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Abstract
Objective: The incidence and prevalence of inflammatory bowel disease (IBD) in pediatric patients
are increasing. Currently, the diagnostic method for IBD is inconvenient, expensive, and difficult.
S100A12, a type of calcium-binding protein, detected in the feces of patients with IBD has recently
been suggested as a promising diagnostic tool. Hence, the authors aimed to evaluate the accuracy
of fecal S100A12 in diagnosing IBD in pediatric patients by performing a meta-analysis.
Methods: The authors performed a systematic literature search in five electronic databases for
eligible studies up to July 15, 2021. Pooled diagnostic accuracies of fecal S100A12 were analyzed
as the primary outcomes. Secondary outcomes were standardized mean difference (SMD) of fecal
S100A12 levels between IBD and non-IBD groups and a comparison of diagnostic accuracies
between fecal S100A12 and fecal calprotectin.
Results: Seven studies comprising 712 children and adolescents (474 non-IBD controls and 238
IBD cases) were included. Fecal S100A12 levels were higher in the IBD group than in the non-IBD
group (SMD = 1.88; 95% confidence interval [CI] = 1.19�2.58; p < 0.0001). Fecal S100A12 could
diagnose IBD in pediatric patients with a pooled sensitivity of 95% (95% CI = 88%�98%), specificity
of 97% (95% CI = 95%�98%), and area under the receiver operating summary characteristics (AUS-
ROC) curve of 0.99 (95% CI = 0.97�0.99). Fecal S100A12 specificity and AUSROC curve values
were higher than those of fecal calprotectin (p < 0.05).
Conclusion: Fecal S100A12may serve as an accurate and non-invasive tool for diagnosing pediatric IBD.
© 2023 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open access arti-
cle under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Inflammatory bowel disease (IBD) is a group of chronic disor-
ders of the digestive tract, including Crohn’s disease (CD)
and ulcerative colitis (UC), which have recently become
more common among children and adolescents. In recent
years, there has been an increase in the incidence and prev-
alence of IBD in both industrialized and developing coun-
tries.1 The prevalence of pediatric IBD in the United States
has increased by 133% over 9 years.2 In Asian countries, the
annual incidence is 11.4/100,000 person-years. This was
supported by an analysis of trends over time, which showed
an increased incidence of pediatric IBD.3

Childhood is a period of crucial physical and emotional
development. IBD in children is often associated with a more
aggressive disease course, including a greater tendency of
engendering extensive disease and requiring early immuno-
modulation therapy.4,5 IBD in children is also associated with
anemia,6,7 developmental disorders,8,9 performance drop,9

or depression.10 The relationship between genetics and diet
in this disease has been widely studied.11-15 It is important
to screen children for symptoms and risks to prevent disease
worsening and complications.

Endoscopic evaluation with biopsy remains the standard
criterion for IBD diagnosis. Histopathological findings are
essential to determine disease severity and differentiate
between UC and CD.16 However, endoscopic procedures are
invasive, uncomfortable, and expensive. Moreover, endos-
copy is tricky, especially in pediatric patients, because chil-
dren need to be hospitalized and often have problems with
bowel preparation.17 Therefore, developing non-invasive
diagnostic tools for the early detection of IBD in pediatric
patients is essential. Fecal markers, a group of substances
released by inflamed mucosa, are potential diagnostic tools
for IBD.18,19 Calprotectin is one of the widely used fecal
markers.20,21 Unfortunately, a previous meta-analysis found
that fecal calprotectin has a lower specificity in diagnosing
pediatric IBD than adult IBD.17

Calcium-binding protein S100A12 (abbreviated as
S100A12 or calgranulin-c) is a biological marker of IBD that
can be found in the feces of patients with IBD.22 This com-
pound is derived from the infiltration of neutrophils in the
inflamed intestinal mucosa.18 The use of the fecal S100A12
has shown excellent accuracy in diagnosing IBD. However, to
our knowledge, no systematic review and meta-analysis
have discussed the use of fecal S100A12 as a non-invasive
diagnostic tool for pediatric IBD. Therefore, this study aimed
to evaluate the accuracy of fecal S100A12 in diagnosing IBD
in pediatric patients.
Materials and methods

