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ABSTRACT

Purpose: Recently, the prevalence of eosinophilic gastrointestinal disease (EGID) has shown
an increasing trend worldwide. As the diagnosis of EGID requires invasive endoscopy with
biopsy, noninvasive markers for detecting EGID in suspected patients, particularly children,
are urgently needed. Therefore, this study aimed to evaluate the diagnostic accuracy of serum
eosinophil cationic protein (ECP) beyond peripheral eosinophil counts in pediatric patients
with EGID.

Methods: Overall, 156 children diagnosed with EGID were enrolled and 150 children with
functional abdominal pain disorder (FAPD) were recruited as controls. All participants
underwent endoscopic biopsy in each segment of the gastrointestinal (GI) tract and serum
ECP measurement, as well as peripheral eosinophil percent and absolute eosinophil count.
Results: Comparing EGID (n=156) with FAPD (n=150) patients, serum ECP levels were
significantly higher in pediatric patients with EGID than in those with FAPD (25.8+28.6

pg/L vs. 19.5+21.0 pg/L, p=0.007), while there was no significant difference in peripheral
eosinophil percent and absolute eosinophil counts between the two groups. Serum ECP
levels were correlated with peripheral eosinophil percent (r=0.593, p<0.001) and the absolute
eosinophil count (r=0.660, p<0.001). The optimal cutoff value of serum ECP for pediatric
EGID was 10.5 pg/mL, with a sensitivity of 69.9% and a specificity of 43.4% with an area
under the receiver operating characteristic curve of 0.562.

Conclusion: The combination of serum ECP levels and peripheral eosinophil counts, when
employed with appropriated thresholds, could serve as a valuable noninvasive biomarker to
distinguish between EGID and FAPD in pediatric patients manifesting GI symptoms.

Keywords: Eosinophilic esophagitis; Eosinophil cationic protein; Eosinophil; Diagnosis; Child

INTRODUCTION

Eosinophilic gastrointestinal disease (EGID) is a mixed form of immune-mediated food
allergy that selectively affects the different segments of the gastrointestinal (GI) tract.
EGID can be further classified based on the location of eosinophilic infiltration, as follows:
eosinophilic esophagitis (EoE), eosinophilic gastritis (EoG), eosinophilic enteritis (EoN),
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and eosinophilic colitis (EoC) [1]. Although EGID is rare, in recent years, the global diagnosis
of EGID has shown an increase, possibly owing to increasing interest and better recognition
of the disease [2,3]. In United States, the prevalence of EGID was reported to be 17.9-30 per
100,000 adults and 19.4 per 100,000 children [4,5].

EGID is characterized by tissue eosinophilia of the GI tract and various GI symptoms,
including abdominal pain, vomiting, and diarrhea [6]. As these symptoms are common

and nonspecific in children, the diagnosis of EGID generally requires the presence of the
following; recurrent or persistent GI symptoms, pathologically increased tissue eosinophils
per high power field (HPF) of the related GI biopsy specimens, and the absence of secondary
causes of GI tissue eosinophilia [7,8]. Failure to perform invasive endoscopy with biopsy
based on the above diagnostic criteria can result in underdiagnosis of EGID, especially in
pediatric patients.

Regarding noninvasive screening of EGID, an increase in peripheral eosinophil counts

has been used with some limitations [9]. Furthermore, in our previous study published in
2020, fecal calprotectin level was introduced as a useful and reliable noninvasive marker to
differentiate EGID from functional abdominal pain disorder (FAPD) in children when an
optimal cutoff limit was applied [10]. However, since calprotectin is an intracellular protein
found in the cytosol of neutrophils and is correlated with leukocyte excretion in the feces
of the patients with intestinal inflammation, its generalizability as a marker for diagnosing
EGID is limited.

Eosinophilic cationic protein (ECP) is a cytotoxic granule protein released from eosinophils
that degranulates on stimulation, releasing toxic mediators causing tissue damage and
inflammation. Serum ECP has so far been mainly studied as a noninvasive marker of some
allergic diseases, such as asthma, allergic rhinitis, and atopic dermatitis. Recent studies

on serum ECP in EoE have reported significantly higher serum ECP levels in patients with
EoE [11]. However, to the best of our knowledge, there have been no studies investigating
the clinical significance of measuring serum ECP levels as a noninvasive screening tool in
children with EGID other than EoE. Therefore, this study aimed to evaluate the diagnostic
accuracy of serum ECP beyond peripheral eosinophil count in pediatric patients with EGID.

