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Abstract

Background The clinical characteristics of Japanese
patients with eosinophilic esophagitis (EoE) and eosino-
philic gastroenteritis (EGE) have not been fully clarified. For
understanding the pathogenesis as well as providing support
for accurate diagnosis, precise information regarding clinical
characteristics of these diseases is important.

Methods A questionnaire-based survey of EoE and EGE
was conducted in 1,078 teaching hospitals. Clinical data of
patients with confirmed EoE or EGE diagnosed from 2004 to
2009 were collected.

Result  Clinical data from 26 patients with EoE and 144
patients with EGE were collected. The mean ages of patients
in both groups were in the 40s. Those with EoE frequently
complained of dysphagia and heartburn, and had
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characteristic endoscopic features such as longitudinal fur-
rows and multiple concentric rings in the esophagus, while
only 34 % had peripheral eosinophilia. Patients with EGE
frequently complained of abdominal pain and diarrhea, and
approximately 80 % of them have peripheral eosinophilia.
They did not have characteristic endoscopic features helpful
for diagnosis. Computed tomography (CT) findings and the
presence of peripheral eosinophilia were diagnostic for EGE.
EGE patients with a small intestinal involvement showed the
highest peripheral eosinophil counts. Glucocorticoid
administration was the most widely used treatment for these
diseases and its effect was favorable for at least induction of
remission.

Conclusion EGE is more prevalent than EoE in Japan.
Patients with EGE have abdominal pain and diarrhea, high
peripheral eosinophil counts, and gastrointestinal wall thick-
ening identifiable by CT findings, while EoE is characterized
by dysphagia and characteristic endoscopic features.
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Introduction

Eosinophilic esophagitis (EoE) and eosinophilic gastroen-
teritis (EGE), which are included in eosinophilic gastroin-
testinal disorders (EGIDs), are rare pathological conditions
characterized by dense infiltration of eosinophils in eso-
phago-gastro-intestinal mucosa [1, 2]. Motor, digestive,
and sensory functions of the involved alimentary tract are
severely damaged by chronic inflammation, mainly caused
by eosinophils. When eosinophil infiltration is demon-
strated only in the esophageal epithelial layer, the patho-
logical condition is called EoE. On the other hand, when it
is found in gastric and/or intestinal/colonic mucosa irre-
spective of esophageal involvement, it is called EGE.
Common pathological conditions including exaggerated
Th2 response to environmental and food allergens are
considered to have important roles in these conditions [3—
5]. Partly because of changing environmental factors and
food antigens, and partly because of lower exposure to
microorganisms that change from Th2 dominant individu-
als to Th1 dominant ones, the prevalence of EoE is rapidly
increasing, especially in western countries [6-9]. The
clinical characteristics of EoE patients in western countries
have been extensively investigated [5, 10, 11], whereas
those of EGE have not been fully clarified. In Japan, the
prevalence and clinical characteristics of EoE and EGE
have yet to be investigated in a large cohort, though we
previously reported the prevalence of EoE in a smaller
study [12]. A nationwide survey of EoE and EGE is
important not only for understanding prevalence rates,
characteristics, and commonly used therapies, but also for
revealing possible clinical differences between Japanese
and western patients with EoE and EGE.

We conducted a nationwide survey of EoE and EGE,
and analyzed their clinical characteristics. We found sim-
ilarities and differences for these two diseases, which may
be important not only for the diagnosis but also for
understanding their pathogeneses.

Materials and methods

We sent questionnaires to 1,078 teaching hospitals who were
rated as high quality by the Japanese Society of Gastroen-
terology in 2010. The questionnaire contained queries con-
cerning the clinical characteristics of patients with EoE and
EGE diagnosed in each hospital from 2004 to 2009. The
items surveyed in the questionnaire included age, sex,
symptoms, laboratory data, radiologic/ultrasonographic
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examination findings, endoscopic examination findings, and
treatments (Supplemental Figure).

Responses to the questionnaires were analyzed and
evaluated by an independent analysis team (KF, NI, SI, SS).
Cases with clinical characteristics that were appropriately
described and had an appropriate diagnosis confirmed by
histopathological findings were subjected to analysis. The
diagnostic criteria employed were the same as those pre-
viously reported in the literatures [10, 13]. Proton pump
inhibitor (PPI) responsive symptomatic patients with
esophageal eosinophilic infiltration over 20 eosinophils/
HPF (high poewr field) were also collected as EoE in this
survey. The study protocol was approved by the ethics
committee of Shimane University School of Medicine.