Study protocol and reference guidelines

The protocol of this systematic review and meta-analysis has
been previously registered on the International Prospective
Register of Systematic Reviews (PROSPERO) (https://www.
crd.york.ac.uk/prospero/) with the registration number
CRD42021273493.23 This study was carried out according to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) 2020 guidelines.24
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Data search strategy

A systematic and computerized data search was performed
in PubMed, Scopus, Web of Science, ProQuest, and CINAHL
(via EBSCOhost) for published studies from inception to July
15, 2021. Keywords were constructed using Medical Subject
Headings (MeSH) terms and other free-text terms, which
included ‘S100A12’, ‘inflammatory bowel disease’, ‘pediat-
ric’, ‘child’, and ‘adolescent’. The detailed search terms
used in each database are listed in Supplementary Material,
Table S1. The overall study selection process was conducted
independently by two investigators (BS and VV). Any discrep-
ancies in the results were resolved by a consensus involving a
third investigator (AP).

Eligibility criteria

Studies were included on meeting the following criteria: (1)
used an observational design (cohort study, cross-sectional,
or case-control study); (2) included a pediatric population
aged < 18 years; (3) evaluated the role of fecal S100A12 in
pediatric IBD; and (4) evaluated fecal S100A12 levels in the
non-IBD and IBD groups or fecal S100A12 accuracy parame-
ters (sensitivity and specificity) for diagnosing pediatric IBD.
The exclusion criteria were as follows: (1) duplicated
records; (2) records with irrelevant titles or abstracts; (3)
articles with irretrievable full text; (4) review articles, case
reports, case series, letters to editors, or conference
abstracts; and (5) non-English studies.

Data extraction and quality assessment

The following relevant data were extracted from each
included study: first author, year of publication, study loca-
tion, study design, characteristics of the study population,
diagnostic criteria for pediatric IBD, fecal S100A12 assay,
sample size, age, fecal S100A12 values in the non-IBD and
IBD groups, and cut-off, and diagnostic accuracy parame-
ters. Data extraction was conducted by two authors inde-
pendently (BS and VV) and was further validated by a third
author (AP).

The quality of diagnostic studies was assessed using the
Quality Assessment of Diagnostic Accuracy Studies 2 (QUA-
DAS-2) tool.25 The QUADAS-2 tool evaluates the risk of bias
and concerns regarding the applicability of studies in four
domains: (1) patient selection, (2) index test, (3) reference
standard, and (4) flow and timing. Each domain was judged
as ‘high,’ ‘low,’ or ‘unclear.’ The quality of non-diagnostic
studies was assessed using the Newcastle-Ottawa Scale
(NOS) for case-control studies because all the non-diagnostic
studies used a case-control design. The quality of studies
was categorized as ‘high’ if the total NOS score was 7�9,
‘moderate’ if it was 4�6, and ‘low’ if it was 0�3. Two inves-
tigators independently performed the quality assessments
(BS and AP); any disagreements were resolved by a third
independent investigator (VV).

Statistical analysis

Statistical analyses were conducted using Review Manager
version 5.4 (The Cochrane Collaboration, The Nordic
Cochrane centre, Copenhagen, Denmark), STATA version
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16.0 (Stata Corporation, College Station, TX, USA), and
Meta-DiSc version 1.4.26 The authors performed a meta-
analysis of standardized mean difference (SMD) to compare
the levels of fecal S100A12 in the non-IBD versus IBD groups
and diagnostic test accuracy (DTA) meta-analysis of fecal
S100A12 in the diagnosis of pediatric IBD. For conducting the
meta-analysis of SMD, data reported in median and inter-
quartile range (IQR) or range was extrapolated into mean
and standard deviation (SD) using methods suggested by Wan
et al.27 and Luo et al.28 Given the variability in the popula-
tion characteristics, IBD diagnostic criteria, and fecal
S100A12 assay methods between studies, a random-effects
model for the meta-analysis was primarily applied. Publica-
tion bias was assessed qualitatively using the funnel plot and
quantitatively using Egger’s regression test.29 Sensitivity
analysis was performed using the leave-one-out method.