MATERIALS AND METHODS

Participants

This was a single center, retrospective cohort study conducted on pediatric patients EGID and
FAPD between April 2015 and July 2021. Children and adolescents aged <18 years diagnosed
with either EGID or FAPD were considered eligible.

EGID was diagnosed according to the diagnostic criteria for EGID suggested by Talley

etal. [8] in 1990, which uses the following clinical, laboratory, radiologic, endoscopic,

and histopathologic findings: 1) presence of GI symptoms; 2) histological demonstration
of eosinophilic infiltration into the GI tract; and 3) exclusion of other causes of tissues
eosinophilia [8]. The histopathologic diagnosis of EGID was made when the total number
of infiltrating eosinophils per HPF exceeded 15 in the esophagus (EoE), 30 in the stomach
(EoG), 20 in the duodenum and small intestine (EoN), 50 in the right-sided colon, 35 in the
transverse colon, and 25 in the left-sided colon (EoC) [4,12].
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Children who met the ROME IV criteria without any evidence of organic diseases in the
above-mentioned evaluation were included in the FAPD group as a control [13]. The FAPD
group included patients with various disease subtypes, including functional dyspepsia,
irritable bowel syndrome, and childhood functional abdominal pain. Children with a
significant allergic diseases such as allergic rhinitis, atopic dermatitis, allergic conjunctivitis,
asthma, and IgE-mediated food allergy were excluded from the study.

Endoscopic- and histopathological evaluation

All children underwent both esophagogastroduodenoscopy and colonoscopy with biopsies
following presentation with chronic or recurrent GI symptoms. Esophagogastroduodenoscopy
was performed using a GIF-Q260 or GIF-XP260 (Olympus), and colonoscopy was performed
using a PCF-Q260AL, GIF-Q260, or GIF-XP260 scope (Olympus).

Tissue samples were collected by endoscopic biopsy from each segment of the GI tract,
including the esophagus, gastric antrum, gastric body, duodenum, terminal ileum, cecum,
ascending colon, transverse colon, descending colon, sigmoid colon, and rectum. These
biopsy specimens were immediately formalin fixed and processed by embedding in paraffin
wax. Thin cross sections measuring 3 pm in thickness were cut from the paraffin block and
stained with hematoxylin-eosin. The eosinophil count was determined by examining five
randomly selected high-power fields, with quantification of eosinophils performed at x400
magnification using an Axioskope40 microscope (Mirax-Carl Zeiss) [14].

Laboratory investigation

All children underwent laboratory tests including white blood cell count (WBC), absolute
neutrophil count (ANC), peripheral eosinophil percent (%) and absolute eosinophil counts,
erythrocyte sedimentation rate (ESR), and highly sensitive C-reactive protein (hsCRP). An
absolute eosinophil count of >500 pL was defined as peripheral eosinophilia.

Measurement of serum ECP

Serum ECP levels were assessed in all participants following diagnosis. These assessments
were conducted using the Phadia ImmunoCAP system ECP FEIA (Phadia AB), in accordance
with the manufacturer's instruction. The normal range of serum ECP in the laboratory-
established patient population was 2.0-18.0 pg/L [15].

Statistical analysis

The baseline characteristics of the patients were summarized using descriptive statistics.
The data were described as the number (%) for categorical variables and mean and standard
deviation for continuous variables.

Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 25.0
(IBM Co.) statistical software. The Chi-square test was applied to analyze categorical
variables. Student’s t-test was performed to analyze continuous variables. Bivariate
correlation analyses were performed using the Pearson correlation for parametric tests. A
p-value <0.05 was considered significant. Finally, receiver operating characteristic (ROC)
curve analysis was performed to assess the diagnostic accuracy of serum ECP.

Ethics

This study was approved by the Institutional Review Board of Seoul University Bundang
Hospital (IRB approval number: B-2212-798-102 20221104). This study was not subject to the
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Medical Research Involving Human Subjects Act, as it involved only the collection of data
generated by routine medical care. All data were collected and recorded by the investigators
in such a manner that participants could not be identified.

