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ORIGINAL ARTICLE

Higher platelet reactivity and platelet-monocyte complex formation in
Gram-positive sepsis compared to Gram-negative sepsis

Rahajeng N. Tunjungputri 1,2,3, Wouter van de Heijden1,2, Rolf T. Urbanus3, Philip G. de Groot3,
Andre van der Ven1,2,4, & Quirijn de Mast1,2

1Department of Internal Medicine, Radboud University Medical Center, Nijmegen, The Netherlands, 2Radboud Center for Infectious Diseases, Radboud
University Nijmegen Medical Center, Nijmegen, The Netherlands, 3Center for Tropical and Infectious Diseases (CENTRID), Faculty of Medicine
Diponegoro University - Dr. Kariadi Hospital, Semarang, Indonesia, and 4Department of Clinical Chemistry and Haematology, University Medical
Centre, Utrecht, The Netherlands

Abstract

Platelets may play a role in the high risk for vascular complications in Gram-positive sepsis. We
compared the platelet reactivity of 15 patients with Gram-positive sepsis, 17 with Gram-negative
sepsis and 20 healthy controls using a whole blood flow cytometry-based assay. Patients with Gram-
positive sepsis had the highest median fluorescence intensity (MFI) of the platelet membrane
expression of P-selectin upon stimulation with high dose adenosine diphosphate (ADP; P = 0.002
vs. Gram-negative and P = 0.005 vs. control groups) and cross-linked collagen-related peptide
(CRP-XL; P = 0.02 vs. Gram-negative and P = 0.0001 vs. control groups). The Gram-positive group
also demonstrated significantly higher ADP-induced fibrinogen binding (P = 0.001), as wll as platelet-
monocyte complex formation (P = 0.02), compared to the Gram-negative group and had the highest
plasma levels of platelet factor 4, β-thromboglobulin and soluble P-selectin. In contrast, thrombin-
antithrombin complex and C-reactive protein levels were comparable in both patient groups. In
conclusion, commonGram-positive pathogens induce platelet hyperreactivity, whichmay contribute
to a higher risk for vascular complications
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Introduction

The concept that platelets play an important role in immunity and
host defence, besides their role in haemostasis, has become
widely accepted. Many different bacteria, viruses and other
micro-organisms have been shown to interact with platelets, chan-
ging the platelet phenotype and the interaction of platelets with
leukocytes [1,2]. Whereas platelet activation is important in
innate immune responses, excessive platelet activation may con-
tribute to organ dysfunction and increase the risk for cardiovas-
cular events (CVE) and infective endocarditis [3,4]. Acute
bacterial infections are associated with an increased risk for
CVE, but the magnitude of this risk, as well as the risk for
infective endocarditis, depends on the type of infections [5–7].

Bacteria are generally divided into Gram-positive and Gram-nega-
tive bacteria. In contrast to Gram-negative bacteria, Gram-positive
bacteria usually have a thick multi-layered peptidoglycan cell wall
rich in teichoic acid with virtually absent lipopolysaccharide (LPS)
[8]. Clinical studies have shown a high incidence of cardiovascular
complications in patients with Gram-positive bacterial infection

[9,10]. This risk appears lower for urinary tract infections, which are
usually caused by Escherichia coli or other Gram-negative bacteria
[5,11]. In addition, infective endocarditis is predominantly caused by
Gram-positive bacteria [12].

Laboratory studies have shown that Gram-positive bacteria,
such as Staphylococcus aureus and Streptococcus spp., bind to
and activate platelets, whereas this has not been demonstrated for
most Gram-negative bacteria [13]. Interestingly, our group
recently demonstrated that bacteremia due to Streptococcus pneu-
moniae in pigs leads to platelet hyperreactivity [14]. On the other
hand, data on the platelet-activating properties of E. coli LPS,
which exerts potent inflammatory effects, have been conflicting
and challenging to translate to the human in vivo setting [15–18].

Studies on the platelet-activating properties of bacteria were
most frequently done either ex vivo or in animal models. To the
best of our knowledge, no study has provided human in vivo data
comparing platelet reactivity in patients with Gram-positive or
Gram-negative sepsis. We therefore studied platelet reactivity,
platelet-monocyte complex (PMC) formation and activation of
the plasmatic coagulation in a cohort of patients with either
Gram-positive or Gram-negative sepsis.

