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Abstract Coronavirus disease-2019 (COVID-19) is associated with increased thromboembolic
complications. Long-term alteration in the coagulation system after acute COVID-19
infection is still a subject of research. Furthermore, the effect of sera from conva-
lescent subjects on platelets is not known. In this study, we investigated platelet
phenotype, coagulation, and fibrinolysis in COVID-19 convalescent plasma (CCP)
donors and analyzed convalescent sera-induced effects on platelets. We investigated
CCP donors who had a history of mild COVID-19 infection and donors who did not
have COVID-19 were used as controls. We analyzed phosphatidylserine (PS) externali-
zation, CD62p expression, and glycoprotein VI (GPVI) shedding both in platelet-rich
plasma (PRP) and after incubation of washed healthy platelets with donors’ sera using
flow cytometry. Coagulation and fibrinolysis systems were assessed with thromboe-
lastometry. Forty-seven CCP donors (22 males, 25 females; mean age (�SD):
41.4�13.7 years) with a history of mild COVID-19 infection were included. Median
duration after acute COVID-19 infection was 97 days (range, 34–401). We did not find
an increased PS externalization, CD62p expression, or GPVI shedding in platelets from
CCP donors. Sera from CCP donors did not induce PS externalization or GPVI shedding
in healthy platelets. Sera-induced CD62p expression was slightly, albeit statistically
significantly, lower in CCP donors than in plasma donors without a history of COVID-
19. One patient showed increased maximum clot firmness and prolonged lysis time in
thromboelastometry. Our findings suggest that procoagulant platelet phenotype is
not present after mild COVID-19. Furthermore, CCP sera do not affect the activation
status of platelets.
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Introduction

Thromboembolic complications are common in patients
suffering from severe coronavirus disease-2019 (COVID-
19).1,2 Various organs are affected by micro and macro
thrombosis as a result of COVID-19-induced coagulopathy.3,4

Thrombotic complications can lead tomultiorgan failure and
mortality in severe cases.5 Both cellular and plasma elements
of the coagulation system show abnormalities in COVID-19.6

Platelets contribute not only to the hypercoagulable state in
COVID-19 patients but also to the systemic inflammatory
response (cytokine storm) by releasing inflammatory medi-
ators.7 The expression of P-selectin and CD63 is correlated
with D-dimer in severe COVID-19 patients, suggesting an
association between platelet activation and COVID-19-asso-
ciated coagulopathy.8 We have previously shown that plate-
lets of COVID-19 patients express a procoagulant
phenotype.9,10 Furthermore, a correlation between procoa-
gulant platelets and thrombosis as well asmortality has been
shown in COVID-19 patients.10,11 As more people recover
from COVID-19 infection and continue to experience symp-
toms,12 discussion has begun over the possibility of persis-
tent coagulopathy even after the acute infection period.13–15

COVID-19 convalescent plasma (CCP) is used in the treat-
ment of COVID-19.16–18 However, concerns have been
expressed whether plasma components in CCP can shift
the already imbalanced coagulation system to a more hyper-
coagulable state.16 Furthermore, we have previously shown
that immunoglobulin G fractions from severe COVID-19
patients induce a procoagulant phenotype in healthy plate-
lets.10 To our best knowledge, the effect of CCP on platelet
phenotype and activation has not been investigated earlier.

The aims of this study were (1) to investigate the procoa-
gulant platelet phenotype and platelet activation after acute
infection in COVID-19 patients, (2) to investigate the effect of
CCP on healthy platelets, (3) to measure the viscoelastic
properties of blood using a rotational thromboelastometry
in CCP donors.

Methods

Study Cohort
This study was conducted between January 2021 and
July 2021. Plasma donorswho had amild COVID-19 infection
at least 4 weeks before plasma donation were invited to
participate in the study (CCP donors). Donors who were
hospitalized for COVID-19 infection or who did not have a
positive SARS-CoV-2 polymerase chain reaction test or
SARS-CoV-2 antibody enzyme immunoassay were excluded
from the study. Information on medical history and COVID-
19 infection was obtained with a questionnaire. Blood sam-
pleswere collected before plasma donation and either tested
immediately or frozen for later analysis. Additionally,
citrated blood samples and native blood samples were also
collected from plasma donors who did not have a COVID-19
infection to establish control values for flow cytometry (FC)
measurements. Written informed consent was obtained
from all study participants.

