via glomerular
filtration and tubular excretion processes (INC, 2017). An entire
dose needs around 48h for the salicylate to be completely
eliminated. The half-lives of ASA versus salicylate is 15 min
versus 4h respectively, while the clearance rate of ASA is
variable depending on several factors (DrugBankonline, 2005).

several

Pharmacodynamically

The pharmacodynamic aspect of aspirin is unique, as it doesn’t
interact with any surface or intracellular receptors. It exerts its
activity through non-specific irreversible acetylation of
molecules. The acetylation process instigates alterations at the
level of macromolecules, and accordingly adjusts the function of
the proteins. Due to the irreversibility of such modification, the
duration of activity depends on the turnover rate of the target
molecule irrespective of aspirin plasma concentration (Schror,
2016).

MECHANISM OF ACTION OF ASPIRIN

Aspirin is one of the most commonly used drugs worldwide
(Vane and Botting, 2003; Zhou et al, 2014). It is an anti-
inflammatory, anti-pyretic, analgesic, and anti-platelet drug.
Aspirin  exerts its major activity by inhibiting the
cyclooxygenase enzyme (COX), which exhibits two forms:
COX-1 and COX-2 (Patrono et al., 2001) (Patrono et al,
2001). Subsequently, it blocks the conversion of arachidonic
acid into prostaglandins and thromboxane, collectively called
prostanoids. Its activity expands to target several other structures
circumventing a set of inflammatory and thrombotic events.

Anti-Inflammatory Activity
Aspirin exerts its anti-inflammatory property through several
mechanisms (Figure 1). At intermediate and high concertation,
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FIGURE 1 | Mechanism of action of aspirin. Aspirin possesses several targets through which it exerts its activity. First, it inhibits prostanoids synthesis thus
employing anti-thrombotic, anti-inflammatory, anti-pyretic and analgesic effect. In addition, it acetylates multiple cellular proteins hence affecting DNA transcription and
expression. It also constrains NF-KB production, limiting its pro-inflammatory effect. Furthermore, aspirin enhances the synthesis of eicosanoids and 15-epi-lipoxin A4.
Combining all together, aspirin impedes PMNs interaction with platelets and endothelium, PMNs chemotaxis, adhesion, and migration. Finally, it acetylates and
activates eNOS to maintain vascular homeostasis. (NF-KB: nuclear factor kappa B; PMNs: polymorphonuclear cells; eNOS endothelial nitric oxide synthase).

> 15-epi-lipoxin A4

aspirin non-selectively acetylates and inhibits the activity of
COX-1 and COX-2, hampering the biosynthesis of prostanoids
and their subsequent inflammatory outcome. Indeed, COX-2
expression is induced by inflammatory cytokines, hormones,
and growth factors, and it plays a role in cancer, acute stress,
inflammation, and infection (Chiang and Serhan, 2009). Aspirin
also interferes with innate immunity through the inhibition of
thromboxane A2 production. Thromboxane A2 facilitates
platelet-polymorphonuclear (PMNs) cells interaction and the
subsequent migration of PMNs to the areas of inflammation.
This also takes place at low doses of aspirin (Patrono et al., 1980;
Cooper et al,, 2004). Similarly, at low concentrations, aspirin
stimulates the synthesis of certain eicosanoids that terminates the
trafficking of PMNs (Claria and Serhan, 1995). Low dose aspirin
also inhibits leukocyte adhesion and migration by stimulating the
synthesis of 15-epi-lipoxin A4. 15-epi-lipoxin A4, known as
aspirin-triggered 15-epi-lipoxin A4 (ATL), pathway alters
leukocyte/endothelium interactions and limits leukocyte
extravascular accumulation (Perretti et al., 2002; Serhan, 2002).
In fact, the anti-inflammatory effect of aspirin doesn’t stop at
altering the biosynthesis of prostaglandins and thromboxane, it
also interferes with various cellular pathways to intrude on the
inflammatory response. Several studies have shown that aspirin
disturbs intracellular signaling pathways including nuclear
factor-kappa B (NF-K B) (Kopp and Ghosh, 1994; Grilli et al.,
1996; Yin et al., 1998). NF-KB plays a role in the inflammatory
response. Aspirin reduces the production of NF-KB, and at the
same time inhibits the breakdown of its inhibitor (Kopp and
Ghosh, 1994). Besides, aspirin exerts a protective effect at the
cellular level as an anti-oxidant by induction of heme oxygenase-1
during inflammatory states (Grosser et al., 2003). At higher

concentrations and over longer periods, aspirin can
nonspecifically acetylate other proteins (Vane and Botting,
2003). Remarkably, one study highlighted the role of aspirin in
gene regulation through acetylation of histones (Sabari et al,
2017). Endothelial nitric oxide synthase (eNO) is another target
for aspirin. When aspirin acetylates the enzyme, it stimulates
nitric oxide release thus maintaining vascular homeostasis
(Taubert et al., 2004). Aspirin likewise acts as an anti-pyretic
and analgesic agent. Prostaglandins potentiate the effect and
sensitivity of pain receptors and other substances like
histamine and bradykinin (Patrono et al,, 2001). A decrease in
prostaglandins production reduces pain and inflammation.
Similarly, aspirin inhibits the production of brain
prostaglandin E1 which is a potent fever-inducing agent, thus
acting as an antipyretic (Vane, 1976).

Anti-Platelet Activity

Aspirin is a well-known potent anti-thrombotic (Figure 1). At
low doses, the acetyl group of aspirin binds to serine 530
residue of COX-1 and irreversibly inhibits its activity (Funk
etal.,, 1991). Therefore, prostaglandin H2 synthesis is inhibited
(Patrono, 1994). Prostaglandin H2 is a substrate used by the
enzyme thromboxane-A-synthase to produce thromboxane
A2. Thromboxane A2 is a strong pro-thrombotic molecule
that is synthesized and released by platelets; it stimulates
platelets activation and aggregation (FitzGerald, 1991). It
also promotes vascular constriction and smooth muscle
proliferation. This inhibitory effect is irreversible. The
synthesis of new thromboxane A2 depends on the synthesis
of new platelets, a process occurring at a rate of 10% daily (Di
Minno et al., 1983).
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CLINICAL USES OF ASPIRIN

The medicinal history of aspirin dates back to more than
3,500 years ago, where the old Egyptians and Sumerians used
the willow bark as anti-pyretic and analgesic agent. As medicine
progressed, the first precursor of aspirin, salicylate, was described
in 1763 by Reverned Stone as antipyretic, while aspirin was first
described in 1897 by Felix Hoffman (Montinari et al., 2019).
Today, aspirin is a well-known and widely used drug. It
represents a famous well-established antipyretic and analgesic
agent. It is extensively used in cardiovascular diseases, mainly in
the acute settings of myocardial infarction, unstable angina,
ischemic stroke, and for secondary prevention of recurrent
coronary artery disease (Framework, 1998; De Gaetano, 2001;
Members; Gibbons et al., 2003; Younis et al., 2021c) (Awtry and
Loscalzo, 2000; Members; Antman et al., 2004; Pan et al., 2019).
Perhaps, the most common off-label use of aspirin is for the
primary and secondary prevention of atherosclerotic disease.
However, the protective value of aspirin has not been well
established in healthy individuals with no risk or previous
occlusive events. (Collaboration, 2002; Dai and Ge, 2012).
Aspirin is also the drug of choice for prophylaxis in
revascularization surgeries including coronary bypass surgery
(Members, Eagle et al., 2004; Smith et al., 2006). While being
initially widely used, aspirin’s use in rheumatic diseases such as
rheumatoid arthritis has declined for two reasons: 1) its anti-
inflammatory properties are established at relatively high doses,
and 2) the desired effects are reached at lower doses with more
efficacy with non-salicylate nonsteroidal anti-inflammatory
drugs (NSAIDs) (Csuka and McCarty, 1989). Despite that,
aspirin is still part of the treatment Kawasaki disease (Rife and
Gedalia, 2020). Aspirin was also proved to be beneficial in
preventing preeclampsia, and more ongoing trials are
exploring the role of aspirin in reducing the risk of colorectal
cancer (Roberge et al., 2018) (Dubé et al., 2007). In pediatrics,
aspirin is used in patients with congenital heart disease and
recently in treating multisystem inflammatory syndrome in
children (Abani et al., 2021; Abi Nassif et al., 2021).

The use of aspirin is not without adverse effects. Increased risk
of bleeding is possible, mainly secondary to decreased levels of
thromboxane A2 (Arif and Aggarwal, 2021). In addition, aspirin,
just like all NSAIDs, can potentially cause gastritis and ulcers, as
cyclooxygenase is essential in maintaining the gastrointestinal
mucosa (Awtry and Loscalzo, 2000). A rare side effect is tinnitus
at high doses. Aspirin metabolite, salicylic acid, can alter cochlear
nerve function, but tinnitus usually resolves after drug
discontinuation (Edward et al., 2021). Reye’s syndrome, which
encompasses liver failure and encephalopathy, is associated with
aspirin use in children [(MD) 2017]. Given this, aspirin is not
generally used in kids except in the case of Kawasaki disease.

ASPIRIN AND COVID-19

COVID-19 complications have been linked to an immune
dysregulation syndrome accompanied by cytokine storms
(Coperchini et al, 2020; Mehta et al, 2020). This severe

Aspirin and COVID-19

inflammation is known to trigger the coagulation cascade and
inhibit fibrinolysis, disrupting blood homeostasis. On the other
hand, COVID-19 has been found to infect vascular endothelial
cells leading to endotheliitis (Varga et al., 2020). Endothelial
inflammation and von-Willebrand exposure to sub-endothelial
collagen, in turn, precipitate thrombus formation manifesting as
arterial, venous, and microvascular thromboembolic events.
Aspirin, with its anti-inflammatory and antithrombotic
properties, could therefore protect against severe forms of
COVID infection. High dose aspirin is in fact used in MIS-C
for its anti-inflammatory properties. Aspirin is also commonly
used in atherosclerotic CVD to stabilize diseased arterial
endothelium. Its anti-platelet properties are mediated through
COX-1 inhibition preventing platelet aggregation, while its
anticoagulant properties stem from factor 8 activation
inhibition. Acetylsalicylic acid also stimulates fibrinolysis and
modifies thrombus architecture (Mekaj et al., 2015). Aspirin,
through its pleiotropic effects, was therefore naturally
hypothesized to prevent COVID’s multifactorial complications
and is the subject of the following review.