DTA meta-analysis using a bivariate method was carried
out to obtain the pooled sensitivity, specificity, positive like-
lihood ratio (PLR), negative likelihood ratio (NLR), diagnos-
tic score, diagnostic odds ratio (DOR), and area under the
summary receiver operating characteristic (AUSROC) curve,
along with their corresponding 95% confidence intervals (CI).
Spearman’s correlation analysis was conducted to detect
the presence of a threshold effect. The threshold effect is
one of the causes of heterogeneity in DTA meta-analysis,
which arises owing to the variability of cut-off values used
between the studies. A positive Spearman correlation coeffi-
cient with p < 0.05 indicated a significant threshold
effect.30 Publication bias was assessed quantitatively using
Deeks’ funnel plot.31 Additionally, the authors performed Z-
tests32 to indirectly compare the pooled sensitivities, specif-
icities, and AUSROC curve values of fecal S100A12 obtained
from this study with fecal calprotectin obtained from previ-
ous meta-analyses by Henderson et al.17 and Holtman et
al.33 Furthermore, the authors performed subgroup and
meta-regression analyses to determine the cause of hetero-
geneity and other covariates that might affect the pooled
result. Subgroup analyses were performed based on study
location, study design, type of pediatric IBD diagnostic crite-
ria, and fecal S100A12 assay method, while meta-regression
analyses were performed for sample size and mean popula-
tion age.

Heterogeneity between studies was assessed using
Cochran’s Q statistics and quantified using I2 statistics,
where I2 values of 0%, 25%, 50%, and 75% indicated negligi-
ble, low, moderate, and high heterogeneity, respectively. A
p < 0.05 was used to indicate statistical significance in all
analyses.
Results

Selection of studies

Initial searches of five databases yielded 317 records, and
249 records remained after removing duplicates. Of these,
231 were excluded due to irrelevant titles, abstracts, or no
fulltext available. The remaining 18 articles were reviewed
thoroughly based on the eligibility criteria. Twelve articles
were excluded because of the following reasons: adult popu-
lation (n = 4), did not perform fecal S100A12 measurements
(n = 2), did not evaluate outcomes related to pediatric IBD
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(n = 3), review articles (n = 2), and a letter to the editor
(n = 1). Additionally, the authors identified one eligible study
from outside the databases. Accordingly, seven studies34-40

were included in this systematic review. However, one study
by Pham et al.38 was further excluded from the meta-analy-
sis because of its overlapping population with other studies.
The entire study selection process is shown in Figure 1.

Characteristics of the included studies

The seven included studies comprised 712 children and ado-
lescents aged < 18 years, of whom 474 were non-IBD con-
trols and 238 were patients with IBD. Of the overall patients
with IBD, 172 were of CD, 60 were of UC, and 6 were of IBD-
unclassified (IBDU) types. Most were case-control studies,
and two—by Sidler et al.35 and Heida et al.37 — were cross-
sectional studies. The diagnostic criteria for IBD and fecal
S100A12 assay methods varied among studies. The charac-
teristics of the included studies are summarized in Table 1.

