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Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the causative agent of coronavirus disease 2019
(COVID-19), is spreading throughout the world at an alarm-
ing rate.1 Severe disease is characterized by acute respiratory
distress syndrome (ARDS), frequently associated with
thrombotic complications.2,3 Some studies report the pres-
ence of platelets in thrombi found in multiple organs of
COVID-19 autopsy cases.4,5 Moreover, hyperreactive plate-
lets and overwhelming generation of inflammatory cyto-
kines (i.e., a condition also known as “cytokine storm”) are
frequent in COVID-19 patients.6–11 Furthermore, SARS-CoV-
2 ribonucleic acid (RNA) could be detected in platelets of
COVID-19 patients.6,10,12 Despite these findings suggesting a
role for platelets in the pathophysiology of COVID-19, the
mechanisms of increased thrombotic events remain not
completely elucidated.

Aspirin is a typical nonsteroidal anti-inflammatory drug.
Among its actions, the leading is the irreversible inhibition of
cyclooxygenase-1 enzyme implicated in biosynthesis of the
lipid mediator thromboxane A2 (TxA2). As TxA2 produced by
platelet cyclooxygenase-1 is extremely potent at inducing
platelet aggregation, aspirin is used as an antiplatelet agent
in individuals at risk of cardiovascular diseases. Long-term
low-dose aspirin (75–150mg daily) can effectively reduce
the incidence of recurrent ischemic cardiovascular and ce-
rebrovascular events.13 However, prior studies demonstrate

that long-term treatment (2 to 24 months, 100 or 330
mg/day) may be associated with progressive reduction in
platelet sensitivity to this drug.14 Moreover, while aspirin
can effectively reduce platelet activation induced by G-
protein-coupled receptor signaling, it does not inhibit all
platelet functions. Hence, studies have shown that the plate-
let role inmaintenance of vascular integrity in inflammatory
conditions involves immunoreceptor tyrosine-based activa-
tion motif (ITAM) but not TxA2.15,16

TxA2 is one of the most abundantly expressed lipid medi-
ators found in the lungs of COVID-19 patients.17 Given the
widespread use of aspirin, studies were performed to deter-
mine its potential prophylactic actions in COVID-19.18,19 In
COVID-19, aspirin was shown to significantly diminish inten-
sive care unit (ICU) admissions and need for mechanical
ventilation.18 Its use was also associated with lower disease
duration and mortality,19 which is in accord with a possible
clinical benefitofearlyaspirinadministration forpreventionof
ARDS.20 Whether aspirin given during infection can reduce
platelet activation in COVID-19 and whether is safe and
beneficial for patients with COVID-19 requires further inves-
tigation. During COVID-19 episodes, taking aspirin offers an
affordable and easily accessible way to limit the lipid storm of
TxA2 and its putative burden. Therefore, in this pilot investiga-
tion,weverified the effects of aspirin onplatelet activationand
aggregation in COVID-19 patients.

Participants were considered healthy if they did not
require long-termmedical therapy, had refrained from drugs� Y.Z. and Q.L. contributed equally to this article.

article published online
March 7, 2022

Issue Theme Maintaining Hemostasis
and Preventing Thrombosis in COVID-19
—Part IV; Guest Editors: Emmanuel J.
Favaloro, PhD, FFSc (RCPA), Leonardo
Pasalic, FRCPA, FRACP, PhD, and
Giuseppe Lippi, MD

© 2022. Thieme. All rights reserved.
Thieme Medical Publishers, Inc.,
333 Seventh Avenue, 18th Floor,
New York, NY 10001, USA

DOI https://doi.org/
10.1055/s-0042-1744281.
ISSN 0094-6176.

Letter to the Editor92

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

Article published online: 2022-03-07

mailto:y.zaid@um5r.ac.ma
https://doi.org/10.1055/s-0042-1744281
https://doi.org/10.1055/s-0042-1744281


known to influence platelet function during the previous
2 weeks, and did not have a history of bleeding symptoms.
The female/male ratio of healthy donors was 3:7 and the
mean age was 43.5 (58.50–26.50) years.

