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Background

sST2 is a new biomarker that was predominantly studied in adults with heart failure
but was not adequately investigated in other diseases or in children.

Aim

to evaluate the diagnostic and prognostic values of sST2 in critically ill children.
Patients and methods

A prospective observational study of 70 children admitted into Pediatric intensive
care unit (PICU) and 20 healthy controls. sST2 was measured within 24 hours of
admission. Pediatric Risk of Mortality (PRISM) and Pediatric Index of Mortality 2
(PIM2) were calculated. Primary outcome was 30-day mortality.

Results

sST2 was significantly higher among critically ill children compared with controls
(P<0.001). sST2 was significantly elevated among septic children compared with
controls (P<0.001) and the area under receiver operating characteristic curve
(AUC) for discriminating septic children from controls was excellent (AUC=0.958,
P<0.001). However, no significant difference in sST2 level was noted between
septic and non-septic children or between survivors and non-survivors. sST2 was
not correlated with CRP, PRISM, PIM2, or other indicators of disease severity.
Conclusion

sST2 is an acute phase protein with potential value in sepsis diagnosis. However,
sST2 is not useful for predicting disease severity and prognosis of critically ill

children.
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Introduction

Suppression of tumorigenicity 2 (ST2) is a member of
interleukin (IL)-1 receptor family expressed mainly on
T helper 2 and mast cells. IL-33 is the ligand for ST2
whose binding ultimately leads to production of the
cytokines associated with T helper 2 response [1,2].
The IL-33/ST2 pathway is involved in the immune
response against parasitic [3] and viral infections [4].
It was also suggested to attenuate atherosclerosis
and to possess a protective effect in heart failure
[5]. However, IL-33/ST2 pathway promotes the
pathogenesis of some clinical conditions like asthma,
atopic dermatitis, and rheumatoid arthritis [6].

ST2 exists in two main forms: the first is a membrane-
bound full-length form (ST2L) which mediates IL-33
actions, whereas the second is a soluble form (sST2)
which is almost identical to the extracellular domain
of the membrane-bound form and can be readily
measured in peripheral blood [7].

Proinflammatory stimuli induce the expression of sST2,
which, in turn, represses macrophages’ production
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of proinflammatory cytokines [8]. Furthermore, sST2
acts as a decoy receptor that competes with ST2L
for IL-33 binding, thus controlling the effects of the
latter [9]. Being a negative regulator of inflammation,
sST2 was postulated to contribute to development
of the state of immunosuppression in sepsis and
may be related to occurrence of nosocomial infections

[10].

sST2level increases in heart failure and has been recently
added to heart failure management guidelines as a
prognostic marker [11]. sST2 level has also been
shown to rise in several clinical disorders, including
autoimmune diseases [12], asthma exacerbations [13],

pulmonary fibrosis [14], and sepsis [15].

Previous clinical studies of sST2 have been conducted
predominantly in specific clinical conditions in adults.
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The objective of the present study was to evaluate
the diagnostic and prognostic values of sST2 in an
unselected cohort of critically ill children, which, to the
best of our knowledge, was not addressed by previous
pediatric studies.

Materials and methods

Study population

This was a prospective observational study conducted on
70 critically ill children who were consecutively recruited
from a 10-bed PICU in Menoufia University Hospital,

Menoufia, Egypt, from January to August 2017.

A written informed consent was taken from the
parents, and the protocol of the study was approved
by the Menoufia Faculty of Medicine Committee
for Medical Research Ethics. The exclusion criteria
included age less than 1 month or more than 18 years
and failure to take a blood sample within 24h of
PICU admission.

Besides the patient group, another group of 20 healthy
children was included as a control group. The diagnostic
workup performed for each patient included routine
investigations and measurement of conventional
biomarkers like C-reactive protein (CRP), white
blood cells (WBC), and platelet counts. Search for
infectious agents was performed through culture of
body fluids, including blood, urine, cerebrospinal
fluid, and respiratory secretions. Other laboratory
and radiological investigations were requested when
clinically warranted.