Pros

Pathologic examination of lung tissue in patients who died due to
COVID-19 infection and its complications revealed
morphological aspects of acute respiratory distress syndrome
including diffuse alveolar damage, intra-alveolar edema,
inflammatory infiltration by mononuclear and multinucleated
cells, and vascular damage (Xu et al., 2020; Yao et al., 2020; Batah
and Fabro, 2021). Further pathological examination revealed the
formation of immune and fibrin microthrombi leading to
intracapillary thrombosis (Colling and Kanthi, 2020; Batah
and Fabro, 2021). Remarkably, it is suggested that such
changes, specifically the edema and inflammatory infiltrates,
develop before the pneumonia symptoms (Tian et al, 2020).
Add to these the hyperinflammatory and hypercoagulable state
(Figure 2), marked by laboratory aberrations namely increasing
D-dimer and fibrinogen and decreasing platelet count with more
severe disease (Lin et al., 2021). From these repercussions of the
infection stems the utility of antiplatelet and anticoagulant agents
specifically aspirin.

Because aspirin is a chronic medication for many patients,
studies at first investigated the effect of chronic aspirin use on the
course of COVID-19 infection (Table 1). Osborne’s retrospective
study included 35,370 patients with and without active aspirin
prescription before acquiring SARS-CoV2 (Osborne et al., 2021).
Aspirin users had a significantly decreased risk of mortality by
32% at 14 and 30days after infection. After adjusting to
confounding covariates [age, gender, comorbidities, and the
Care Assessment Needs (CAN) 1-year mortality score] and
propensity score matching, mortality dropped from 6.3 to
2.5% with aspirin use at 14 days and from 10.5 to 4.3% at
30 days in the propensity matched cohorts.

Other studies investigated in-hospital aspirin use irrespective
of pre-infection use. A retrospective observational cohort study
by Chow et al., studied the severity of the disease in patients who
received aspirin within the first day of admission or a week before
admission (Chow et al., 2021). Patients in both groups had similar
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FIGURE 2| COVID-19 induced hyperinflammatory and hypercoagulable states. Although the pathogenesis of COVID-19 induced coagulopathy has not been fully
elucidated, interplay among immune dysregulation, hyperinflammation and thrombosis is proposed. SARS-CoV-2 virus, via its spike protein, interacts with the ACE-2
receptor to enter the cell through endocytosis. Endothelial cells as well as respiratory cells have high expression level of ACE-2. Inside the cell, the virus releases its
genetic material and replicates using the cellular machinery. The viral effect is suggested to take place through two mechanisms: 1) Direct viral injury and 2) indirect
cytokine-mediated injury. The viral cytopathic effect is implicated in direct damage and apoptosis of the host cell thus contributing to endothelitis. In turn, endothelial
damage triggers platelet activation and aggregation. At the same time, the virus drives intense inflammation and immune dysregulation. It suppresses the lymphocytic
activity and activates macrophages and polymorphonuclear cells, thus generating pro-inflammatory cytokines including IL-1, IL-2, IL-6, IL-10, IL-17, IL-18 and TNF-a,
and leading to cytokine storm in severe iliness. TF production, release of VWF and the initiation of coagulation cascade are triggered by cytokines and the injured
epithelium. The cytokine storm also induces activation of complement system which contributes to coagulopathy by activating platelets, and increasing production of
fibrin and thrombin. The cytokine storm is also associated with NETs, which in turn promotes VWF and TF activity and disables tissue factor inhibitor and
thrombomodulin, therefore induing inflammation and microvascular thrombosis. These cellular processes are reflected on laboratory values, which ae usually remarkable
for acombination of prolonged prothrombin time, normal to mildly prolonged activated partial thromboplastin time, thrombocytopenia, elevated D-dimer level, fibrinogen,
fibrinogen degradation products, VFW, plasminogen, protein C, and factor VIII. Clinically, the hyperinflammatory response and endothelial dysfunction affect both venous
and arterial systems. Venous thromboembolism includes pulmonary embolism and deep venous thrombosis. Arterial thromboembolism including myocardial injury and
strokes have been also reported. Consumptive coagulopathy and ultimately DIC is also observed in critically ill patients (Lippi et al., 2020a; Iba et al., 2020b; Lippi et al.,
2020b; Goshua et al., 2020; Guan et al., 2020; Levi and Thachil 2020; Mehta et al., 2020; Middleton et al., 2020; Tang et al., 2020; Varga et al., 2020; Zhang et al., 2020;
Zhou et al., 2020; Tan et al., 2021). ACE-2: angiotensin converting enzyme-2; IL: Interleukin; VWF: von Willebrand factor; NET: neutrophil extracellular traps; TF: Tissue

factor; DIC: disseminated intravascular coagulation.

vital signs and lab tests, except fibrinogen level, which was
significantly lower in patients receiving aspirin. On initial
crude analysis, there was no difference in in-hospital mortality
between the two groups in spite of the improvement in other
outcomes and no difference in rates of bleeding and overt
thrombosis. However, after adjusting to age, sex, race, body
mass index (BMI), comorbidities and home beta blocker use,
patients receiving aspirin had reduced risk of mechanical
ventilation, intensive care unit (ICU) admission and in-
hospital mortality, these results persisted on subgroup analysis.
In addition, sensitivity analysis was performed by stratifying
patients relative to the timing of aspirin use: started in the
first 24h, in the 7days prior to admission, or both; this
analysis showed lower rates of ICU admission in patients who
started aspirin in the first 24 h compared to the others.

Low in-hospital mortality was also deduced in other studies
assessing different populations (Haji Aghajani et al., 2021; Liu
et al., 2021). In those studies, patients were receiving aspirin

during their hospitalization not withstanding prior chronic
aspirin use, had similar baseline vital signs, inflammatory and
infectious markers, and medications used during hospitalization.

To be able to assess the efficacy of aspirin in an acute COVID-
19 setting, Meizlish et al. dissected the use of anticoagulants and
antiplatelets in COVID-19 patients with documented
abnormalities in D-dimer and fibrinogen levels (Meizlish et al.,
2021). At first, propensity matched cohorts comparing patients
receiving aspirin vs. patients receiving no aspirin were
considered, adjusting to multiple factors including physicians’
tendency to administer aspirin to critically ill patients.
Multivariate analysis showed a lower cumulative incidence of
in-hospital death in the aspirin cohort (Meizlish et al., 2021).
After May 18, they released a recommendation to administer
aspirin for all patients hospitalized for COVID-19, which showed
similar favorable outcomes.

While considering the favorable outcomes that these studies
revealed, one should consider many factors. All of these included
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TABLE 1 | High quality clinical studies showing evidence of beneficial aspirin role in COVID-19 disease.

Mortality

Pre-existing aspirin use was
associated with lower
mortality at 14 and 30 days
(adjusted OR: 0.38)
Propensity matched cohort:
drop in 14-day mortality from
6.3 10 2.5% and a drop in 30-
day mortality from 10.5

to 4.3%

Significantly reduced risk of a
fatal course of COVID-19 with
the use of aspirin in patients
with COVID-19 relative to
non-use of aspirin (pooled
OR = 0.50 (0.32-0.77);
pooled HR = 0.50
(0.36-0.69)

In-hospital initiation of aspirin
was independently
associated with reduced in-
hospital mortality (adjusted
HR, 0.53, p-value = 0.02)

In-hospital aspirin initiation
had significantly lower 30-day
and 60-day mortality
compared to the non-aspirin

In-hospital, aspirin initiation
was associated with a lower
cumulative incidence of in-
hospital death, on
multivariate regression and
propensity score matching
(HR = 0.52)

Aspirin (HR = 0.753

Author(s) Country Date Study design Dose
Osbourne United States Feb-  Retrospective NA
et al. 21 database review
Kow and United States, Apr-  Meta-analysis NA
Hasan United Kingdom, 21
China, Italy, Germany
Chow et al.  United States Apr- Multicenter Low
21 retrospective dose
observational
cohort
Liu et al. China Feb-  Single-center Low
21 retrospective dose
cohort
group
Meizlish United States Apr- Multicenter Low
etal 21 retrospective dose
Aghajani Iran Apr- Retrospective NA
etal 21 cohort

[0.573-0.991], p-value =
0.043) was associated with
decreased risk of in-hospital
mortality

Mechanical ventilation

Aspirin was independently
associated with a reduced
risk for mechanical
ventilation (adjusted HR,
0.56 (0.37-0.85), p-value =
0.007)

16.07% of aspirin users and
90 18.74% of nonusers
needed mechanical
ventilation (p-value = 0.324)

Aspirin and COVID-19

Other outcomes

Aspirin was associated
with a reduction in the risk
of ICU admission (adjusted
HR, 0.57 (0.38-0.85),
p-value = 0.005)

No significant difference in
the viral duration time (time
from 1st positive PCR to
1st negative PCR) between
the two groups

Length of hospital stay was
significantly longer in
patients who received
aspirin (p-value < 0.001)

studies were retrospective in nature. Some studies had an
adequate number of patients but from a homogeneous sample
enlisted in the Veterans Health Administration, which makes the
results generalizable only to this population (Osbornes et al.,
2021). Additionally, most studies failed to distinguish between the
efficacy of chronic and acute aspirin uses. None of them have
specified whether chronic aspirin use is superior to using aspirin
only in the acute setting, and vice versa. Yet, the abovementioned
studies indeed took into consideration the baseline factors that
might affect patients’ clinical course as well as eventual morbidity
and mortality, including underlying conditions, demographics,
vital signs, and lab values at presentation and others. Specifically,
in Haji Aghajani et al., the initial bivariate analysis revealed higher
in-hospital mortality in aspirin users (Haji Aghajani et al., 2021).
After adjusting to the aforementioned factors, aspirin was found
to be protective of mortality, although aspirin users were

admitted for longer and needed more time on the mechanical
ventilator.

