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ABSTRACT

Background: Systemic serum levels of markers of endothelial activation are associated with infec-
tion. We hypothesize that levels of markers of endothelial activation are associated with the presence
of a positive blood culture as a manifestation of a systemic infection in children with a suspected se-
vere infection in Suriname.
Methods: In this prospective observational cohort study, children between 1 month and 18 years of
age suspected of severe infection as assessed by the threating physician, and in whom laboratory
testing and blood culturing was performed before start of intravenous antibiotic treatment, were
recruited at the emergency department of the Academic Hospital Paramaribo, Suriname. Serum was
collected at blood culturing and after 48–72 h of admission. Serum was stored for measurement of
levels of Angiopoietin (Ang)-1, Ang-2, soluble (s)P-selectin, sE-selectin, vascular cell adhesion
molecule-1, intercellular adhesion molecule-1 and platelet and endothelial cell adhesion molecule-1.
Results: Fifty-one children were included of whom 10 had a positive blood culture. Baseline charac-
teristics were similar between children with and without a positive blood culture. No significant dif-
ferences in serum levels of the Angiopoietins or soluble cellular adhesion molecules between groups
were observed at start of antibiotic treatment nor after 48–72 h.
Conclusions: The data from this study indicate that in children with severe infection, serum levels
of markers of endothelial cell activation are not associated with a positive blood culture. Thus, hav-
ing a positive bacterial blood culture may not be the only factor driving endothelial activation in this
patient population.
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I N T R O D U C T I O N
Angiopoietin-(Ang)-1 and Ang-2 play fundamental
roles in the maintenance of vessel integrity in health
and disease [1–5]. Binding of Ang-2 to the tyrosine
kinase receptor 2 (Tie-2) receptor during infection
antagonizes Tie-2 signaling and disrupts vascular endo-
thelial barrier function. This is followed by expression
of endothelial cell adhesion molecules (CAMs), in par-
ticular, P-selectin, E-selectin, vascular CAM-1
(VCAM-1) and intercellular adhesion molecule-1
(ICAM-1), to facilitate leukocyte recruitment [1, 6].
CAMs then orchestrate leukocyte rolling on, adhesion
to, and diapedesis across the vascular endothelium [7].
Soluble isoforms of CAMs (sCAMs) become measur-
able in the systemic circulation after ectodomain shed-
ding by shedding enzymes, such as matrix
metalloproteinase-9 [7, 8]. These mechanisms are
keys in vessel homeostasis in local and systemic infec-
tion. However, systemic infection can lead to endothe-
lial dysfunction, which is associated with edema,
hypotension and multi-organ failure [2–4, 9].

From clinical studies, it has become clear that lower
Ang-1 and higher Ang-2 and higher sCAM levels
are associated with presence of systemic infection and
sepsis [4–7, 9–12]. However, the role of the
Angiopoietins and sCAMs in non-systemic severe
infections, like pneumonia or meningitis, is less clear.
For example, data on meningitis and pneumonia
in children and adults show that their levels could pre-
dict presence of these infections and worse outcome
[13–17]. However, data on whether these markers
could differentiate non-systemic from systemic infec-
tion is limited, especially from non-Western countries.

The purpose of this study was to investigate
endothelial activation in children suspected of severe
infection. We hypothesized that lower Ang-1, higher
Ang-2 and higher sCAM levels at presentation, and
sustained after 48–72 h of admission, predicted a
positive blood culture as a manifestation of a system-
ic infection. Ultimately, this may help in initiating
prompt treatment of appropriate broad-spectrum
antibiotics and supportive therapy.

M A T E R I A L S A N D M E T H O D S

Study design and subjects
A prospective observational cohort study was per-
formed at the Academic Pediatric Center Suriname

at the Academic Hospital Paramaribo in Paramaribo,
Suriname. In a 14-month period between 1 April
2015 and 31 May 2016, pediatric patients with an
age between 1 month and 18 years old with sus-
pected severe infection at the emergency department
were recruited. Suspicion of severe infection was
based upon the assessment of the treating physician,
and included at least one of the following symptoms:
temperature <36�C and >38�C, tachypnea, chest
retractions, grunting, apnea, hypoxia (SpO2< 90%),
tachycardia, capillary refill time > 2 s, vomiting, se-
vere diarrhea, altered state of consciousness and seiz-
ures. For all patients, the standard local protocol for
the management of suspected severe infection was
followed. This included the start of broad-spectrum
intravenous antibiotics after blood collection for cul-
ture and laboratory testing. After the inclusion
period, patients were excluded if informed consent
was not obtained, if blood culture results were ab-
sent, if infection was not the primary diagnosis, if not
sufficient information was available after the study
period to determine the primary diagnosis, and if
there was a confirmed HIV infection. The patients
included in the final database were divided into two
groups based on blood culture results, namely a
negative blood culture group and positive blood cul-
ture group.