Assessment of Platelet Phenotype
Platelets were isolated from citrated blood of the healthy
plasma donors and/or CCP donors and tested within 3 hours.
In brief, whole blood was centrifuged (120 g, 20minutes
[min�] at room temperature [RT], without brakes), and PRP
was gently separated and used for further analysis. Where
indicated, PRP was incubated with buffer or thrombin re-
ceptor activating peptide (TRAP-6, 2.5 and 10μM; Hart Bio-
logicals, Hartlepool, UK) for 15minutes at RT. Platelets were
then stained with annexin V-FITC and CD62p-APC (Immu-
noTools, Friesoythe, Germany) and directly analyzed by FC.
Test results were determined as fold increase (FI) of the
percentage of double phosphatidylserine (PS)/CD62p-posi-
tive events in platelets.

For the assessment of GPVI shedding, platelets were
stained with 1μL of phycoerythrin (PE)-labeled anti-GPVI
monoclonal antibodies (BD, San Jose, CA) for 15minutes at RT
in the dark and analyzed by FC. Where indicated, platelets
treated with collagen-related peptide (CRP, 2.5 μg/mL)
(CambCol laboratories, Ely, UK) served as positive control.
Changes in GPVI expression on the platelet surface were
quantified as percentage of reduction in the GPVI-positive
platelet population and normalized to baseline.

Investigation of Antibody-Mediated Effects on
Platelets
The ability of sera to induce procoagulant platelets was
determined by incubating the sera from healthy controls,
plasma donors, and CCP donors with washed platelets from
blood donors. Platelets were obtained from blood donors,
whose platelets are known to have a good response in the
heparin-induced platelet activation assay. Each sample was
tested with platelets from one donor.

Prior to use, all sera samples were heat-inactivated at 56 °C
for 30minutes, followed by a sharp centrifugation step at
5,000g. The supernatant was collected in a fresh tube. For
the determination of procoagulant platelets, 5μL serum was
incubated with 25μL washed platelets (7.5�106) for 1hour
under rotating conditions at RT. Platelets co-incubated with
TRAP-6 (10μM;Hart Biologicals, Hartlepool, UK) and ionomy-
cin (5μM, 15minutes� at RT [Sigma-Aldrich, St. Louis, MO])
were used as a positive control for procoagulant platelets.
Afterwards, samples were washed once (7minutes, 650g, RT,
without brake) and gently resuspended in 75μL of phosphate-
buffered saline (PBS; Biochrom, Berlin, Germany). Platelets
were then stainedwith annexinV-FITC andCD62-APC (Immu-
noTools, Friesoythe, Germany) and directly analyzed by FC.
Test results were determined as FI of the percentage of double
PS/CD62p-positive events in platelets upon incubation with
donors’ sera compared with healthy controls.

For the determination of GPVI shedding, aforementioned
sera-treated washed platelets were stained with 1 μL of PE-
labeled anti-GPVI (BD for 15minutes at RT in the dark. After
incubation, plateletswerefilled upwith PBS to a final volume
of 500μL and immediately assessed by FC. Platelets incubat-
edwith TRAP-6 (10 μM;Hart Biologicals, Hartlepool, UK) and
ionomycin (5 μM, 15minutes at RT [Sigma-Aldrich, St. Louis,
MO]) were used as a positive control. Changes in GPVI
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expression on the platelet surface were quantified as per-
centage of reduction in the GPVI-positive platelet popula-
tion, and normalized to washed platelets that were treated
with sera from healthy controls.