Sepsis was diagnosed if a patient had systemic
inflammatory response syndrome in the presence of
suspected or proven infection as recommended by the
international pediatric sepsis consensus conference
[16]. According to these guidelines, severe sepsis
was diagnosed in the presence of acute respiratory
distress syndrome, cardiovascular organ dysfunction,
or two other organ dysfunctions.

Pediatric risk of mortality (PRISM) [17] and pediatric
index of mortality 2 (PIM2) [18] were also calculated
for each patient. A single sST2 measurement
was performed for patients within 24h of PICU
admission as well as for the control group. The
course of illness was closely monitored, and the
primary outcome was 30-day mortality.

Laboratory method
From every patient, a 2ml venous blood sample was

withdrawn within 24 h of PICU admission. The blood

was allowed to clot and then centrifuged at 4000 rpm
for 10 min. The separated serum was stored at -80°C
till analysis. Quantification of serum sST2 was based
on standard sandwich enzyme-linked immunosorbent
assay (ELISA). The assay procedure was done
according to the protocol of Human Interleukin 1
receptor like protein 1, IL-1RL1/St2 ELISA Kit
(catalog no.. BYEK2402; Biospes, Chongqing,
China).

Statistical methods

Quantitative variables with non-normal distribution were
presented as median and range. Qualitative data were
analyzed by y*-test. Fisher’s exact test was used for 2x2
qualitative variables when more than 25% of the cells had
expected count less than 5. Non-normally distributed
continuous variables were compared by Mann—
Whitney U-test (for two variables) and Kruskal-Wallis
test (for more than two variables). Receiver operating
characteristic curve analysis was used to test the
performance of sST2 and other biomarkers in
discriminating patients with sepsis from other critically
ill patients and also to discriminate survivors from
nonsurvivors. Correlations between variables with
skewed distribution were performed by Spearman’s
correlation. A P value of less than 0.05 was considered
statistically ~ significant. ~ Statistical ~analyses were
performed using IBM statistical package for social
sciences (version 20; SPSS Inc., Chicago, Illinois, USA).

Results

Characteristics of the study population

The baseline demographic and clinical characteristics
of patients and controls are shown in Table 1. The most
common reason for PICU admission was infectious
diseases (40%), mostly pneumonia (25.7% of all
patients). Overall, 30% of patients had sepsis, 32.9%
needed invasive mechanical ventilation, and 25.7%

died.

The diagnostic value of sST2

sST2 was significantly higher among the whole cohort
of critically ill children compared with controls
(P<0.001). In addition, sST2 was significantly
elevated among septic children compared with
controls (P<0.001) and also significantly elevated
among nonseptic children compared with controls

(P<0.001) (Fig. 1).

sST2 had an area under the curve (AUC) of 0.958
(P<0.001) for differentiating children with sepsis from
controls (Fig. 2), with a cut-off level of 300 pg/ml,
having a sensitivity of 90.5% and a specificity of 100%.



Table 1 Demographic and clinical characteristics of patients and control
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Variables Patient (n=70) Control (n=20) P value
Age (months) [median (range)] 19.5 (1.3-180) 20.6 (4.5-164) 0.67
Male sex [n (%)] 40 (57.1) 10 (50) 0.321
Weight (kg) [median (range)] 10.15 (2.8-35) 10 (3-33.5) 0.65
Primary reason for PICU admission [n (%)]

Infections 28 (40) NA NA

CNS diseases 12 (17.1)

Cardiovascular diseases 8 (11.4)

Metabolic diseases 4 (5.7)

Surgical conditions 4 (5.7)

Others?® 14 (20)
Sepsis [n (%)] 21 (30) NA NA
Severe sepsis [n (%)] 8 (11.4) NA NA
PICU stay (days) [median (range)] 6.5 (1-79) NA NA
Hospital stay (days) [median (range)] 10 (1-79) NA NA
Invasive MV 23 (32.9) NA NA
MV duration (h) [median (range)] 144 (24-768) NA NA
PIM2% [median (range)] 2.55 (0.8-98.8) NA NA
PRISM% [median (range)] 2.8 (0.6-94.7) NA NA
30-day mortality 18 (25.7) NA NA

CNS, central nervous system; MV, mechanical ventilation; PICU, pediatric intensive care unit; PIM2, pediatric index of mortality 2; PRISM,

pediatric risk of mortality. ®Include poisoning, drowning, trauma, anaphylaxis, hematological/oncological diseases, and autoimmune

diseases.
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sST2 level in pg/ml in patients and controls: The median (and range)
of sST2 among the whole patient cohort was 1250 (260-3750). For
the control group, it was 272.5 (250-300). For children with sepsis, it
was 1280 (260-3750). For critically ill children without sepsis, it was
1200 (700-2850).