The study protocol was approved by the
Surinamese Medical-Ethical Board (VG-021-14A)
and was made available on clinicaltrials.gov
(NCT02486783). Written informed consent was
obtained from at least one parent for the use of re-
sidual serum and clinical information.

Data collection
For all patients the following demographic and clin-
ical variables were recorded after the inclusion
period: age, weight, gender, oxygen supplementation,
length of stay (LOS), need for intensive care admis-
sion, clinical discharge diagnosis and mortality.
Clinical discharge diagnosis was based upon the
treating physicians final discharge diagnosis in the
patient chart and/or discharge letter. Levels of C-re-
active protein (CRP), white blood cell (WBC)
count, neutrophil count and blood culture result
were recorded from the paper charts or the labora-
tory identification system.
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Sample collection, preparation and analysis
Blood samples were collected in serum microtainers
using standard blood collection during the insertion
of a venous cannula. This time point was labeled
t¼ 0. If needed and only upon clinical indication, a
second blood sample was obtained after 48–72 h
using capillary collection. Blood was allowed to clot
at room temperature and serum was separated by
centrifugation at 2300�g for 8 min, the serum was
harvested and used for routine determination of
CRP at the clinical laboratory and residual sample
was stored at �80�C until further analysis. Frozen
samples were transported on dry ice from Suriname
to the Netherlands. For analysis, the samples were
thawed on ice and immediately analyzed. Levels of
Ang-1 and Ang-2 were measured using enzyme-
linked immunosorbent assay (ELISA; DANG10 and
DANG20 Quantikine ELISAs, Minneapolis, MN,
USA, R&D Systems), according to the manufac-
turers’ instructions. Levels of sP-selectin, sE-selectin,
sVCAM-1 and sICAM-1, were measured using
Luminex (Human Adhesion 6-plex, Waltham, MA,
USA, Thermo-Fischer Scientific), also according to
the manufacturers’ instructions. A standard curve of
each molecule was used to determine if levels were
in the linear part of the curve. For the Angiopoietins
and sCAMs, levels under the lowest (Ang¼ 1 n¼ 3
and Ang-2 n¼ 4) and above the highest (E-selectin
n ¼ 1 and VCAM-1 n¼ 4) quantitative cutoff we
reported as the lowest and the highest standard
curve values, respectively. Due to limited amounts of
serum available, not all markers could be measured
in all samples. Numbers of samples analyzed per
marker and time point are given in Table 2.

Statistical analysis
The outcome variable was a positive bacterial blood
culture, and the predictor variables were Ang-1,
Ang-2 and sCAMs, at t¼ 0 and t¼ 48–72 h.
Categorical variables were presented as numbers and
percentages and continuous variables were presented
as median and interquartile range (IQR). Chi-square
or Fisher exact test was used for nominal or categor-
ical data. Due to the non-parametric nature of
the data, a Mann–Whitney test with was used
for analysis of continuous variables. p-values <0.05
were considered statistically significant. Multiple

regression analysis was performed for LOS as a de-
pendent variable. Analyses were performed using
JASP version 0.13.1 (University of Amsterdam, the
Netherlands) and Prism version 8.4.2 (Graphpad
Software Inc., San Diego, CA, USA).

R E S U L T S

Demographics
A total of 127 patients were deemed eligible at the
emergency department, with informed consent
obtained for 80 patients (Fig. 1). Twelve patients
were excluded because of lack of serum. Further ex-
clusion was due to absence of infection as the clinical
discharge diagnosis (n¼ 7), unclear clinical dis-
charge diagnosis (n¼ 4) and absence of blood cul-
ture results (n¼ 6). Four patients had a blood
culture with a coagulase negative staphylococcus,
which were considered contamination and therefore
regarded as negative. A total number of 51 patients
were included in the final database, of whom 41 with
a negative, and 10 with a positive blood culture.