The inclusion criteria for COVID-19 patientswere age>18
years and voluntarily intake of aspirin (or not) as main
treatment during SARS-CoV-2 infection. The admission pe-
riod to Cheikh Zaïd Hospital (CZH) was from December 7,
2020 to March 8, 2021.

The patient cohort was systematically assigned into two
groups, that is, low‐dose (100–150mg daily) aspirin-treated
group (Aspirin, n¼10) and nonaspirin-treated group (No
Aspirin, n¼10). All patients were hospitalized and started
treatment (aspirin or not) at admission on day 0 in the ICU.

Recruitment was approved by the Ethics Committee of
CZH (CEFCZ/PR/2020/PR04) in compliance with the Declara-
tion of Helsinki. All participants provided written informed
consent.

Fresh venous bloodwas collected from healthy volunteers
and COVID-19 patients on day 0 and at the indicated time
points in accordancewith guidelines of the Ethics Committee
of CZH of Rabat. Washed platelets were prepared as previ-
ously described.21,22

Aggregation of washed platelets was monitored on an
eight-channel optical aggregometer (SD Medical Innovation,
France) under stirring conditions (1,000 revolutions
per minute) at 37°C in the presence of α-thrombin (Sigma
Aldrich, USA) or collagen (Chronolog, USA). Platelet aggrega-
tion was recorded until trace stabilization and light trans-
mission was measured at time of maximum aggregation.

Results are presented as mean� standard deviation of 10
independent experiments. Statistical comparisons were per-
formed using a one-way analysis of variance, followed by a
Dunnett’s t-test for comparison against a single group. A p-
value of<0.05 was considered significant.

Platelet hyperreactivity, as determined by increased
platelet aggregation in response to suboptimal concentra-
tions of thrombin or collagen, is reported in COVID-19
patients at the time of hospital admission.6,9,23 Evaluation
of aggregation induced by 0.05 U/mL thrombin and 0.5
μg/mL collagen revealed that platelets isolated on day 0
exhibited enhanced aggregation in COVID-19 patients versus
healthy individuals (n¼10) (►Fig. 1A, D), as previously
reported.6,9,10,23 We then compared ex vivo platelet aggre-
gation measured in healthy individuals with that of platelets
from COVID-19 patients throughout the duration of the trial.
We observed that hyperreactivity was consistent in nonas-
pirin-treated patients on day 7 and 15 in response to
suboptimal dose of thrombin, and on day 7, 15, and 30 in
response to low doses of collagen (►Fig. 1A, D). This suggests
that hyperreactivity is maintained in these individuals for
extended duration and likely throughout the course of
disease.

Conversely, aspirin failed to inhibit platelet aggregation
initiated by higher concentrations of thrombin and collagen
(►Fig. 1B, E). Consumption of aspirin showed an early
reduction in TxB2 (the stable metabolite of TxA2) release
beginning as early as day 7 that persists on day 15 and 30, in
response to low-dose thrombin (0.05 U/mL) (►Fig. 1C).
Following activation with low-dose collagen (0.5 µg/mL),

Fig. 1 Aspirin treatment reduces platelet hyperreactivity to thrombin and collagen. Platelets were isolated from healthy donors (n¼ 10, green
dots), COVID-19 patients treated with aspirin (n¼ 10, red dots), or not treated with aspirin (n¼ 10, blue squares). Quantification of healthy
controls is shown as green dots (A and D) or as salmon overlay (B and E). (A–C) Platelets were stimulated for 5minutes at room temperature with
0.05 or 0.2 U/mL of α-thrombin. (A and B) Quantification (%) of maximal platelet aggregation and (C) quantification of inactive/stable
thromboxane A2 metabolite TxB2. (D–F) Platelets were stimulated for 5minutes at room temperature with 0.5 or 5 µg/mL of collagen. (D and E)
Quantification (%) of maximal platelet aggregation and (F) quantification of inactive/stable thromboxane A2 metabolite TxB2. Data are
represented as mean� standard deviation (SD). Statistical analysis: One-way analysis of variance (ANOVA) with subsequent Dunnett’s t-test for
comparison against a single group. �p< 0.05, ��p< 0.01, ���p< 0.001.
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the production of TxB2 was significantly reduced in aspirin-
treated platelets only on day 7 and 15, but this differencewas
lost by day 30 (►Fig. 1F).

