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Abstract

Thrombocytopenia is common in patients with invasive bacterial infections. Bacteria can acti-
vate platelets, but it is unclear if this affects platelet count. The aim of this study was to exam-
ine whether bacteraemia with Staphylococcus aureus, which readily activate human platelets,
was more likely to be complicated by thrombocytopenia than bacteraemia with Escherichia
coli or Streptococcus pneumoniae with different abilities to activate platelets.

We compared information from 600 adult patients with community-acquired bacteraemia
with S. aureus (n = 140), E. coli (n = 420) and S. pneumoniae (n = 40) in Southern Sweden,
2012, linking information on positive blood cultures from microbiological databases and med-
ical charts. The proportion of patients with thrombocytopenia (platelet count <150 × 109/ml)
was calculated. Logistic regression was used to estimate the odds ratios (OR) for thrombocyto-
penia according to bacterial species adjusted for confounders.

The proportion of thrombocytopenia was 29% in S. aureus, 28% in E. coli and 20% in S.
pneumonia bacteraemia (P = 0.50), corresponding to an OR of 1.2 (95% confidence interval
0.7–1.9) for thrombocytopenia for S. aureus as compared with E. coli or S. pneumoniae,
adjusted for confounders.

This study indicates that platelet activation by bacteria is not a major causative mechanism
in sepsis-associated thrombocytopenia.

Introduction

Invasive bacterial infections can cause sepsis, a clinical syndrome with high mortality, reflect-
ing an inflammatory response to an infectious agent [1]. Among the most prevalent causative
organisms in community-acquired sepsis are Staphylococcus aureus, Escherichia coli and
Streptococcus pneumoniae [2–4].

Thrombocytopenia (platelet count <150 000/μl) is common in patients with sepsis [5]. It is
a marker of organ dysfunction and has been associated with poor prognosis [6, 7]. The cause
of sepsis-associated thrombocytopenia is not fully understood, although many mechanisms
have been proposed [5]. Research has mostly focused on the interplay of platelets with the
immune system. Platelets can interact directly with microbial pathogens leading to activation
with the release of cytokines and antimicrobial peptides [8, 9]. The capability of S. aureus to
activate and aggregate platelets is particularly well characterised [10, 11]. For other major
pathogens, less is known about bacterial–platelet interactions. Streptococcus pneumoniae has
been shown to aggregate platelets in some studies [12], but failed to activate platelets from
patients with bacteraemia [13]. Less is known about interactions between Gram-negative bac-
teria and platelets; however, some strains of E. coli were recently shown to be able to activate
platelets in vitro [14, 15]. There is no direct evidence that platelet activation by bacteria occurs
to such an extent that platelet count may be affected significantly. To our knowledge, no study
has systematically investigated the incidence of thrombocytopenia in invasive infections caused
by different microbes. Our objective was to examine whether bacteraemic infections with S.
aureus, which readily activate human platelets, are more likely to be complicated by thrombo-
cytopenia than bacteraemia with E. coli and S. pneumoniae that have different abilities to acti-
vate platelets.

Methods

Study design

We conducted a retrospective cohort study, assessing the risk of thrombocytopenia in adults
aged ⩾18 years with community-acquired S. aureus bacteraemia compared with patients with
bacteraemia caused by E. coli and S. pneumoniae in the Region of Skåne (1.3 million inhabi-
tants) in Southern Sweden, from May 2012 to December 2012, linking information on positive
blood cultures from microbiological databases and medical charts.

Information on blood cultures was retrieved from databases from the microbiological
laboratories serving the 10 hospitals in Skåne. Linkage of information from the different
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databases was possible due to the personal identification number
that is assigned to all Swedish citizens for life [16]. The study was
approved by the local Ethics Committee (Dnr: 2013:31).

Data collection

Charts were systematically reviewed and data were collected
according to a pre-specified protocol. Data collected included
date of birth, sex, underlying diseases, physiological parameters
at admission, laboratory values at admission and the most
extreme laboratory values, site of infection, admission to an inten-
sive care unit (ICU) and the type of ICU care that was given,
length of ICU and hospital stay, in-hospital mortality and the
registered diagnosis as well as the reported cause of death.