Statistical analyses were done using Stat View software.
Chi-square tests and unpaired ¢ tests were used as appro-
priate. When the data were not normally distributed, non-
parametric tests were used. Values shown represent the
mean =+ SE or the median and ranges. p < 0.05 was con-
sidered to be statistically significant.

Results
Basic clinical characteristics

Twenty-six patients with EoE and 144 with EGE were
identified in the questionnaire-based survey. Thus, we con-
cluded that the prevalence of EGE is approximately 5.5
times higher than that of EoE in Japan. The male/female
ratio for EGE was 1.2:1, while that for EoE was 3.3:1
with male preponderance. Both diseases were frequently
observed in middle aged persons, with younger patients
more frequently found to have EGE (Table 1; Fig. 1).

In both EoE and EGE cases, approximately half of the
patients had a history of allergic diseases. Bronchial asthma
was the most frequently observed allergic condition and
was found in 23.1 and 27.8 % of the patients with EoE and
EGE, respectively. Atopic dermatitis, food allergy, and
allergic rhinitis were also frequently observed (Table 1).

In 26 EoE cases, 4 patients showed symptomatic
improvement after PPI administration. There was no dif-
ference in clinical characteristics between PPI responsive
and non-responsive cases.

Symptoms

Patients with EoE complained of dysphagia, heartburn, and
other esophageal symptoms such as chest discomfort,
throat discomfort, and regurgitation. Dysphagia was the
most frequently observed symptom in 46 % of the patients.
In contrast to findings in western countries [10, 14, 15],
none of the present patients had a history of food
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Table 1 Clinical characteristics of surveyed patients with EoE and
EGE

EoE EGE
N 26 (including 4 PPI 144
responsive cases)
M/F 20/6 78/66*
Age (years) 49 +3 46 £ 2
Presence of allergic 50 % 46 %
disease (duplicate
count)
Bronchial asthma 231 % 27.8 %
Atopic dermatitis 7.7 % 6.3 %
Food allergy 1.5 % 6.3 %
Allergic rhinitis 15.4 % 10.4 %
Symptoms (duplicate count)
Dysphagia 46 % -
Heartburn 8 % -
Chest pain - 15 %
Abdominal pain - 53 %
Diarrhea - 54 %
Others 50 % 42 %
GI wall thickening by 53 % (9 cases/17 75 % (83 cases/111
CT investigated investigated cases)

cases)

Endoscopic features (duplicates counted)

Longitudinal furrows 35 % -
White plague 23 % -
Concentric rings 19 % -
Erythema - 38 %
Edema - 42 %
Erosion - 43 %
Others - 3%
Normal 42 % 11 %
Involved GI tract (duplicates counted)
Esophagus 100 % 9%
Stomach 0% 31 %
Small intestine 0 % 72 %
Colon 0 % 42 %
Ascites 0 % 56 % (48/85

investigated cases)

PPI proton pump inhibitor, EoE eosinophilic esophagitis, EGE
eosinophilic gastroenteritis
? Significantly different from EoE (p < 0.05)

impaction. All patients with EoE had some symptoms that
suggested the presence of esophageal disease.

Patients with EGE frequently complained of abdominal
pain, diarrhea, and chest pain. Abdominal colic pain with
diarrhea was the most frequent complaint, and over 40 %
of the EGE patients had this type of symptom complex.
There were no age-related or sex-related differences in
regard to the reported symptoms.

Laboratory findings

Peripheral leukocyte counts, peripheral eosinophil counts,
and CRP were routinely measured when a diagnosis of EoE
or EGE was made (Table 2). Among the patients with EoE,
23.1 % had an elevated leukocyte count greater than 9,000/
ul (Fig. 2), while the median and range for peripheral
leukocyte count were 6,830 (4,400-21,400)/ul. Eosino-
philia was defined as a peripheral eosinophil count over
600/ul according to the previous publication [16]. An
elevated peripheral eosinophil count greater than 600/ul
was found in 34.6 % of the patients with EoE, and the
median and range for eosinophil count were 446
(162-8,774)/ul. The median CRP level in patients with
EoE was 0.1 mg/dl.

In patients with EGE, peripheral leukocytes and eosin-
ophils counts and plasma CRP level were all higher as
compared to EoE, with 49.3 % of the EGE patients showing
an elevated leukocyte count greater than 9,000/ul [median
and range for all EGE cases, 8,970 (3,100-97,800)/ul].
Peripheral eosinophil count was elevated in 80.6 % of
patients with EGE. The CRP level was also elevated over
2.0 mg/dl in 17.4 % of the patients with EGE.

