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Background/Aims

Although functional abdominal pain disorders (FAPDs) are common in children, the accurate pathogenesis of FAPDs is not known yet.
Micro-inflammation, particularly tissue eosinophilia of gastrointestinal (GI) tract, has been suggested as the pathophysiology observed
in several Gl disorders. We aimed to evaluate eosinophilic infiltration throughout the entire Gl tract in children with FAPDs, compared
to those with inflammatory bowel diseases (IBD) and to normal reference values.

Methods

We included 56 children with FAPDs, 52 children with Crohn’s disease, and 23 children with ulcerative colitis. All subjects underwent
esophagogastroduodenoscopic and colonoscopic examination with biopsies. Tissue eosinophil counts were assessed in 10 regions
throughout the Gl tract.

Results

Eosinophil counts of the gastric antrum, duodenum, terminal ileum, cecum, and ascending colon were significantly higher in children
with FAPDs compared to normal reference values. Eosinophil counts of the stomach and the entire colon were observed to be
significantly higher in children with IBD than in those with FAPDs. Even after selecting macroscopically uninvolved Gl segments on
endoscopy in children with IBD, eosinophil counts of the gastric body, cecum, descending colon, sigmoid colon, and the rectum were
also significantly higher in children with IBD than those with FAPDs.

Conclusions

Significantly high eosinophil counts of the stomach and colon were observed in the order of IBD, followed by FAPDs, and normal
controls, regardless of endoscopically detected macroscopic IBD lesions in children. This suggests some contribution of Gl tract
eosinophils in the intrinsic pathogenesis of FAPDs in children.
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Introduction

Functional abdominal pain disorders (FAPDs) are common in
children. A recent meta-analysis has reported a global pooled preva-
lence rate for FAPDs was 16.5% based on the Rome 111 criteria.'
It is well-known that FAPDs could be associated with long-term
symptoms. A prospective study has demonstrated that approxi-
mately 41.0% of children with functional abdominal pain (FAP)
continued to report clinically significant abdominal pain after a
mean duration of a 9-year follow-up into adolescence and young
adulthood.”’

The pathomechanism to explain FAPDs remains unclear and
multifactorial hypotheses have been suggested.”” Recently many
studies have suggested that low-grade intestinal inflammation is
essentially involved in the underlying pathogenesis of functional
gastrointestinal disorders (FGIDs).”” These studies have reported
that increased infiltration of immune cells such as eosinophils, mast
cells, and lymphocytes and the subsequent degranulation of these
activated immune cells produce low-grade mucosal inflammation
in the gastrointestinal (GI) tract of adults with functional dyspepsia
(FD) and/or irritable bowel syndrome (IBS). However, the types of
immune cells that were increased, the degree of inflammation, and
the segments of the GI tract that were investigated have not been
consistent across all these studies performed in adults. Furthermore,
histopathological studies pertaining to childhood FAPDs are rela-
tively few, and studies involving children are primarily limited to
studies regarding FD.*”

In our previous study published in 2016, we demonstrated
that eosinophil counts in the gastric antrum and body mucosa were
significantly high in a definite order of in terms of the disease entity
normal reference values, followed by children with FAPDs, and
then those with Helicobacter pylori gastritis."’ In the present study,
we extended the scope of our study to investigate the entire GI tract.
Unlike the esophagus, eosinophils are resident cells of the stomach,
small and large intestine. However, to date, the normal range of
eosinophils in the GI tract mucosa is not well-defined; thus, inter-
pretation of pathological intestinal eosinophilia is difficult.'" Tt is also
known that eosinophils are not uniformly distributed throughout
the length of the intestine.”” Therefore, eosinophils of the GI tract
should be analyzed and compared in each specific region, even
within the colon.

We aim to evaluate tissue eosinophilic infiltration of the entire
GI tract from the stomach through the rectum in children with

FAPDs, compared to the normal reference values and disease
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controls with inflammatory bowel diseases (IBD) in each segment

throughout the bowel.

Materials and Methods

Subjects

Our retrospective study included children and adolescents who
visited the Department of Pediatric Gastroenterology at the Seoul
National University Bundang Hospital with complaints of chronic
recurrent abdominal pain, and who had undergone both esophago-
gastroduodenoscopic and colonoscopic examination with biopsies
due to accompanied red flag signs, and finally had been diagnosed
with FAPDs between January 2009 and October 2015. Children
excluded from this study were those with a significant allergy such
as allergic rhinitis, atopic dermatitis, asthma, and food allergy that
may affect tissue eosinophils in the GI tract, and those with under-
lying liver, kidney or heart disease that could cause GI symptoms.