Thrombocytopenia was defined as a platelet count below
150 × 109/l. Hypotension was defined as systolic blood pressure
<90 mmHg or treatment with vasopressors. Hypoperfusion was
defined as maximum P-lactate level of >3.2 mmol/l or minimum
base excess value <−5 in patients without chronic kidney failure.
Organ dysfunction was defined as follows: respiratory dysfunction
– oxygen saturation of ⩽86% or ⩽78% if pneumonia or mech-
anical ventilation; renal dysfunction – S-creatinine increase
>45 µmol/l in patients without chronic renal disease, or treatment
with continuous renal replacement therapy (CRRT) or haemodi-
alysis; liver dysfunction – S-bilirubin >45 µmol/l in patients with-
out liver disease, acute cholecystitis or cholangitis; neurological
dysfunction – altered mental status; coagulopathy – activated par-
tial thromboplastin time (APTT) >60 s in patients not treated
with heparin or international normalised ratio (INR) >1.5 in
patients not treated with warfarin (platelet counts were not
included).

Hypoperfusion and organ dysfunction were calculated in
patients with at least one measured and interpretable value, miss-
ing data were regarded as within the normal range.

Statistical methods

The χ2, rank-sum, Kruskal–Wallis tests and analysis of variance
were used to assess the distribution of risk factors for thrombo-
cytopenia between different bacterial species and between differ-
ent exposure groups. The proportion of thrombocytopenia was
calculated for the three bacterial species. We used logistic regres-
sion to estimate the odds ratios (OR) for thrombocytopenia
according to bacterial species. The aim of the study was to explore
if bacterial species affected the frequency of thrombocytopenia
and not to predict the risk factors for thrombocytopenia per se.
We therefore selected potential confounders to this association
a priori from factors known or suspected to be associated with
thrombocytopenia and invasive bacterial infection from S. aureus,
E. coli or S. pneumoniae [6]. The covariates were first examined
separately in univariable models and were then entered into dif-
ferent models including age, sex, comorbidities, markers of sever-
ity of disease (organ dysfunction, hypoperfusion, hypotension and
ICU care) with bacterial species as the main explanatory variable
[17]. Models were compared using the Akaike’s information cri-
terion; goodness of fit of the final model was assessed using the
Hosmer–Lemeshow test; the overall explanatory power of the
model was assessed by calculating the area under the receiver
operator curve curve.

ORs were also estimated in subgroups of participants classified
according to age, sex, severe sepsis and ICU care. Homogeneity of
estimates across subgroups was assessed using likelihood ratio

tests. All analyses were performed using STATA/SE (version
13.1 for Windows; StataCorp LP, College Station, TX, USA).

Results

Cohort selection

In total, we identified 300 patients with S. aureus, 719 with E. coli
and 65 with S. pneumoniae bacteraemia in the microbiological
database. Of these 1084 patients, 139 were excluded because
their charts were incomplete or inaccessible; 149 episodes were
not community-acquired (blood cultures were drawn 48 h or
more after admission to a hospital); 25 patients were younger
than 18 years; 125 patients had not had their platelet count mea-
sured; and 44 patients were excluded since their platelet counts
were not evaluable due to haematologic disease or to chemother-
apy treatment. In two patients who experienced recurrent bacter-
aemia, only the first episode was included. Finally, 600 episodes of
bacteraemia (140 S. aureus, 420 E. coli, 40 S. pneumoniae) were
included in the analyses.

Overall, 48% patients were female and median age was 77
(interquartile range (IQR) 65–84). In-hospital mortality was
10%, and median length of stay was 8 days (IQR 5–13). Eight
per cent were admitted to an ICU. Basic demographic and clinical
factors and patient data according to the bacterial species are
shown in Table 1.

Thrombocytopenia

Patients with S. aureus bacteraemia had a median nadir platelet
count of 200 × 109/l (IQR 137–294), E. coli 192 × 109/l (IQR
140–249) and S. pneumoniae 219 × 109/l (IQR 159–239) (P =
0.28). There was no significant difference in the proportion of
patients with thrombocytopenia among the different bacterial
species, 29 in S. aureus, 28% in E.coli and 20% in S. pneumoniae
(P = 0.50). Thrombocytopenia was associated with male sex,
underlying kidney disease, admission temperature, respiratory
rate, leucocyte count, lactate, liver failure, kidney failure, hypoten-
sion, hypoperfusion and ICU care. Pulmonary disease was asso-
ciated with not having thrombocytopenia (see Supplementary
Table S1).