Demographic and clinical characteristics are
shown in Table 1. Overall, the most common clinical
discharge diagnoses were pneumonia (41.2%),
gastroenteritis (15.7%), fever/infection of uncertain
cause (13.7%) and bronchiolitis (7.8%). There were
no significant differences between groups except for

Fig. 1. Flowchart of the study.
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longer LOS in the positive blood culture group
(p¼ 0.012) and for presence urinary tract infection,
which was significantly more common in de blood
culture positive group (p¼ 0.021).

Serum levels of the Angiopoietins and soluble
endothelial CAMs

Serum levels of all markers at t¼ 0 and 48–72 h are
given in Table 2. Figure 1 shows the distribution of
levels of all markers at t¼ 0 and 48–72 h. CRP levels
were significantly higher in children with a positive
blood culture. At t¼ 0 serum levels of Ang-1, Ang-2
and sCAMs sP-selectin, sE-selectin, sICAM-1,
sVCAM-1 and soluble platelet endothelial CAM-1
(sPECAM-1) were not significantly different be-
tween children with or without a positive blood cul-
ture. At t¼ 48–72 h serum levels of all markers were
sustained and not different between groups (Table 2
and Fig. 2). Also, the Ang-2/Ang-1 ratios at t¼ 0
and 48–72 were not significantly different between
groups. Since LOS was higher in patients with a posi-
tive blood culture LOS was introduced into linear re-
gression analysis as dependent variable. Independent

variables gender, age, CRP, WBC, Ang-1, Ang-2,
Ang2/Ang-1 ratio and sCAMs (t¼ 0) were intro-
duced into the model with the least significant con-
tributing predictors removed sequentially. No
significant predictors of LOS were found.

D I S C U S S I O N
We studied 51 pediatric patients admitted and
treated for severe infection in a middle-income coun-
try. We observed no differences in serum levels of
markers of endothelial activation between patients
with and without a positive blood culture. If the lev-
els of these markers reflect the degree of endothelial
activation, these findings indicate that having a posi-
tive blood culture may not be the only driving factor
of this degree. We suggest several reasons for this.

First, the serum levels of the Angiopoietins are
associated with the severity and outcome (e.g. organ
failure score, shock and mortality) of sepsis in neo-
nates, children and adults. Especially, higher levels of
Ang-2 and An2/Ang-1 ratio were associated with
increased severity, defined as shock, organ failure
score and mortality [5, 7, 9, 11, 18]. In our study,

TABLE 1. Demographic and clinical characteristics of the study cohort (n ¼ 51).

Negative blood culture
(n¼ 41)

Positive blood culture
(n¼ 10)

Age, median (IQR) (months) 12 (24) 15 (60.3)
Female, n (%) 19 (43.9) 4 (40)
Supplemental oxygen, n (%) 17 (45.9)a 1 (11)b

ICU admission, n (%) 3 (7.9)c 0d

LOS in days, median (IQR)c 3 (3) 7 (4.5)
Mortality, n (%) 1 (2.4) 0
Clinical discharge diagnoses, n (%) Pneumonia 17 (41.5) 4 (40)

Gastroenteritis 7 (17.1) 1 (10)
Bronchiolitis 4 (9.8) 0

Urinary tract infection 1 (2.4) 3 (30)
Endocarditis 1 (2.4) 1 (10)
Pericarditis 1 (2.4) 0
Meningitis 2 (4.9) 0

Subcutaneous infection 1 (2.4) 1 (10)
Fever of uncertain cause 7 (17.1) 0

aData missing in 4 cases;
bData missing in one case;
cData missing in 3 cases;
dData missing in 1 case.
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patients in both the negative and positive blood cul-
ture groups had equal disease severity except for lon-
ger LOS. Thus, this equal disease severity may be
expressed in equal serum levels of markers of endo-
thelial activation. Although severe bacterial sepsis is
contingent on presence of a positive blood culture, it
is the immunological response that drives severity
and clinical outcome of sepsis. This is reflected in a
study by Giuliano et al. [10], in which only the septic
shock outcome group had significantly higher levels
of Ang-2 and higher Ang-2/lAng-1 ratios compared
with healthy subjects, children with systemic inflam-
matory reaction syndrome, and sepsis in a pediatric
intensive care unit (PICU) setting. Our study was
not powered for analysis on severe clinical endpoints
such as death and inotropic support. Interestingly,
CRP levels were higher in the blood culture positive
group at t¼ 0, which is not true for the levels of the
Angiopoietins and sCAMs. This is indicative of more

pronounced (intravascular) immunological
responses in children with systemic infection, which
is not paralleled by a higher degree of endothelial
activation.