Thus, an aspirin regimen can reduce platelet aggregation
induced by low concentrations of thrombin and collagen and
the production of TxB2, but the effects of aspirin on platelet
aggregation are lost with higher concentrations of agonists.

We then investigated in vivo evidence of platelet activa-
tion in these patients. Higher levels of platelet factor 4 (PF4)
and serotonin are reported in COVID-19, reflecting degranu-
lation of α and dense granule components, respectively.7,24

Thus, we determined the plasma and platelet levels of PF4
and serotonin in these patients. As expected, elevated levels
of PF4 and serotonin were observed on day 0 and 7, with
levels progressively decreasing by day 15 (►Fig. 2A, B) to
concentrations expected in healthy individuals.7 Aspirin
efficiently reduced the concentrations of both circulating
PF4 and serotonin by day 7 (►Fig. 2A, B). No inhibition was
observed on day 15 and 30 (►Fig. 2A, B), which is likely
explained by the absence of degranulation at these time
points. Of note, the significantly higher content of PF4 and
serotonin in aspirin-treated platelets (►Fig. 2C, D) is consis-

tent with reduced degranulation of platelets in COVID-19
patients treated with aspirin.

Potential efficacy of aspirin in COVID-19 was
reported.25,26 Moreover, accumulating evidence points to
an association between aspirin use and decreased rates of
mechanical ventilation, ICU admission, and in-hospital mor-
tality.18,19 Nevertheless, mechanistic studies of the role of
aspirin in the pathophysiology of COVID-19 have yet to be
conducted. Given that aspirin was found without effect on
platelet functions in certain proinflammatory condi-
tions,15,16,27 and since it is unclear what mediates platelet
activation in COVID-19, the question of whether aspirin
would have any effect on platelet activation in COVID-19
patients remained to be addressed.

In addition to its well-established role of reducing inflam-
mation28 and platelet function,29 antiviral effects against both
deoxyribonucleic acid and RNA viruses have also been pro-
posed for aspirin.30 In this pilot study, we found that aspirin
can inhibit platelet aggregation induced by suboptimal con-
centrations of agonists and can reduce degranulation in vivo.

We confirmed that platelets isolated from COVID-19
patients are hypersensitive to suboptimal concentrations

Fig. 2 Aspirin treatment reduces release of molecules (platelet factor 4 [PF4] and serotonin) related to platelet degranulation. Evaluation of
platelet degranulation by measurements of PF4 and serotonin in plasma (A and B) and in platelets (C and D) obtained from COVID-19 patients
treated with aspirin (n¼ 10, red dots) or not treated with aspirin (n¼ 10, blue squares). Values for PF4 and serotonin in plasma (A and B) are
shown as ng/mL and in platelets (C and D) as ng per million platelets. Data are represented as mean� standard deviation (SD). Statistical
analysis: One-way analysis of variance (ANOVA) with subsequent Dunnett’s t-test for comparison against a single group. �p< 0.05, ��p< 0.01.
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of thrombin, consistent with other studies.6,9,10,23,31 Plate-
lets may be hypersensitized to agonist stimulation due to (1)
higher expression of activation receptors, (2) activation of
pathogen-recognition receptors or cytokines, (3) changes in
platelet signaling regulation by ITAM/ immunoreceptor ty-
rosine-based inhibitory motif receptors, or (4) a procoagu-
lant state in plasma supporting thrombin-activity itself.
Although aspirin treatment interfered in platelet activation
suggesting a role for TxA2 in this pathway, the underlying
mechanism of platelet activation in COVID-19 remains to be
established.

In conclusion, our data suggest that aspirin may have an
effect to attenuate platelet activation and aggregation in
COVID-19. Given the relative safety of aspirin, this study
warrants further investigation into possible beneficial effects
of this drug in COVID-19.

Notes
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any data included in this article.
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