Thromboelastographic Assays
Citrated blood samples from CCP donors were analyzed
within 2 hours using a viscoelastic test system (ClotPro;
Enicor GmbH, Munich, Germany). Blood coagulation is de-
termined by elastic motion (clockwise and anticlockwise) of
a cylindrical cup including blood mixed with activator
reagents around a fixed pin. The motion of the cup is
recorded and the data are converted into thromboelasto-
graphic amplitude values that are plotted over time. The
rotation of the cup is progressively reduced depending on the
elastic properties of the formed clot. We used the extrinsic
assay (EX test), fibrinogen assay (FIB test), and the tissue
plasminogen activator assay (tPA test) according to the
manufacturer’s instructions. In brief, in the EX test, clotting
is triggered by tissue factor. This test appears to be sensitive
to anticoagulation, fibrinogen, factor XIII, and hyperfibrinol-
ysis. In the FIB test, platelets are inhibited by cytochalasin D
and a synthetic GP2b3a antagonist. The FIB test indicates
fibrinogen levels and fibrin polymerization in citrated blood.
The tPA test is similar to the EX test but contains an
additional 650 to 700ng/mL of recombinant tPA (r-tPA), an
activator of plasmin, to determinefibrinolysis resistance. The
following parameters were estimated during the study:
clotting time, maximum clot firmness, lysis time (time
from the beginning of the clot formation until 50% of clot
lysis), andmaximumclot lysis. The normal range specified by
the manufacturer was used in all measured parameters.

Ethics Statement
The studywas conducted in accordancewith the Declaration
of Helsinki. Written informed consent was obtained from all
volunteers prior to any study-related procedure. The study
protocol was approved by the Institutional Review Board of
the University of Tübingen.

Data Sharing Statement
Data may be requested for academic collaboration from the
corresponding author.

Statistics
Statistical analyses were performed using GraphPad Prism 7
(La Jolla, CA). t-Test was used to analyze normally distributed
results. Nonparametric test (Mann–Whitney test) was used
when data failed to follow a normal distribution as assessed
by the D’Agostino–Pearson omnibus normality test. A p-
value of <0.05 was assumed to represent statistical
significance.

Results

Study Cohort
Forty-nine CCP donors were included in the study. Two
donors were excluded later because of the negative SARS-

CoV-2 antibody test results (data not shown). The results
of the remaining 47 CCP donors (25 females, 22 males)
were analyzed. Mean age (�SD) of CCP donors was
41.4�13.7 years. Median duration after acute COVID-
19 infection was 97 days (range, 34–401). Patient char-
acteristics are presented in ►Table 1. None of the CCP
donors developed a thrombotic event during or after
COVID-19 infection until study inclusion. None of them
was vaccinated against SARS-CoV-2 at the time of blood
collection. In the control cohort, 51 (22 females, 29
males) plasma donors with a mean age of 38.9�18.4
years, who did not have SARS-CoV-2 infection, were
enrolled.

Table 1 Demographic and clinical characteristics of the CCP
donors

Demographic data

Age (years) 41.4� 13.7

Sex

Female 25 (53%)

Male 22 (47%)

SARS-CoV-2 infection

Duration of infection (days) 8.6� 6.5

Symptoms

Fever 24 (51%)

Anosmia 25 (53%)

Taste disorder 20 (43%)

Eyes (redness, inflammation) 3 (6%)

Headache 33 (70%)

Sore throat 18 (38%)

Congestion or runny nose 26 (55%)

Cough 27 (57%)

Shortness of breath or
difficulty breathing

18 (38%)

Pneumonia 0 (0)

Nausea/vomiting/diarrhea 5 (11%)

Fatigue 37 (79%)

Limb/joint/back pain 27 (57%)

Skin rash 1 (2%)

Time to blood collection
after the acute infection (days)

97 (34–401)

Comorbidities

Arterial hypertension 5 (11%)

Diabetes mellitus type II 2 (4%)

Asthma 1 (2%)

Benign prostate hypertrophy 1 (2%)

