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A B S T R A C T

Background and objectives: Upper urinary tract infection is the most common serious bacterial infection in
childhood. Patients with upper urinary tract infection have a risk for renal scarring with subsequent compli-
cations including hypertension, proteinuria, and progressive renal failure. However, the predictive biomarkers of
renal scarring in children with upper urinary tract infection are still unknown. In this study, we evaluated
whether soluble ST2 levels can be biomarkers of subsequent renal scarring in patients with upper urinary tract
infection.
Design, setting, participants, and measurements: We retrospectively studied pediatric patients with upper urinary
tract infection at a tertiary center. Twenty-eight children had an upper urinary tract infection with (n= 14) and
without (n=14) renal scarring and underwent 99mtechnetium dimercaptosuccinic acid imaging. In addition,
13 control subjects were enrolled. The clinical data and serum cytokine levels, including soluble ST2 levels, were
compared between those with and without renal scars.
Results: Serum soluble ST2 levels were significantly higher in the scar group than in the non-scar group, whereas
there was no difference in the levels of serum interferon-γ, interleukin-6, interleukin-10, soluble tumor necrosis
factor receptor 1, and transforming growth factor-β between the scar and non-scar groups. The area under the
curve for differentiating between the non-scar and scar groups on the basis of measurements of serum soluble
ST2 was 0.79, with a sensitivity and specificity of 92.9% and 64.3%, respectively.
Conclusion: These results suggest that serum soluble ST2 levels on admission could be a useful biomarker of
subsequent renal scarring in pediatric patients with upper urinary tract infection.

1. Introduction

Upper urinary tract infection (UTI) is one of the common serious
bacterial infections that occur in early childhood [1]. Generally, UTI
patients present characteristic symptoms, including dysuria, suprapubic
discomfort, and flank pain. However, children with UTI may present
with nonspecific symptoms, such as poor feeding, vomiting, irritability,
jaundice, or fever alone, which require a broader approach to
screening. Approximately 5% of fever of unknown origin in infants
could be caused by UTI [2].

UTI is classified into three types: upper UTI, lower UTI, and
asymptomatic bacteriuria [3]. Upper UTI is the most severe form of the
disease and consists of acute pyelonephritis (APN), acute focal bacterial
nephritis (AFBN), and renal abscess. Permanent renal damage char-
acterized by scarring has been observed in 15–60% of pediatric patients
with APN and 89% of pediatric patients with AFBN [1,3]. These da-
mages could lead to hypertension, proteinuria, pregnancy-related
complications, or even progressive renal failure as long-term sequelae
[4].

It has been reported that risk factors for renal scar formation in
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children after febrile UTI are age at presentation, sex, recurrent infec-
tion peak fever, treatment delay, and presence of vesicoureteral reflux
(VUR) [5]. However, there are few studies on risk factors for the de-
velopment of renal scarring in upper UTI.

Cytokines are involved in the progression of renal fibrosis and tissue
damage [6]. Proinflammatory cytokines (e.g., tumor necrosis factor
[TNF]-α, interferon [IFN]-γ, interleukin [IL]-1β, IL-6, IL-17, and IL-23)
and anti-inflammatory cytokines (e.g., IL-4, IL-10, and transforming
growth factor [TGF]-β) produced in resident and infiltrated immune
cells are important mediators [7]. IL-33 is a member of the IL-1 cyto-
kine family and promotes inflammation in parasitic infection and sepsis
[8,9]. IL-33 is mainly present in the nucleus of epithelial cells and en-
dothelial cells. When necrosis is induced by viral infection or physical
stimulus in epithelial cells, IL-33 is released from the cell nucleus and
acts on the cell surface expressing ST2, which is known as an IL-33
receptor, resulting in the activation of immune cells and the induction
of inflammation [10–13]. Two major transcription variants of ST2, the
full-length transmembrane form, ST2L, and the soluble form, sST2,
have been identified [14]. It has been reported that sST2, which serves
as a decoy receptor, could be a biomarker in various inflammatory
diseases, leading to fibrosis [9,15]. Additionally, renal scarring is a
characteristic feature and process of all forms of chronic kidney disease
(CKD) and an elevated concentration of serum sST2 is found in CKD
patients and correlates with disease severity [16,17]. These suggest that
serum sST2 levels could be a useful biomarker of subsequent renal scar
formation in patients with upper UTI. In this study, we focused on IL-33
and sST2 and investigated whether IL-33 and sST2 can serve as bio-
markers of subsequent renal scarring in patients with upper UTI.