A meta-analysis done by Kow and Hassan included 12 studies,
six of which investigated antiplatelet use in COVID-19, and six
others investigating aspirin use (Kow and Hasan, 2021). The
pooled analysis showed a significant benefit to aspirin use in
protecting the patients from a fatal course of COVID-19. To note,
this benefit was not seen when considering antiplatelet use,
suggesting that maybe the other effects of aspirin, specifically
its anti-inflammatory properties, account for the favorable
results.

Cons

Alongside publications supporting the use of aspirin in COVID-
19 patients, there is also antipodal literature arguing against it
(Table 2).
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TABLE 2 | High quality clinical evidence displaying negative role for aspirin in COVID-19 disease.

Author(s) Country Date Study design

Yuan et al. China Jan-  Retrospective
21 database review

Sahai et al. United States Dec-  Retrospective
20 database review

Salah and United States, Mar-  Meta-analysis

Mehta China, Iran 21

Son et al. South Korea Jul- Case control
21

Abdelwahab Egypt Jul- Retrospective

etal 21 cohort

Pan et al. United States May-  Retrospective
21 cohort

Tremblay United States Jul- Retrospective

et al. 20 cohort

Russo et al. [taly May-  Retrospective
20 cohort

Banik et al. Germany Nov-  Retrospective
20 cohort

Horby et al. United Kingdom, Jun- RCT

Indonesia, Nepal 21

Kim et al. South Korea Sep-  Retrospective

21 cohort

Mortality

No difference in mortality
between CAD patients taking
and not taking aspirin

Neither aspirin nor NSAIDs
affected mortality. They were
associated with increased risk
of MI, CVA, or VTE

Mortality was not associated
with the use of aspirin in
patients with COVID-19 (RR
1.12,[0.84, 1.50])

Mortality was not associated
with the use of aspirin.
Adjusted OR = 0.92
(0.46-1.84)

Mortality was not associated
with the prior use of anti-
platelets. Adjusted OR = 1.13
(0.70-1.82)

Mortality was not associated
with the prior use of anti-
platelets. HR = 1.029
(0.723-1.466)

In-hospital mortality was not
associated with the prior use of
anti-platelets. Adjusted RR =
0.51 (0.21-1.15) p-value =
0.110

No correlation between prior
anti-platelet use and the
composite endpoint death or
transfer for ECMO. Adjusted
OR = 2.25 (0.0456-270)

28-day mortality was not
associated with aspirin
treatment. RR = 0.96
(0.89-1.04) p = 0.35

Increased risk of death among
patients who took aspirin within
the 2-weeks prior to COVID-19
diagnosis (40%) vs. those who
did not (5%) p-value = 0.027;
however, groups were not

Mechanical
ventilation

No difference in need of
mechanical ventilation
between the 2 groups

No correlation between prior
aspirin use and mechanical
ventilation Adjusted OR =
1.095, p-value = 0.932

No correlation between prior
anti-platelet use and
mechanical ventilation. HR =
1.239 (0.807-1.901)

No correlation between prior
anti-platelet use and the need
for mechanical ventilation.
Adjusted OR = 0.781
(0.0253-17.0)

Mechanical ventilation need
was not associated with aspirin
treatment. RR = 0.96
(0.9-1.03)

Mechanical ventilation need
was not associated with aspirin
treatment either before
(p-value = 0.141) or after
(p-value = 0.173) diagnosis

Aspirin and COVID-19

Other outcomes

No difference in severe disease,
inflammatory markers, liver and
kidney function and lung imaging
between patients taking and not
taking aspirin pre-hospitalization

No correlation between prior
aspirin use and COVID-19
complications. Adjusted OR =
1.06 (0.66-1.69)

Decreased risk of
thromboembolic events with prior
aspirin use. Adjusted OR = 0.163,
p =0.02

No correlation between prior anti-
platelet use and the composite
outcome (high oxygen need,
invasive ventilation and death).
Adjusted OR = 0.98 (0.65-1.46)

No correlation between prior anti-
platelet use and either survival
time, time to mechanical
ventilation or hospital admission

No correlation between prior anti-
platelet use and ARDS upon
admission. Adjusted RR = 0.58
(0.38-1.14), p-value = 0.165

Prior anti-platelet use correlated
with a positive chest CT. Adjusted
OR = 12.1 (1.41-167), p-value =
0.0354 prior use of anti-platelet
did not correlate with the length of
hospital stay

Rate of discharges before 28 days
was slightly higher among
patients in aspirin arm. RR = 1.06
(1.02-1.1) p- value = 0.0062
median time until discharge was
8 days in aspirin users versus

9 days in non-users. There was
no correlation with successful
cessation of mechanical
ventilation or need for renal
replacement therapy

People who received aspirin after
diagnosis were at higher risk of
needing oxygen therapy (46.7%)
vs. those who did not receive
aspirin (35.0%), p-value <0.0001.
No correlation between oxygen
(Continued on following page)
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TABLE 2 | (Continued) High quality clinical evidence displaying negative role for aspirin in COVID-19 disease.

Author(s) Country Date Study design

matched for prior CAD No
correlation between mortality
and aspirin treatment within
2 weeks after diagnosis

Mortality

Mechanical Other outcomes

ventilation

need and aspirin use before
diagnosis. No correlation
between COVID infection rate and
prior aspirin use. No correlation
between aspirin use before or
after diagnosis and ICU admission

CAD, coronary artery disease; NSAIDS, non-steroidal anti-inflammatory drugs; MI, myocardial infarction; CVA, cerebrovascular accident; VTE, venous thromboembolism; ARDS, acute
respiratory distress syndrome; ECMO, extra-corporeal membrane oxygenation; ICU, intensive care unit.

The RECOVERY trial is, to date, the only published
randomized clinical trial (RCT) testing the benefits of aspirin
therapy in COVID-19 patients. This trial is an open-label,
platform RCT that recruited 14,892 inpatients with COVID-
19. In this study, 7,351 patients were randomly allocated to
receive 150 mg of aspirin daily alongside usual care, while
7,541 received usual care alone. It involved 177 hospitals in
the United Kingdom, two hospitals in Indonesia, and two
hospitals in Nepal. Authors did not find a correlation between
aspirin intake and 28-day mortality, the study’s primary outcome
(rate ratio 0.96; 95% confidence interval 0.89-1.04; p = 0.35).
There was also no significant difference in the composite outcome
of mechanical ventilation or death within 28 days of admission
between the two treatment arms (risk ratio 0.96; 95% CI
0.90-1.03; p = 0.23). On the other hand, a slightly higher but
significant proportion of inpatients on aspirin was discharged
alive before 28 days (75 vs. 74%; rate ratio 1.06; 95% CI 1.02-1.10;
p = 0.0062) (Abani et al., 2021).

This study only looked at inpatients and excluded those on
chronic aspirin therapy. This trial being a platform RCT, it also
involved looking at many drugs simultaneously. For example,
90% of patients in this trial were taking corticosteroids while 93%
were on low molecular weight heparin (LMWH). Authors suggest
these high rates of antithrombotic therapy with LMWH and
corticosteroid treatment must have decreased thrombo-
inflammatory stimulation in the entire study population.
Therefore, the treatment arm might not have significantly
benefited from aspirin given that almost everyone was
anticoagulated and taking corticosteroids. However, in a real-
life scenario where a patient is admitted and given steroids and
LMWH, it seems the addition of aspirin is not indicated and will
not further improve outcomes. Aspirin might also be more
beneficial among people with a higher risk of thrombosis,
i, the patients on chronic antiplatelet therapy that were
excluded from the study.

The remaining literature against aspirin use in COVID-19
disease stems from retrospective cohort and case control
studies, none of which found a correlation between aspirin
treatment and mortality despite adjusting for comorbidities
such as cardiovascular disease and its risk factors (older age,
hypertension, diabetes, hyperlipidemia, smoking ... ) (Pan
et al., 2019; Russo et al., 2020; Tremblay et al., 2020; Banik
et al., 2021; Sahai et al., 2021; Son et al.,, 2021; Yuan et al,,
2021). These studies looked at patients with an underlying

condition and who were prescribed aspirin before testing
positive for COVID-19. The bias imparted by their
comorbidities should be accounted for when adjusting for
risk factors, however it cannot be excluded that a
confounder might have been missed in the statistical
analysis. Furthermore, no correlation was found between
mortality and either aspirin use in specific (Sahai et al,
2021; Son et al.,, 2021; Yuan et al.,, 2021) or antiplatelet use
more generally (Pan et al., 2019; Russo et al., 2020; Tremblay
et al., 2020; Banik et al., 2021). The results were also similar
between inpatient populations (Pan et al., 2019; Russo et al.,
2020; Banik et al., 2021; Yuan et al., 2021) and mixed
ambulatory and hospitalized patients (Tremblay et al., 2020;
Sahai et al,, 2021; Son et al., 2021). In addition, despite
combining the findings of Russo et al. and Tremblay et al.
in a meta-analysis, the effect of antiplatelets on mortality was
still insignificant OR = 0.65 (0.40-1.06) p = 0.498 for a total of
3,964 patients (Russo et al., 2020; Tremblay et al., 2020).
Similarly, but in a non-COVID setting, a meta-analysis
done by Liang et al. including a pooled population of 6,764
patients showed that prior aspirin use was linked with a
significantly lower incidence of ARDS in at-risk patients
(p = 0.018) but had no effect on hospital mortality (OR,
0.88; 95% CI, 0.73-1.07; p = 0.204; I = 0%) (Liang et al.,
2020). These findings were validated by Wang et al. in their
2018 meta-analysis on the same subject (Wang et al., 2018).