Study quality assessment

The results of the quality assessment of the diagnostic stud-
ies using the QUADAS-2 tool are presented in Figure 2. In the
patient selection domain, two studies[34,36] had a high risk
of bias because of the case-control design. All the studies
had a low risk of bias in the index test domain. One study
[36] was judged to have an unclear risk of bias in the refer-
ence standard domain because of unclear information on
whether the diagnosis of IBD was made without knowledge
of the fecal S100A12 results. In the flow and timing domain,
two studies[36,37] had high risk, and one[35] had an unclear
risk of bias because the interval from the start of IBD diagno-
sis to fecal S100A12 measurement was either significant or
not clearly reported. All studies had low concerns regarding
their applicability in all domains. According to the NOS, all
non-diagnostic studies[38�40] were of high quality (NOS
score = 7) (Supplementary Material, Table S2).

SMD meta-analysis of fecal S100A12

Four studies[34,35,39,40] involving 91 pediatric patients
with IBD and 108 non-IBD controls were included in this
meta-analysis (Figure 3A). The results showed that the fecal
levels of S100A12 in the pediatric IBD group were signifi-
cantly higher than those in the non-IBD group (SMD = 1.88;
95% CI = 1.19�2.58; p < 0.0001). The heterogeneity level
was high (I2 = 74%). The funnel plot demonstrated an asym-
metrical distribution of studies (Figure 3B), and Egger’s test
showed a significant result (p = 0.0007), indicating potential
publication bias. The sensitivity analysis revealed no sub-
stantial influence on the significance of the pooled effect
size when each study was excluded from the analysis.

DTA meta-analysis of fecal S100A12

Four diagnostic studies[34�37] were included in this meta-
analysis. The result revealed that fecal S100A12 could
detect pediatric IBD with a pooled sensitivity of 95% (95%
CI = 88%�98%), specificity of 97% (95% CI = 95%�98%), PLR of
33.66 (95% CI = 18.57�61.03), NLR of 0.06 (95%
CI = 0.02�0.13), a diagnostic score of 6.41 (95%



Figure 1 PRISMA flow diagram of the study selection process.CINAHL, Cumulative Index to Nursing and Allied Health Literature; IBD,
inflammatory bowel disease; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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CI = 5.43�7.38), DOR of 605.62 (95% CI = 227.98�1608.80),
and AUSROC curve of 0.99 (95% CI = 0.97�0.99)
(Figure 4A�G). The Spearman’s coefficient was +0.316
(p = 0.68), indicating no threshold effect. Deeks’ funnel plot
showed no potential publication bias (p = 0.36) (Figure 4H).
The results of the subgroup analyses revealed significant dif-
ferences in fecal S100A12 diagnostic accuracy between stud-
ies conducted in Australia and other than Australia (p <

0.05), case-control and cross-sectional studies (p < 0.05),
studies using standard and other IBD diagnostic criteria (p <

0.05), and studies using in-house ELISA and other types of
ELISA (p < 0.05). Meta-regression analysis showed that dif-
ferences in sample size and mean population age between
studies had no significant effect on overall fecal S100A12
diagnostic accuracy (Figure 5).
Diagnostic accuracy comparison of fecal S100A12
and fecal calprotectin

The pooled sensitivity and specificity of fecal calprotectin
were obtained from Henderson et al.,17 whereas the AUSROC
curve value was obtained from Holtman et al.33 (Table 2).
The results showed no significant difference (Z = 0.99;
p = 0.32) between the pooled sensitivities of fecal S100A12
and calprotectin (95% vs. 97.8%). The pooled specificity of
fecal S100A12 was significantly higher (Z = 3.12; p = 0.002)
than that of fecal calprotectin (97% vs. 68.2%). Additionally,
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the AUSROC curve value of fecal S100A12 was significantly
higher (Z = 2.91; p = 0.004) than that of fecal calprotectin
(0.99 vs. 0.95).
Discussion