However, no significant difference in sST2 level was
noted between septic and nonseptic critically ill
children, and the AUC for discriminating septic
children from other critically ill children by sST2
was 0.608 (P=0.16) compared with an AUC of
0.613 and 0.670 for CRP and WBC, respectively.

Importantly, no significant difference in sST2 level was
detected between patients with heart failure and other
patients (Table 2).
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Receiver operating characteristic curve analysis for differentiating
between children with sepsis and controls.

No significant correlation was found between sST2 and
other conventional sepsis biomarkers, including CRP

and WBC (Table 3).

The prognostic value of sST2

Among critically ill children, no significant difference
in sST2 level was found between survivors and
nonsurvivors. Furthermore, no significant difference
was found between patients with severe sepsis and the
other patients or between those who needed invasive
mechanical ventilation and those who did not need it
(Table 2). Like both CRP and WBC, sST2 had a
modest AUC of 0.584 for prediction of mortality
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(P=0.291) (Table 4), whereas PRISM and PIM2 had a
good AUC of 0.809 and 0.802, respectively. No
significant correlation was found between sST2 and
indicators of disease severity like PRISM, PIM2,

length of PICU stay, and mechanical ventilation
duration (Table 3).

Discussion

The ideal biomarker in pediatric emergency medicine is
still missing; therefore, the list of biomarkers evaluated
by researchers continues to grow. In the present study, we
were able to demonstrate that the admission sST2 level

Table 2 sT2 level in different patient subgroups

Patient subgroup sST level [median (range)] P value
Sever sepsis 1280 (260-3750) 0.85
Other patients 1230 (900-2275)

Heart failure 1200 (750-1570) 0.185
No heart failure 1270 (260-3750)

MV needed 1280 (750-3750) 0.648
MV not needed 1250 (260-3250)

Survivors 1240 (260-3750) 0.29
Nonsurvivors 1440 (750-2275)

MV, mechanical ventilation.

Table 3 Spearman correlations between sST2 and other
clinical and laboratory variables

Variables sST2

rs® P value
Age -0.022 0.854
Weight -0.017 0.886
PRISM 0.065 0.592
PIM2 0.11 0.35
MV duration 0.033 0.788
PICU stay -0.112 0.367
Hospital stay 0.011 0.931
Hemoglobin 0.034 0.784
WBC 0.059 0.631
CRP 0.184 0.231
Platelets 0.027 0.827
Albumin -0.122 0.465
Creatinine -0.36 0.783
Base excess -0.018 0.89

CRP, C-reactive protein; MV, mechanical ventilation; PICU,
pediatric intensive care unit; PIM2, pediatric index of mortality 2;
PRISM, pediatric risk of mortality; WBC, white blood cells.

was significantly elevated among critically ill children
compared with healthy controls, suggesting that sST2
could be used as an acute phase protein. This is consistent
with a study of critically ill adults without a primary
cardiac disease where 96% of patients had elevated sST2
above the reference limit, but the authors suggested that
sST?2 rise was because of unrecognized cardiac injury
[19]. However, we think, in light of experimental and
clinical data [20,21], that the inflammatory state is an
equally tenable explanation.

In the present study, sST2 level was also significantly
higher in patients with sepsis compared with controls,
and the AUC for differentiating septic children from
controls excellent (0.958), suggesting that
sST2 could be used as a sepsis biomarker. A similar
finding was reported by another pediatric study
which detected, in addition, a significant difference
between sST2 value measured in the first day of
admission and a repeat measurement after 48-72h
[22]. Likewise, a significantly elevated sST2 was
detected among adults with severe sepsis compared
with controls [23].

was

sST2 elevation was not confined to children with sepsis
in the present study. Consistent with our finding, sST2
was previously shown to be significantly elevated not
only in adults with sepsis but also in those with
pneumonia [24], trauma, and surgery [15]. However,
in contrast to some studies in adults [15,25,26], we
did not find a significant difference in sST2 level
between septic children and other critically ill
children [26].