RESULTS

Patient characteristics

A total 0f 3006 children (166 males, 140 females; mean age of 11.0+4.8 years) were recruited
and stratified into the EGID group (n=156) and the FAPD control group (n=150). Baseline
demographic and laboratory findings are listed and compared between the two groups in
Table 1. There were no significant differences in either peripheral eosinophil percent or
absolute eosinophil counts between the EGID and FAPD groups (Table 1).

Comparison of serum eosinophil cationic protein level

Serum ECP levels were significantly higher in pediatric patients with EGID than in those with
FAPD (25.8+28.6 pg/L in EGID vs. 19.5+21.0 pg/L in FAPD, p=0.007) (Table 1, Fig. 1). WBC
count (7,160.942,652.2 pL vs. 6,816.7+1,697.3 pL, p=0.004), ESR (8.8£9.6 mm/hr vs. 6.3£5.2

Table 1. Comparison of laboratory findings between children with EGID and those with FAPD

Variable FAPD (n=150) EGID (n=156) p-value
Male 84 (56.0) 892 (52.6) 0.541
Age (yr) 11.1+3.8 11.0+5.6 0.867
WBC (mL) 6,816.7+1,697.3 7,160.9+2,652.2 0.004*
ANC (mL) 8,877/ =L, 3EBE) 3,387.6+1,643.7 0.123
ESR (mm/hr) 6.3+5.2 8.8+9.6 <0.001*
hsCRP (mg/dL) 0.1+0.2 0.2+0.5 0.002"
Peripheral eosinophil percent (%) 2.9+2.5 3.5+3.3 0.295
Absolute eosinophil count (mL) 192.3+170.6 236.2+216.2 0.245
Serum ECP (mg/L) 19.5+21.0 25.8+28.6 0.007*

Values are presented as number (%) or mean=standard deviation.

EGID: eosinophilic gastrointestinal disease, FAPD: functional abdominal pain disorder, WBC: white cell count,
ANC: absolute neutrophil count, ESR: erythrocyte sedimentation rate, hsCRP: highly sensitive C-reactive protein,
ECP: eosinophil cationic protein.

“p-value<0.05 indicates statistical significance.
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Fig. 1. Comparison of the mean serum eosinophil cationic protein levels in pediatric patients with eosinophilic
gastrointestinal disease and those with functional abdominal pain disorder.
ECP: eosinophil cationic protein.
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mm/hr, p<0.001), and hsCRP (0.2+0.5 mg/dL vs. 0.1+0.2 mg/dL, p=0.002) were also higher
in patients with EGID than in those with FAPD. There were no differences between the two
groups in terms of the peripheral eosinophil percent and absolute eosinophil count.

Correlation between serum eosinophil cationic protein with absolute eosinophil
counts and inflammatory parameters

Regarding laboratory parameters, WBC, peripheral eosinophil percent, absolute eosinophil
count, and ESR were all correlated with serum ECP (Table 2). In particular, serum ECP
revealed significant correlation with both peripheral eosinophil percent (r=0.593, p<0.001)
and absolute eosinophil count (r=0.660, p<0.001) (Table 2).

Diagnostic accuracy of serum eosinophil cationic proteins in children with
eosinophilic gastrointestinal diseases

In the ROC analysis of serum ECP level between the pediatric EGID and FAPD control groups,
the areas under the ROC curve (AUROC) for serum ECP was 0.562 (95% confidence interval

0.495-0.629). According to the ROC analysis, the optimal cutoff value of serum ECP for
pediatric EGID was 10.5 pg/mL with a sensitivity of 69.9%, a specificity of 43.4%, a positive

predictive value of 62.8%, and a negative predictive value of 38.1% (Fig. 2).

Table 2. Correlation between serum eosinophil cationic protein level and other laboratory parameters

