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Platelet reactivity to thrombin differs between patients with COVID-19 and
those with ARDS unrelated to COVID-19
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In addition to preserving homeostasis and contributing to immunity, platelets may exhibit a dysregulated
state1,2 in acute respiratory distress syndrome (ARDS) and potentially exacerbate lung injury.3-5

Although thrombocytopenia has been associated with increased mortality in ARDS,6 and particularly in
patients infected with H1N1 influenza,7 analysis of quantitative changes in platelet activation levels in
ARDS and of how these may differ between the various etiologies of ARDS is limited.3

Coronavirus disease 2019 (COVID-19) is clinically associated with a high incidence of thrombosis8-10

and with a high burden of pulmonary and systemic platelet-rich microthrombi.11,12 Interestingly, in
contrast to a cohort of patients with H1N1-influenza infection with ARDS of equal severity, patients
with COVID-19 ARDS displayed a 9 times higher burden of alveolar capillary platelet-rich micro-
thrombi.11 Patients with COVID-19 who were autopsied demonstrated an abundance of platelet-rich
thrombi in the pulmonary and systemic microvasculature despite having received anticoagulation
therapy.12 Clinically, thromboelastography (TEG) studies have also demonstrated a hypercoagulable
profile in patients with severe COVID-199,13 despite prophylactic anticoagulation. TEG profiles
remained hypercoagulable, with parameters suggesting a significant hypercoagulable effect from
platelet activity and fibrin.13

Multiple study groups14-16 including ours17 have reported dramatically increased platelet activation,
platelet reactivity, and platelet-leukocyte aggregates in COVID-19 compared with those in healthy blood
donors (controls). In one study,15 patients with severe COVID-19 harbored a higher degree of platelet
activation and platelet-monocyte aggregation compared with patients with COVID-19 that was not
severe. In addition, plasma from patients with severe COVID-19 increased the ex vivo activation of
platelets and monocytes from healthy controls, a phenomenon inhibited by abciximab, a platelet
aggregation inhibitor. Platelet activation correlated with COVID-19 severity in that study.15 A second
study demonstrated an 89-fold increase in platelet hyperreactivity with low-dose stimulation by
thromboxane A2 (TXA2) receptor agonist compared with that in controls.16 A third study14 demonstrated
increases in platelet activation, platelet reactivity, and platelet-leukocyte aggregates in patients with
COVID-19 compared with healthy controls. These studies demonstrate that platelet reactivity is
enhanced in patients with COVID-19 and posit that platelet hyperreactivity may be a primary driver of
thrombosis in patients with severe COVID-19, contributing to organ failure and death. Whether this
degree of platelet hyperreactivity is unique to COVID-19 or is also encountered during ARDS not related
to COVID-19 was addressed in our study.

COVID-19 patients without (n 5 11) and with ARDS (n 5 9) and patients with ARDS unrelated to
COVID-19 etiology (n 5 8) who were admitted to the Cheikh Zaid Hospital of Abulcasis University
(Rabat, Morocco) were included in this study. All patients with COVID-19 were studied (on average) at
7.26 0.6 hours after receiving a nasopharyngeal swab that showed positivity for SARS-CoV-2 (COVID-19).
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Ten healthy blood donors were used as additional controls.
Recruitment was approved by the Ethics Committee of Cheikh
Zaid Hospital (CEFCZ/PR/2020/PR04) and complies with the
Declaration of Helsinki. All participants gave their written informed
consent. Patients who were receiving medications that interfere
with platelet function within 2 weeks before the experiment started
were excluded from the study. COVID-19 diagnosis was confirmed
at the time of admission by reverse transcription polymerase chain
reaction analysis of samples from the nasopharyngeal swabs, and
patients were subsequently divided into nonsevere and severe
COVID-19 groups on the basis of clinical criteria using the
American Thoracic Society guidelines for community-acquired
pneumonia.18 Patients with nonsevere COVID-19 were not in-
cluded in this study. Etiologies of ARDS unrelated to COVID-19
were diverse and included pneumococcal pneumonia (n 5 1),
carbon monoxide poisoning (n 5 1), post-cardiac surgery (n 5 2),
rhinovirus infection (n 5 1), and cerebrovascular accident (n 5 3).
ARDS was defined according to Berlin criteria.19 Sex- and age-
matched healthy blood donors were used as controls. When
platelet samples were acquired, all patients with ARDS had an
arterial oxygen partial pressure:fractional inspired oxygen (PaO2:
FiO2) ratio #150 mmHg and were given pressure-controlled
ventilation with tidal volumes of ;6 to 8 mL/kg ideal body weight.
Patients with COVID-19 ARDS were maintained on a positive end-
expiratory pressure of 8 to 14 cm H2O. Only 1 patient had renal
failure (ARDS with carbon monoxide poisoning), and none required

renal replacement therapy at the time of sample acquisition. Table 1
provides basic demographic and clinical data for patients. Supple-
mental Tables 1 and 2 provide comparative analysis of the clinical,
hematologic, and biochemical parameters of patients with ARDSwith
or without COVID-19, and comorbidities are listed in supple-
mental Table 3.