All children underwent laboratory tests including complete
blood cell counts, erythrocyte sedimentation rate, C-reactive pro-
tein, liver function tests, serum amylase and lipase, serum electro-
lytes, urinalysis, stool examination for parasite, fecal occult blood,
and stool cultures for bacteria, as well as abdominal X-ray and ul-
trasonography. Those showing abnormalities on laboratory tests and
imaging studies were excluded. Children who demonstrated endo-
scopically any macroscopic abnormality were also excluded from
the study. Eventually, 56 children with FAPDs were included and
classified into 4 subtypes of FAPDs including FD, IBS, abdominal
migraine (AM), and FAP-not otherwise specified (FAP-NOS)
based on the Rome IV criteria.’

Among the children who had been diagnosed with IBD and
had been treated in our tertiary medical center, those who under-
went both esophagogastroduodenoscopic and colonoscopic exami-
nation with biopsies during the same period were also recruited
retrospectively as disease controls. Eventually, 52 children with
Crohn’s disease (CD) and 23 children with ulcerative colitis (UC)
were enrolled. We used the study reported by DeBrosse et al'* as an
upper GI reference to compare eosinophil infiltration between the
stomach and ileum and another study reported by Saad" as a lower
GI reference to compare colonic eosinophil counts.

Our retrospective study was approved by the Institutional Re-
view Board of Seoul National University Bundang Hospital (IRB
No. B-1609-363-102).
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Endoscopic Biopsy and Histopathology

FEsophagogastroduodenoscopy was performed using a GIF-
Q260 or GIF-XP260 scope (Olympus, Tokyo, Japan) and colo-
noscopy was performed using a PCF-Q260AL, GIF-Q260, or
GIF-XP260 scope (Olympus). Endoscopic mucosal biopsies were
obtained from the esophagus, gastric antrum and body, duodenum,
terminal ileum, cecum, ascending, transverse, descending, and sig-
moid colon, and the rectum.

Biopsy tissues were immediately fixed using formalin and
processed with embedding in paraffin wax. Sections of size 3 um
were cut from the paraffin block, and stained using hematoxylin
and eosin stains. The eosinophil count was obtained from 5 ran-
domly selected high-power fields. Quantification of eosinophils was
performed using an Axioskope40 microscope (Mirax-Carl Zeiss,
Oberkochen, Germany) at X 400 magnification. Cell counts were
performed by 2 pathologists who were blinded to the status of the
children, and a mean value of the § high-power fields counts ob-
tained was calculated for each child (Fig. 1).

Because it is known that eosinophils are not usually observed in
the esophageal mucosa in a non-pathological state, we excluded the
esophagus from the areas that were compared. Mucosal eosinophil
counts in each of the 10 regions of the GI tract of children with

FAPDs were compared with those in normal pathology references

(normal controls) and those from children with IBD (disease con-
trols), respectively.

To minimize the confounding effects of IBD-induced inflam-
mation, after selecting histopathological specimens of the GI tract
segments that endoscopically did not show macroscopic IBD in-
volvement, we analyzed eosinophil counts as well. Macroscopically
uninvolved segments of GI tract were selected based on use of 4
variables of the simple endoscopic score for CD (SES-CD)" and 3
descriptors of UC endoscopic index of severity (UCEIS)."”'® The
segments in which all scores of all 4 variables pertaining to SES-
CD and of all 3 descriptors pertaining to UCEIS were 0 were
selected for analysis after eliminating IBD-induced regional inflam-

mation.

Statistical Methods

Data for continuous variables are presented as mean = SD
for parametric or median values along with range (minimum-
maximum) for nonparametric variables. Categorical variables are
presented as a percentage of the total number. Continuous data
were analyzed using the independent ¢ test for parametric variables,
and the Mann-Whitney U test for nonparametric variables. For
all statistical analyses, a two-sided P-value < 0.05 was considered
statistically significant. All statistical analyses were performed using
PASW Statistics (version 20.0; IBM Corp, Armonk, NY, USA).