Variable WBC ANC ESR hsCRP Peripheral eosinophil percent Absolute eosinophil count ECP
WBC (mL)

r 1.000 0.735 0.317 0.108 -0.103 0.155 0.184

p-value - <0.001" <0.001* 0.065 0.072 0.007* 0.002*
ANC (mL)

r 0.735 1.000 0.359" 0.221 -0.206 -0.024 0.068

p-value <0.001" - <0.001* <0.001" <0.001 0.676 0.254
ESR (mm/hr)

r 0.317 0.359 1.000 0.512 -0.076 0.008 0.129"

p-value <0.001" <0.001" - 0.000" 0.206 0.890 0.038
hsCRP (mg/dL)

r 0.108 0.221 0.512 1.000 -0.046 -0.009 0.106

p-value 0.065 <0.001" <0.001* - 0.434 0.872 0.080
Peripheral eosinophil percent (%)

r -0.103 -0.206 -0.076 -0.046 1.000 0.941 0.594

p-value 0.072 <0.001" 0.206 0.434 - <0.001" <0.001"
Absolute eosinophil count (mL)

r 0.155 -0.024 0.008 -0.009 0.941* 1.000 0.660

p-value 0.007 0.676 0.890 0.872 <0.001 = <0.001"
Serum ECP (mg/L)

r 0.184 0.068 0.129 0.106 0.594 0.660 1.000

p-value 0.002" 0.254 0.038" 0.080 <0.001" <0.001" -

WBC: white cell count, ANC: absolute neutrophil count, ESR: erythrocyte sedimentation rate, hsCRP: highly sensitive C-reactive protein, ECP: eosinophil cationic

protein, -: not available.

“p-value<0.05 indicates statistical significance.
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Fig. 2. Receiver operating characteristic curve of serum eosinophil cationic protein levels with an optimal cutoff
of 10.5 pg/mL for differentiating eosinophilic gastrointestinal disease from functional abdominal pain disorder.

DISCUSSION

To the best of our knowledge, this is the first study to investigate clinical significance and
diagnostic accuracy of serum ECP measurement as a noninvasive screening tool in children
with EGID other than EoE. Our study results revealed that serum ECP levels significantly
increased in pediatric patients with EGID compared to those with FAPD, which made it possible
to distinguish EGID from FAPD in children manifesting with a variety of GI symptoms.

Eosinophils are multifunctional cells that contribute to both innate and adaptive immunity,
and are thereby involved in the initiation, propagation, and resolution of immune responses.
When activated, eosinophils degranulate and release cytoplasmic granules, causing tissue
damage and inflammation [16]. Accumulation and degradation of eosinophils in the GI
tract may further cause neural stimulation and smooth muscle contraction, resulting in GI
symptoms such as abdominal pain [17].

The diagnosis of EGIDs in clinical practice is complicated [18], as diagnosis requires invasive
endoscopic biopsy of each of the involved GI segments; as such, there is an urgent need for
noninvasive screening markers of EGID.

To date, an increase in peripheral eosinophil counts has been used as laboratory clue to
detect EGID as peripheral eosinophilia has been observed in more than half of patients

[9]. Furthermore, it has been suggested that peripheral eosinophilia may be beneficial in
reflecting the presence of tissue eosinophilia in cases of EGID, although it was not useful

in patients with FAPD [9,19]. However, the clinical significance of increased peripheral
eosinophils is limited, as it can also be within normal range in other patients with EGID [20].
Furthermore, in our study, peripheral absolute eosinophil count or peripheral eosinophil
percent did not show any significant differences between EGID and FAPD patients.

Other potential candidates for noninvasive markers of EGID include the cytotoxic granule

proteins released by eosinophils. These granules primarily comprise the following four proteins;
major basic protein, eosinophil peroxidase, eosinophil derived neurotoxin, and ECP. Of these
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four granular proteins, ECP is the most well-known and has been used as a useful marker of
asthma and other allergic diseases such as allergic rhinitis and atopic dermatitis [21-23].

The significance of measuring serum ECP has been analyzed in a previous study on adult EoE
[24], while a recent pediatric study also reported that serum ECP was significantly higher

in children with EoE than in the controls [25]. Although the significance of serum ECP as

a noninvasive marker of EoE has been studied [24,25], no studies have so far evaluated the
clinical significance of serum ECP as a noninvasive marker of EGIDs. In our study, when
detecting EGID, serum ECP level beyond peripheral eosinophil counts was identified as a
useful tool in pediatric patients. Serum ECP levels were also significantly higher in children
and adolescents with EGID than in those with FAPD, although there were no differences

in peripheral eosinophil counts. These results suggest that the increase in eosinophils in
peripheral blood, as well as the increase in eosinophil activity, may play an important role in
the pathogenesis of EGID. In addition, in our study, serum ECP levels significantly correlated
with other laboratory markers such WBC, ESR, and peripheral eosinophil counts.