Abbreviation: CCP, COVID-19 convalescent plasma.
Note: Data are represented as mean� standard deviation or median
(range) for continuous data and n (%) for categorical data.
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No Increased Levels of Procoagulant Platelets in CCP
Donors
We first measured PS externalization using annexin V. The
rate of PS-positive cells was not different between plasma
donors and CCP donors (FI of PS-positive platelets:
1.24�1.21 (95% confidence interval [CI]: 0.89–1.6) vs.
1.83�2.40 (95% CI: 1.07–2.6), respectively,
p¼0.43;►Fig. 1A). Similarly, the rate of double positive cells
(CD62p and annexin V) was similar between plasma donors
and CCP donors (FI of CD62p/PS-positive platelets:
1.09�0.62 [95% CI: 0.91–1.27] vs. 1.22�1.51 [95% CI:
0.85–1.58], respectively, p¼0.29; ►Fig. 1B). Baseline
CD62p expressions (FI in mean fluorescence intensity
[MFI]: 1.0�0.13 [95% CI: 0.95–1.04] vs. 1.31�1.20 [95%
CI: 0.93–1.69], p¼0.93) were not statistically different be-
tween plasma donors and CCP donors. Moreover, CD62p
release was comparable between both groups upon activa-
tion with TRAP-6 at 2.5 μM (FI of MFI: 1.59�1.58 [95% CI:
1.1–2.08] vs. 1.69�1.18 [95% CI: 1.28–2.01], p¼0.43) aswell
as with TRAP-6 at 10 μM(FI ofMFI: 4.62�4.42 [95% CI: 3.52–
6.12] vs. 4.18�3.28 [95% CI: 3.15–5.22], p¼0.92; ►Fig. 2).
Furthermore, GPVI shedding at baseline (FI of GPVI-negative
platelets: 1.0�0.12 [95% CI: 0.96–1.04] vs. 1.31�0.81 [95%
CI: 1.06–1.55], p¼0.08) and after activation with 2.5 μg/mL
CRP (FI of GPVI-negative platelets: 2.16�1.16 [95% CI: 1.83–
2.48] vs. 2.31�1.21 [95% CI: 1.96–2.68], p¼0.49) were also
similar between CCP donors and plasma donors (►Fig. 3).

Antibody-Mediated Procoagulant Platelets and GPVI
Using Washed Platelets
Compared with sera from noninfected plasma donors, sera
from CCP donors did not induce higher PS externalization (FI
of PS-positive platelets: 1.16�0.66 [95% CI: 0.61–1.72] vs.

1.51�0.74 [95% CI: 1.3–1.74], respectively,
p¼0.11; ►Fig. 4A) or increased the rate of CD62p/PS double
positive procoagulant phenotype (FI in CD62p/PS-positive
platelets: 1.86�0.87 [95% CI: 1.13–2.59] vs. 1.37�0.63 [95%
CI: 1.19–1.56], respectively, p¼0.10; ►Fig. 4B) in platelets
from healthy persons. Of note, CD62p expression in healthy
platelets after incubation with sera from CCP plasma donors
was significantly lower compared with sera from noninfect-
ed donors (FI in CD62p: 2.09�1.36 [95% CI: 0.95–3.24] vs.
1.16�0.45 [95% CI: 1.03–1.30], p<0.01; ►Fig. 4C). Sera-
mediated GPVI shedding was similar between the groups
(1.07�0.16 [95% CI: 0.94–1.21] vs. 1.27�0.91 [95% CI: 0.99–
1.54], p¼0.52, ►Fig. 4D).

Thromboelastographic Assays
We assessed coagulation and fibrinolysis in whole blood
samples using a thromboelastometry (►Table 2, ►Fig. 5).
The thromboelastometry was available in 39 CCP donors. We
determined clotting time and maximum clot firmness in EX
test aswell as in FIB test to evaluate the coagulation. Only one
CCP donor (case no. 7) had increasedmaximum clot firmness
in EX test and FIB test. These parameters were within the
normal range in other CCP donors. Second, we determined
maximum clot lysis in EX test and in tPA test and lysis time in
tPA test to evaluate the fibrinolysis. Again, one CCP donor
(case no. 7) had increased lysis time in tPA test. This donor
had arterial hypertension and diabetesmellitus type 2. Other
CCP donors had normal fibrinolysis values.