Figure 1. Photomicrograph of hema-
toxylin and eosin staining for eosinophils
in the ascending colon. Infiltration of
tissue eosinophils increased in a definite
order of specimen of normal controls
(A), functional abdominal pain disorders
(B), Crohn’s disease (C), and ulcerative
colitis (D) (magnification, X 400).
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Results

Patients Characteristics

Table 1 shows the demographic data of the subjects. Our study
included 56 children fulfilling the Rome IV criteria for FAPDs
who were classified as IBS (n = 37), IBS + FD (n = 5), IBS +
FAP-NOS (n = 3), IBS + AM (n = 1), FAP-NOS (n = 6),
FD (n = 3), and AM (n = 1). Normal controls for the upper GI
tract were 19 children and those for the lower GI tract were 41 chil-
dren. Disease controls with IBD comprised 52 children with CD
and 23 children with UC.

Table 1. Demographic Characteristics of the Subjects Recruited

Gl Eosinophils in Childhood FAPDs

Comparison of Eosinophil Counts in the
Gastrointestinal Tract Between Patients With
Functional Abdominal Pain Disorders and Those
With Inflammatory Bowel Diseases

Eosinophil counts of the stomach and the entire colon between
cecum and the rectum were significantly higher in children with
IBD than in those with FAPDs (Table 2 and Fig. 2). Eosinophil
counts of the duodenum and the terminal ileum were also higher in
children with IBD, but this was not a significant difference (Table 2
and Fig. 2).

Comparisons between children with FAPDs and those with
CD as well as those with UC are also shown in Table 2. A com-
parison between children diagnosed with FAPDs and those with
CD showed that the eosinophil counts of the stomach (both gastric
antrum and body) and the left colon (transverse colon, descend-

ing colon, sigmoid colon, and rectum) in children with CD were

Vasiabl FAPDs Normal reference Normal reference IBD (CD + UC)
i (n = 56) (upper GI, n = 19) (lower GI, n = 41) (n=175)
Sex (boys:girls) 39:17 8:11 21:20 55:20

Age (median [range], yr) 14.1 (2.8-18.9)

12.0 (2.0-17.0)

12.2 (3.3-17.9) 14.7 (2.5-19.5)

FAPDs, functional abdominal pain disorders; upper GI, upper gastrointestinal region including gastric antrum, gastric body, duodenum, and terminal ileum; lower
GI, lower gastrointestinal region including cecum, ascending colon, transverse colon, descending colon, and rectosigmoid colon; IBD, inflammatory bowel disease;

CD, Crohn’s disease; UC, ulcerative colitis.
Age is shown as median value along with range (minimum-maximum).

Table 2. Comparison of Tissue Eosinophil Counts of the Gastrointestinal Tract Between Children With Functional Abdominal Pain Disorders

and Those With Inflammatory Bowel Diseases

. . FAPDs CD uUcC IBD (CD + UC)  “P-value *P-value ‘P-value

Anatomical region
(n = 56) (n = 52) (n = 23) (n=75) (FAPDs-CD) (FAPDs-UC) (FAPDs-IBD)

Gastric antrum 4.1 x6.1 11.2 = 13.0 54 x35.1 9.5 £ 11.5 0.001 0.207 0.001
Gastric body 26 %25 7.0 £9.7 5.0 £6.6 6.4 £ 8.9 0.004 0.104 0.001
Duodenum 13.0 = 8.5 18.5 £ 194 150 £93 174 £ 17.1 0.078 0.389 0.068
Terminal ileum 223 £ 17.6 27.8 £ 17.7 19.1 £ 9.6 255+ 163 0.291 0.983 0.488
Cecum 23.0 =£19.2 27.0 =173 343 = 18.6 294+ 179 0.382 0.033 0.047°
Ascending colon 15.7+£9.5 204 £ 17.8 27.3 £ 159 227 = 174 0.140 0.002 0.011
Transverse colon 13.1 £9.1 23.4 =20.8 27.3 £20.1 24.6 = 20.5 0.004 0.005 < 0.001
Descending colon 12.7 = 8.8 19.5 =153 31.8 £17.8 23.4 = 17.0 0.014 <0.001 < 0.001
Sigmoid colon 119 = 12.8 18.8 = 16.7 29.3 =209 22.0 = 18.6 0.021 <0.001 0.001
Rectum 3.3x3.0 7.8 £9.8 259 263 13.1 £ 18.1 0.003 <0.001 < 0.001

‘P-value between functional abdominal pain disorders (FAPDs) and Crohn’s disease (CD) was calculated by independent ¢ test.

