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Abstract

Patients with severe infection have an increased risk of cardiovascular events. A possible underlying mechanism is inflam-
mation-induced platelet aggregation. We investigated whether hyperaggregation occurs during infection, and whether aspi-
rin inhibits this. In this multicentre, open-label, randomised controlled trial, patients hospitalised due to acute infection
were randomised to receive 10 days of aspirin treatment (80 mg 1dd or 40 mg 2dd) or no intervention (1:1:1 allocation).
Measurements were performed during infection (T1; days 1-3), after intervention (T2; day 14) and without infection (T3;
day >90). The primary endpoint was platelet aggregation measured by the Platelet Function Analyzer® closure time (CT),
and the secondary outcomes were serum and plasma thromboxane B2 (sTxB2 and pTxB2). Fifty-four patients (28 females)
were included between January 2018 and December 2020. CT was 18% (95%ClI 6;32) higher at T3 compared with T1 in the
control group (n=16), whereas sTxB2 and pTxB2 did not differ. Aspirin prolonged CT with 100% (95%CI 77; 127) from
T1 to T2 in the intervention group (n=38), while it increased with only 12% (95%CI 1;25) in controls. sTxB2 decreased
with 95% (95%CI — 97; — 92) from T1 to T2, while it increased in the control group. pTxB2 was not affected compared
with controls. Platelet aggregation is increased during severe infection, and this can be inhibited by aspirin. Optimisation of
the treatment regimen may further diminish the persisting pTxB2 levels that point towards remaining platelet activity. This
trial was registered on 13 April 2017 at EudraCT (2016-004303-32).
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Introduction

Cardiovascular events can be triggered by a variety of com-
mon non-cardiovascular clinical conditions, particularly
those who are associated with systemic inflammation. Acute
systemic infection, like pneumonia, raises short-term risk
of myocardial infarction approximately fivefold and risk of
stroke up to eightfold [1-3]. This increased risk is mostly
confined to the first 90 days after the onset of illness [4];
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it seems to be highest within the first 14 days of admission
and gradually reduces thereafter [1]. The causal mechanisms
underlying this increased risk are unclear and so are targeted
preventive strategies. There is some evidence suggesting that
this increased risk could be mediated, at least partially, by
platelet’s response to systemic inflammation [5]. For exam-
ple, in patients with pneumonia, platelet aggregation is
higher in those who subsequently develop myocardial infarc-
tion [6]. If hyperaggregation indeed occurs during infection,
platelet inhibitors such as aspirin could possibly be used as
a preventive strategy. Aspirin, or acetylsalicylic acid, is an
effective drug for inhibiting platelets: It has been proven to
decrease the risk of myocardial infarction, stroke or vascular
death with 22% in secondary prevention of cardiovascular
disease [7]. It works by irreversibly blocking cyclo-oxyge-
nase (COX) in platelets and thereby preventing the forma-
tion of thromboxane A2, a potent inducer of platelet acti-
vation and aggregation [8]. However, aspirin’s antiplatelet
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activity varies between individual patients and conditions
[9], and during infection, aspirin’s efficacy may be reduced
due to increased platelet turnover. Also, several studies sug-
gest that platelets are affected by a circadian rhythm, and
that, therefore, certain dosing intervals of aspirin might be
more effective than others in inhibiting platelets [10].

In view of these considerations, the objective of this trial
was twofold: 1) to assess whether platelet hyperaggregation
and activation occurs in patients hospitalised with an acute
infection and 2) to assess aspirin’s efficacy to inhibit this
during the course of the infection.

Methods
Study design and participants

This is a multicentre, open-label, randomised controlled
trial and performed in four hospitals in Amsterdam and
Amstelveen, the Netherlands (Amsterdam UMC, location
VUmc, OLVG East location, OLVG West location, Amstel-
land Hospital). The study is registered at EudraCT (https://
www.clinicaltrialsregister.eu/ctr-search/trial/2016-004303-
32/NL), and the protocol was approved by the Medical Eth-
ics Committee of the Amsterdam UMC. Written informed
consent was obtained from all participants who were eligible
and agreed to participate.

All patients who were newly admitted to the internal and
pulmonary medicine wards of the above-named hospitals
were screened for inclusion according to the following inclu-
sion criteria: a primary clinical diagnosis of pneumonia, or
an invasive urinary tract infection or a soft tissue infection;
age above 18 years, hospitalisation for at least 24 h and hav-
ing received at least one dose of antibiotics. Patients were
excluded in case of active malignancy, a platelet count below
120*%10%L, known bleeding diathesis, and chronic use of
immunosuppressants, antiplatelet therapy or other medi-
cation that influences haemostasis (for example NSAIDs,
SSRIs and anti-coagulants). Because of logistic reasons and
possible hyperaggregability due to COVID-19, patients with
suspected or confirmed SARS-CoV-2 infection were also
excluded.