Finally, when the ROC analysis was applied to evaluate the diagnostic accuracy of serum ECP
in children with EGID, the AUROC was 0.562 with an optimal cutoff 10.5 pg/mL, a sensitivity
0f 69.9%, and a specificity of 43.4%. Although the diagnostic accuracy of serum ECP for EGID
was not sufficiently high in children, it still has some merits in practice as a screening test. In
the absence of well-defined age-specific standards for serum ECP levels among children, these
results could aid the assessment of EGID in pediatric patients. In addition, serum ECP may
offer the convenience of easy measurement and a noninvasive diagnostic approach.

This study has several limitations which should be mentioned First, the retrospective single
center design may be a limitation of the present study. Second, this study did not analyze the
correlation between endoscopic- and histopathological features as well as tissue eosinophils. In
the future, a comparison of serum ECP with tissue eosinophils as well as peripheral eosinophils
may validate and further support the significance of serum ECP as a biomarker of EGID.

Nevertheless, this study has several strengths of this study. Firstly, this is the first pediatric
study to investigate serum ECP measurement in EGIDs including all age groups from

early childhood to adolescence. As all participants underwent endoscopic biopsies,
histopathological evaluation was performed to confirm the diagnosis of EGID. Additionally,
the inclusion of a large number of pediatric patients with endoscopic results allowed us to
present a detailed study on pediatric EGID.

In conclusion, serum ECP level may be an useful noninvasive marker for differentiating EGID
from FAPD in pediatric patients with chronic or recurrent GI symptoms when optimal cutoffs

are applied. Future studies are required to identify and evaluate better noninvasive biomarker
for the diagnosis and monitoring of pediatric EGIDs.

ACKNOWLEDGEMENTS

We would like to thank the Medical Research Collaborating Center of Seoul National
University Bundang Hospital for the contributions in statistical analysis.

https://doi.org/10.5223/pghn.2024.27.2.79 85


https://pghn.org

. o I . . - . . . Pediatric Gast terology,
Eosinophilic Cationic Protein as a Marker for Eosinophilic Gastrointestinal Disease Hzp':tur;ggyag ;lulni':it?;?\ oy p g h n

in Children

https://pghn.org

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Dellon ES, Gaonsalves N, Abonia JP, Alexander JA, Arva NC, Atkins D, et al. International consensus
recommendations for eosinophilic gastrointestinal disease nomenclature. Clin Gastroenterol Hepatol
2022;20:2474-84.e3. PUBMED | CROSSREF

Alhmaoud T, Hanson JA, Parasher G. Eosinophilic gastroenteritis: an underdiagnosed condition. Dig Dis
Sci 2016;61:2585-92.  PUBMED | CROSSREF

Uppal V, Kreiger P, Kutsch E. Eosinophilic gastroenteritis and colitis: a comprehensive review. Clin Rev
Allergy Immunol 2016;50:175-88. PUBMED | CROSSREF

Spergel JM, Book WM, Mays E, Song L, Shah SS, TalleyJ, et al. Variation in prevalence, diagnostic criteria,
and initial management options for eosinophilic gastrointestinal diseases in the United States. ] Pediatr
Gastroenterol Nutr 2011;52:300-6. PUBMED | CROSSREF

Jensen ET, Martin CF, Kappelman MD, Dellon ES. Prevalence of eosinophilic gastritis, gastroenteritis, and
colitis: estimates from a national administrative database. J Pediatr Gastroenterol Nutr 2016;62:36-42.
PUBMED | CROSSREF

Steinbach EC, Hernandez M, Dellon ES. Eosinophilic esophagitis and the eosinophilic gastrointestinal
disease: approach to diagnosis and management. J Allergy Clin Immunol Pract 2018;6:1483-95. PUBMED |
CROSSREF

Licari A, Votto M, D’Auria E, Castagnoli R, Caimmi SME, Marseglia GL. Eosinophilic gastrointestinal
diseases in children: a practical review. Curr Pediatr Rev 2019;16:106-14. PUBMED | CROSSREF

Talley NJ, Shorter RG, Phillips SF, Zinsmeister AR. Eosinophilic gastroenteritis: a clinicopathological
study of patients with disease of the mucosa, muscle layer, and subserosal tissues. Gut 1990;31:54-8.
PUBMED | CROSSREF