*P-value between FAPDs and ulcerative colitis (UC) was calculated by independent ¢ test.
“P-value between FAPDs and inflammatory bowel disease (IBD) (CD + UC) was calculated by independent ¢ test except for “P-value by Mann-Whitney U test.
Data indicate the mean number of eosinophils/high-power field for each anatomical region of the gastrointestinal tract. Data are shown as mean = SD.
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Figure 2. Eosinophil counts in each part of the gastrointestinal tract in normal controls, children with functional abdominal pain disorders (FAPDs),

and children with inflammatory bowel diseases (IBD). The order of bar graphs is normal controls, FAPDs, and IBD. In the rectum, eosinophil

counts according to both upper gastrointestinal (GI) reference and lower GI reference were presented because lower GI tract pathology reference
presented the “rectosigmoid area,” with no clear division between the sigmoid and the rectum. *P-value is less than 0.05. HPE high-power field;
A-colon, ascending colon; T-colon, transverse colon; D-colon, descending colon; S-colon, sigmoid colon.

significantly higher than those observed in children with FAPDs
(Table 2). Eosinophil counts of the duodenum, terminal ileum,
cecum, and the ascending colon were also higher in children with
CD than those observed in children with FAPDs, although this
difference was not statistically significant. A comparison between
children diagnosed with FAPDs and those with UC showed that
eosinophils throughout the colon between the cecum and rectum
were significantly higher in children with UC than in children with
FAPDs (Table 2). Eosinophil counts of the stomach and small
bowel (duodenum and terminal ileum) were not significantly differ-
ent between children with FAPDs and those with UC (Table 2).
To minimize the confounding effects of IBD-induced inflam-

mation, after histopathological slides of macroscopically uninvolved

GI segments on endoscopy were selected, eosinophil counts were
analyzed between children with FAPDs and those with IBD as
well. Eosinophil counts in children with IBD were significantly
higher than those observed in children with FAPDs in the gastric
body, cecum, descending colon, sigmoid colon, and rectum (Table
3 and Fig. 3). Fosinophil counts of the ascending colon and trans-
verse colon were also higher in children with IBD, but this differ-
ence was not statistically significant. Eosinophil counts of the small
bowel (duodenum and terminal ileum) were not significantly differ-
ent between children with FAPDs and those with IBD. Compari-
sons between children with FAPDs and those with CD as well as
those with UC after eliminating the specimens of the GI segments

with IBD lesions on endoscopy are shown in Table 3. A comparison
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Table 3. Comparison of Gastrointestinal Tract Mucosal Fosinophil Counts Between Children With Functional Abdominal Pain Disorders and

Inflammatory Bowel Diseases Except Regional Inflammation Site

FAPDs CD except regional UC except regional IBD except regional — ‘P-value "P-value ‘P-value

Anatomical region (n = 56) inflammation inflammation inflammation (FAPDs- (FAPDs- (FAPDs-
(n=52) (n =23) (n=1795) CD) uQC) IBD)
Gastric antrum 41 =*6.1 58x4.1 5.6 £5.1 5844 0.002° 0.141 0.096
Gastric body 2.6 £ 2.5 53%£57 52=*638 53*6.0 0.007° 0.088 0.002
Duodenum 13.0 = 8.5 114 =69 13.7 = 8.6 122 £7.5 0.365 0.686 0.614
Terminal ileum 223 £17.6 25.5 = 10.1 17.6 = 8.7 22.2 £10.1 0.562 0.813 0.496"
Cecum 23.0 £19.2 299 = 18.7 359 £16.7 31.6 = 18.0 0.228 0.050 0.032°
Ascending colon 157 9.5 17.1 £ 12.6 28.1 = 16.4 20.1 = 14.3 0.597 0.020 0.117
Transverse colon 13.1 = 9.1 183 = 11.4 13.6 = 7.5 17.2 = 10.7 0.044 0.671 0.076
Descending colon 12.7 = 8.8 18.8 = 18.1 21.1 = 10.7 19.4 = 16.6 0.053 0.021 0.021
Sigmoid colon 11.9 = 12.8 15.7 = 10.6 234+ 164 17.4 =12.3 0.178 0.020 0.046
Rectum 3.3 £3.0 5844 29.0 =379 9.2 163 0.002 0.021 0.027

*P-value between functional abdominal pain disorders (FAPDs) and Crohn’s disease (CD) except regional inflammatory sites was calculated by independent ¢ test

except for “P-value by Mann-Whitney U test.