Microthrombi formation plays an essential role in COVID-
19 pathophysiology, aspirin use could therefore be potentially
beneficial in that regard. However, findings concerning
aspirin’s effects are contradictory. Sahai et al. noticed an
increased risk of thromboembolic events among COVID-19
patients on chronic aspirin therapy despite adjustment for
comorbidities like age, sex, smoking, hypertension, diabetes,
and cardiovascular diseases (adjusted OR = 0.163, p = 0.005),
however they failed to adjust for a history of MI, stroke or
venous thromboembolism (VTE) (Sahai et al., 2021). Aspirin
therapy may therefore simply be a coincidental signal of the
increased baseline risk of thrombosis in these patients.
However, it could also be an indication of a different
mechanism of thrombosis in COVID-19. Manne et al.
detected a deranged and altered platelet phenotype in
SARS-COV-2 (Manne et al., 2020). While Elbadawi et al.
found absolute neutrophil count to be an independent
predictor of thrombotic events in patients with COVID-19
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(Elbadawi et al., 2021). Several studies have also shown the role
of neutrophil extracellular traps in thrombus formation
(Skendros et al, 2020). These findings supporting an
immunological trigger to thrombosis suggest platelets may
be indirect mediators in this process and perhaps not the
best direct targets for pharmacological intervention (Sahai
et al.,, 2021).

Another retrospective trial conducted in Egypt by Abdelwahab
et al. found that the risk of stroke or MI among patients on
chronic aspirin therapy was significantly lower than among non-
users after adjustment (p = 0.02), but anticoagulants were found
to be even more effective (adjusted OR = 0.071, p < 0.001)
(Abdelwahabet al., 2021). The essence of coagulopathy in
COVID-19 is indeed hypothesized to be massive fibrin
formation. Anti-platelets might therefore not work as well as
anti-coagulants if microthrombi have more fibrin than platelets.
In fact, 90% of hospitalized COVID-19 pneumonia patients have
elevated D-dimer levels. D-dimer can also reach very high
thresholds and it is associated with disease severity (Iba et al.,
2020a).

Another studied outcome was the need for mechanical
ventilation, and here too there was no clear benefit for aspirin
among COVID-19 patients. Antiplatelets were not found to affect
the need for or time to mechanical ventilation, nor the risk of
acute respiratory distress syndrome (ARDS) upon admission
among patients on aspirin or other anti-platelets (taken as
primary or secondary cardiovascular prophylaxis or as
treatment for thromboembolic disease) (Pan et al., 2019; Russo
et al,, 2020; Tremblay et al., 2020; Abdelwahab et al., 2021; Banik
et al., 2021). Limitations within these studies include failure to
adjust for smoking status and BMI, small sample size
(Abdelwahab et al, 2021), inclusion of only inpatients
(Abdelwahab et al., 2021), and lack of correction for the
influence of post-admission treatments (Tremblay et al., 2020).
Banik et al. were able to detect a positive effect of anti-coagulants
on mechanical ventilation need but found no correlation between
antiplatelets and intubation (Banik et al., 2021). Surprisingly, they
found that a positive chest CT was correlated with antiplatelet
intake despite adjustment (OR = 12.1 (1.41-167), p = 0.0354).
While another retrospective cohort showed an increased risk of
oxygen therapy in patients prescribed aspirin within 2 weeks after
diagnosis (Kim et al., 2021); but here propensity matching failed
to adjust for a history of CAD. SARS-Cov-2 was indeed found to

REFERENCES

Abani, O., Abbas, A., Abbas, F., Abbas, M., Abbasi, S., Abbass, H., et al. (2021).
Aspirin in Patients Admitted to Hospital with COVID-19 (RECOVERY): a
Randomised, Controlled, Open-Label, Platform Trial. The Lancet.

Abdelwahab, H. W, Shaltout, S. W., Sayed Ahmed, H. A,, Fouad, A. M., Merrell, E, Riley,
J. B,, etal. (2021). Acetylsalicylic Acid Compared with Enoxaparin for the Prevention
of Thrombosis and Mechanical Ventilation in COVID-19 Patients: A Retrospective
Cohort Study. Clin. Drug Investig. 41 (8), 723-732. doi:10.1007/s40261-021-01061-2

Abi Nassif, T., Fakhri, G., Younis, N. K., Zareef, R., Al Amin, F., Bitar, F., et al.
(2021). Cardiac Manifestations in COVID-19 Patients: A Focus on the Pediatric
Population. Can. J. Infect. Dis. Med. Microbiol. 2021, 5518979. doi:10.1155/
2021/5518979

Aspirin and COVID-19

infect pulmonary endothelial cells causing endothelial injury and
thrombosis (Acosta and Singer, 2020). It also seems that an
important feature of ARDS is platelet and/or neutrophil
aggregation (Zarbock et al.,, 2006). Gongalves de Moraes et al.
showed that aspirin treatment could increase neutrophil number
in the bronchial alveolar fluid in a mouse model (Gongalves de
Moraes et al, 1996) which could potentially explain the
correlation between aspirin intake and a positive chest CT,
even though this correlation had no prognostic value as noted
by Banik et al.

CONCLUSION

The pandemic has imparted significant burdens on the global
health and economic sectors, leaving behind substantial
morbidity and mortality. While the scientific community
merged efforts to obtain the vaccine at an unpreceded velocity,
the search for a therapeutic agent is still ongoing. Aspirin with its
various molecular targets and properties has been under clinical
investigations. Gathering all the high-quality clinical evidence to
date, it appears that the effect of aspirin is still not clearly
delineated. Despite the large number of studies exploring
aspirin role in COVID-19 disease, the evidence is still
premature. Almost all studies are retrospective in nature, and
many fail to consider baseline clinical status that might eventually
alter the outcomes measured. More studies are needed to better
define recommendations of clinical practice. The anti-
inflammatory and anti-platelet properties of aspirin are
appealing, yet future studies have to pledge to more objective
designs.  Multi-center ~ placebo-controlled  high-quality
randomized clinical trials with plainly outlined baseline
characteristics and outcomes are urgently needed to evaluate
the efficacy of aspirin.

AUTHOR CONTRIBUTIONS

MA developed the idea and the review framework. RZ, MD, TA,
and AM wrote the first draft of the manuscript. NY and FB did the
final editing. All authors contributed to corrections and
adjustment of subsequent iterations of the manuscript. All
authors approve and agree with the content.

Aktaa, S., Wu, J., Nadarajah, R., Rashid, M., de Belder, M., Deanfield, J., et al.
(2021). Incidence and Mortality Due to Thromboembolic Events during the
COVID-19 Pandemic: Multi-Sourced Population-Based Health Records
Cohort Study. Thromb. Res. 202, 17-23. doi:10.1016/j.thromres.2021.
03.006

Antman, E. M., Anbe, D. T., Armstrong, P. W., Bates, E. R, Green, L. A., Hand,
M., et al. (2004). ACC/AHA Guidelines for the Management of Patients
with ST-Elevation Myocardial Infarction-Eexecutive Summary: a Report of
the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines (Writing Committee to Revise the 1999
Guidelines for the Management of Patients with Acute Myocardial
Infarction).  Circulation 110 (3), 588-636. doi:10.1161/01.CIR.
0000134791.68010.FA

Arif, H., and Aggarwal, S. (2021). Salicylic Acid (Aspirin). StatPearls [Internet].

Frontiers in Pharmacology | www.frontiersin.org

March 2022 | Volume 13 | Article 849628


https://doi.org/10.1007/s40261-021-01061-2
https://doi.org/10.1155/2021/5518979
https://doi.org/10.1155/2021/5518979
https://doi.org/10.1016/j.thromres.2021.03.006
https://doi.org/10.1016/j.thromres.2021.03.006
https://doi.org/10.1161/01.CIR.0000134791.68010.FA
https://doi.org/10.1161/01.CIR.0000134791.68010.FA
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Zareef et al.

Arthi, V., and Parman, J. (2021). Disease, Downturns, and Wellbeing: Economic
History and the Long-Run Impacts of COVID-19. Explor Econ. Hist. 79,
101381. doi:10.1016/j.eeh.2020.101381

Attaway, A. A., Zein, J., and Hatipoglu, U. S. (2020). SARS-CoV-2 Infection in the
COPD Population Is Associated with Increased Healthcare Utilization: An
Analysis of Cleveland Clinic’s COVID-19 Registry. EClinicalMedicine 26,
100515. doi:10.1016/j.eclinm.2020.100515

Awtry, E. H,, and Loscalzo, J. (2000). Aspirin. Circulation 101 (10), 1206-1218.
doi:10.1161/01.¢ir.101.10.1206

Baden, L. R,, El Sahly, H. M., Essink, B., Kotloff, K., Frey, S., Novak, R, et al. (2021).
Efficacy and Safety of the mRNA-1273 SARS-CoV-2 Vaccine. N. Engl. ]. Med.
384 (5), 403-416. doi:10.1056/nejmoa2035389

Banik, J., Mezera, V., Kéhler, C., and Schmidtmann, M. (2021). Antiplatelet
Therapy in Patients with Covid-19: A Retrospective Observational Study.
Thromb. Update 2, 100026. doi:10.1016/j.tru.2020.100026

Batah, S. S., and Fabro, A. T. (2021). Pulmonary Pathology of ARDS in COVID-19:
A Pathological Review for Clinicians. Respir. Med. 176, 106239. doi:10.1016/j.
rmed.2020.106239

Bernal, J. L., Andrews, N., Gower, C., Gallagher, E., Simmons, R., Thelwall, S., et al.
(2021). Effectiveness of Covid-19 Vaccines against the B. 1.617. 2 (Delta)
Variant. New Engl. ]. Med doi:10.1056/nejmoa2108891

Chiang, N., and Serhan, C. N. (2009). Aspirin Triggers Formation of Anti-
inflammatory Mediators: New Mechanism for an Old Drug. Discov. Med. 4
(24), 470-475.