Discussion

Recent studies have repeatedly shown that platelets are
composed of different subpopulations that fulfill different

Fig. 1 Assessment of procoagulant platelet phenotype in COVID-19 convalescent plasma (CCP) donors. Procoagulant platelet phenotype was
analyzed by assessing phosphatidylserine (PS) externalization (A) in platelets from plasma donors and CCP donors. Furthermore, procoagulant
platelets were assessed (B) by using flow cytometry analysis of CD62p/PS double positive cells in platelets from healthy plasma and CCP
donors (blue: plasma donors; red: CCP donors). Data are presented as mean� standard deviation of the fold increase (FI) of the mean
fluorescence intensity (MFI) or percentage (%). ns, not significant.
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roles in coagulation.19 Procoagulant platelets are a distinct
subgroup that externalize PS on their surfaces and support
fibrin formation.20 Despite the vast amount of studies on
coagulation in COVID-19, very few studies investigated pro-
coagulant platelets during acute COVID-19 infection. Althaus
et al have shown an increase in PS externalization in critically
ill COVID-19 patients compared with noncritically ill
COVID-19 patients.10 They also showed that PS externaliza-
tion is associated with thrombosis and high SOFA scores in

this patient group.10 Interestingly, Denorme et al found a
reduced PS externalization after dual agonist stimulation in
COVID-19 patients compared with healthy donors.21 Simi-
larly, Khattab et al demonstrated that procoagulant platelet
levels are lower than controls in moderate and severe
COVID-19 patients, but an increase in procoagulant platelets
is associatedwithmortality in COVID-19 patients.11 Previous
studies reported on antibody-mediated increase in PS expo-
sure as a marker for procoagulant platelets during severe
COVID-19, via active engagement of FcyRIIA.9,10,22 However,
this phenomenon seems to be limited to very severe
COVID-19 patients and might be undetectable in small
cohort of donors who had only mild SARS-CoV-2 infection.
To our best knowledge, PS externalization of platelets in
COVID-19 convalescent individuals has not been investigated
before. In this study,we did notfind a differencebetween CCP
donors and controls in terms of PS externalization.

Surface expression of CD62p (P-selection) is a marker of
platelet activation. Manne et al showed that CD62p expres-
sion is increased compared with controls in hospitalized
COVID-19 patients.23 Hottz et al found an increased CD62p
expression in severe COVID-19 patients but not in patients
with a mild or asymptomatic COVID-19 infection.8 Further-
more, CD62p surface expression at admissionwas correlated
with D-dimer and associated with the need for mechanical
ventilation as well as with in-hospital mortality, suggesting
an association between platelet activation and COVID-19-
associated coagulopathy.8 We found that CD62p expression
in CCP donors at baseline and after stimulation with TRAP-6
was not higher compared with controls. These findings
suggest that platelets of CCP donors are not activated.

Fig. 2 CD62p expression on platelets from COVID-19 convalescent plasma (CCP) donors. The basal expression of P-selectin was determined on
the surface of platelets from plasma and CCP donors. Where indicated, platelets were treated with thrombin receptor activating
peptide (TRAP-6, 2.5 and 10 μM) before staining with anti-CD62p (blue: plasma donors; red: CCP donors). Data are presented as mean� standard
deviation of the fold increase (FI) of mean fluorescence intensity (MFI) or percentage (%). ns, not significant; �p< 0.05.

Fig. 3 GPVI shedding from platelet surface. Reduction in the surface
expression of GPVI on the platelets of plasma and CCP donors was
analyzed with or without incubation with collagen-related peptide
(CRP, 2.5 μg/mL) by anti-GPVI-PE antibody staining (blue: plasma
donors; red: CCP donors). Data are presented as mean� standard
deviation of the fold increase (FI) of percentage of GPVI-negative
platelets (%). ns, not significant; �p< 0.05.
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Recent randomized trials showed increased survival in
COVID-19 patients receiving CCP with high-dose neutraliz-
ing antibodies.17,18 However, the risk of exacerbation of
COVID-19-associated coagulation derangements with CCP
as well as transfusion-related complications have also been
expressed.16 Therefore, investigation of the effect of CCP on
platelets is of clinical importance. In this study, we showed

that sera from CCP donors do not induce a procoagulant
phenotype or platelet activation in healthy platelets.