Randomisation and masking

After inclusion, patients were randomly allocated to either
the intervention or the control group. Patients in the inter-
vention group received aspirin (acetylsalicylic acid, non-
enteric-coated), 80 mg to be taken orally once daily in the
evening (at 8:00 PM) or 40 mg twice daily (at 8:00 AM and
8:00 PM) for 10 consecutive days (from day 4 of admission
until day 14). The control group did not receive additional
medication nor placebo. Randomisation was performed
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electronically in equal numbers (1:1:1) by the Castor Elec-
tronic Data Capture system (Ciwit B.V., the Netherlands).
Patients and researchers were not blinded.

Procedures

Blood sampling took place at three time points: prior to ran-
domisation and during infection (T1; between days 1 and 3
of admission), after intervention (T2; at day 14 after admis-
sion) and without infection (T3;> 90 days after admission).
The blood sampling was done between 8.00 and 10.00 AM,
before the morning aspirin intake in the twice-daily regi-
men group. Compliance of aspirin intake was checked via
self-reports in research diaries, as well as via pill counting.
Patients were instructed to refrain from smoking 30 min
prior to sampling, to refrain from caffeine 2 h prior to sam-
pling and to have only a light breakfast. Blood samples were
drawn from the antecubital vein through a 21-gauge needle,
first into a precursor tube, then into a sodium citrate tube, a
serum clot activator tube, a heparin tube and an EDTA tube.

The occurrence of cardiovascular events and other pos-
sible adverse events during the period of admission was
continuously assessed by medical staff. If patients were dis-
charged from the hospital, adverse events were monitored
by the patients at home, and they were instructed to imme-
diately report any event to the researchers.

Outcomes

Our primary outcome was the Platelet Function Analyzer®
closure time. The Platelet Function Analyzer® (PFA) meas-
ures platelet aggregation by simulating blood flow through
an injured vessel. The closure time (CT) is the time needed
for a blood plug to develop and occlude the cartridge. CT is
inversely correlated with platelet aggregation; a prolonged
CT means decreased aggregation [11]. Serum and plasma
thromboxane B2 were secondary laboratory outcomes.
Serum TxB2 is a reflection of maximum platelet activation,
because it is measured after stimulating platelets to become
fully activated in vitro. Plasma TxB2, on the other hand, is
a reflection of platelet activity in vivo, because indometha-
cin is added to the blood sample to prevent activation of
the platelets during the procedure of collecting blood. So,
plasma TxB2 measurements reflect the degree of platelet
activity as if the platelets are still situated inside the blood
vessels [12]. Therefore, plasma TxB2 levels are relatively
low. A disadvantage of measuring plasma TxB?2 is that other
cells, for example macrophages, sometimes produce small
amounts TxB2 as well and, therefore, might affect the total
plasma TxB2 level [12, 13]. For the purpose of measuring
serum TxB2, platelets are stimulated whereafter constitutive
secretion of TxB2 takes place. Consequently, TxB2 levels
are relatively high, and therefore, the possible influence of
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Table 1 Baseline characteristics
of the study population

No intervention (n=16)

Aspirin treatment (n=38)

Age (years)

Female sex

Smoking status®
Current smoker

Non smoker

BMI (kg/m?)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Thrombocytes (X 10°/L)
CRP (mg/L)
Temperature (C)
Infection type
Pneumonia

Positive blood culture®
Urinary tract infection
Positive blood culture®
Soft tissue infection
Positive blood culture®
Aspirin dosage regimen
1dd 80 mg

2dd 40 mg

64 (52-69) 60 (46-72)

8 (50%) 20 (53%)

4 (25%) 6 (16%)

12 (75%) 31 (82%)

28 (25-31) 25 (23-28)
132 (120-153) 124 (109-136)
76 (67-91) 75 (70-84)

216 (189-260)
131 (41-289)

224 (192-301)
175 (111-282)

38.2 (1.1) 38.2(1.0)
9 (56%) 21 (55%)
1/8 (13%) 6/16 (38%)
2 (13%) 12 (32%)
1/2 (50%) 4/11 (45%)
5(31%) 5 (13%)
0/4 (0%) 0/3 (0%)

- 27 (711%)
- 11 (29%)

Data are presented as median (IQR), mean (SD) or n (%). BMI; body mass index. *In the aspirin treatment
group, data from one participant are missing. °In some cases, no blood culture was collected

TxB2 production by cells other than platelets is no longer
relevant [12]. Most studies evaluating platelet activation
only measure sTxB2. We chose to measure TxB2 both ways
to compare, and improve our comprehension of, in vitro and
in vivo platelet behaviour.