In patients with EGE, involved lesions were most fre-
quently found in the small intestine followed by the colon.
Nine percentages of patients with EGE had esophageal
lesions as well. The median peripheral eosinophil count in
patients with esophago-gastric, small intestinal and colonic
lesions was 1,462/, 2,656/ul, and 616/ul, respectively.
Patients with small intestinal involvement had a signifi-
cantly higher peripheral eosinophil count (Table 3; Fig. 3).

Radiological examination findings

Seventeen of 26 patients with EoE were examined using
CT, and over 50 % of those demonstrated thickened
esophageal walls. CT examinations were also performed in
77 % of the patients with EGE, and thickened gut walls
were seen in 75 % of those cases. In addition, ascites were
detected in approximately 56 % of the investigated patients
with EGE. Except thickened esophago-gastrointestinal
walls, no specific morphological feature that could be
helpful for the diagnosis was found in the description of the
radiological findings on the questionnaires.

Endoscopic findings

Endoscopic examinations were performed for all of the
reported cases. Esophageal mucosal longitudinal furrows
(35 %), white plaque (23 %), and multiple concentric rings
(19 %) were frequently observed characteristic endoscopic
features of EoE, as has also been reported in western
countries [17, 18] (Table 1).
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Fig. 1 Age distribution of A

surveyed patients with EoE 81 EoE
(a) and EGE (b). Open columns 74

represent female patients and 64

hatched columns represent male = s

patients. In addition to the =

middle-aged patients, younger 8 41

patients with EGE were 2 34

frequently found 24

Table 2 Laboratory data from surveyed cases

EoE EGE
CRP 0.1 (0.03-2.9) mg/dl 0.29 (0.0~18.0) mg/d1*
WBC 6,830 (4,400-21,400)/ul 8,970 (3,100-97,800)/ul”
Eosinophils 446 (162-8,774)/ul 2,130 (3-58,860)/u1°

Medians and ranges in parenthesis

EoF eosinophilic esophagitis, EGE eosinophilic gastroenteritis
* Significantly different from EoE (p < 0.05)

® Significantly different from EoE (p < 0.01)

Over 95 % of the patients with EGE had endoscopic
abnormalities found on the mucosal surface of involved
alimentary tract. The most frequently observed mucosal
lesions were edema, erosion, and erythema, though no spe-
cific characteristic endoscopic findings for EGE was found.

Treatments and response

Oral glucocorticoid administration was employed in two
thirds of the EoE patients, and all except one responded
favorably. Oral glucocorticoid therapy was also used for
almost all of the patients with EGE, and the responses were
favorable, at least in short-term observations. A variety of
anti-allergic drugs such as montelukast, epinastine, and
suplatast tosilate was given with and without combined
administration of glucocorticoids, although their thera-
peutic effects were not confirmed to be effective.

Fig. 2 Percentage of patients
with EoE or EGE who showed

abnormally elevated peripheral T
leukocyte, and eosinophil count WBC . /2;
or CRP level. Hatched columns s,
represent the patients with
abnormal elevation of ~600/ul
peripheral leukocytes, 7 s,
eosinophils, or CRP level Eosinophils { 7

>2.0mg/dl >2.0mg/dl

: £

CRP 1 3.8% 17.4%
: s

&) Springer

0 g £
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a
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Discussion

In this report, the largest number of EGEs in the world
literature and the largest number of EoEs in the Japanese
literature were analyzed. This survey clarified the clinical
characteristics of Japanese patients with EoE and EGE.
Although they were similar to those reported in western
countries [12, 19, 20], a remarkable difference was that the
prevalence of EoE in Japan was lower than that of EGE.
The lower prevalence of EoE in Japan may be explained
in part by the Japanese general practitioners’ limited
knowledge about EoE and also because of the difficulty in
diagnosis, in addition to a true lower incidence of EoE in
Japan [21]. Elevated CRP levels and peripheral leukocyte
counts were found in fewer than 35 % of the analyzed
cases of EoE. The finding of thickened esophageal walls
detected by CT was similar to that reported in EoE patients
from western countries [22-24]. Endoscopic findings in the
present cases were also similar to western populations, with
longitudinal furrows, white plaque, and multiple concentric
rings frequently observed endoscopically as mucosal
changes [18, 25, 26]. Importantly and similar to the western
reports, 40 % of the surveyed patients had no esophageal
mucosal lesions identified on endoscopic examinations
[18]. The difference we found was older age of the Japa-
nese patients with EoE as compared to western patients
[18, 27, 28]. The similar characteristics of EoE between the
present Japanese cases and those in western regions suggest