`The study results showed higher S100A12 levels in the IBD
group than in the non-IBD group. Fecal S100A12 also had a
very high AUSROC curve value of 0.99. This value is catego-
rized as an outstanding accuracy (0.90�1.00). A good diag-
nostic tool should have a PLR > 10 and an NLR < 0.1.41 Based
on the study results, S100A12 feces met both values. The
comparison of fecal S100A12 with fecal calprotectin showed a
significant difference in AUSROC curve values and specificity,
with no difference in sensitivity values. Thus, indicating that
fecal S100A12 has a better overall diagnostic potential than
fecal calprotectin. This finding is consistent with previous
studies, which stated that calprotectin had moderate speci-
ficity, whereas the specificity of S100A12 was very good.42-45

Moreover, S100A12 is an antimicrobial that plays a role in
initiating a pro-inflammatory response in the digestive
tract.46 It is one of the receptors for advanced glycation end
product (RAGE) ligands.47,48 Activated RAGE induces the pro-
duction of pro-inflammatory mediators such as tumor necro-
sis factor (TNF)-a and further promotes the release of
S100A12 from neutrophils.49 The accumulation of



Table 1 Summary of the main characteristics of included studies in the systematic review.

Author, Year Study
Location

Study Design Population Characteristics IBD Diagnostic Criteria Fecal S100A12
Assay

Sample Size Agea AUC (95% CI) Cut-Off

Non-IBD IBD

CD UC IBDU

de Jong et
al.,
200634

Australia Case-control Case: Children diagnosed
with IBD at the hospital
Control: Healthy children
from families of hospital
staff

Standard criteria with clin-
ical, endoscopic, histologi-
cal, and imaging findings

In-house ELISA 25 22 1 0 8.98 § 4.28 0.98 10 mg/kg
(pre-defined)

Sidler et al.,
200835

Australia Cross-
sectional

Children presenting with GI
symptoms who were sus-
pected of having organic
bowel disease, which
required further examina-
tion
Case: Diagnosed with IBD
Control: Diagnosed other
than IBD

Standard criteria with clin-
ical, endoscopic, histologi-
cal, and imaging findings

In-house ELISA 30 30 1 0 11.11 § 3.52 0.99
(0.97�1.01)

10 mg/kg
(pre-defined)

Heida et al.,
201736

Netherlands Case-control Case: Children diagnosed
with IBD at the hospital
Control: Healthy school
children

European Society for Pedi-
atric Gastroenterology
Hepatology and Nutrition

Inflamark� ELISA 122 (one outlier
was excluded
from accuracy
analysis)

21 19 1 12.24 § 3.73 0.97
(0.93�1.00)

0.75 mg/g
(pre-defined)

Heida et al.,
201837

Netherlands
and Belgium

Cross-
sectional

Children presenting with
persistent diarrhea for > 4
weeks or chronic/recur-
rent abdominal pain
Case: Diagnosed with IBD
Control: Diagnosed other
than IBD

IBD Risk Stratifier (Endos-
copy with biopsy or clinical
follow-up)

Inflamark� ELISA 244 52 39 2 N/A N/A 0.75 mg/g
(pre-defined)

Pham et al.,
201038

Australia Case-control Case: Children diagnosed
with CD at the hospital
Control: Same control pop-
ulation as Sidler et al.,
200,835

Standard criteria with clin-
ical, endoscopic, histologi-
cal, and imaging findings

In-house ELISA 30 13 0 0 N/A N/A N/A

Ehn, 201139 Sweden Case-control Case: children diagnosed
with IBD at the hospital
Control: Healthy children
from outpatient clinic,
pediatric ward, or family
of hospital staff

Standard criteria In-house ELISA 38 7 0 3 5.08 § 5.15 N/A N/A

Nylund et al.,
201140

United States Case-control Case: Children diagnosed
with CD at the hospital
Control: Healthy children
from local communities

Standard diagnostic crite-
ria with clinical, endo-
scopic, and radiographic
findings