Chookajorn, T., Kochakarn, T., Wilasang, C., Kotanan, N., and Modchang, C.
(2021). Southeast Asia Is an Emerging Hotspot for COVID-19. Nat. Med. 27
(9), 1495-1496. doi:10.1038/541591-021-01471-x

Chow, J. H,, Khanna, A. K, Kethireddy, S., Yamane, D., Levine, A., Jackson, A. M.,
et al. (2021). Aspirin Use Is Associated with Decreased Mechanical Ventilation,
Intensive Care Unit Admission, and In-Hospital Mortality in Hospitalized
Patients with Coronavirus Disease 2019. Anesth. Analgesia 132 (4), 930-941.
doi:10.1213/ane.0000000000005292

Claria, J., and Serhan, C. N. (1995). Aspirin Triggers Previously Undescribed
Bioactive Eicosanoids by Human Endothelial Cell-Leukocyte Interactions. Proc.
Natl. Acad. Sci. U S A. 92 (21), 9475-9479. doi:10.1073/pnas.92.21.9475

Collaboration, A. T. (2002). Collaborative Meta-Analysis of Randomised Trials of
Antiplatelet Therapy for Prevention of Death, Myocardial Infarction, and
Stroke in High Risk Patients. Bmj 324 (7329), 71-86. doi:10.1136/bmj.324.
7329.71

Colling, M. E., and Kanthi, Y. (2020). COVID-19-associated Coagulopathy: An
Exploration of Mechanisms. Vasc. Med. 25 (5), 471-478. doi:10.1177/
1358863X20932640

Cooper, D., Russell, J., Chitman, K. D., Williams, M. C., Wolf, R. E., and Granger,
D. N. (2004). Leukocyte Dependence of Platelet Adhesion in Postcapillary
Venules. Am. J. Physiol. Heart Circ. Physiol. 286 (5), H1895-H1900. doi:10.
1152/ajpheart.01000.2003

Coperchini, F., Chiovato, L., Croce, L., Magri, F., and Rotondi, M. (2020). The
Cytokine Storm in COVID-19: An Overview of the Involvement of the
Chemokine/chemokine-Receptor System. Cytokine Growth Factor. Rev. 53,
25-32. doi:10.1016/j.cytogfr.2020.05.003

Csuka, M. E., and McCarty, D. J. (1989). Aspirin and the Treatment of Rheumatoid
Arthritis. Rheum. Dis. Clin. North. Am. 15 (3), 439-454. d0i:10.1016/s0889-
857x(21)01002-4

Dai, Y., and Ge, J. (20122012). Clinical Use of Aspirin in Treatment and Prevention
of Cardiovascular Disease. Thrombosis. doi:10.1155/2012/245037

De Gaetano, G. (2001). Low-dose Aspirin and Vitamin E in People at
Cardiovascular Risk: a Randomised Trial in General Practice. Collaborative
Group of the Primary Prevention Project. Lancet 357 (9250), 89-95. doi:10.
1016/s0140-6736(00)03539-x

De Roquetaillade, C., Chousterman, B. G., Tomasoni, D., Zeitouni, M., Houdart, E.,
Guedon, A., et al. (2021). Unusual Arterial Thrombotic Events in Covid-19
Patients. Int. J. Cardiol. 323, 281-284. doi:10.1016/j.ijcard.2020.08.103

Di Minno, G, Silver, M. J., and Murphy, S. (1983). "Monitoring the Entry of New
Platelets into the Circulation after Ingestion of Aspirin."doi:10.1182/blood.v61.
6.1081.bloodjournal6161081

DrugBankonline (2005). Available from https://go.drugbank.com/drugs/DB00945
October 31, 2021).Aspirin.

Aspirin and COVID-19

Dub¢, C., Rostom, A., Lewin, G., Tsertsvadze, A., Barrowman, N., Code, C,,
et al. (2007). The Use of Aspirin for Primary Prevention of Colorectal
Cancer: a Systematic Review Prepared for the U.S. Preventive Services Task
Force. Ann. Intern. Med. 146 (5), 365-375. d0i:10.7326/0003-4819-146-5-
200703060-00009

Eagle, K. A,, Guyton, R. A,, Davidoff, R,, Edwards, F. H., Ewy, G. A, Gardner, T. ],
et al. (2004). ACC/AHA 2004 Guideline Update for Coronary Artery Bypass
Graft Surgery: Summary Article. A Report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines
(Committee to Update the 1999 Guidelines for Coronary Artery Bypass Graft
Surgery). J. Am. Coll. Cardiol. 44 (5), €213-310. doi:10.1016/j.jacc.2004.07.021

Edward, W., Boyer, M., Kathryn, W., and Weibrecht, M. D. (2021). Salicylate
(Aspirin) Poisoning in Adults. Available from https://www.uptodate.com/
contents/salicylate-aspirin-poisoning-in-adults?search=aspirin%20&source=
search_result&selected Title=8~149&usage_type=default&display_rank=8#H27.

Elbadawi, A., Elgendy, I. Y., Sahai, A., Bhandari, R., McCarthy, M., Gomes, M., et al.
(2021). Incidence and Outcomes of Thrombotic Events in Symptomatic
Patients with COVID-19. Arteriosclerosis, Thromb. Vasc. Biol. 41 (1),
545-547. doi:10.1161/atvbaha.120.315304

Feng, Y., Ling, Y., Bai, T., Xie, Y., Huang, ., Li, J., et al. (2020). COVID-19 with
Different Severities: a Multicenter Study of Clinical Features. Am. J. Respir. Crit.
Care Med. 201 (11), 1380-1388. doi:10.1164/rccm.202002-04450C

FitzGerald, G. A. (1991). Mechanisms of Platelet Activation: Thromboxane A2 as
an Amplifying Signal for Other Agonists. Am. J. Cardiol. 68 (7), 11B-15B.
doi:10.1016/0002-9149(91)90379-y

Framework, M. R. C. s. G. P. R. (1998). Thrombosis Prevention Trial: Randomised
Trial of Low-Intensity Oral Anticoagulation with Warfarin and Low-Dose
Aspirin in the Primary Prevention of Ischaemic Heart Disease in Men at
Increased Risk. The Medical Research Council’s General Practice Research
Framework. Lancet 351 (9098), 233-241.

Funk, C. D,, Funk, L. B., Kennedy, M. E,, Pong, A. S, and Fitzgerald, G. A. (1991).
Human Platelet/erythroleukemia Cell Prostaglandin G/H Synthase: cDNA
Cloning, Expression, and Gene Chromosomal Assignment. FASEB J. 5 (9),
2304-2312. doi:10.1096/fasebj.5.9.1907252

Gibbons, R. J., Abrams, J., Chatterjee, K., Daley, J., Deedwania, P. C., Douglas, J. S.,
et al. (2003). ACC/AHA 2002 Guideline Update for the Management of
Patients with Chronic Stable Angina-Ssummary Article: a Report of the
American College of Cardiology/American Heart Association Task Force on
Practice Guidelines (Committee on the Management of Patients with Chronic
Stable Angina). Circulation 107 (1), 149-158. doi:10.1161/01.cir.0000047041.
66447.29

Goncalves de Moraes, V. L., Lefort, J., Meager, A., Chignard, M., and Chignard, M.
(1996). Effect of Cyclo-Oxygenase Inhibitors and Modulators of Cyclic AMP
Formation on Lipopolysaccharide-Induced Neutrophil Infiltration in Mouse Lung.
Br. J. Pharmacol. 117 (8), 1792-1796. doi:10.1111/j.1476-5381.1996.tb15356.x

Goshua, G., Pine, A. B., Meizlish, M. L., Chang, C. H., Zhang, H., Bahel, P, et al.
(2020). Endotheliopathy in COVID-19-Associated Coagulopathy: Evidence
from a single-centre, Cross-Sectional Study. Lancet Haematol. 7 (8),
e575-e582. doi:10.1016/S2352-3026(20)30216-7

Grilli, M., Pizzi, M., Memo, M., and Spano, P. (1996). Neuroprotection by Aspirin
and Sodium Salicylate through Blockade of NF-kappaB Activation. Science 274
(5291), 1383-1385. doi:10.1126/science.274.5291.1383

Grosser, N., Abate, A., Oberle, S., Vreman, H. J., Dennery, P. A., Becker, J. C., et al.
(2003). Heme Oxygenase-1 Induction May Explain the Antioxidant Profile of
Aspirin. Biochem. Biophys. Res. Commun. 308 (4), 956-960. doi:10.1016/s0006-
291x(03)01504-3

Guan, W. ], Ni, Z. Y,, Hu, Y., Liang, W. H,, Ou, C. Q, He, J. X,, et al. (2020).
Clinical Characteristics of Coronavirus Disease 2019 in China. N. Engl. J. Med.
382 (18), 1708-1720. doi:10.1056/NEJM0a2002032

Haji Aghajani, M., Moradi, O., Amini, H., Azhdari Tehrani, H., Pourheidar, E.,
Rabiei, M. M., et al. (2021). Decreased In-hospital Mortality Associated with
Aspirin Administration in Hospitalized Patients Due to Severe COVID-19.
J. Med. Virol doi:10.1002/jmv.27053

Hill, J. B. (1973). Salicylate Intoxication. N. Engl. J. Med. 288 (21), 1110-1113.
doi:10.1056/NEJM197305242882107

Iba, T., Levy, J. H., Levi, M., and Thachil, J. (2020b). Coagulopathy in COVID-19.
J. Thromb. Haemost. 18 (9), 2103-2109. doi:10.1111/jth.14975