Methods

Study population

We enrolled adult patients admitted with a Gram-positive or
Gram-negative sepsis in the Radboud university medical centre,
Nijmegen, The Netherlands. A list of patients with positive blood
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cultures was generated daily by the Department of Medical
Microbiology, and patients were reviewed for inclusion and exclu-
sion criteria. Blood was drawn for platelet reactivity and haemos-
tasis tests within 72 hours after the first blood culture collection and
initiation of antibiotic treatment. Exclusion criteria were admission
to the intensive care unit (ICU), renal replacement therapy, use of
P2Y12 receptor antagonists, active malignancy, the presence of any
chronic viral infection, including HIV or hepatitis B/C and a posi-
tive blood culture with a possible contaminant (e.g. coagulase-
negative staphylococci). ICU patients were deliberately excluded
to avoid confounding of organ failure on the assessment of the
effects of bacteremia on platelet reactivity. Use of a low dose of
aspirin or vitamin K antagonists was not a reason for exclusion, as
these drugs have no influence on the platelet reactivity assay used
[19,20]. A group of healthy volunteers were enrolled as controls.
Patients and healthy controls were included after written informed
consent was obtained. The study is approved by the ethical com-
mittee of the Radboud university medical centre.

Laboratory assays

Platelet reactivity

Venous blood was collected in citrated Vacutainer tubes (3.2%
sodium citrate; Becton Dickinson, USA). Platelet reactivity was
determined within 1 hour after blood drawing by a flow cytometry
assay that was described earlier [21,22]. In short, the expression of
the α-granule protein P-selectin and binding of fibrinogen to the
activated integrin αIIbβ3 are measured as markers of platelet degra-
nulation and aggregation, respectively, in unstimulated samples and
after ex vivo platelet stimulation by adenosine diphosphate (ADP,
low dose of 7.8 μMand high dose of 31.2 μM, Sigma-Aldrich, USA)
or cross-linked collagen-related peptide (CRP-XL, low dose of 39
ng/L and high dose of 625 ng/L, kind gift from Prof. dr. R. Farndale,
Cambridge, UK). Whole blood was added to a mixture of HEPES-
buffered saline and saturating concentrations of PE-labelled anti-

CD62P (P-selectin; Bio-Legend, San Diego, USA), FITC-labelled
anti-fibrinogen (DAKO Ltd., High Wycombe, UK) and PC7-
labelled anti-CD61 (platelet identification marker; Beckman
Coulter, France). After 20 minutes incubation at room temperature,
0.2% paraformaldehyde was added and samples were analysed using
an FC500 flow cytometer (Beckman Coulter, France). Platelets were
gated based on their forward- and sideward-scatter properties and
positivity for CD61, which was defined as a median fluorescence
intensity (MFI) exceeding that of its matched isotype control. Next,
the MFI of CD62P and fibrinogen relative to their matched isotype
controls on CD61-positive events was determined.

Platelet-monocyte complexes

The formation of PMC, which is considered a sensitive marker for
platelet activation [23], was determined by incubating citrated whole
blood with PC7-labelled anti-CD61 and PE-labelled anti-CD14 [a
glycosylphosphatidylinositol (GPI)-linked membrane glycoprotein;
Bio-Legend] as a monocyte identification marker. Optilyse B, which
contains both lysing buffer and fixative (Beckman Coulter, USA), was
added after 30 min followed by distilled water. The PMC formation
was quantified based on the MFI of CD61 on CD14-positive cells.

Soluble platelet proteins and thrombin-antithrombin complexes

Platelet-poor plasmawas harvested from citrate anticoagulated whole
blood by centrifugation (1500 g without brake, 15 min, 20°C). Plasma
concentrations of platelet factor 4 (PF4), β-thromboglobulin (β-TG),
soluble P-selectin and thrombin-antithrombin (TAT) complexes were
subsequently measured using ELISA as previously described [24].
Human PF4 (MAB7951, AF795), β-thromboglobulin (MAB393,
BAF393) and soluble P-selectin (DYE137) antibodies were purchased
form R&D systems, Abbington, UK. Sheep anti-human thrombin
(SAHT-AP, SAHT-HRP) antibodies were purchased from Kordia/
Affinity Biologicals, USA.

Table I. Characteristics of study population.