2. Material and methods

2.1. Patients

The study was performed in accordance with the Declaration of
Helsinki. All subjects were enrolled in Yamaguchi University Hospital
between 2008 and 2016. Informed consent was obtained from all the
subjects and/or their parents. The medical records were retrospectively
reviewed to investigate the clinical and laboratory findings at the time
of diagnosis and throughout the treatment course. All patients met the

diagnostic criteria for upper UTI: fever (body temperature ≥38.0 °C),
positive urine culture, low back pain, and the presence or absence of
focal mass lesions in the kidney assessed by contrast abdominal com-
puted tomography (n=20) according to the Japanese Association for
Infection Diseases/Japanese Society of Chemotherapy (JAID/JSC)
guidelines [18]. Positivity of urine culture was defined as detection of a
single organism at a density of ≥5×104 colony forming units/mL in
urine samples obtained by transurethral catheterization or midstream
urine [2]. APN and AFBN were diagnosed on the basis of imaging
findings. We assessed the scarring on the basis of images obtained by
99mtechnetium dimercaptosuccinic acid (99mTc-DMSA) 4months after
the onset of the UTI and categorized the severity of kidney scarring as
group 1 and group 2 according to the classifications of the Reflux Ne-
phropathy Forum Japan [19]. VUR grade was determined on the basis
of radiological finding using the International Reflux Study Committee
grading system [20]. All AFBN patients received intravenous antibiotics
(cefmetazole, cefotaxime, piperacillin, or meropenem) for 2 weeks fol-
lowed by oral cefaclor or sulfamethoxazole-trimethoprim for another
1 week. All APN patients were initially treated with intravenous anti-
biotics followed by oral antibiotics for 2 weeks [18]. This study was
approved by the Institutional Review Board of Yamaguchi University
Hospital (No. H30-160).

2.2. Study design

Fifty-eight patients aged < 15 years with upper UTI were enrolled.
Control subjects (n=13) were recruited from afebrile outpatients, in-
cluding those with mental retardation, chromosome 8 abnormality,
short stature, or inguinal hernia. Of the 58 non-control subjects, 38
subjects and 20 subjects were diagnosed with APN and AFBN, respec-
tively. Seventeen patients were excluded because of a lack of 99mTc-
DMSA test data, 5 patients were excluded because of repetitive UTI
infections, and 8 patients were excluded because of a lack of blood
samples. Ultimately, 14 patients with renal scarring (APN, n=8;
AFBN, n= 6) and 14 patients without renal scarring (APN, n=6;
AFBN, n= 8) were classified into the scar and non-scar groups, re-
spectively (Fig. 1).

Fig. 1. Flowchart of the selection of patients in the scar group and non-scar group. AFBN, acute focal bacterial nephritis; APN, acute pyelonephritis; UTI, urinary tract
infection.
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2.3. Sample preparation and analysis

Blood and urine samples were collected on admission at Yamaguchi
University Hospital, and the serum samples were stored at −20 °C until
the time of analysis.