Although the study lacked a control group, the
overall Ang-1, Ang-2 and sCAM serum levels in our
study were elevated compared with healthy controls
of other studies, indicating endothelial activation
[10, 19]. Several studies have shown that markers of
endothelial activation are associated with severe dis-
ease caused by non-bacterial pathogens such as den-
gue virus and malaria in low- and middle-income
countries [14, 20–23]. With dengue being endemic
in our region we suspect that some of the patients
categorized as having fever of uncertain cause might
have had a dengue viremia. We also suspect that
endothelial activation might play an important role
in severity of viral bronchiolitis [24]. In our study,
patients with bronchiolitis were represented only in

TABLE 2. Levels of markers of infection and endothelial cell activation.

Laboratory data Time point N Negative blood
culture (n¼ 41)

n Positive blood
culture (n¼ 10)

p-value

WBC count (*109/l) t¼ 0 35 18.2 (13.5) 10 20 (11.5) 0.989
t¼ 48–72 10 12.5 (4.5) 3 15.8 (9.8) 0.692

Neutrophil count (*109/l) t¼ 0 23 8.2 (9.4) 8 14.7 (10.3) 0.206
t¼ 48–72 5 6.7 (4.8) 2 8.4 (6) 0.857

CRP mg/dl t¼ 0 34 6.9 (14.8) 10 20.5 (12.6) 0.013
t¼ 48–72 8 5.4 (16.4) 2 13.1 (0.8) 0.711

Ang-1 ng/ml t¼ 0 38 53.5 (38.2) 8 60.8 (28) 0.889
t¼ 48–72 16 36.8 (43.5) 4 30.5. (41) 0.92

Ang-2 ng/ml t¼ 0 41 5 (2) 10 5 (5) 0.687
t¼ 48–72 16 4.9 (3.9) 4 4.9 (4.5) 1.000

Ang-2/Ang-1 ratio t¼ 0 38 0.10 (0.07) 10 0.11 (0.17) 0.910
t¼ 48–72 16 0.11 (0.16) 4 0.16 (13.79) 1.000

P-Selectin ng/ml t¼ 0 39 105.2 (84.1) 8 114.2 (73.5) 0.835
t¼ 48–72 16 79.8 (40.9) 3 48.4 (46.2) 0.359

E-Selectin ng/ml t¼ 0 39 272 (327.2) 8 316.9 (334.1) 0.749
t¼ 48–72 16 273.3 (245.2) 3 95.3 (175) 0.254

ICAM-1 ng/ml t¼ 0 39 128.8 (70.5) 8 126.1 (143.8) 0.966
t¼ 48–72 16 105.4 (73.5) 2 129.4 (41.3) 1.000

VCAM-1 ng/ml t¼ 0 39 611.1 (279.3) 8 531.4 (337) 0.771
t¼ 48–72 16 514.7 (176.6) 3 1049.2 (1819.1) 0.303

PECAM-1 ng/ml t¼ 0 39 23.9 (5.6) 8 24.5 (5.7) 0.810
t¼ 48–72 16 24.4 (10.3) 2 25.2 (2.2) 1.000
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the blood culture negative group. Furthermore,
endothelial activation and markers thereof are associ-
ated with severity in lower respiratory infections and
ARDS irrespective of the cause [25–28]. Thus,
markers of endothelial activation seem to be associ-
ated with clinical outcome of infections irrespective
of the nature of the causative pathogen.

The first strength of this article is that it seeks to
answer the question of whether markers of endothe-
lial activation are associated with a positive bacterial
blood culture in children admitted to hospital in a
developing country like Suriname. Second, the
markers were measured at two time points during
admission. The main limitations are the relatively
small number of patients, lack of a control group, the
limited number of samples at t¼ 48–72 h, and the
heterogeneity of the patients. Low presence of severe
outcomes (i.e. ICU admission, inotropic support or
death), made it impossible to explore whether
Angiopoietins and sCAMs are associated with such
clinical outcome variables.

In summary, serum values of the Angiopoietins
and sCAMs were not different with a positive blood
culture from those without in suspected severe infec-
tion. Diversity of causes and patients complicate in-
terpretation of these levels and inhibit their use to

predict presence of a positive blood culture and as
prognostic biomarkers in a pediatric emergency de-
partment population. Future studies should focus on
specific disease entities.
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