Gram-Positive Gram-Negative Healthy controls P value

Number 15 17 20
Male, n (%) 12 (80) 11 (65) 12 (60) 0.99
Age, years 67 (8) 70 (13) 31 (8) <0.001*
Haemoglobin (g/dL) 7.6 (1) 7.2 (0.9) ND 0.24
Leukocytes (x109/L) 12.2 (4.4) 10.4 (4.4) ND 0.26
Platelets (x109/L) 178 (45) 202 (110) ND 0.44
Creatinine (mg/dL) 98 (27) 118 (57) ND 0.23
C-reactive protein (mg/L) 163 (97) 136 (85) ND 0.41
Aspirin, n (%) 4 (27) 6 (35) 0 (0) 0.30
Vitamin K antagonist, n (%) 3 (20) 4 (24) 0 (0) 0.41

Causative pathogens, n (%)
Gram-positive

Staphylococcus aureus 10 (67)
Streptococcus pneumoniae 2 (13)
Group G Streptococcus 2 (13)
Group C Streptococcus 1 (7)

Gram-negative
Escherichia coli 12 (71)
Citrobacter spp. 1 (6)
Haemophilus influenzae 1 (6)
Klebsiella oxytoca 1 (6)
Serratia spp. 1 (6)
Bacteroides fragilis 1 (6)

Data depicted are means with SD unless otherwise indicated. ND, not determined. Statistical differences are analysed by using
ANOVA with post-tests or chi-square test. *P values were statistically significant for differences between healthy controls vs. Gram-
positive and Gram-negative groups.
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Full blood count and C-reactive protein

A full blood count was determined using a standard haematology
analyser (Sysmex XE 5000) calibrated for standard patient care.
C-reactive protein (CRP) was determined using immunologic
agglutination detection, and the urinary concentration of creati-
nine was determined with enzymatic colorimetric detection using
Abbott Aeroset analyser (Abbott Laboratories).

Statistical analysis

Differences in patient characteristics across groups were com-
pared using analysis of variance (ANOVA) with post-tests and
chi-square test for proportions. Data on platelet reactivity are
expressed as medians with interquartile range (IQR), while data
on plasma soluble markers and PMC formation are expressed
as medians with IQR, minimum and maximum values. The
Mann–Witney U test was used to analyse statistical differences
in the time intervals between the haemostatic tests and anti-
biotic treatment initiation or blood culture, in the CRP levels
among the patient groups and in the platelet reactivity of
patients with or without aspirin. Platelet reactivity and plasma
markers levels between multiple groups were compared using
the non-parametric Kruskal–Wallis test with Dunn’s post-test.
Analyses were performed with GraphPad Prism (GraphPad
Software, USA). P values less than 0.05 were considered
statistically significant.

Results

Thirty-two patients with sepsis were enrolled, of whom 15 had a
Gram-positive and 17 a Gram-negative sepsis, with 20 healthy
individuals as controls (Table I). Patients in the Gram-positive
group presented clinically with sepsis (n = 8), erysipelas (n = 3),
pneumonia (n = 2) and infected diabetic foot ulcer (n = 1). The
most common clinical diagnosis in the Gram-negative group was
urosepsis (n = 11), followed by cholecystitis and intravascular
catheter-related infection (each n = 2), as well as endometritis and
infected diabetic foot ulcer (each n = 1). Patient characteristics in
both groups were similar, including time intervals between the
haemostatic tests and antibiotic treatment initiation or blood cul-
ture (Figure 1A). The levels of CRP, measured on the day
(±24 hrs) when haemostasis assays were also performed, were
comparable across both patient groups (Figure 1B). The mean age
of the controls was lower than the patients in both sepsis groups.

Participants in the Gram-positive group had a significantly higher
ADP- and CRP-XL-induced P-selectin expression than participants in
the Gram-negative group and controls (Figure 2A). Upon stimulation
with high dose ADP (31.2 uM), the Gram-positive group demon-
strated the highest MFI of P-selectin (median 49.2, IQR 34.6–55.2)
compared to the Gram-negative (28.1, 25.3–38.3; P = 0.002) and
control groups (29.7, 26.2–35.7; P = 0.005). When induced with
high dose CRP-XL (625 ng/ml), patients in the Gram-positive group
had a significantly higher P-selectin (89.8, 72.4–95.4) than both the
Gram-negative (69, 67.7–80.3; P = 0.02) and control groups (67.6,
64.3–72.4;P=0.0001). ADP-induced platelet-fibrinogen bindingwas

Figure 1. Timing of haemostatic tests and plasma concentration of C-reactive protein (CRP). Box plots of the (A) time interval between platelet
reactivity and haemostatic test and positive blood culture (left panel) or start of antibiotics (right panel). (B) CRP levels at the day (+/- 24 hrs) of the
haemostasis assays. Presented data are medians with IQR, minimum and maximum values. NS, not statistically significant.