The levels of serum IFN-γ, IL-2, IL-4, IL-6, IL-10, and TNF-α were
measured using a BD™ Cytometric Bead Array Human Th1/Th2
Cytokine Kit (BD Biosciences, San Jose, CA, USA). The levels of serum
soluble TNF-receptor 1 (sTNFR1), IL-33, and ST2 were measured using
Human sTNFR1/TNFRSF1A, Human IL-33, and Human ST2/IL33R
Quantikine enzyme-linked immunosorbent assay (ELISA) kit (R&D
Systems, Minneapolis, MN, USA), respectively. The detection limits
were as follows: IFN-γ, 7.1 pg/mL; IL-6, 3.0 pg/mL; IL-10 and TNF-α,
2.8 pg/mL; IL-2 and IL-4, 2.6 pg/mL; sTNFR1, 1.2 pg/mL; IL-33,
0.519 pg/mL; and sST2, 5.1 pg/mL.

2.4. Statistical analysis

The Mann-Whitney U test and Chi-square test were used to compare
the groups. The associations between parameters were analyzed using
Spearman's correlation. A significant difference was determined on the
basis of p-values < 0.05. Receiver operating characteristics (ROC)
analysis of sST2 was performed by logistic regression. All statistical
analyses were performed using JMP® version 14 (SAS Institute Inc.,
Cary, NC, USA).

3. Results

3.1. Clinical and laboratory findings

First, we compared the clinical and laboratory findings of control
subjects and the scar and non-scar groups (Table 1). There were no
differences in sex and age at the onset of UTI among the three groups.
Fever at admission was higher in the scar group than in the non-scar
group (p= 0.04). However, there was no significant difference in the
other clinical factors between the two groups. Laboratory findings
showed that the numbers of leukocytes and the levels of serum C-re-
active protein were significantly increased in both the non-scar and scar
groups compared with the controls, but there was no significant dif-
ference between the two UTI groups.

3.2. Cytokine profiles

To examine whether any serum cytokines were involved in renal
scar formation in patients with UTI, we compared the serum levels of
IFN-γ, IL-2, IL-4, IL-6, IL-10, TNF-α, sTNFR1, TGF-β, IL-33, and sST2
among the control subjects, non-scar group, and scar group. The serum
levels of IL-6, IL-10, sTNFR1, and sST2 were significantly higher in the
UTI groups than in the control group, whereas the serum levels of IFN-γ
were not increased in the UTI groups compared with the control sub-
jects (Table 2). The levels of serum TGF-β were lower in the scar group
than in normal subjects; the non-scar and control group had similar
serum TGF-β levels. There were no differences in the levels of serum
IFN-γ, IL-6, IL-10, sTNFR1, and TGF-β between the non-scar and scar
groups. As more than half the levels of IL-2, IL-4, and TNF-αwere below
the detection sensitivity in all groups, it was considered inappropriate
to compare them statistically. The levels of IL-33 were also below the
detection limit. However, the levels of serum sST2 were significantly
higher in the scar group than in the non-scar group (p=0.01) (Fig. 2).
There were no correlations between serum sST2 levels and the levels of
serum CRP, IL-6, or other cytokines (data not shown). Moreover, we
evaluated the relationship between serum sST2 and the severity of renal
scar (group 1 (n=8), group2 (n= 6), group3 (n= 0)) using the clas-
sifications of the Reflux Nephropathy Forum Japan [19]. There was no
difference in serum sST2 levels between the two groups (median 102 vs.
109, p= 0.796).

3.3. Receiver operating characteristics (ROC) analysis

We also evaluated the utility of serum sST2 level via the area under
the curve (AUC) based on ROC analysis for differentiating between the
non-scar and scar groups (Fig. 3). When the optimal cutoff was set to
38.7 ng/mL, AUC, sensitivity, and specificity were 0.79, 92.9%, and
64.3%, respectively.

4. Discussion

In our study, we evaluated the utility of serum sST2 levels as a
predictive biomarker of subsequent renal scar formation in patients
with upper UTI. Additionally, the levels were increased in upper UTI
patients with subsequent renal scarring compared to that in those

Table 1
Clinical and laboratory profiles of patients with and without renal scar.