Frontiers in Pharmacology | www.frontiersin.org

10

March 2022 | Volume 13 | Article 849628


https://doi.org/10.1016/j.eeh.2020.101381
https://doi.org/10.1016/j.eclinm.2020.100515
https://doi.org/10.1161/01.cir.101.10.1206
https://doi.org/10.1056/nejmoa2035389
https://doi.org/10.1016/j.tru.2020.100026
https://doi.org/10.1016/j.rmed.2020.106239
https://doi.org/10.1016/j.rmed.2020.106239
https://doi.org/10.1056/nejmoa2108891
https://doi.org/10.1038/s41591-021-01471-x
https://doi.org/10.1213/ane.0000000000005292
https://doi.org/10.1073/pnas.92.21.9475
https://doi.org/10.1136/bmj.324.7329.71
https://doi.org/10.1136/bmj.324.7329.71
https://doi.org/10.1177/1358863X20932640
https://doi.org/10.1177/1358863X20932640
https://doi.org/10.1152/ajpheart.01000.2003
https://doi.org/10.1152/ajpheart.01000.2003
https://doi.org/10.1016/j.cytogfr.2020.05.003
https://doi.org/10.1016/s0889-857x(21)01002-4
https://doi.org/10.1016/s0889-857x(21)01002-4
https://doi.org/10.1155/2012/245037
https://doi.org/10.1016/s0140-6736(00)03539-x
https://doi.org/10.1016/s0140-6736(00)03539-x
https://doi.org/10.1016/j.ijcard.2020.08.103
https://doi.org/10.1182/blood.v61.6.1081.bloodjournal6161081
https://doi.org/10.1182/blood.v61.6.1081.bloodjournal6161081
https://go.drugbank.com/drugs/DB00945
https://doi.org/10.7326/0003-4819-146-5-200703060-00009
https://doi.org/10.7326/0003-4819-146-5-200703060-00009
https://doi.org/10.1016/j.jacc.2004.07.021
https://www.uptodate.com/contents/salicylate-aspirin-poisoning-in-adults?search=aspirin%20&source=search_result&selectedTitle=8%7E149&usage_type=default&display_rank=8#H27
https://www.uptodate.com/contents/salicylate-aspirin-poisoning-in-adults?search=aspirin%20&source=search_result&selectedTitle=8%7E149&usage_type=default&display_rank=8#H27
https://www.uptodate.com/contents/salicylate-aspirin-poisoning-in-adults?search=aspirin%20&source=search_result&selectedTitle=8%7E149&usage_type=default&display_rank=8#H27
https://doi.org/10.1161/atvbaha.120.315304
https://doi.org/10.1164/rccm.202002-0445OC
https://doi.org/10.1016/0002-9149(91)90379-y
https://doi.org/10.1096/fasebj.5.9.1907252
https://doi.org/10.1161/01.cir.0000047041.66447.29
https://doi.org/10.1161/01.cir.0000047041.66447.29
https://doi.org/10.1111/j.1476-5381.1996.tb15356.x
https://doi.org/10.1016/S2352-3026(20)30216-7
https://doi.org/10.1126/science.274.5291.1383
https://doi.org/10.1016/s0006-291x(03)01504-3
https://doi.org/10.1016/s0006-291x(03)01504-3
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1002/jmv.27053
https://doi.org/10.1056/NEJM197305242882107
https://doi.org/10.1111/jth.14975
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Zareef et al.

Iba, T, Levy, J. H., Levi, M., Connors, J. M., and Thachil, J. (2020a). "Coagulopathy
of Coronavirus Disease 2019." Critical care medicine.

Ing, B. (2017). PRODUCT MONOGRAPH: ASPIRIN® Regular Strength-Aspirin® Extra
Strength-Aspirin® 81mg-Aspirin® 81mg Quick Chews®. Available from https://s3-
us-west-2.amazonaws.com/drugbank/fda_labels/DB00945.pdf?1555434420.

Kim, I, Yoon, S., Kim, M., Lee, H., Park, S., Kim, W., et al. (2021). Aspirin Is
Related to Worse Clinical Outcomes of COVID-19. Medicina (Kaunas) 57 (9),
931. doi:10.3390/medicina57090931

Klang, E., Kassim, G., Soffer, S., Freeman, R., Levin, M. A,, and Reich, D. L. (2020).
Severe Obesity as an Independent Risk Factor for COVID-19 Mortality in
Hospitalized Patients Younger Than 50. Obesity (Silver Spring) 28 (9),
1595-1599. doi:10.1002/0by.22913

Kopp, E., and Ghosh, S. (1994). Inhibition of NF-Kappa B by Sodium Salicylate and
Aspirin. Science 265 (5174), 956-959. doi:10.1126/science.8052854

Kow, C. S., and Hasan, S. S. (2021). Use of Antiplatelet Drugs and the Risk of
Mortality in Patients with COVID-19: a Meta-Analysis. J. Thromb.
Thrombolysis 52, 124-129. doi:10.1007/s11239-021-02436-0

Landete, P., Quezada Loaiza, C. A., Aldave-Orzaiz, B., Mudiz, S. H., Maldonado, A.,
Zamora, E,, et al. (2020). Clinical Features and Radiological Manifestations of
COVID-19 Disease. World J. Radiol. 12 (11), 247-260. doi:10.4329/wjr.v12.
i11.247

Levi, M., and Thachil, J. (2020). Coronavirus Disease 2019 Coagulopathy:
Disseminated Intravascular Coagulation and Thrombotic
Microangiopathy—Either, Neither, or Both. Seminars in Thrombosis and
Hemostasis. Thieme Medical Publishers.

Liang, H., Ding, X, Li, H,, Li, L., and Sun, T. (2020). Association between Prior
Aspirin Use and Acute Respiratory Distress Syndrome Incidence in At-Risk
Patients: a Systematic Review and Meta-Analysis. Front. Pharmacol. 11, 738.
doi:10.3389/fphar.2020.00738

Lin, J., Yan, H., Chen, H., He, C,, Lin, C., He, H,, et al. (2021). COVID-19 and
Coagulation Dysfunction in Adults: A Systematic Review and Meta-Analysis.
J. Med. Virol. 93 (2), 934-944. doi:10.1002/jmv.26346

Lippi, G., Lavie, C. J., and Sanchis-Gomar, F. (2020a). Cardiac Troponin I in
Patients with Coronavirus Disease 2019 (COVID-19): Evidence from a
Meta-Analysis. Prog. Cardiovasc. Dis. 63 (3), 390-391. doi:10.1016/j.pcad.
2020.03.001

Lippi, G., Plebani, M., and Henry, B. M. (2020b). Thrombocytopenia Is Associated
with Severe Coronavirus Disease 2019 (COVID-19) Infections: a Meta-
Analysis. Clin. Chim. Acta 506, 145-148. doi:10.1016/j.cca.2020.03.022

Liu, Q.,, Huang, N, Li, A, Zhou, Y., Liang, L., Song, X., et al. (2021). Effect of Low-
Dose Aspirin on Mortality and Viral Duration of the Hospitalized Adults with
COVID-19. Medicine 100 (6). doi:10.1097/md.0000000000024544

Magadum, A., and Kishore, R. (2020). Cardiovascular Manifestations of COVID-
19 Infection. Cells 9 (11), 2508. d0i:10.3390/cells9112508

Manne, B. K., Denorme, F., Middleton, E. A, Portier, L, Rowley, J. W., Stubben, C.,
et al. (2020). Platelet Gene Expression and Function in Patients with COVID-
19. Blood 136 (11), 1317-1329. doi:10.1182/blood.2020007214

Mehra, M. R,, Desai, S. S., Kuy, S., Henry, T. D., and Patel, A. N. (2020). Retraction:
Cardiovascular Disease, Drug Therapy, and Mortality in Covid-19. N. Engl.
J. Med. 382 (25), 2582. doi:10.1056/NEJMc2021225

Mehta, P., McAuley, D. F., Brown, M., Sanchez, E,, Tattersall, R. S., and Manson, J. J.
(2020). COVID-19: Consider Cytokine Storm Syndromes and Immunosuppression.
Lancet 395 (10229), 1033-1034. doi:10.1016/S0140-6736(20)30628-0

Meizlish, M. L., Goshua, G., Liu, Y., Fine, R., Amin, K., Chang, E., et al. (2021).
Intermediate-dose Anticoagulation, Aspirin, and In-Hospital Mortality in
COVID-19: A Propensity Score-Matched Analysis. Am. J. Hematol. 96 (4),
471-479. doi:10.1002/ajh.26102

Mekaj, Y. H,, Daci, F. T., and Mekaj, A. Y. (2015). New Insights into the
Mechanisms of Action of Aspirin and its Use in the Prevention and
Treatment of Arterial and Venous Thromboembolism. Ther. Clin. Risk
Manag. 11, 1449-1456. doi:10.2147/TCRM.S92222

Middleton, E. A, He, X. Y., Denorme, F., Campbell, R. A, Ng, D., Salvatore, S. P.,
et al. (2020). Neutrophil Extracellular Traps Contribute to Immunothrombosis
in COVID-19 Acute Respiratory Distress Syndrome. Blood 136 (10),
1169-1179. doi:10.1182/blood.2020007008

Mohamed-Hussein, A. A. R,, Aly, K. M. E,, and Ibrahim, M. A. A. (2020). Should
Aspirin Be Used for Prophylaxis of COVID-19-Induced Coagulopathy? Med.
Hypotheses 144, 109975. doi:10.1016/j.mehy.2020.109975

Aspirin and COVID-19

Montinari, M. R., Minelli, S., and De Caterina, R. (2019). The First 3500 years of
Aspirin History from its Roots - A Concise Summary. Vascul Pharmacol. 113,
1-8. doi:10.1016/j.vph.2018.10.008

Morens, D. M., Breman, J. G., Calisher, C. H., Doherty, P. C., Hahn, B. H., Keusch,
G. T, et al. (2020). The Origin of COVID-19 and Why it Matters. Am. J. Trop.
Med. Hyg. 103 (3), 955-959. do0i:10.4269/ajtmh.20-0849

National Institutes of Health (2017). LiverTox: Clinical and Research Information
on Drug-Induced liver Injury. Nih. gov. Available at: https://livertox.nih.gov.