Rothenberg ME. Eosinophilic gastrointestinal disorder (EGID). J Allergy Clin Immunol 2004;113:11-28.
PUBMED | CROSSREF

Yoo IH, Cho JM, JooJY, Yang HR. Fecal calprotectin as a useful non-invasive screening marker for eosinophilic
gastrointestinal disorder in Korean children. ] Korean Med Sci 2020;35:€120. PUBMED | CROSSREF

Berthet S, Triolo V, Bourrier T, Descos B, Smet S, Berard E, et al. [Eosinophilic esophagitis. clinical
presentation, allergology and treatment: a series of 22 children]. Arch Pediatr 2011;18:7-14. French.
PUBMED | CROSSREF

Gurkan OE, Ozturk H, Karagol HIE, Ceylan K, Duztas DT, Ekinci O, et al. Primary eosinophilic
gastrointestinal diseases beyond eosinophilic esophagitis in children. J Pediatr Gastroenterol Nutr
2021;72:294-9. PUBMED | CROSSREF

Hyams JS, Di Lorenzo C, Saps M, Shulman RJ, Staiano A, van Tilburg M. Functional disorder: children
and adolescents. Gastroenterology 2016;150:1456-68. PUBMED | CROSSREF

Lee EH, Yang HR, Lee HS. Quantitative analysis of distribution of the gastrointestinal tract eosinophils
in childhood functional abdominal pain disorders. ] Neurogastroenterol Motil 2018;24:614-26. PUBMED |
CROSSREF

Singh T, Bello B, Jeebhay MF. Characterizing inflammatory cell asthma associated phenotypes in dental
health workers using cytokine profiling. Front Allergy 2021;2:747591. PUBMED | CROSSREF

Travers J, Rothenberg ME. Eosinophils in mucosal immune responses. Mucosal Immunol 2015;8:464-75.
PUBMED | CROSSREF

Lee EH, Yang HR, Lee HS. Analysis of gastric and duodenal eosinophils in children with abdominal pain
related functional gastrointestinal disorders according to Rome III criteria. ] Neurogastroenterol Motil
2016;22:459-69. PUBMED | CROSSREF

Abassa KK, Lin XY, Xuan JY, Zhou HX, Guo YW. Diagnosis of eosinophilic gastroenteritis is easily missed.
World J Gastroenterol 2017;23:3556-64. PUBMED | CROSSREF

Brenner EJ, Greenberg SB, Chang NC, Corder SR, Cowherd EL, Dellon ES. Peripheral eosinophilia and
hypoalbuminemia are associated with a higher biopsy diagnostic yield for eosinophilic gastroenteritis.
Clin Res Hepatol Gastroenterol 2021;45:101746. PUBMED | CROSSREF

Desreumaux P, Bloget F, Seguy D, Capron M, Cortot A, Colombel JF, et al. Interleukin 3, granulocyte-
macrophage colony-stimulating factor, and interleukin 5 in eosinophilic gastroenteritis. Gastroenterology
1996;110:768-74. PUBMED | CROSSREF

Koh GC, Sheck LP, Goh DY, van Bever H, Koh DS. Eosinophil cationic protein: is it useful in asthma? a
systematic review. Respir Med 2007;101:696-705. PUBMED | CROSSREF