We found no evidence of an increased risk of thrombocyto-
penia in S. aureus bacteraemia as compared with bacteraemia
with E. coli or S. pneumoniae when adjusting for potential con-
founders in a multivariable logistic regression model, OR was
1.2 (95% confidence interval (95% CI) 0.7–1.9), adjusted for
age, sex, comorbidities, hypotension, hypoperfusion, organ failure
and ICU care, see Table 2.

There was no difference in the crude bacteria–thrombocyto-
penia association between the subgroups with any or no missing
values, ORs were 1.0 (95% CI 0.7–2.5) vs. 1.3 (95% CI 0.6–1.9),
respectively (P = 0.60).

Subgroup analyses

We did not observe any statistically significant differences in the
ORs of thrombocytopenia according to the bacterial species in
the different subgroups of age (P for test of homogeneity =
0.88), sex (P = 0.37), severe sepsis (P = 0.88) or treated in an
ICU (P = 0.98) (see Figure 1).
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Table 1. Baseline characteristics of patients according to bacteraemia pathogen

Staphylococcus
aureus

Escherichia
coli

Streptococcus
pneumoniae P

Missing
values

No of individuals 140 420 40 %

Age, median (IQR) 76 (64–85) 77 (66–84) 68 (60–79) 0.03 0

Male sex (%) 66.4 46.9 55.0 <0.01 0

Co-morbidity

Pulmonary disease, % 10.0 15.2 25.0 0.05 0

Cardiovascular disease, % 42.9 41.2 30.0 0.33 0

Diabetes, % 27.1 26.0 17.5 0.46 0

Chronic kidney disease, % 24.3 7.9 2.5 <0.01 0

Rheumatic disease, % 3.6 8.6 10.0 0.12 0

Immunosuppression, % 5.7 4.3 2.5 0.59 0

Malignancy, % 14.3 13.1 7.5 0.53 0

Neurologic disease, % 19.3 11.2 2.5 <0.01 0

Urologic disease, % 11.4 12.1 5.0 0.40 0

Haemo- or peritoneal dialysis, % 7.9 0.2 0 <0.01 0

Prosthetic joint, % 27.9 11.9 7.5 <0.01 0

Clinical signs

Respiratory rate, median (IQR) 22 (18–28) 22 (19–28) 22 (20–29) 0.30 14.8

Heart rate, median (IQR) 96 (82–114) 100 (87–113) 102 (90–110) 0.30 4.0

Systolic blood pressure, median (IQR) 150 (110–145) 128 (110–146) 126 (110–150) 0.72 3.5

Temperature, median °C (IQR) 38.0 (37–38.7) 38.4 (37.8–39.2) 37.8 (37.3–38.6) <0.01 3.7

Oxygen saturation, median (IQR) 96 (93–98) 95 (92–97) 93 (87–96) <0.01 7.3

RLS, median (IQR) 1 (1–1) 1 (1–1) 1 (1–1) 0.70 18.7

Laboratory testsa

Platelet count <100 × 109/l, % 9.3 10.5 7.5 0.79 0

Platelet count <150 × 109/l, % 29.3 28.3 20.0 0.50 0

Platelet count, ×109/l, median (IQR) 200 (137–294) 192 (140–249) 219 (159–239) 0.28 0

Leucocyte count, ×109/l, median (IQR) 14.2 (9.6–17.5) 13.0 (9.1–17.6) 17.8 (10.7–23) <0.01 1.7