Platelet Function Analyzer® closure time

PFA-CT was assessed at the hospital where the patient was
admitted. After discharge from the hospital, CT was assessed
at Amsterdam UMC, location VUmc. In this hospital, the
PFA-200 was used, the other hospitals used the PFA-100
(Siemens Healthineers, Erlangen, Germany). To measure
CT, 800 uL of whole blood was added to the machine. A
collagen/epinephrine test cartridge was used, which is sen-
sitive to aspirin-mediated effects [14]. A CT greater than
300 s (the maximum) is reported as 301 for the purpose of
data analysis.

Thromboxane B2

For the purpose of serum TxB2 measurement, the serum clot
activator tube was incubated at 37 °C for 60 min immedi-
ately after blood withdrawal. Afterwards, the samples were

centrifuged at 4000 X g for 10 min and stored at — 80 °C
until analysis. To be able to measure plasma TxB2, the
EDTA tube was immediately centrifuged after blood with-
drawal at 4000 x g for 10 min and, after addition of indo-
methacin, stored at — 80 °C until analysis. All samples were
analysed in the same laboratory by the use of enzyme immu-
noassay according to the manufacturer’s instructions (Item
#10,004,023, Cayman Chemical, USA). Samples were ana-
lysed in duplicate to account for inter-assay variation, and
the mean values were used in further analyses.

Statistical analysis

Our sample size calculation was based on the question about
aspirin’s efficacy of inhibiting platelet activity in aspirin-
naive patients with a severe infection. There are no data
available in the current literature on the suggested size of
aspirin’s effect. We, therefore, applied data from a pilot
study conducted in 12 healthy aspirin-naive subjects [15].
Based on an expected effect size of 48% increase in CT after
aspirin use, a power of 80% and a two-sided alpha level of
5%, we estimated that we needed to include 37 patients in
the aspirin group. To register the natural course of platelet
activity, we estimated that we needed to include 20 patients
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Fig. 1 Flow diagram of the trial profile

in the control group. We included + 5% in both the inter-
vention (n=40) and the control groups (n=22) to account
for potential dropout. Thus, in total, we estimated that 62
patients had to be included in the main trial.

All statistical analyses were performed using STATA®
version 15.1. Baseline characteristics are expressed as mean
with standard deviation for normally distributed continuous
data and as median with interquartile range for non-normally
distributed continuous data (Table 1). Before analysing the
variables of our interest, measurements were excluded from
the analysis in case of protocol violation (see Fig. 1). Data
of sTxB2 in the intervention group and pTxB2 in both ran-
domisation groups were not normally distributed, so a log
transformation of all variables was performed. Hereafter,
linear mixed models with measurements clustered within
participants and with randomisation group as interaction
term were performed to obtain changes with 95% confidence
intervals of CT, sTxB2 and pTxB2 between the different
time points. Results were back-transformed for presenta-
tion and expressed as percentage. Because of the non-
normally distributed variables, the values at different time
points were reported as geometric means with their 95%
confidence intervals as STATA does not provide a standard
deviation. All results were checked for sex and platelet count
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as a possible effect modifier. Figures for presentation were
made using GraphPad Prism version 9.0.

Results

Patients were recruited between 11 January 2018 and 10
December 2020. Figure 1 shows the inclusion of patients
in this study. Out of 3225 patients admitted with an acute
infection, 200 were eligible, 61 signed informed consent and
54 were included in the final analyses. Unfortunately, due
to the COVID-19 pandemic and the exclusion of patients
with suspected or confirmed SARS-CoV-2 infection, the
inclusion rate radically decreased. We, therefore, halted the
twice-daily 40-mg group and focused on the regular dosage
regimen of once-daily 80 mg. For analysis, we merged the
two dosage groups together as the aspirin treatment group.
Ultimately, there were 16 patients included in the control
group and 38 in the aspirin group. Eleven (29%) partici-
pants followed the twice-daily aspirin regimen, and 27 (71%)
used aspirin once daily. Baseline characteristics of the study
population are shown in Table 1.