The failure of sST2, in the present study, to
differentiate between children with sepsis and other
critically ill children may be owing to the small sample
size or a difference in sST2 regulation in children
compared with adults. In addition, we measured
sST2 once within 24 h of admission, and it is quite
possible that the diagnostic value of sST2 is not
consistent over time as demonstrated by Parenica
et al. [26] who showed that the value of admission
sST2 measurement in distinguishing septic shock from
cardiogenic shock was lost after 12-24 h.

Table 4 Performance of sST2 and other variables for prediction of mortality

AUC 95% CI Cut-off P value Sensitivity Specificity
sST2 (pg/ml) 0.584 0.437-0.731 1235 0.291 77.8 50
CRP (mg/dl) 0.564 0.417-0.710 39 0.42 71.4 43.3
WBC 0.518 0.365-0.670 10 500 0.076 72.2 38
PRISM% 0.809 0.656-0.910 6.5 <0.001 83.3 63.5
PIM2% 0.802 0.640-0.887 3.5 <0.001 83.3 76.9

AUC, area under the receiver operating characteristic curve; CRP, C-reactive protein; PIM2, pediatric index of mortality 2; PRISM,

pediatric risk of mortality; WBC, white blood cell.



In spite this lack of specificity, it should be borne in mind
that many other sepsis biomarkers also arise in conditions
other than sepsis. Besides, it could be expected that a new
elevation of sST2 from a baseline level in a patient being
treated for a noninfectious critical illness (like surgery or
trauma) might indicate occurrence of sepsis.

In addition to the diagnostic value, sST2 was studied
for a potential prognostic value particularly in
adult heart failure where it proved most useful
[11]. In the current research, no difference in
this sST2 level was observed between survivors
and nonsurvivors, and the AUC for prediction of
mortality by sST2 was poor compared with PRISM
and PIM2. These findings conflict with previous
studies of unselected groups of critically ill adults

[19,27,28].

The prognostic value of sST2 was more commonly
studied in specific populations of critically ill patients
with conflicting results. Some reported an association
of sST2 with mortality in adults with sepsis [15,23] and
in children with idiopathic and heritable pulmonary
arterial hypertension [29] whereas other studies failed
to predict mortality by sST2 in adult patients
with trauma [15] and in adults with septic shock or
cardiogenic shock [26].The prognostic value of sST2
demonstrated in some adult studies may have been
masked in the present study by the small patient
number or by a difference between children and
adults. Alternatively, the prognostic value of sST2
may be less clear at admission compared with later
measurements as demonstrated by some researchers

[27].

In the present study, we did not find a significant
correlation between sST2 and CRP which is consistent
with some studies that found no or very modest
correlation between the two markers [26,30]. This
could be explained by a difference in the mechanisms
regulating their production and clearance.

Unlike some researchers [19] who found an association
between sST2 and duration of ICU and hospital stay,
we failed to find an association with any indicators of

disease severity, including PRISM, PIM2, and the

need for mechanical ventilation.

Anyhow, if a prognostic value of sST2 is established
in future studies, the underlying mechanism will,
most probably, involve induction of a state of
immunosuppression by sST2 in critical illness. It is
also possible that sST2 elevation may be just an
epiphenomenon.

Serum sST2 level in critically ill children Khattab etal. 5

The current study addresses a new topic in pediatric
research. However, it has some limitations, including
a small sample size and a lack of repeat sST2
measurement. In addition, sepsis diagnosis was not
always based on isolation of an organism. Moreover,
the patients were not homogenous regarding the reason
for PICU admission, but some researchers favor this
approach as the real world is similarly heterogeneous.

Conclusion

sST2 is an acute phase protein that is potentially useful
for diagnosis of sepsis, although it cannot differentiate
sepsis from other critical illnesses. In contrast, sST2
is not useful for predicting mortality or disease severity
in critically ill children. Larger studies are needed to
more fully elucidate the real role of this biomarker
in pediatric emergency medicine.
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