Lactate level, median (IQR) 2.0 (1.6–3) 2.1 (1.4–3.4) 2.4 (1.7–3.7) 0.29 24.5

Base excess, median (IQR) 0 (−2 to 2) 0 (−2.3 to 2) 0.8 (−2.1 to 3) 0.76 26.5

Bilirubin, median (IQR) 10 (8–16) 15 (9–29) 15.5 (9–26) <0.01 52.3

Creatinine, median (IQR) 128 (83–218) 104 (83–160) 96 (72–160) 0.02 0

Organ dysfunctionb

Liver, % 0 8.1 8.3 0.05

Kidney, % 8.7 6.8 4 0.63

Altered mental status, % 8.4 5.8 10.3 0.58

Hypoxemia, % 5.4 6.5 28.2 <0.01

Coagulopathy, % 6.5 5.3 6.5 0.88

Hypotension, % 5.1 12.9 18.0 0.02

Hypoperfusion, % 24.5 27.9 27.8 0.79

Treatment

Treatment in ICU, % 3.6 8.1 27.5 <0.01

Mechanical ventilation, % 1.4 1.7 22.5 <0.01

(Continued )
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Thrombocytopenia as a risk factor for death

Patients who were alive at discharge had a median nadir platelet
count of 199 × 109/l (IQR 144–260), whereas patients who
died during hospitalisation had a median platelet count of
166 × 109/l (IQR 115–218) (P = 0.02). However, after adjusting
for age, sex, comorbidities, hypotension, hypoperfusion, organ
failure and ICU care, no significant difference in in-hospital mor-
tality could be detected, OR for death in thrombocytopenic vs.
non-thrombocytopenic was 1.0 (95% CI 0.4–2.1).

Discussion

We investigated the frequency of thrombocytopenia in 600 con-
secutive adult patients with community-acquired bacteraemia
caused by S. aureus as compared with E. coli and S. pneumoniae
[2–4]. In our study, up to a third of the patients had a decreased
platelet count, but there was no association between bacterial spe-
cies and the occurrence of thrombocytopenia.

Thrombocytopenia is common in invasive bacterial infections
[5], and a drop in platelet count is used as one of several markers
of organ dysfunction which in turn are diagnostic criteria for sep-
sis [18, 19]. However, the causes of sepsis-associated thrombo-
cytopenia are not entirely elucidated [5]. One of the proposed
mechanisms is direct interaction between bacteria and platelets
[20]. A number of pathogens that cause sepsis have been shown
to activate and aggregate platelets [8]. In most of these pathogens,
including in S. pneumoniae and E. coli, this ability seems to be
confined to some or even few strains [12, 14, 15]. Contrarily, it
appears that most clinical isolates of S. aureus from bacteraemic
infections readily aggregate platelets [13]. Gafter-Gvili et al. inves-
tigated thrombocytopenia in bacteraemia with S. aureus and
found a strong correlation between thrombocytopenia and
increased mortality, leading to the speculation that thrombocyto-
penia in part might be attributed to platelet aggregation induced
by the bacterium [21].

While, to our knowledge, no study has compared the incidence
of thrombocytopenia in bacteraemia caused by specific species in

Table 1. (Continued.)

Staphylococcus
aureus

Escherichia
coli

Streptococcus
pneumoniae

P Missing
values

Vasopressor treatment, % 2.1 6.0 15 <0.01

Dialysis/CRRT, %c 0.7 0.2 7.5 <0.01

Outcome

Mortality, % 21.4 6.0 10.0 0.01

Days to death, median (IQR) 10 (5–15) 4 (3–14) 12 (1–50) 0.19

Length of stay among survivors, median (IQR) 13 (10–25) 7 (5–10) 7 (5–12) <0.01

aMinima and maxima values.
bCalculated among patients with a measured and interpretable value. Kidney dysfunction was defined as an increase >45 µmol/l in S-creatinine in patients without chronic kidney dysfunction
or treatment with dialysis or CRRT; liver dysfunction was defined as: S-bilirubin >45 mmol/l in patients without chronic liver disease or diagnosis of acute pancreatitis, cholecystitis or
cholangitis; hypoxemia was defined as oxygen saturation <87% or <79% if pneumonia or mechanical ventilation; coagulation dysfunction was defined as: INR>1.5 or APTT>60 s in patients
without warfarin or heparin treatment. Platelet count was not included in the definition; hypoperfusion was defined as any lactate >3.2 mmol/l or base excess ⩽−5 in patients without
chronic kidney failure; hypotension was defined as systolic blood pressure <90 mmHg and/or treatment with vasopressors.
cContinous renal replacement therapy.