Group A
Control
n=13

Group B
Non-scar group
n=14

Group C
Scar group
n=14

p-value

A vs. B A vs. C B vs. C

Sex, male:female 9:4 12:2 12:2 0.30 0.30 > 0.99
Age, months* 11 (3–63) 5 (1–67) 8 (2–175) 0.06 0.82 0.10
APN:AFBN 8:6 6:8 0.45

Clinical findings*

Body temperature on admission, °C <38 38.7 (38.0–40.2) 39.5 (38.3–40.3) 0.04
Fever duration, hours 0 52 (11–110) 59 (26–164) 0.57

Laboratory findings*

Leukocytes, ×109/L 10.2 (5.6–15.8) 18.5 (10.0–25.0) 17.1 (7.6–25.1) < 0.001 0.002 0.25
Hemoglobin, g/dL 12.1 (9.7–14.7) 10.6 (10–12.3) 11.7 (9.2–13.8) 0.05 0.79 0.19
Platelets, ×109/L 411 (299–620) 425 (178–612) 337 (118–699) 0.85 0.11 0.12
C-reactive protein, mg/dL 0.01 (0.01–0.13) 4.41 (0.42–10.1) 7.34 (0.87–14.2) < 0.001 <0.001 0.07
Serum creatinine, mg/dL 0.22 (0.18–0.31) 0.21 (0.15–0.38) 0.23 (0.18–0.39) 0.68 0.31 0.09
Fibrinogen, mg/dL no data 441 (206–613) 436 (247–899) 0.90
D-dimer, mg/L no data 1.1 (0.7–1.5) 1.2 (0.7–2.2) 0.28

Imaging analysis
VUR no data 4 29% 6 43% 0.43

VUR Grade 1 no data 2 2
VUR Grade 2 no data 0 1
VUR Grade 3 no data 1 3
VUR Grade 4 no data 1 0

* Values are presented as median (range).
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without subsequent renal scarring. Renal scarring is caused by the in-
crease in α-smooth actin and collagen and results from activation of
fibroblast because of tissue injury [21]. Acute inflammatory response,

which is meant to eradicate invading bacteria, is also responsible for
early renal parenchymal damage and subsequent scarring [22]. Because
the elevation of serum sST2 levels in the acute phase of UTI is

Table 2
Serum concentrations of cytokines on the admission in patients with and without renal scar.

Group A
Control
n=13

Group B
Non-scar group
n=14

Group C
Scar group
n=14

p-value

A vs. B A vs. C B vs. C

IFN-γ, pg/mL 27.6 (< 7.1–94.3) 29.7 (< 7.1–344.1) 92.7 (< 7.1–344.1) 0.45 0.25 0.81
IL-2, pg/mL 2.8 (< 2.6–4.3) 2.7 (< 2.6–4.2) < 2.6 (< 2.6–3.8) 0.85 0.52 0.37
IL-4, pg/mL 3.0 (2.7–3.5) 3.0 (< 2.6–8.7) < 2.6 (< 2.6–4.0) 0.64 < 0.001 <0.01
IL-6, pg/mL 3.9 (7–94.3) 79.1 (15.2–591.0) 162.0 (26.8–353.4) < 0.001 <0.001 0.11
IL-10, pg/mL 3.4 (< 2.8–7.9) 10.7 (< 2.8–60.1) 9.9 (< 2.8–414.0) 0.029 0.095 0.73
TNF-α, pg/mL <2.8 (< 2.8–3.0) <2.8 (< 2.8–3.5) < 2.8 (< 2.8–4.5) 0.13 0.48 0.31
sTNFR1, pg/mL 1113 (634–1981) 3092 (2329–9200) 3769 (1958–5549) < 0.001 <0.001 0.42
TGF-β, pg/mL 69,314 (50,572–82,718) 62,314 (41,823–82,462) 53,178 (27,992–90,743) 0.40 0.03 0.154
IL-33, pg/mL <6.25 <6.25 < 6.25

Values are presented as median (range).
IL, interleukin; IFN, interferon; sST2, soluble ST2; sTNFR1; soluble tumor necrosis factor receptor 1; TGF, transforming growth factor; TNF, tumor necrosis factor.