Double sandwich
ELISA

15 27 0 0 N/A N/A N/A

a Data are presented in mean § SD.
AUC, area under curve; CD, Crohn’s disease; CI, confidence interval; ELISA, enzyme-linked immunosorbent assay; GI, gastrointestinal; IBD, inflammatory bowel disease; IBDU, inflammatory
bowel disease unclassified; N/A, not available; SD, standard deviation; UC, ulcerative colitis.
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Figure 2 Quality assessment results of the included diagnostic accuracy studies according to QUADAS-2 tool.QUADAS-2; Quality
Assessment of Diagnostic Accuracy Studies 2.
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inflammatory mediators, such as TNF- a, is closely related to
the pathogenesis of IBD.50,51 S100A12 derived from neutro-
phil infiltration in the inflamed intestine is then found in
feces and is used as a fecal biologic marker.15

Fecal S100A12 showed better AUSROC curve values and
specificity than fecal calprotectin in pediatric IBD because
the specific expression of S100A12 was limited to the activa-
tion of neutrophils and monocytes.18,52 However, other find-
ings suggest that the AUSROC curve value, sensitivity, and
specificity of the two fecal markers are equally good in adult
patients.53 Fecal calprotectin levels were found to vary in
Figure 3 Meta-analysis of the comparison between fecal S100A12 l
plot. (B) Funnel plot.CI, confidence interval; IBD, inflammatory bowe
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children aged younger than 10 years — having higher levels
than those in children aged older than 10 years.54 Therefore,
it is necessary to adjust the cut-off when using fecal calpro-
tectin for diagnosing pediatric IBD.55 Fecal S100A12 levels
are relatively constant throughout age, except in those
younger than 12 months old.56 The results of the meta-
regression, with age as a covariate, further suggested that
the diagnostic ability of fecal S100A12 is uniform across a
range of ages of pediatric patients.

To our knowledge, the present study is the first to analyze
the pooled SMD values and diagnostic accuracy parameters
evels in pediatric patients with IBD and non-IBD cases. (A) Forest
l disease; IV, inverse variance; SD, standard deviation.



Figure 4 Meta-analysis of the diagnostic accuracy of fecal S100A12 for identifying pediatric IBD. (A) Sensitivity. (B) Specificity. (C)
PLR. (D) NLR. (E) Diagnostic score. (F) DOR. (G) AUSROC curve. (H) Deeks’ funnel plot.AUC, area under curve; AUSROC, area under
the summary receiver operating characteristic; CI, confidence interval; DLR, diagnostic likelihood ratio; DOR, diagnostic odds ratio;
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Figure 5 Subgroup and meta-regression analyses for the diagnostic accuracy meta-analysis of fecal S100A12 for identifying pediat-
ric IBD.CI, confidence interval.
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of fecal S100A12 for diagnosing pediatric IBD. This study has
several limitations. First, the present study found significant
heterogeneity in the pooled SMD meta-analysis results. Sec-
ond, this study did not separate CD and UC groups. S100A12
may have different roles in CD and UC due to the different
roles of RAGE in the two types of IBD.47 Separation of patient
groups could not be performed because there were no stud-
ies that separately analyzed the two types of IBD. Third,
other clinical conditions were still not assessed. Finally, the
number of included studies and total sample size was still
limited.
ESS, effective sample size; IBD, inflammatory bowel disease; NLR, ne
sitivity; SPEC, specificity; SROC, summary receiver operating charact
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Conclusions

This study demonstrated an increase in the fecal levels of
S100A12 in pediatric patients with IBD and supported its use
as a non-invasive tool to facilitate the diagnosis of pediatric
IBD with excellent accuracy. Given the limitations of the
present study, the authors encourage more large research
evaluating fecal S100A12 for diagnosing pediatric IBD, ide-
ally for separate populations of CD and UC, and directly
comparing its diagnostic accuracy with fecal calprotectin to
corroborate the authors’ findings.
gative likelihood ratio; PLR, positive likelihood ratio; SENS, sen-
eristic.
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