Platelet function test results are described in Table 2 and
visually presented in Fig. 2. Table 2 also displays the varying
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Table 2 Closure time (CT), serum thromboxane B2 (sTxB2) and plasma thromboxane B2 (pTxB2) at three different time points (during infec-

tion (days 1-3, T1), after intervention (day 14, T2) and without infection (day > 90, T3)) and the percentage change in relation to T1

T1 (during infec-

T2 (after interven-

T3 (without infec-

% change T1-T2

% change T1-T3

tion, days 1-3) tion, day 14) tion, day 90)

CT (s) Control 97 106 114 +12% +18%
(87; 108) (90; 125) (101; 129) (1;25)* (6; 32)*
n=16 n=12 n=12

Aspirin 96 191 105 +100% n.a
(87; 106) (167; 219) (98; 113) (77; 127)*
n=35 n=31 n=30

sTxB2 (ng/mL) Control 284.6 433.1 327.2 +52% +15%
(195.7; 413.9) (349.8; 536.2) (239.6; 401.4) (3; 125)* (—22;70)
n=16 n=12 n=12

Aspirin 155.3 7.8 311.7 - 95% na
(105.8; 228.1) (5.0; 12.1) (256.5; 378.9) (—97; — 92)*
n=36 n=28 n=30

pTxB2 (ng/mL) Control 1.2 1.7 1.4 +42% +19%
0.9; 1.7) (1.0;2.9) (1.3; 1.6) (—9;123) (—25;89)
n=16 n=13 n=12

Aspirin 1.1 1.5 1.7 +42% n.a
0.8;1.4) (1.4;1.6) (1.4;2.0) (13; 80)*
n=35 n=31 n=29

Data are presented as geometric means (95% CI) or % (95% CI). Linear mixed models were used to analyse the percentage changes between dif-
ferent time points. The number of measurements per time point and outcome are described. * Significant change within group; bold text: Change
in the aspirin group is significantly different from the change in the control group; n.a.: not analysed

number of measurements available for each outcome at dif-
ferent time points, which is the results of some missing data.
In the control group, CT was 18% (95%CI 6; 32) higher
at T3 (without infection) compared with T1 (during infec-
tion). After recovery from infection at T3, sTxB2 was 15%
(95%CI — 22; 70) higher than during infection at T1, but
this was not significant. Lastly, a non-significant increase in
pTxB2 of 19% (95%CI — 25; 89) at T3 compared with T1
was observed.

In the intervention group, aspirin caused a prolongation
of the CT of 100% (95%C1 77; 127) from T1 towards T2,
which is significantly higher than the observed increase
of only 12% (95%CI 1; 25) in the control group. For
sTxB2, we also observed a significant effect of aspirin:
The change in sTxB2 from T1 to T2 was — 95% (95%CI
— 97; — 92), while in the control group, sTxB2 increased
from T1 to T2 with 52% (95%CI 3; 125). The change in
pTxB2 was comparable for both groups: +42% (95%ClI
13; 80) in the aspirin group and also +42% (95%CI — 9;
123) in the control group. There were no significant dif-
ferences between aspirin regimen groups (once-daily
80 mg and twice-daily 40 mg) for CT and pTxB2, but the
effect of aspirin on sTxB2 decrease was slightly stronger
in the once-daily aspirin regimen group compared with
the twice-daily group (data not shown).

In the control group as well as the aspirin group,
results were not influenced by sex. There were no asso-
ciations between CT, sTxB2 or pTxB2 and platelet count
at baseline, or change in platelet count throughout the
study period. The platelet counts at different time points
in the control group and the aspirin group are provided as
supplementary information (SI 1).

Discussion

The salient findings of this trial are as follows: 1) Plate-
let aggregation is increased during severe infection, and
2) aspirin is effective in inhibiting platelet aggregation
and activation as measured by PFA-CT and serum TxB2,
although no decrease in plasma TxB2 was observed.

The finding of increased platelet aggregation is in line
with the results of several other studies, for example seen
in patients with COVID-19 and other types of viral respir-
atory tract infection [16, 17]. Also, as mentioned before,
platelet activation was higher in patients with pneumonia
who later developed myocardial infarction [6]. Infection-
induced platelet aggregation may, therefore, explain the
increased incidence of adverse cardiovascular events dur-
ing infection, which was also suggested by two previous
studies [18, 19]. Three mechanisms may contribute to