Fig. 2. Serum sST2 levels on admission in patients with Non-scar group and scar group. Each bar indicates the median value (Control subjects, Non-scar group, and
Scar group; 5.9 ng/ml vs. 29.1 ng/ml vs. 105.3 ng/ml, respectively). The shaded area represents values below detectable ranges (sST2;< 5.1 ng/ml).

Fig. 3. Sensitivity and 1 – specificity of the receiver operating characteristic curve of serum sST2 level.
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associated with the degree of tissue injury [23], sST2 could be secreted
from endothelial cells and fibroblasts during the inflammatory response
against bacterial infection in the upper UTI [24]. In upper UTI patients,
the correlation between sST2 levels on admission and subsequent renal
scar formation 4months after onset is unclear.

Acute inflammatory lesions and the ischemic area of the kidney
cortex associated with upper UTI exhibit the defects of DMSA imaging.
Therefore, they cannot be distinguished from renal scarring, if defects
are seen on a DMSA scan performed during the course of upper UTI
[25]. Pohr et al. [26] showed that acute inflammation-related defects
noted via renal DMSA persisted as renal scars in 36–52% of kidneys up
to 8months thereafter. Therefore, it is possible that renal scaring could
have occurred in the earlier phase of upper UTI, although there have
been no reports on this period or on mechanisms of renal scar formation
in patients with a preceding episode of upper UTI. The levels of serum
ST2 on admission might illustrate the extent of fibrosis in the early
phase generated as a result of injury and/or inflammation after bac-
terial invasion. The elevation of serum ST2 levels in upper UTI patients
on admission might reflect more extensive kidney injury and/or in-
flammation leading to irreversible renal scar formation.

We found that serum IL-33 levels were below detection limits in all
samples. Plasma and serum sST2 levels increase in patients with dengue
fever or chronic kidney disease without elevation of serum IL-33 levels,
showing the disease specific occurrence and detection of these mole-
cules [17,27]. This discrepancy may show that IL-33 is locally released
in response to injury and/or inflammation in the kidneys, not reflecting
elevation of serum IL-33 levels, whereas sST2 is systematically released,
resulting in elevation of serum sST2 levels.

In this study serum IL-6 and sTNFR1 levels were also higher in
patients with upper UTI than in control subjects. However, no sig-
nificant differences were observed in the serum levels of other cytokines
such as IL-6, IL-10, sTNFR1, and TGF-β between the upper UTI subjects
with and without renal scarring, although these cytokines were at
higher levels in UTI patients than in control subjects. The cytokine
profile appeared to reflect systemic inflammation in upper UTI patients;
however, this did not portend the fibrotic process leading to scar for-
mation.

Some studies have demonstrated the AUC for differentiating scar
formation from non-scar formation [28,29]. Rafiei et al. [28] showed
that the urinary levels of neutrophil gelatinase-associated lipocalin
were significantly higher in pediatric APN with scar than in pediatric
APN without scar (p=0.037) and that the AUC was 0.73 with a sen-
sitivity of 81.3% and a specificity of 66% at the optimal cutoff. Lee et al.
[29] reported the utility of urinary kidney injury molecule-1 as a pre-
dictive biomarker of renal scarring in pediatric patients with acute
febrile UTI showing an AUC, sensitivity, and specificity of 0.71, 73.7%,
and 76.7%, respectively. Compared with these results, the high AUC of
serum sST2 (0.79) suggests that serum sST2 could be a good biomarker
of subsequent renal scarring in the upper UTI.

There are several limitations to this study. The population was
small, and a single-center retrospective design was utilized. Although
serum samples were assessed, urine samples might be a better reflection
of kidney injury leading to renal scar formation. It would be important
to evaluate the utility of serum sST2 as a predictive marker of sub-
sequent renal formation in upper UTI via a larger population or mul-
ticenter study, using not only serum sample but also plasma and urine
samples.

In conclusion, our results suggest that serum sST2 levels on ad-
mission could be a useful biomarker of subsequent renal scarring in
children with upper UTI.
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