"P-value between FAPDs and ulcerative colitis (UC) except regional inflammatory sites was analyzed by Mann-Whitney U test.
“P-value between FAPDs and inflammatory bowel disease (IBD) except regional inflammatory sites was calculated by independent ¢ test except for *P-value by

Mann-Whitney U test.

Data indicate the mean number of eosinophils/high-power field for each anatomical region of the gastrointestinal tract. Data are shown as mean = SD.

between children with FAPDs and those with CD after eliminating
the specimens of the GI segments with macroscopic lesions, showed
that the eosinophil counts of the stomach (both gastric antrum and
body) and 2 segments of the large intestine (transverse colon and
rectum) in children with CD were significantly higher than those
observed in children with FAPDs (Table 3). A comparison be-
tween children with FAPDs and those with UC after eliminating
the specimens of the GI segments with macroscopic lesions, showed
that the eosinophils in sections of the colon (ascending colon,
descending colon, sigmoid colon, and rectum) were significantly
higher in children with UC than those observed in children with
FAPDs (Table 3).

A comparison between children with CD and those with UC
showed that children with UC demonstrated significantly higher
numbers of eosinophils in the ascending colon, descending colon,
sigmoid colon, and rectum than those observed in children with
CD. However, after excluding the tissue specimens with macro-
scopically active inflammatory lesions, there were no significant dif-
ferences in tissue eosinophil counts except the ascending colon (data

are not shown).

Comparison of Tissue Eosinophil Counts Among
Normal Controls and Those With Functional
Abdominal Pain Disorders and Inflammatory Bowel
Diseases

A comparison between children with FAPDs and normal con-
trols showed that eosinophil counts of children with FAPDs were
significantly higher in the stomach (gastric antrum), small bowel
(duodenum, terminal ileum), cecum, and the ascending colon than
those observed in normal controls (Table 4 and Fig. 2).

A comparison between children with IBD and normal controls
showed that eosinophil counts in all segments between the stomach
and the rectum were significantly higher in children with IBD than
those observed in normal controls (Table 4 and Fig. 2). Because the
study reported by Saad" which we used as the lower GI pathology
reference presented a ‘rectosigmoid area,” and the region was not
definitively divided into the sigmoid and rectum, it was difficult to
accurately compare the eosinophil counts in the rectum. Eosinophil
counts of the rectum were significantly higher in children with IBD
than in normal controls when the rectal eosinophils were compared
using the values noted by the DeBrosse et al'* (Table 4 and Fig. 2).
Comparisons between normal controls and children with UC as
well as those with CD are shown in Table 4. A comparison between
children with UC and those studied as normal controls showed that
the eosinophil counts throughout the GI tract between the stomach
and rectum were significantly higher in children with UC than in
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Figure 3. Eosinophil counts in each part of the gastrointestinal (GI) tract in normal controls, childrens with functional abdominal pain disorders

(FAPDs), and children with inflammatory bowel diseases (IBD) after eliminating the GI segments with grossly affected IBD lesion on endoscopy.

The order of bar graphs is normal controls, FAPDs, and IBD. In the rectum, eosinophil counts according to both upper GI reference and lower

GI reference were presented because lower GI tract pathology reference presented the “rectosigmoid area,” with no clear division between the sig-

moid and the rectum. *P-value is less than 0.05. HPE high-power field; A-colon, ascending colon; T-colon, transverse colon; D-colon, descending

colon; S-colon, sigmoid colon.

those studied as normal controls (Table 4). A comparison between
children with CD and those studied as normal controls showed that
the eosinophil counts between the stomach and the sigmoid colon
were significantly higher in children with CD than in those studied
as normal controls (Table 4). Fosinophil counts of the rectum were
not significantly different between children with CD and those
studied as normal controls even when the rectal eosinophils were
compared using the values obtained from the pediatric upper GI
tract pathology references (Table 4).

After selecting the histopathological specimens of the GI tract
segments that endoscopically did not show macroscopic IBD in-

volvement, we analyzed eosinophil counts between normal controls

and children with IBD, in these segments to minimize the effects of
IBD-induced local inflammation. Fosinophil counts in the GI seg-
ments without macroscopic IBD lesions were significantly higher
than those of normal controls in the gastric antrum, gastric body,
terminal ileum, and throughout the colon except the rectum (Table
5 and Fig. 3). Eosinophil counts in the duodenum were also higher
in children with IBD without macroscopic lesions, but not signifi-
cantly different when compared to normal controls (Table 5 and
Fig. 3).