@ Springer
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Fig.2 Closure time (CT), serum thromboxane (sTxB2) and plasma
thromboxane (pTxB2) during infection (days 1-3, T1), after interven-
tion (day 14, T2) and without infection (day >90, T3) in the control
and aspirin treatment group. Each bar represents the geometric mean

infection-induced platelet hyperaggregation. The first is
activation of vascular endothelium during acute infection
or sepsis: Endothelial cells adopt a pro-inflammatory and
pro-coagulant phenotype under the influence of, amongst
other factors, oxidative stress. This causes release of reac-
tive oxygen species that stimulate platelet aggregation
[20]. The second mechanism is increased platelet turnover
during infection, which increases reactive immature plate-
lets [21]. Lastly, several bacteria, such as Staphylococcus
aureus and Streptococcus species, can directly activate
platelets by receptor binding [5]. Surprisingly, we did not
observe higher concentrations of sTxB2 and pTxB2 during
acute infection. An explanation for this could be the fact
that all patients had received at least one dose of antibiot-
ics and possibly additional medication or fluids. There is
some evidence, mostly from in vitro studies, that beta-
lactam antibiotics can suppress thromboxane production
and platelet aggregation after a prolonged use or in high
doses [22, 23]. While it is unlikely that this could already

@ Springer

with its 95% confidence intervals. Linear mixed models were used to
analyse the percentage changes between different time points. * Sig-
nificant change within group; ** the change in the aspirin group is
significant compared to the change in the control group

have played a part after a maximum of 3 days of antibiotics
use before the first blood collection, it cannot be entirely
ruled out.

Our second finding is that aspirin is effective in inhibiting
platelet aggregation and activation based on the observed
prolongation of PFA-CT and decrease in sTxB2. This is
consistent with studies in healthy subjects or patients with
chronic cardiovascular disease [24, 25]. We now show that
this is also true for severe infection. To our knowledge, our
study is the first to assess the effect of aspirin by measuring
both serum and plasma TxB2. Contrary to our expectations,
a significant decrease in serum, but not plasma TxB2 was
observed. This could imply that aspirin is effective in inhib-
iting thromboxane production after maximal activation of
platelets in vitro, while at the same time, a steady minimal
level of platelet cyclo-oxygenase activity remains present
in the patient’s bloodstream. Should our results translate in
clinical endpoints, it might be feasible to try to improve aspi-
rin's dosage regimen. Besides a higher dose, a shorter dosage
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interval could be considered. This has also been suggested
by some studies that found an effect of circadian rhythm on
platelets and a better inhibition with a twice-daily aspirin
regimen [10]. Another explanation for the remaining levels
of plasma TxB2 could be the production of pTxB2 by a
different source: While platelets account for the majority
of thromboxane production, it is also produced by mac-
rophages, lungs and kidneys. However, it is thought that this
production by cells other than platelets mostly occurs during
local organ dysfunction [12, 13].

Despite the maintained pTxB2 levels, the reduced level
of platelet aggregation and activatability after aspirin intake
during acute infection could be of clinical relevance in
terms of cardiovascular disease prevention. Similar prom-
ising results have been observed in other clinical studies
on aspirin therapy during infection. For example chronic
aspirin use is associated with a lower occurrence of cardio-
vascular events and a lower mortality rate in patients hospi-
talised for infection [26]. A randomised controlled trial in
patients with an infection reported that aspirin therapy for
a month reduced the risk of acute coronary syndrome with
9%, without a significant increase in bleeding [27]. Another
randomised controlled study that was conducted with sep-
tic patients found a reduction in biomarkers of endothelial
injury and platelet consumption in those who were treated
with the platelet-inhibiting medication eptifibatide along
with iloprost, as compared to patients receiving placebo
[28]. These findings further emphasise the possible feasi-
bility of platelet inhibition therapy during acute infection.

Strengths of this trial include the use of three different
approaches to measure platelet aggregation and activation,
the strict exclusion criteria regarding medication use and
the standardisation of blood sampling and laboratory pro-
cedures. An important limitation is the early termination of
the study, resulting in a small sample size and the inabil-
ity to compare the two aspirin dosage regimens. However,
the observation of changes in platelet aggregation despite
the small sample size strengthens our hypothesis. Future
research is needed to establish the effects of aspirin admin-
istration on clinical endpoints. Therefore, we designed the
AS-CAP trial. This is a multicentre, randomised controlled
trial in which clinical endpoints will be assessed in patients
hospitalised with a severe infection.

In conclusion, this multicentre, open-label, randomised
controlled trial in patients without a history of cardiovascu-
lar disease provides new insights into platelet activation and
inhibition during infection. Our study suggests that platelet
aggregation is increased in patients with a severe infection,
and that aspirin inhibits this process. However, no inhibi-
tion of plasma TxB2 was achieved, which means that plate-
let cyclo-oxygenase residual activity might remain present
despite aspirin use. Altogether, we can conclude that aspirin

is a promising drug in the prevention of hyperaggregation
due to acute infection.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10238-023-01101-5.
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