Table 2. Risk of thrombocytopenia according to bacterial species

Univariable analysis Multivariable analysesa

Odds ratio 95% Confidence interval Odds ratio 95% Confidence interval P value

E. coli and S. pneumoniae bacteraemia 1.0 Ref. 1.0 Ref.

S. aureus bacteraemia 1.1 0.7–1.7 1.2 0.7–1.9 0.58

Age, per 1 year increase 1.0 1.0–1.0 1.0 1.0–1.0 0.66

Male sex 1.5 1.0–2.1 1.9 1.2–2.9 0.01

Pulmonary disease 0.6 0.3–1.0 0.5 0.3–1.0 0.05

Kidney disease 1.7 1.0–2.9 2.0 1.0–3.8 0.04

Hypotensionb 3.2 1.9–5.6 1.8 0.9–3.6 0.13

Hypoperfusionc 1.9 1.3–2.9 1.4 0.8–2.2 0.23

Organ dysfunctiond 2.1 1.40–3.0 1.6 1.0–2.5 0.08

ICU care 3.7 2.1–6.7 2.0 0.9–4.4 0.11

aEstimated by logistic regression in 462 subjects with complete information, adjusted for all other variables in the table.
bDefined as systolic blood pressure <90 mmHg and/or treatment with vasopressors.
cDefined as any lactate >3.2 mmol/l or base excess ⩽−5 (in patients without chronic kidney failure).
dDefined as either kidney dysfunction (increase >45 µmol/l in S-creatinine in patients without chronic kidney dysfunction or CRRT or dialysis treatment), liver dysfunction (S-bilirubin
>45 mmol/l in patients without chronic liver disease or diagnosis of acute pancreatitis, cholecystitis or cholangitis), hypoxemia (oxygen saturation <87% or <79% if pneumonia or mechanical
ventilation); altered mental status; coagulation dysfunction (INR>1.5 or APTT>60 s in patients without warfarin or heparin treatment).

Epidemiology and Infection 1315



adults, there are reports on the incidence of thrombocytopenia in
Gram-positive and Gram-negative bacteraemia, mainly in neo-
nates. Some of these studies have found thrombocytopenia to
be more common in Gram-negative sepsis [22]. In contrast,
Manzoni et al. did not find such a correlation [23]. Aydemir
et al. reported a longer duration of thrombocytopenia in adults
with sepsis (defined as the presence of a systemic inflammatory
response syndrome and positive blood cultures) in Gram-negative
and fungal infection than in Gram-positive bacteraemia [24].
Since these studies included different proportions of community-
and hospital-acquired infections, the distribution of microorgan-
isms varied considerably. This makes it difficult to draw definite
conclusions based on previous research on the role of specific
organisms in sepsis-associated thrombocytopenia.

In the present study, there was no association between specific
bacterial species, with apparently different abilities to induce
platelet activation, and thrombocytopenia, indicating that there
is no strong causal connection with bacterial platelet activation
and a drop in platelet count. It appears likelier that other factors,
such as the inflammatory response by the innate immune system,
are more important for sepsis-associated thrombocytopenia. This
does not, however, exclude a significant role for bacterial activa-
tion of platelets in severe bacterial infections. Platelets binding
to bacteria increase virulence in animal models of infective
endocarditis with S. aureus and Streptococcus gordonii [25–28],
and binding to platelets has been shown to promote dissemin-
ation of bacteria in a mouse model of sepsis with Streptococcus
pyogenes [28].

A strength of our study is that it is population-based, including
all consecutive patients in a confined geographical area during the
study period. A limitation of the study is the retrospective design,
resulting in a large proportion of missing values on lactate and
bilirubin. Reassuringly, though, there was no difference in the

crude bacteria–thrombocytopenia association across the sub-
groups of patients with no missing values vs. patients with any
missing values. Platelet counts were not available for all patients,
but there was no association between missingness and bacterial
species.

Bacteraemia with sepsis is common, and only critically ill
patients are admitted to an ICU. This likely explains the difference
in overall mortality between our cohort and recent studies of
severe infections that were carried out in ICUs [6, 7, 29–31]. It
should be noted, though, that thrombocytopenia was not asso-
ciated with mortality in our study, neither among all patients or
among those infected with S. aureus.

In conclusion, this study indicates that platelet activation by
bacteria is not a main mechanism behind sepsis-associated
thrombocytopenia.
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be found at https://doi.org/10.1017/S0950268818001206
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