DOI: 10.1080/09537104.2016.1252837 Higher platelet reactivity in Gram-positive sepsis 597



also significantly higher in this group (18.3, 15.6–24.2 vs. 12.6,
10.8–13.9; P = 0.001 vs. Gram-negative group). There were no
differences in these parameters between the Gram-negative group
and the controls.

The Gram-positive group had significantly higher PMC formation
compared to Gram-negative group. Median (IQR) MFI values of the
platelet marker CD61 onCD14-positive cells were 15.6 (13.7–17.1) in
the Gram-positive group compared to 8.5 (8.1–9.5; P = 0.02)) in the
Gram-negative group and 3.1 (2.0–6.5; P < 0.0001) in controls
(Figure 2B). The difference between the Gram-negative group and
controls was also significant (P = 0.004). There was a weak positive
correlation between the platelet expression of P-selectin and PMC
formation in the patients (Spearman, R2 = 0.22; P = 0.008)

Activated platelets release their α-granule contents, including
P-selectin, PF4 and β-TG in the plasma. Plasma concentrations of
these proteins were significantly higher in the Gram-positive group
compared with the Gram-negative group and the healthy controls.
Median (IQR) concentrations of PF4 in these respective groups were
32.1 ng/ml (18.6–46.2 ng/ml), 16.5 ng/ml (2.1–25.3 ng/ml; P = 0.01

vs. Gram-positive) and 7.8 ng/ml (5.0–9.8 ng/ml; P < 0.001 vs.
Gram-positive). β-TG concentrations were 200.7 ng/ml (150.6–250
ng/ml), 126.5 ng/ml (77.1–174.9; P = 0.038 vs. Gram-positive)
ng/ml and 81.7 ng/ml (66.8–96.8 ng/ml; P = 0.0008 vs. Gram-
positive). P-selectin concentrations were 136.4 ng/ml (92.9–168.4
ng/ml), 111.2 ng/ml (96.7–137.1 ng/ml; P = 0.61 vs. Gram-positive)
and 84.4 ng/ml (72–99 ng/ml; P = 0.015 vs. Gram-positive). The
latter protein was the only soluble platelet parameter that was sig-
nificantly higher in the Gram-negative group compared to controls
(P = 0.045). In contrast, there were no significant differences across
the three groups in the plasmatic coagulation marker TAT complexes
(Figure 3). In all patients, soluble P-selectin was weakly correlated
with PMC formation (Spearman, R2 = 0.23; P = 0.01). Data of these
plasma soluble markers were missing in 2 patients diagnosed with S.
aureus sepsis in the Gram-positive group.

We performed subanalyses within the patient groups and found
that those with a S. aureus or Streptococcus spp sepsis in the
Gram-positive group had comparable platelet P-selectin expres-
sion upon induction with high dose ADP (MFI 47.4, 40.7–53.8

Figure 2. Platelet reactivity and platelet-monocyte complex in patients with Gram-positive and Gram-negative sepsis. (A) Platelet membrane
expression of P-selectin and platelet-fibrinogen binding is depicted as median fluorescence intensity (MFI) in arbitrary units, at baseline and after
stimulation with two concentrations of the platelet agonists adenosine diphosphate (ADP) and collagen-related peptide (CRP-XL) in healthy controls (n
= 20), patients with Gram-positive (Gram+, n = 15) and Gram-negative (Gram-, n = 17) sepsis. (B) Platelet-monocyte complex (PMC) formation is
depicted as the MFI of the platelet marker CD61 on CD14-positive cells. Data depicted are medians with IQR (platelet reactivity) or median with IQR,
minimum and maximum values (PMC). * Gram-positive vs. Gram-negative, #Gram-positive vs. healthy controls.
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vs. 44.5, 26.9–58.2; P = 0.67) and platelet-fibrinogen binding
(MFI 19.0, 14.7–24.0 vs. 17.4, 13.6–22.3; P = 0.61), as well as
PMC formation (18.3, 15.3–21.9 vs. 14.4, 12.1–16.5; P = 0.26).
Similarly, there were no differences in these parameters between
patients with E. coli and other Gram-negative bacteria (data not
shown). Aspirin treatment did not influence ADP- and

CRP-induced platelet reactivity, PMC formation or the plasma
soluble markers (data for ADP-induced platelet reactivity and
PMC formation shown in Figure 4). There was no significant
correlation between ADP-induced P-selectin expression and the
time interval between haemostatic tests and the start of antibiotics
administration (Spearman, R2 = 0.06, P = 0.07).