GPVI, the platelet immunoreceptor tyrosine-activating
motif receptor for collagen, has been shown to play a
prominent role on vascular integrity during inflammation.24

Bongiovanni and colleagues reported that enhanced GPVI
levels during SARS-CoV-2 infection might hint toward a

Fig. 4 Serum-induced effects on platelet’s phenotype. Sera from healthy controls, plasma donors, and COVID-19 convalescent plasma (CCP)
donors were incubated with washed platelets isolated from healthy donors, and PS externalization (A), procoagulant platelet formation (B),
platelet activation (C), and GPVI shedding (D) were determined (blue: plasma donors; red: CCP donors). Each sample was tested with platelets
from one donor. Data are presented as mean� standard deviation of the fold increase (FI) of healthy donors. ns, not significant; PS,
phosphatidylserine; �p< 0.05.

Table 2 Viscoelastic properties of clots formed in blood samples from CCP donors

Parameter Test Reference
rage

Mean Standard
deviation

Lower 95%
CI of mean

Upper 95%
CI of mean

Clotting time (s) EX test 38–65 48 4.8 46 49

Maximum clot firmness (mm) EX test 53–68 62 3.5 60 63

Maximum lysis (%) EX test 0–12 5.6 2 4.9 6.2

Maximum clot firmness (mm) FIB test 9–27 15 4.2 14 17

Maximum lysis (%) tPA test 92–100 95 1.2 94 95

Lysis time (s) tPA test <300 185 39 173 198

Abbreviations: CCP, COVID-19 convalescent plasma; CI, confidence interval.
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hyperactivated phenotype of platelets during COVID-19, and
this might play a role during hypercoagulopathy observed in
COVID-19 and hence influence the patient outcome.25 Apart
from antibody-mediated procoagulant platelet generation,
other mechanisms have also been reported previously. Cos-
timulation of GPVI along with protease-activated receptors,
PAR1 and PAR4, has been shown to increase PS exposure and
subsequent procoagulant platelet formation.26,27 During
dual stimulation of GPVI and PAR1/4, a sustained increase
in Ca2þ levels leads to PS exposure in platelets.28 Thus, it still
remains unclear whether procoagulant platelet formation in
severe COVID-19 is caused solely by antibody-mediated
mechanisms or also by increased thrombin generation and
higher levels of inflammation factors. In our study, no
significant differences were observed in GPVI levels of CCP
donors as compared with plasma donors at baseline as well
as after stimulationwith CRP. Similarly, sera fromCCP donors
as well as from plasma donors induced similar levels of GPVI
cleavage from healthy platelets.

As more people recover from COVID-19, discussions have
begun over the possibility of post-COVID syndrome or the so-
called long-COVID syndrome.12 A recent epidemiological
study demonstrated a significantly increased readmission
rate (3.5-fold, 95% CI: 3.4–3.6) and post-discharge mortality
rate (7.7-fold, 95% CI: 7.2–8.3) in COVID-19 patients com-

pared with a non-COVID control group.29 Several retrospec-
tive studies reported the rate of thromboembolic events after
discharge in patients with COVID-19. The rates of venous
thromboembolism and arterial thromboembolism in these
studies are 0.2 to 2.6%30–35 and 0 to 1.9%,31–33 respectively.
These studies are mostly retrospective and lack a compre-
hensive follow-up of the patients after discharge, which
suggests that the true incidence of thromboembolic events
could be even higher.

Very few studies investigated cellular and plasmatic
components of the coagulation system after acute COVID-
19 infection. Most recently, von Meijenfeldt and colleagues
reported elevated plasma levels of factor VIII and PAI-1 in
COVID-19 patients 4 months after discharge.13 Townsend
et al found increased D-dimer values in both hospitalized
and nonhospitalized patients at median of 80.5 days after
initial diagnosis.14 In this study, we used thromboelastom-
etry to evaluate the coagulation status in CCP donors. An
increased maximum clot firmness and hypofibrinolysis in
thromboelastometry have been reported in hospitalized
COVID-19 patients. Hulshof et al reported an increased
maximum clot firmness over 80% of all measurements in
critically ill COVID-19 patients.36 In the same study, a
sufficient (>90%) clot breakdown was not achieved in
more than half of the samples.36 In a previous study from