Blood samples were collected from all patients, and platelets were
isolated according to an established protocol.17 In brief, platelet-
rich plasma was obtained by centrifuging acid citrate dextrose
solution and anticoagulated blood (1:5 ratio) at 200g for 15minutes.
Platelets were then pelleted from platelet-rich plasma (1000g for
10 minutes) and washed with Hanks balanced salt solution-Hanks
sodium citrate buffer to a final concentration of 250 3 109/L.
When platelets of patients (n 5 5) were tested, no spontaneous
aggregation of platelets in the presence of 137 mM NaCl was
observed. Platelet suspensions were stimulated or not with
a-thrombin (0.05 and 2 U/mL) under continuous stirring (1000
rpm) at 37°C. Platelet aggregation was monitored and recorded
using an 8-channel optical aggregometer (SD Medical Innova-
tion, Frouard, France).

Our findings demonstrate that platelets from patients with
COVID-19 are activated much more efficiently than platelets
from healthy controls and from patients with ARDS without
COVID-19 (Figure 1A) in response to a suboptimal a-thrombin
concentration (0.05 U/mL). These differences were abolished

Table 1. Comparison of healthy donors, patients with COVID-19 (without or with ARDS), and patients with ARDS unrelated to COVID-19

Index

ARDS

P*

non-ARDS

P*No COVID-19 COVID-19 COVID-19 Healthy donors

No. of patients 8 9 11 10

Sex

Female 2 4 6 5

Male 6 5 5 5

Survivors 7 9 11 10

Age, y 57 6 23.98 57 6 24.04 ..99 47.54 6 13.99 45.40 6 18.58 .7674

Weight, kg 85.43 6 22.40 71.17 6 16.70 .2219 71.36 6 10.75 74.00 6 15.64 .6546

Hospitalization time, d 9.14 6 5.96 12 6 4.53 .2930 9.00 6 3.07 0 1 0 NA

Mechanical ventilation Yes Yes NA No No NA

FiO2, % 50 6 20 62.86 6 7.56 .1463 NA NA NA

PaO2:FiO2, mm Hg ,150 ,150 NA NA NA NA

Values at admission

Platelet count, 3 109/L 243.0 6 74.4 159.9 6 76.51 .0467 194.55 6 82.07 273.20 6 64.27 .0253

Lymphocyte count, 3 109/L 2.13 6 1.032 1.28 6 0.6438 .0621 1.27 6 0.76 2.15 6 1.20 .0568

Platelet:lymphocyte ratio 144 6 92.06 141.2 6 72.24 .9465 165.24 6 53.39 177.82 6 124.41 .7627

ALT, U/L 34.94 6 15.61 33.27 6 13.61 .1016 34.11 6 15.56 16.74 6 5.88 .0036

AST, U/L 35.43 6 12.05 42.98 6 10.74 .2069 35.11 6 17.82 15.95 6 3.93 .0036

LDH, U/L 417.9 6 202.4 649.1 6 245.6 .0639 583.27 6 258.68 314.80 6 110.45 .0068

C-reactive protein, mg/L 16.16 6 8.79 18.52 6 13.67 .6989 13.78 6 7.99 8.16 6 3.82 .0576

D-dimers, mg/L 0.39 6 0.29 1.31 6 0.57 .0017 0.97 6 0.54 0.40 6 0.28 .0076

Fibrinogen, mg/dL 260.62 6 92.49 439.50 6 76.29 .0005 274.64 6 102.02 272.70 676.31 .9615

Data are presented as mean 6 standard deviation.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; NA, not applicable.
*Statistical analysis: unpaired Student t test was used to calculate P values.
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at a higher concentration of a-thrombin (2 U/mL). Furthermore, the
time required to achieve 50% aggregation (T50) was significantly
reduced for platelets obtained from patients with COVID-19 ARDS

(T50 5 1.8 6 0.2 minutes) compared with platelets obtained from
patients with ARDS unrelated to COVID-19 (T50 5 3.1 6 0.4
minutes) (P , .05) (Figure 1B). Plasma samples at the time of

A

100 ****
n.s. n.s.