Comparisons between normal controls and children with CD
as well as those with UC after excluding GI segments with macro-

scopic IBD lesions on endoscopy are also shown in Table 5. A com-
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parison between CD pathology without macroscopic lesions and
those studied as normal control showed that the eosinophil counts
of the stomach (gastric antrum and body), terminal ileum, cecum,
ascending colon, transverse colon, and descending colon were
significantly higher in those with CD without macroscopic lesions
than in those studied as normal controls (Table 5). A comparison
between children with UC and normal controls after excluding the

tissue specimens with macroscopically observed active inflamma-
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tory lesions showed that the eosinophil counts of the stomach (gastric
antrum and body), duodenum, cecum, ascending colon, descend-
ing colon, and sigmoid colon were significantly higher in those with
UC than those observed in normal controls (Table 5). Eosinophil
counts of rectum in children with UC without macroscopic lesions
were much higher than in those studied as normal controls, but this
difference was not statistically significant because the number of

eliminated slides was too large to show statistical power (Table 5).
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Figure 4. Fosinophils distribution of whole gastrointestinal (GI) tract in normal controls (A), functional abdominal pain disorders (FAPDs) (B),
inflammatory bowel diseases (IBD) (C), and IBD after selecting the GI tract segments endoscopically did not show macroscopic IBD involvement

(D). The graph shows the tendency that eosinophils increased from the stomach to the cecum and decreased from the cecum to the rectum along

the colon. The degree of this tendency was more prominent in the FAPDs and IBD than that observed in normal controls. Eosinophil counts

were significantly high in the order of IBD, FAPDs, and normal controls, regardless of endoscopically detected macroscopic IBD lesions. In the

rectum, eosinophil counts according to both upper GI reference and lower GI reference were presented because lower GI references presented the

“rectosigmoid area,” with no clear division between the sigmoid and the rectum. HPE high-power field; A-colon, ascending colon; T-colon, trans-

verse colon; D-colon, descending colon; S-colon, sigmoid colon. The asterisk (*) means normal reference of rectum on the study by Debrosse et

12
al.
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Fosinophilic distributions of the entire GI tract in normal con-
trols, children with FAPDs, those with IBD before and after elimi-
nating GI segments with macroscopic IBD lesions on endoscopy
are shown in Figure 4. Fosinophils are not uniformly distributed
through the length of the intestine (Fig. 4). Eosinophils increased
from the stomach to the cecum and again decreased from the cecum
to the rectum along the colon and this tendency was more promi-
nent in the FAPDs and IBD than that observed in normal controls
(Fig. 4). Eosinophil counts were compared in each specific region
of the GI tract and significantly high eosinophil counts of the GI
tract were noted in the order of IBD, FAPDs, and normal controls,
regardless of endoscopically detected macroscopic IBD lesions (Fig.
4).

Comparison of Tissue Eosinophil Counts According
to the Subtypes of Functional Abdominal Pain
Disorders and Sex

To compare tissue eosinophil counts in each specific region ac-
cording to the subtypes of FAPDs, 56 children with FAPDs were
classified into the 3 groups; IBS group (n = 37), overlap group
(IBS + FD, IBS + FAP-NOS, IBS + AM; n = 9), and non-
IBS group (FAP-NOS, FD, and AM; n = 10) (Table 6). Fo-
sinophil counts of each region of the GI tract were not significantly
different among the 3 groups (Table 6).

To identify the difference in tissue eosinophil counts of GI tract
between male and female patients, tissue eosinophil counts in each

region were compared according to sex in 56 children with FAPDs.

Eosinophil counts of each region of the GI tract were not signifi-
cantly different between boys and girls (Table 7).

Discussion

Fosinophils are known to be involved with immune response
and affect tissue damage and repair processes.'” Because eosinophils
contribute to multiple phases of the immune response, they can
significantly influence disease processes.”” The accumulation and
degradation of eosinophils causes neural stimulation and smooth

muscle contraction, which consequently produces GI symptoms

Table 7. Comparison of Tissue Eosinophil Counts According to Sex
of Children With Functional Abdominal Pain Disorders

Anatomical region  Boys (n = 39) Girls (n = 17) P-value'
Gastric antrum 4.0 x6.7 42 47 0.502
Gastric body 25%x26 29=+25 0.444
Duodenum 13.5 £ 12.0 16.1 = 10.8 0.273
Terminal ileum 26.1 £19.3 13.5 =83 0.136
Cecum 25.0 = 21.0 16.1 = 8.5 0.412
Ascending colon 16.4 = 10.6 13.8 = 5.8 0.776
Transverse colon 13.6 £ 9.5 11.7 £ 8.5 0.463
Descending colon 114 =538 15.7 = 13.3 0.641
Sigmoid colon 9.9 +5.7 16.6 = 21.4 0.224
Rectum 3.1=*x29 3.6 =32 0.597

‘P-value between normal control and functional abdominal pain disorders was
calculated by Mann-Whitney U test.