Osborne, T. F., Veigulis, Z. P., Arreola, D. M., Mahajan, S. M., Réosli, E., and
Curtin, C. M. (2021). Association of Mortality and Aspirin Prescription for
COVID-19 Patients at the Veterans Health Administration. PloS one 16 (2),
€0246825. doi:10.1371/journal.pone.0246825

Padhan, R., and Prabheesh, K. P. (2021). The Economics of COVID-19 Pandemic:
A Survey. Econ. Anal. Pol. 70, 220-237. doi:10.1016/j.eap.2021.02.012

Pan, Y., Elm, J. J,, Li, H, Easton, J. D., Wang, Y., Farrant, M., et al. (2019).
Outcomes Associated with Clopidogrel-Aspirin Use in Minor Stroke or
Transient Ischemic Attack: a Pooled Analysis of Clopidogrel in High-Risk
Patients with Acute Non-disabling Cerebrovascular Events (CHANCE) and
Platelet-Oriented Inhibition in New TIA and Minor Ischemic Stroke (POINT)
Trials. JAMA Neurol. 76 (12), 1466-1473. doi:10.1001/jamaneurol.2019.2531

Patrono, C. (1994). Aspirin as an Antiplatelet Drug. N. Engl. J. Med. 330 (18),
1287-1294. doi:10.1056/NEJM199405053301808

Patrono, C., Ciabattoni, G., Pinca, E., Pugliese, F., Castrucci, G., De Salvo, A., et al.
(1980). Low Dose Aspirin and Inhibition of Thromboxane B2 Production in
Healthy Subjects. Thromb. Res. 17 (3-4), 317-327. doi:10.1016/0049-3848(80)
90066-3

Patrono, C., Coller, B, Dalen, J. E., FitzGerald, G. A., Fuster, V., Gent, M., et al.
(2001). Platelet-active Drugs : the Relationships Among Dose, Effectiveness,
and Side Effects. Chest 119 (1), 395-63S. doi:10.1378/chest.119.1_suppl.39s

Perretti, M., Chiang, N., La, M., Fierro, I. M., Marullo, S., Getting, S. J., et al. (2002).
Endogenous Lipid- and Peptide-Derived Anti-inflammatory Pathways
Generated with Glucocorticoid and Aspirin Treatment Activate the Lipoxin
A4 Receptor. Nat. Med. 8 (11), 1296-1302. doi:10.1038/nm786

Phelps, M., Christensen, D. M., Gerds, T., Fosbel, E., Torp-Pedersen, C., Schou, M.,
et al. (2021). Cardiovascular Comorbidities as Predictors for Severe COVID-19
Infection or Death. Eur. Heart ]. Qual. Care Clin. Outcomes 7 (2), 172-180.
doi:10.1093/ehjqcco/qcaal8l

Pillinger, M. H., Capodici, C., Rosenthal, P., Kheterpal, N., Hanft, S., Philips, M. R.,
et al. (1998). Modes of Action of Aspirin-like Drugs: Salicylates Inhibit Erk
Activation and Integrin-dependent Neutrophil Adhesion. Proc. Natl. Acad. Sci.
U S A. 95 (24), 14540-14545. doi:10.1073/pnas.95.24.14540

Polack, F. P., Thomas, S. J., Kitchin, N., Absalon, J., Gurtman, A., Lockhart, S., et al.
(2020). Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. New
Engl. J. Med doi:10.1056/nejmoa2034577

Rife, E., and Gedalia, A. (2020). Kawasaki Disease: an Update. Curr. Rheumatol.
Rep. 22 (10), 75-10. doi:10.1007/s11926-020-00941-4

Roberge, S., Bujold, E., and Nicolaides, K. H. (2018). Aspirin for the Prevention of
Preterm and Term Preeclampsia: Systematic Review and Metaanalysis. Am.
J. Obstet. Gynecol. 218 (3), 287-el.e281. doi:10.1016/j.2jog.2017.11.561

Russo, V., Di Maio, M., Attena, E., Silverio, A., Scudiero, F., Celentani, D., et al.
(2020). Clinical Impact of Pre-admission Antithrombotic Therapy in
Hospitalized Patients with COVID-19: a Multicenter Observational Study.
Pharmacol. Res. 159, 104965. doi:10.1016/j.phrs.2020.104965

Sabari, B. R., Zhang, D., Allis, C. D., and Zhao, Y. (2017). Metabolic Regulation of
Gene Expression through Histone Acylations. Nat. Rev. Mol. Cel Biol 18 (2),
90-101. doi:10.1038/nrm.2016.140

Sahai, A., Bhandari, R., Godwin, M., McIntyre, T., Chung, M. K., Iskandar, J.-P.,
et al. (2021). "Effect of Aspirin on Short-Term Outcomes in Hospitalized
Patients with COVID-19." Vascular Medicine: 1358863X211012754. doi:10.
1177/1358863x211012754

Santos, J., Brierley, S., Gandhi, M. J., Cohen, M. A., Moschella, P. C., and Declan, A.
B. L. (2020). Repurposing Therapeutics for Potential Treatment of SARS-CoV-
2: a Review. Viruses 12 (7), 705. do0i:10.3390/v12070705

Schror, K. (2016). Acetylsalicylic Acid. John Wiley & Sons.

Serhan, C. N. (2002). Lipoxins and Aspirin-Triggered 15-Epi-Lipoxin
Biosynthesis: an Update and Role in Anti-inflammation and Pro-
resolution. Prostaglandins Other Lipid Mediat 68-69, 433-455. doi:10.
1016/s0090-6980(02)00047-3

Frontiers in Pharmacology | www.frontiersin.org

March 2022 | Volume 13 | Article 849628


https://s3-us-west-2.amazonaws.com/drugbank/fda_labels/DB00945.pdf?1555434420
https://s3-us-west-2.amazonaws.com/drugbank/fda_labels/DB00945.pdf?1555434420
https://doi.org/10.3390/medicina57090931
https://doi.org/10.1002/oby.22913
https://doi.org/10.1126/science.8052854
https://doi.org/10.1007/s11239-021-02436-0
https://doi.org/10.4329/wjr.v12.i11.247
https://doi.org/10.4329/wjr.v12.i11.247
https://doi.org/10.3389/fphar.2020.00738
https://doi.org/10.1002/jmv.26346
https://doi.org/10.1016/j.pcad.2020.03.001
https://doi.org/10.1016/j.pcad.2020.03.001
https://doi.org/10.1016/j.cca.2020.03.022
https://doi.org/10.1097/md.0000000000024544
https://doi.org/10.3390/cells9112508
https://doi.org/10.1182/blood.2020007214
https://doi.org/10.1056/NEJMc2021225
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1002/ajh.26102
https://doi.org/10.2147/TCRM.S92222
https://doi.org/10.1182/blood.2020007008
https://doi.org/10.1016/j.mehy.2020.109975
https://doi.org/10.1016/j.vph.2018.10.008
https://doi.org/10.4269/ajtmh.20-0849
https://livertox.nih.gov
https://doi.org/10.1371/journal.pone.0246825
https://doi.org/10.1016/j.eap.2021.02.012
https://doi.org/10.1001/jamaneurol.2019.2531
https://doi.org/10.1056/NEJM199405053301808
https://doi.org/10.1016/0049-3848(80)90066-3
https://doi.org/10.1016/0049-3848(80)90066-3
https://doi.org/10.1378/chest.119.1_suppl.39s
https://doi.org/10.1038/nm786
https://doi.org/10.1093/ehjqcco/qcaa081
https://doi.org/10.1073/pnas.95.24.14540
https://doi.org/10.1056/nejmoa2034577
https://doi.org/10.1007/s11926-020-00941-4
https://doi.org/10.1016/j.ajog.2017.11.561
https://doi.org/10.1016/j.phrs.2020.104965
https://doi.org/10.1038/nrm.2016.140
https://doi.org/10.1177/1358863x211012754
https://doi.org/10.1177/1358863x211012754
https://doi.org/10.3390/v12070705
https://doi.org/10.1016/s0090-6980(02)00047-3
https://doi.org/10.1016/s0090-6980(02)00047-3
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Zareef et al.

Skendros, P., Mitsios, A., Chrysanthopoulou, A., Mastellos, D. C., Rafailidis, S.,
Ntinopoulou, P., et al. (2020). Complement and Tissue Factor-Enriched
Neutrophil — Extracellular Traps Are Key Drivers in COVID-19
Immunothrombosis. J. Clin. Invest. 130 (11), 6151-6157. doi:10.1172/JCI141374

Smith, S. C.,, Feldman, T. E., Hirshfeld, J. W., Jacobs, A. K., Kern, M. ], King, S. B.,
et al. (2006). ACC/AHA/SCAI 2005 Guideline Update for Percutaneous
Coronary Intervention-Ssummary Article: a Report of the American College
of Cardiology/American Heart Association Task Force on Practice Guidelines
(ACC/AHA/SCAI Writing Committee to Update the 2001 Guidelines for
Percutaneous Coronary Intervention). Catheter Cardiovasc. Interv. 67 (1),
87-112. doi:10.1002/ccd.20606

Son, M., Noh, M. G, Lee, J. H,, Seo, J., Park, H., and Yang, S. (2021). Effect of
Aspirin on Coronavirus Disease 2019: A Nationwide Case-Control Study in
South Korea. Medicine (Baltimore) 100 (30), €26670. doi:10.1097/MD.
0000000000026670

Tan, B. K., Mainbourg, S., Friggeri, A., Bertoletti, L., Douplat, M., Dargaud, Y., et al.
(2021). Arterial and Venous Thromboembolism in COVID-19: A Study-Level
Meta-Analysis. Thorax.

Tang, N, Li, D., Wang, X, and Sun, Z. (2020). Abnormal Coagulation Parameters
Are Associated with Poor Prognosis in Patients with Novel Coronavirus
Pneumonia. J. Thromb. Haemost. 18 (4), 844-847. doi:10.1111/jth.14768

Taubert, D., Berkels, R., Grosser, N., Schroder, H., Griindemann, D., and Schomig,
E. (2004). Aspirin Induces Nitric Oxide Release from Vascular Endothelium: a
Novel Mechanism of Action. Br. J. Pharmacol. 143 (1), 159-165. doi:10.1038/sj.
bjp.0705907

Tian, S., Hu, W,, Niu, L., Liu, H,, Xu, H,, and Xiao, S. Y. (2020). Pulmonary
Pathology of Early-phase 2019 Novel Coronavirus (COVID-19) Pneumonia in
Two Patients with Lung Cancer. J. Thorac. Oncol. 15 (5), 700-704. doi:10.1016/
j.jth0.2020.02.010

Torres Acosta, M. A., and Singer, B. D. (2020). Pathogenesis of COVID-19-
Induced ARDS: Implications for an Ageing Population. Eur. Respir. J. 56 (3).
doi:10.1183/13993003.02049-2020

Tremblay, D., van Gerwen, M., Alsen, M., Thibaud, S., Kessler, A., Venugopal, S.,
et al. (2020). Impact of Anticoagulation Prior to COVID-19 Infection: a
Propensity Score-Matched Cohort Study. Blood 136 (1), 144-147. doi:10.
1182/blood.2020006941