Fig. 5 Viscoelastic properties of clot formed in blood samples from COVID-19 convalescent plasma (CCP) donors. Citrated blood samples were
collected and investigated within 2 hours using a viscoelastic test system (ClotPro Enicor GmbH, Munich, Germany). EX test, FIB test, and tPA test
results in CCP donors. Pink area illustrates the reference ranges determined by the manufacturer; § denotes case no. 7.
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our group, an increased maximum clot firmness and ex-
tended lysis time in COVID-19 patients admitted to normal
wards or to the intensive care has been demonstrated.37 The
fibrin clots in the lungs of COVID-19 patients are more
compact, consist of thin fibers, and have small pores
compared with fibrin clots in patients with influenza infec-
tion.38 Together with reduced fibrinolytic activity, this
altered clot structure might cause thrombus in COVID-19
patients to be resistant to fibrinolysis. Two previous studies
have investigated global coagulation status using rotational
thromboelastometry after ICU discharge in COVID-19
patients.15,39 Magomedov et al reported that maximum
clot firmness reduced significantly within 12 weeks after
discharge in COVID-19 patients.39 Most recently, Hulshof
et al have shown that maximum clot firmness was within
normal range in the tissue-type plasminogen activator
rotational thromboelastometry in COVID-19 patients
6 months after discharge from ICU.15 However, although
the lysis time in the same test overall significantly reduced
6 months after discharge, it remained over the normal range
in 4 of 22 (18%) patients.15 Similarly, von Meijenfeldt
reported a prolonged clot lysis time in COVID-19 patients
4 months after hospital discharge, suggesting a sustained
hypofibrinolytic state.13 In this current study, we evaluated
coagulation and fibrinolysis in CCP donors with rotational
thromboelastometry. We demonstrated increased hyperco-
agulability and a hypofibrinolytic state in one donor (2%).
This donor did not experience any thrombotic event during
COVID-19 infection and thereafter. However, this donor had
arterial hypertension and diabetes mellitus type 2. Yürekli
et al found an increased maximum clot firmness in diabetic
patients than in controls.40 Comorbidities of this donor
might be responsible for the abnormal findings in throm-
boelastometry. Further studies are needed to better define
the risk of thrombosis after discharge and in the conva-
lescent phase in COVID-19 patients. Of note, impaired
fibrinolysis is not restricted to COVID-19 or sepsis. In an
ongoing study, we observed an increased resistance to clot
lysis in some patients with vascular occlusive disorder after
stem cell transplantation (unpublished data). The clinical
relevance of these findings has not been investigated yet.

Our study has several limitations. First, we did not have
blood samples at the time of infection that would allow us
to compare the changes in time. Second, this study is
focused on platelets and we did not measure plasmatic
coagulation factors in blood. Further studies should inves-
tigate the alterations in plasma components of coagulation
and fibrinolytic system after acute COVID-19 infection.
Finally, plasma donors undergo routine clinical examina-
tion as required by local regulations which may cause a
selection bias since they are relatively younger and health-
ier compared with other COVID-19 convalescent
individuals.

In conclusion, we could neither detect a procoagulant
platelet phenotype or increased platelet activation nor a
hypercoagulable or hypofibrinolytic state in CCP donors
after primary infection. Moreover, sera from CCP donors

did not induce significant changes in platelet activation or
procoagulant status. These findings support data from
clinical studies which indicate that transfusion of CCP to
treat or prevent severe COVID-19 is not associated with
increased risk of exacerbation of the coagulopathy in
COVID-19.

“What Is Known About This Topic?”

• Platelets contribute to the hypercoagulable state in
COVID-19 patients.

• Platelets of critically ill COVID-19 patients express a
procoagulant phenotype.

• Immunoglobulin G fractions from severe COVID-19
patients induce a procoagulant phenotype in healthy
platelets.

“What Does This Paper Add?”

• Procoagulant platelet phenotypeswere not observed after
mild COVID-19 infection.

• Sera from CCP donors do not activate healthy platelets or
induce procoagulant phenotype.
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