Table 6. Comparison of Tissue Eosinophil Counts Among the Subtypes of Functional Abdominal Pain Disorders

. . IBS Overlap Non-IBS .
Anatomical region P-value
(n=37) (n=29) (n = 10)

Gastric antrum 3.6 6.6 5464 4.7 x3.6 0.249
Gastric body 2122 39+338 33*23 0.204
Duodenum 12.8 = 8.5 214 =228 129 =39 0.716
Terminal ileum 24.1 £19.4 23.0 = 8.0 7.5 %35 0.242
Cecum 22.5 =20.7 24.4 = 20.7 24.0 = 13.3 0.800
Ascending colon 17.2 £ 10.3 13.0 = 6.4 11.7 = 8.2 0.518
Transverse colon 14.0 = 10.3 127 7.5 93 =24 0.853
Descending colon 13.3 £ 8.5 9.0 = 3.8 142 £ 129 0.411
Sigmoid colon 12.8 = 15.2 10.1 £ 7.5 10.5 £ 6.9 0.916
Rectum 3.3 *x3.1 3.7%x2.5 2.8 3.2 0.606

‘P-value between normal control and with functional abdominal pain disorders (FAPDs) was calculated by Kruskal-Wallis test.
IBS, irritable bowel syndrome; FD, functional dyspepsia; FAP-NOS, functional abdominal pain not otherwise specified; AM, abdominal migraine.
Total of 56 children with FAPDs were classified as IBS (n = 37), IBS + FD (n = 5), IBS + FAP-NOS (n = 3), IBS + AM (n = 1), FAP-NOS (n = 6), FD (n

=3),and AM (n = 1).

Overlap group included IBS + FD (n = 5), IBS 4+ FAP-NOS (n = 3), and IBS + AM (n = 1).

Non-IBS group included FAP-NOS (n = 6), FD (n = 3),and AM (n = 1).
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including abdominal pain in patients with FGIDs.

To date, studies involving patients with IBS have not demon-
strated a significant difference in the tissue eosinophil counts.**"™
Furthermore, histopathological studies in children with FAPDs
are relatively rare, and pediatric studies have primarily been limited
to studies investigating FD, focusing on the stomach and duode-
num.***** Therefore, the histopathological features of the GI tract
beyond the duodenum in children with FAPDs remain unclear. In
the present study, we showed that eosinophil counts of the stomach
(gastric antrum), small bowel (duodenum, terminal ileum), and
proximal colon (cecum, ascending colon) were significantly higher
in children with FAPDs including IBS than in normal controls.
Our results suggest that GI eosinophils may be associated with
FAPD:s in children and may contribute to its pathogenesis.

Several studies have shown that mucosal eosinophilia was
prominent in IBD patients compared to healthy controls or those
with IBS.* Furthermore, eosinophil counts or eosinophil cationic
protein levels positively correlated with disease activity and nega-
tively correlated with treatment response in IBD patients.'*"*
Therefore, eosinophils are known to play a role in the pathogenesis
of IBD, even though their exact relationship with IBD remains un-
Clear.l 1,28,31,32

We hypothesized that micro-inflammation may be the primary
pathogenesis that causes GI symptoms in FAPDs.*""**"**** Based
on this hypothesis, we presumed the density of inflammatory cells
in the GI tract of the FAPDs group to be higher than that observed
in normal controls without any inflammation and lower than that
observed in the IBD group with definite inflammation of the GI
tract. Study results showed significantly high eosinophil counts of
the stomach and colon in the order of IBD, FAPDs, and normal
controls, regardless of endoscopically detected macroscopic IBD
lesions. Our study results are in agreement with those of previous
studies reported by Bass et al,” Pensabene et al," and Flores et
al” in that eosinophil counts of the colonic area were significantly
higher in children with IBD than in those with FAPDs or IBS or
normal controls, although a study by Bass et al"’ described that tis-
sue eosinophil counts of the stomach were not significantly different
between children with IBD and those with FAPDs, unlike our re-
sults. Furthermore, a study reported by Carvalho et al” has shown
the results consistent with those of our study in that high eosinophil
counts of the colon showed a definite order in terms of the disease
entity UC, followed by CD, non-inflamed CD, and IBS. Their
results suggested that the macroscopic uninvolved mucosa may not
be entirely normal in patients with IBD and that eosinophils could

play some roles in the pathogenesis of the early lesions in IBD."