https://doi.org/10.5223/pghn.2024.27.2.79 86


http://www.ncbi.nlm.nih.gov/pubmed/35181570
https://doi.org/10.1016/j.cgh.2022.02.017
http://www.ncbi.nlm.nih.gov/pubmed/27234270
https://doi.org/10.1007/s10620-016-4203-5
http://www.ncbi.nlm.nih.gov/pubmed/26054822
https://doi.org/10.1007/s12016-015-8489-4
http://www.ncbi.nlm.nih.gov/pubmed/21057327
https://doi.org/10.1097/MPG.0b013e3181eb5a9f
http://www.ncbi.nlm.nih.gov/pubmed/25988554
https://doi.org/10.1097/MPG.0000000000000865
http://www.ncbi.nlm.nih.gov/pubmed/30201096
https://doi.org/10.1016/j.jaip.2018.06.012
http://www.ncbi.nlm.nih.gov/pubmed/31642786
https://doi.org/10.2174/18756336MTAxdNzcpx
http://www.ncbi.nlm.nih.gov/pubmed/2318432
https://doi.org/10.1136/gut.31.1.54
http://www.ncbi.nlm.nih.gov/pubmed/14713902
https://doi.org/10.1016/j.jaci.2003.10.047
http://www.ncbi.nlm.nih.gov/pubmed/32356420
https://doi.org/10.3346/jkms.2020.35.e120
http://www.ncbi.nlm.nih.gov/pubmed/21112193
https://doi.org/10.1016/j.arcped.2010.10.002
http://www.ncbi.nlm.nih.gov/pubmed/32868666
https://doi.org/10.1097/MPG.0000000000002925
http://www.ncbi.nlm.nih.gov/pubmed/27144632
https://doi.org/10.1053/j.gastro.2016.02.015
http://www.ncbi.nlm.nih.gov/pubmed/30180307
https://doi.org/10.5056/jnm18050
http://www.ncbi.nlm.nih.gov/pubmed/35387066
https://doi.org/10.3389/falgy.2021.747591
http://www.ncbi.nlm.nih.gov/pubmed/25807184
https://doi.org/10.1038/mi.2015.2
http://www.ncbi.nlm.nih.gov/pubmed/27053514
https://doi.org/10.5056/jnm15174
http://www.ncbi.nlm.nih.gov/pubmed/28596692
https://doi.org/10.3748/wjg.v23.i19.3556
http://www.ncbi.nlm.nih.gov/pubmed/34182183
https://doi.org/10.1016/j.clinre.2021.101746
http://www.ncbi.nlm.nih.gov/pubmed/8608886
https://doi.org/10.1053/gast.1996.v110.pm8608886
http://www.ncbi.nlm.nih.gov/pubmed/17034998
https://doi.org/10.1016/j.rmed.2006.08.012
https://pghn.org

. o I . . - . . . Pediatric Gast terology,
Eosinophilic Cationic Protein as a Marker for Eosinophilic Gastrointestinal Disease HZp:'tcrllgg: ; ;‘Dui:it?;?‘ o9y p g h n

in Children

https://pghn.org

22. BeppuT, Ohta N, Gon S, Sakata K, Inamura K, Fukase S, et al. Eosinophil and eosinophil cationic protein
in allergic rhinitis. Acta Otolaryngol Suppl 1994;511:221-3. PUBMED | CROSSREF

23. Czech W, Krutmann J, Schopf E, Kapp A. Serum eosinophil cationic protein (ECP) is a sensitive measure
for disease activity in atopic dermatitis. Br ] Dermatol 1992;126:351-5. PUBMED | CROSSREF

24. Witek JD, Cerda VJ, Guillén VC, Clar JBD, Pacheco RR. Assessing eosinophilic cationic protein as a
biomarker for monitoring patients with eosinophilic esophagitis treated with specific exclusion diets.
World Allergy Organ J 2017;10:12.  PUBMED | CROSSREF

25. Wechsler JB, Ackerman SJ, Chehade M, Amsden K, Riffle ME, Wang MY, et al. Noninvasive biomarkers
identify eosinophilic esophagitis: a prospective longitudinal study in children. Allergy 2021;76:3755-65.
PUBMED | CROSSREF

https://doi.org/10.5223/pghn.2024.27.2.79 87


http://www.ncbi.nlm.nih.gov/pubmed/8203234
https://doi.org/10.3109/00016489409128337
http://www.ncbi.nlm.nih.gov/pubmed/1571256
https://doi.org/10.1111/j.1365-2133.1992.tb00677.x
http://www.ncbi.nlm.nih.gov/pubmed/28360963
https://doi.org/10.1186/s40413-017-0143-6
http://www.ncbi.nlm.nih.gov/pubmed/33905577
https://doi.org/10.1111/all.14874
https://pghn.org

	Serum Eosinophilic Cationic Protein as a Useful Noninvasive Marker of Eosinophilic Gastrointestinal Disease in Children
	INTRODUCTION
	MATERIALS AND METHODS
	Endoscopic- and histopathological evaluation
	Laboratory investigation
	Measurement of serum ECP
	Statistical analysis
	Ethics

	RESULTS
	Comparison of serum eosinophil cationic protein level
	Correlation between serum eosinophil cationic protein with absolute eosinophil counts and inflammatory parameters
	Diagnostic accuracy of serum eosinophil cationic proteins in children with eosinophilic gastrointestinal diseases

	DISCUSSION
	REFERENCES