Tsang, H. F.,, Chan, L. W. C,, Cho, W.C.S,, Yu, A. C. S,, Yim, A. K. Y,, Chan, A. K.
C., et al. (2021). An Update on COVID-19 Pandemic: the Epidemiology,
Pathogenesis, Prevention and Treatment Strategies. Expert Rev. Anti-
infective Ther. 19 (7), 877-888. doi:10.1080/14787210.2021.1863146

Vane, J. R, and Botting, R. M. (2003). The Mechanism of Action of Aspirin.
Thromb. Res. 110 (5-6), 255-258. doi:10.1016/s0049-3848(03)00379-7

Vane, J. R. (1976). The Mode of Action of Aspirin and Similar Compounds.
J. Allergy Clin. Immunol. 58 (6), 691-712. doi:10.1016/0091-6749(76)90181-0

Varga, Z., Flammer, A. ], Steiger, P., Haberecker, M., Andermatt, R., Zinkernagel,
A. S, et al. (2020). Endothelial Cell Infection and Endotheliitis in COVID-19.
Lancet 395 (10234), 1417-1418. doi:10.1016/S0140-6736(20)30937-5

Vasireddy, D., Vanaparthy, R., Mohan, G., Malayala, S. V., and Atluri, P. (2021).
Review of COVID-19 Variants and COVID-19 Vaccine Efficacy: what the
Clinician Should Know? J. Clin. Med. Res. 13 (6), 317-325. doi:10.14740/
jocmr4518

Voysey, M., Clemens, S. A. C., Madhi, S. A, Weckx, L. Y., Folegatti, P. M., Aley, P.
K., et al. (2021). Safety and Efficacy of the ChAdOx1 nCoV-19 Vaccine
(AZD1222) against SARS-CoV-2: an Interim Analysis of Four Randomised
Controlled Trials in Brazil, South Africa, and the UK. The Lancet 397 (10269),
99-111.

Wang, Y., Zhong, M., Wang, Z., Song, ], Wu, W,, and Zhu, D. (2018). The
Preventive Effect of Antiplatelet Therapy in Acute Respiratory Distress
Syndrome: a Meta-Analysis. Crit. Care 22 (1), 60-10. doi:10.1186/s13054-
018-1988-y

Williamson, E. J., Walker, A. J., Bhaskaran, K., Bacon, S., Bates, C., Morton, C. E.,
et al. (2020). Factors Associated with COVID-19-Related Death Using
OpenSAFELY. Nature 584 (7821), 430-436. doi:10.1038/s41586-020-2521-4

Wu, T., Zuo, Z., Yang, D., Luo, X,, Jiang, L., Xia, Z., et al. (2021). Venous
Thromboembolic Events in Patients with COVID-19: A Systematic Review
and Meta-Analysis. Age Ageing 50 (2), 284-293. doi:10.1093/ageing/afaa259

Wu, Z., and McGoogan, J. M. (2020). Characteristics of and Important Lessons
from the Coronavirus Disease 2019 (COVID-19) Outbreak in China: Summary

Aspirin and COVID-19

of a Report of 72 314 Cases from the Chinese Center for Disease Control and
Prevention. jama 323 (13), 1239-1242. doi:10.1001/jama.2020.2648

Xu, Z., Shi, L., Wang, Y., Zhang, J., Huang, L., Zhang, C., et al. (2020).
Pathological Findings of COVID-19 Associated with Acute Respiratory
Distress Syndrome. Lancet Respir. Med. 8 (4), 420-422. doi:10.1016/52213-
2600(20)30076-X

Yao, X. H,, He, Z. C, Li, T. Y., Zhang, H. R, Wang, Y., Mou, H,, et al. (2020).
Pathological Evidence for Residual SARS-CoV-2 in Pulmonary Tissues of a
Ready-For-Discharge Patient. Cell Res 30 (6), 541-543. doi:10.1038/s41422-
020-0318-5

Yin, M. J., Yamamoto, Y., and Gaynor, R. B. (1998). The Anti-inflammatory Agents
Aspirin and Salicylate Inhibit the Activity of I(kappa)B Kinase-Beta. Nature 396
(6706), 77-80. doi:10.1038/23948

Younis, N. K., Ghoubaira, J. A., Bassil, E. P., Tantawi, H. N., and Eid, A. H. (2021a).
Metal-based Nanoparticles: Promising Tools for the Management of
Cardiovascular Diseases. Nanomedicine 36, 102433. doi:10.1016/j.nano.2021.
102433

Younis, N. K., Rahm, M., Bitar, F., and Arabi, M. (2021b). COVID-19 in the MENA
Region: Facts and Findings. J. Infect. Dev. Ctries 15 (3), 342-349. doi:10.3855/
jide.14005

Younis, N. K., Zareef, R. O., Al Hassan, S. N,, Bitar, F,, Eid, A. H., and Arabi, M.
(2020). Hydroxychloroquine in COVID-19 Patients: Pros and Cons. Front.
Pharmacol. 11, 597985. doi:10.3389/fphar.2020.597985

Younis, N. K., Zareef, R. O., Fakhri, G., Bitar, F., Eid, A. H., and Arabi, M. (2021c).
COVID-19: Potential Therapeutics for Pediatric Patients. Pharmacol. Rep. 73
(6), 1520-1538. doi:10.1007/s43440-021-00316-1

Younis, N. K., Zareef, R. O., Maktabi, M. A. N., and Mahfouz, R. (2021). The Era of
the Coronavirus Disease 2019 Pandemic: A Review on Dynamics, Clinical
Symptoms and Complications, Diagnosis, and Treatment. Genet. Test. Mol.
Biomarkers 25 (2), 85-101. doi:10.1089/gtmb.2020.0227

Yuan, S., Chen, P., Li, H., Chen, C., Wang, F.,, and Wang, D. W. (2021). Mortality
and Pre-hospitalization Use of Low-Dose Aspirin in COVID-19 Patients with
Coronary Artery Disease. J. Cel Mol Med 25 (2), 1263-1273. doi:10.1111/jcmm.
16198

Zarbock, A., Singbartl, K., and Ley, K. (2006). Complete Reversal of Acid-Induced
Acute Lung Injury by Blocking of Platelet-Neutrophil Aggregation. J. Clin.
Invest. 116 (12), 3211-3219. doi:10.1172/JCI129499

Zareef, R. O., Younis, N. K., Bitar, F., Eid, A. H., and Arabi, M. (2020). COVID-19
in Pediatric Patients: A Focus on CHD Patients. Front. Cardiovasc. Med. 7,
612460. doi:10.3389/fcvm.2020.612460

Zhang, L., Yan, X,, Fan, Q,, Liu, H,, Liu, X, Liu, Z,, et al. (2020). D-dimer Levels on
Admission to Predict In-Hospital Mortality in Patients with Covid-19.
J. Thromb. Haemost. 18 (6), 1324-1329. doi:10.1111/jth.14859

Zhou, F., Yu, T, Du, R, Fan, G, Liu, Y., Liu, Z., et al. (2020). Clinical Course and
Risk Factors for Mortality of Adult Inpatients with COVID-19 in Wuhan,
China: a Retrospective Cohort Study. Lancet 395 (10229), 1054-1062. doi:10.
1016/S0140-6736(20)30566-3

Zhou, Y., Boudreau, D. M., and Freedman, A. N. (2014). Trends in the Use of
Aspirin and Nonsteroidal Anti-inflammatory Drugs in the General U.S.
Population. Pharmacoepidemiol. Drug Saf. 23 (1), 43-50. doi:10.1002/pds.3463

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zareef, Diab, Al Saleh, Makarem, Younis, Bitar and Arabi. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org

12

March 2022 | Volume 13 | Article 849628


https://doi.org/10.1172/JCI141374
https://doi.org/10.1002/ccd.20606
https://doi.org/10.1097/MD.0000000000026670
https://doi.org/10.1097/MD.0000000000026670
https://doi.org/10.1111/jth.14768
https://doi.org/10.1038/sj.bjp.0705907
https://doi.org/10.1038/sj.bjp.0705907
https://doi.org/10.1016/j.jtho.2020.02.010
https://doi.org/10.1016/j.jtho.2020.02.010
https://doi.org/10.1183/13993003.02049-2020
https://doi.org/10.1182/blood.2020006941
https://doi.org/10.1182/blood.2020006941
https://doi.org/10.1080/14787210.2021.1863146
https://doi.org/10.1016/s0049-3848(03)00379-7
https://doi.org/10.1016/0091-6749(76)90181-0
https://doi.org/10.1016/S0140-6736(20)30937-5
https://doi.org/10.14740/jocmr4518
https://doi.org/10.14740/jocmr4518
https://doi.org/10.1186/s13054-018-1988-y
https://doi.org/10.1186/s13054-018-1988-y
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1093/ageing/afaa259
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1016/S2213-2600(20)30076-X
https://doi.org/10.1016/S2213-2600(20)30076-X
https://doi.org/10.1038/s41422-020-0318-5
https://doi.org/10.1038/s41422-020-0318-5
https://doi.org/10.1038/23948
https://doi.org/10.1016/j.nano.2021.102433
https://doi.org/10.1016/j.nano.2021.102433
https://doi.org/10.3855/jidc.14005
https://doi.org/10.3855/jidc.14005
https://doi.org/10.3389/fphar.2020.597985
https://doi.org/10.1007/s43440-021-00316-1
https://doi.org/10.1089/gtmb.2020.0227
https://doi.org/10.1111/jcmm.16198
https://doi.org/10.1111/jcmm.16198
https://doi.org/10.1172/JCI29499
https://doi.org/10.3389/fcvm.2020.612460
https://doi.org/10.1111/jth.14859
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1002/pds.3463
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Aspirin in COVID-19: Pros and Cons
	Introduction
	Pharmacology of Aspirin
	Pharmacokinetically
	Pharmacodynamically

	Mechanism of Action of Aspirin
	Anti-Inflammatory Activity
	Anti-Platelet Activity

	Clinical Uses of Aspirin
	Aspirin and COVID-19
	Pros
	Cons

	Conclusion
	Author Contributions
	References