Figure 3. Plasma concentrations of platelet and coagulation activation markers. Data depicted are medians with IQR, minimum and maximum values.

Figure 4. Platelet reactivity in aspirin and non-
aspirin using patients. Data depicted are med-
ians with IQR, minimum and maximum values.
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Discussion

Our data reveal that a sepsis with common Gram-positive patho-
gens is associated with more pronounced platelet activation, pla-
telet hyperreactivity and PMC formation compared with sepsis
due to common Gram-negative pathogens. These differences were
observed despite comparable CRP plasma concentrations, sug-
gesting that inflammation by itself is not a major driving force
in sepsis-induced platelet activation. In contrast, there were no
clear differences in the plasmatic coagulation parameter TAT
complexes between the Gram-positive and Gram-negative groups.

The majority of patients in the Gram-positive group had a S.
aureus sepsis, whereas E. coli was the most common bacteria in
the Gram-negative group. S. aureus and Streptococcus spp. are able
to directly bind and activate platelets and different mechanisms
through which these pathogens activate platelets have been
reviewed recently by Hamzeh-Cognasse et. al. [13]. S. aureus can
release toxins or use surface protein such as protein A and clump-
ing factor A, which can subsequently bind platelet receptors
directly or indirectly [25,26]. Furthermore, FcγRIIa on platelets is
essential for the amplification of their reactivity to these bacteria.
The engagement of FcγRIIA by bacteria-bound plasma IgG,
together with the integrin αIIbβ3 activation, results in
integrin/FcγRIIA ITAM signalling which further triggers ADP,
thromboxane A2 (TxA2) and PF4 release and leading to a strong
positive feedback cascade of platelet activation [27]. Other S.
aureus proteins, including lipoteichoic acid [28], inhibit platelet
activation, although our present findings indicate that the platelet-
activating potential of S. aureus is dominant in vivo. It was beyond
the scope of our current study to characterize the pathways of
platelet activation by the isolated pathogens. E. coli was also
recently demonstrated to activate platelets in a FcγRIIa-dependent
manner [29,30], although ex vivo data of platelet activation by E.
coli lipopolysaccharide are conflicting [15–17,31]. Administration
of lipopolysaccharide to healthy volunteers also does not appear to
strongly activate platelets [32,33], a finding supported by our data
of limited platelet activation in patients with E. coli sepsis.

Vascular complications are common in patients with staphylo-
coccal or streptococcal septicaemia [10,34]. We speculate that the
strong platelet-activating potential of these micro-organisms con-
tributes to these complications. Platelet function inhibitors might
reduce the risk for these complications [35], but this may not be
without hazard, as activated platelets are able to limit the growth
of and engulf S. aureus [36,37]. In a mouse model, platelet
inhibition also reduced killing of S. aureus [38,39].

Limitations of our study include the limited number of patients
in both groups and that the haemostatic assays were only per-
formed once after the blood cultures became positive. Gram-
negative bacteria can be rapidly killed by antibiotics, and even
though no correlation existed between platelet reactivity and the
time intervals between haemostatic tests and antibiotic treatment
initiation, we cannot exclude that increased platelet activation was
present in the Gram-negative group at presentation and that this
normalized promptly after administration of antibiotics (i.e.
before the blood culture became positive). Furthermore, many
Gram-positive and Gram-negative bacteria exist, and our findings
cannot be extrapolated to other pathogens that were not included
in this study, as their platelet-activating properties may differ.
Finally, some patients used aspirin, which inhibits platelet activa-
tion via the COX-1 pathway [40]. This was, in our study, not
associated with decreased platelet reactivity via the ADP and
collagen pathway or PMC formation.

In conclusion, Gram-positive sepsis is associated with marked
platelet activation, in contrast to Gram-negative sepsis, and this
may contribute to the vascular complications seen in these infec-
tions. Given the role of platelets in immunity and host defence,

studies are currently undertaken investigating the possible role of
platelet inhibition in sepsis patients [41]. It is important that
causative pathogens are taken into account, as clear differences
exist in the platelet-activating potential of bacteria, which influ-
ences the risk of vascular complications.
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