****
****

****

****

80

60

Ag
gr

eg
at

ion
 (%

)

-thrombin (U/mL)

40

20

0

0.05 2

HD
Non-COVID-19 ARDS

COVID-19 ARDS
COVID-19 no ARDS

B

ARDS
ARDS-COVID-19 1.8+0.2 (n=5)

3.1+0.4 (n=8)

T50 (min)

Lig
ht

 tr
an

sm
iss

ion
 (%

)

50

0

2 min COVID-19, ARDS

ARDS

Healthy Donor

-Thrombin (0.05 U/mL)

E

****

**

****
**

ns

ns

COVID-19 ARDS

COVID-19 no ARDS

Non-COVID-19 ARDS

HD

Serotonin (ng/mL)
0 100 200 300 400

C

****
****

*

*

*
ns

COVID-19 ARDS

COVID-19 no ARDS

Non-COVID-19 ARDS

HD

0 10 20

TXB2 (ng/mL)
30 40

F

****

***

****
**

ns

ns

COVID-19 ARDS

COVID-19 no ARDS

Non-COVID-19 ARDS

HD

sCD40L (pg/mL)
0 1000 2000 3000

D

****

**

*

*

ns

****

COVID-19 ARDS

COVID-19 no ARDS

Non-COVID-19 ARDS

HD

PF4 (ng/mL)
0 10000 20000 30000 40000

Figure 1. Enhanced platelet hyperreactivity is associated with COVID-19. Platelets were isolated from healthy donors (HDs), patients with ARDS unrelated to COVID-

19, and patients with COVID-19 (with or without ARDS). (A) Quantification of platelet maximal aggregation for healthy donors (n 5 10), for patients with ARDS unrelated to

COVID-19 (n 5 8), and for patients infected with SARS-CoV-2 (without ARDS [n 5 5] and with ARDS [n 5 5]) in response to a-thrombin activation. Statistical analysis was

performed using ordinary one-way analysis of variance with Sidak’s multiple comparisons test. (B) Representative aggregation traces of washed platelets from healthy donors,

patients with ARDS without COVID-19, and patients with ARDS and COVID-19 who were treated with a-thrombin (0.05 U/mL) under continuous stirring at 37°C. Times to

reach 50% (T50) aggregation are indicated below graph. Levels of (C) TBX2, (D) PF4, (E) serotonin, and (F) sCD40L measured in plasma at time of platelet isolation were

determined using commercial enzyme-linked immunosorbent assay kits. Statistical analysis was performed using paired Student t test. ns, not significant. *P , .05; **P , .01;

***P , .001; ****P , .0001.
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admission were also analyzed for thromboxane B2 (TXB2, a stable
metabolite of TXA2), platelet factor 4 (PF4), soluble CD40 ligand
(sCD40L), and serotonin as surrogate markers of in vivo platelet
activation. Results (Figure 1C-F) indicate that plasma from patients
with ARDS unrelated to COVID-19 have increased levels of TXB2

and PF4 and have equivalent levels of sCD40L and serotonin
relative to levels in healthy controls. In contrast, patients with
COVID-19 (who did or did not have ARDS) demonstrated signifi-
cantly increased levels of all 4 mediators relative to those in healthy
controls as well as to those in patients with ARDSwithout COVID-19.
These results suggest that during COVID-19, platelets release
more soluble mediators and are hyperresponsive to a-thrombin
relative to platelets from patients with ARDS without COVID-19
and from healthy controls.

Overall, our findings demonstrate that platelet hyperreactivity is
distinctly increased in patients with COVID-19 compared with
patients who have ARDS unrelated to COVID-19. To the best of our
knowledge, this is the first report that suggests a heightened
platelet reactivity in COVID-19 patients compared with patients with
ARDS unrelated to COVID-19. This difference in platelet hyperre-
activity may be of clinical and therapeutic significance, given the
high incidence of pulmonary and systemic vascular thrombosis in
patients with severe COVID-198,9 who are frequently resistant to
anticoagulation with heparin.9 This unusually resistant hypercoag-
ulable state associated with a high incidence of thrombosis is likely
mediated by platelet hyperreactivity, a phenomenon observed in
other etiologies of ARDS but, as demonstrated in this study,
occurring with a uniquely high intensity during COVID-19. Mirroring
our findings in COVID-19, the existing evidence that links H1N1
influenza ARDS to increased platelet hyperreactivity,20 increased
levels of platelet-derived chemokines,21 and a higher incidence of
clinical thrombosis22 suggests that quantifying platelet hyperreac-
tivity in COVID-19 in clinical practice may be of prognostic and
therapeutic23 value.

We recognize that our study is limited by the number of participants,
the heterogeneity of patients with ARDS unrelated to COVID-19,
and the use of the single platelet agonist a-thrombin. A larger group
of patients and additional platelet agonists are required to comple-
ment our observations. The strength of this study included using
strict exclusion criteria and ruling out any influence of antiplatelet
medications.

Our findings generate 2 testable hypotheses: (1) assess whether
a platelet hyperreactivity threshold exists during the course of
COVID-19 disease beyond which inhibitors of platelet activation
and aggregation mediators may be of clinical benefit, and (2)
determine the pathophysiologic role of mediators harboring extensive
vasoactive, bronchoactive, and systemic effects (eg, serotonin,17,24

histamine,25 thromboxane14) released by platelets and other inflam-
matory cells (eg, mast cells) during COVID-19.
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