Gl Eosinophils in Childhood FAPDs

To our knowledge, the present study is the first comparative
study completed wherein the entire GI tract was evaluated to de-
termine differences in tissue eosinophil infiltration in patients with
FGIDs. A gradient of eosinophil density is known to exist from the
proximal to the distal colon'?">*"*"*; therefore, it is important that
GI tract eosinophils should be analyzed through comparisons per-
formed in each specific region, even in the colonic area. In several
studies performed on adults with IBS; the biopsy specimens studied
were primarily from the descending colon or rectosigmoid area.”
In several comparative studies involving patients with IBS and/
or IBD, some studies have not clearly described which part of the
colon was analyzed, and others were performed with tissue obtained
only from the rectosigmoid/rectal area.””*"** An inappropriate com-
parison of eosinophils within different sections of the colon can lead
to inaccurate results. In this regard, our study involved assessment
of the entire GI tract and compared eosinophils in each segment of
the gut, which is strength of our study.

The present study has some limitations. First, this study could
not recruit healthy individuals as normal controls. Although the
comparison with age- and sex-matched healthy children as normal
controls would be ideal, this was not performed because of ethical
considerations regarding subjecting healthy children without any
GI symptoms to endoscopic examination. Instead, we adopted
normal reference values based on a previously published study,
which evaluated endoscopic mucosal biopsies from each segment
of the GI tract for children with no identified organic findings,
and performed the final clinical assessment. Furthermore, we used
two references'™"; one study as the upper GI tract reference and
the other one as the lower GI tract reference. Since these reference
groups did not comprise of Korean children, they may not accu-
rately represent normal controls. The study reported by DeBrosse
et al" was already used as a normal reference in our previous study'’
published in 2016 so it can be a good alternative as upper GI refer-
ence. However, we should find another normal reference to com-
pare eosinophils of the colonic area because the study reported by
DeBrosse et al'” does not provide information regarding the cecum
and the descending and sigmoid colon. A study published in 2016
by Chernetsova et al” showed eosinophil counts of the whole GI
tract in healthy Canadian children, however the study used differ-
ent stain methods, hematoxylin-phloxine-saffron and Giemsa stain
to enhance cells detection, so their results present much higher cell
counts than the study by DeBrosse et al'” and the study by Saad."
The study by Chernestova et al” compared their results with the
aforementioned two studies and admitted differences. Thus, we

used the study reported by DeBrosse et al'” as an upper GI refer-
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ence to compare eosinophil infiltration between the stomach and
ileum, and another study reported by Saad" as a lower GI reference
to compare colonic eosinophil counts. Because of the study reported
by Saad"’ which we used as a lower GI pathology reference present-
ed a ‘rectosigmoid area,” and the region was not definitively divided
into the sigmoid and rectum, it was difficult to accurately compare
the eosinophil counts in the rectum. So, when the rectal eosinophils
were compared using the reference values, rectal eosinophil counts
reported in the study by DeBrosse et al”” were also presented as
normal reference values in Table 4 and Table 5.

Second, this was a retrospective study with a relatively small
sample size, and evaluated only eosinophils without other inflam-
matory cells. Third, the majority (46 [82.1%]) of 56 children with
FAPDs were patients with IBS. This is due to the fact that children
with IBS mostly underwent colonoscopic examination. Further
prospective studies including a larger number of children, balanced
recruitment of other subtypes of FAPDs; and the analysis of ad-
ditional cell types such as mast cells or intraepithelial lymphocytes
are needed to confirm low-grade inflammation in children with
FAPD:s.

The present study evaluated tissue eosinophil infiltration
throughout the entire GI tract in children with FAPDs compared
to those with IBD, and to normal reference values in each specific
region of the GI tract. Our results suggest GI tract eosinophilia
may contribute to the development of childhood FAPDs as one of

key mechanisms of the pathogenesis.
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