EoE EGE

>9000/ul
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Téble 3 Clinical and laboratory data from EGE cases classified by involved organs

EGE
Esophagus/stomach Small intestine Large intestine
N 19 104 23
M/F 10/9 59/45 9/14
Age 48 + 4 47 £2 45 £ 4
Presence of allergic disease 47 % 45 % 44 9%
Symptoms (duplicates counted)
Chest pain 26 % 14 % 4 %
Abdominal pain 21 % 56 %° 65 %
Diarrhea 16 % 59 %* 61 %
Others 58 % 41 % 30 %
CRP (mg/dl) median (range) 0.30 (0.0-9.2) 0.29 (0.0-13.5) 0.10 (0.0-18.0)

WBC (/ul) median (range)
Eosinophils (/ul) median (range)

7,740 (3,100-21,780)
1462 (117-15,202)

10,415 (4,200-97,800)* ©
2,656 (3-58,860)* ©

6,900 (3,620-19,700)
616 (90-13,790)

Esophagus/stomach group includes cases with esophagus and/or stomach lesions but without small intestinal lesions

Small intestine group includes cases with small intestinal lesions

Large intestine group includes cases with large intestinal lesions but without small intestinal lesions
Two cases are included in both the esophagus/stomach and large intestine groups, as they had gastric and large intestinal lesions, but no small

intestinal lesions

EGE eosinophilic gastroenteritis

* Significantly different from esophagus/stomach group (p < 0.05)
® Significantly different from large intestine group (p < 0.05)

Fig. 3 Percentage of EGE
patients with different involved

Esophagus/stomach(n=19)

Small intestine (n=104) Large intestine (n=23)

site of gastrointestinal tracts .190_?0'9' .>9000/ul ifij/w
who showeq abnormally WEBC ’(2, 17.4%
elevated peripheral leukocyte e
and eosinophil counts or CRP
level. Hatched columns >600/p
represent the patients with . sy :
abnormal elevation of Eosinophils [
peripheral leukocytes,
eosinophils, or CRP level
P, >2.0mg/dl
e
CRP 'szf’; 17.4%
o
s

a common pathogenesis of EoE among ethnically different
populations.

In this survey, we analyzed 144 cases of EGE, making
this the largest of its kind reported worldwide. The char-
acteristics of the Japanese patients with EGE were similar

to those reported from other Asian countries [29]. Patients

with EGE had several clinical characteristics similar to
those with EoE, although there were more abnormalities in
the laboratory data than in EoE patients. The reason why
the abnormalities of peripheral eosinophil count and CRP
level were more prominent in EGE than in EoE cases is not
clear. One possible reason is the larger volume of the

involved gastrointestinal tract in patients with EGE as
compared to EoE. In addition, the specific involved lesion
may be important for determining the peripheral eosinophil
count and CRP level. In the present survey, the small
intestine was the most frequently involved organ in patients
with EGE, as also reported in western countries [13, 30].
The small intestine, which has abundant lymphatic tissues,
is the most active alimentary tract participating in immune
reactions [31]. Therefore, patients with small intestinal
lesions may show stronger immunologic and inflammatory
responses. Indeed, in patients without small intestinal
involvement, the mean peripheral eosinophil count was less
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than 9,000/ul, while in those with small intestinal lesions it
was 14,209/ul (Table 3).

Approximately half of the surveyed patients with EoE
had dysphagia, which may be caused by esophageal motor
dysfunction or esophageal stenosis related to edema or
fibrosis. Patients with EoE have been reported to have
esophageal motor dysfunctions and decreased esophageal
distensibility [32-35]. As for surveyed patients with EGE,
more than 50 % complained of abdominal pain and/or
diarrhea, as also noted in other surveys [16, 29, 36]. In
patients with small intestinal and/or colonic involvement,
abdominal pain and diarrhea were frequently observed,
while in those with only esophago-gastric involvement, a
minority reported abdominal pain or diarrhea.

For diagnosis of EoE, an endoscopic examination with a
biopsy is considered to be useful, since affected patients
frequently have characteristic endoscopic features such as
longitudinal furrows and multiple concentric rings in the
esophagus, which was clarified in the present survey and
also reported in western populations [18]. Approximately
40 % of the present patients with EoE, however, had no
characteristic endoscopic finding. Therefore, a biopsy is
recommended for the evaluation of patients with PPI-
resistant esophageal symptoms, even if they have no endo-
scopic abnormalities. Miller et al. [37] reported the good
cost-effectiveness of this type of approach in the US. Since
both the prevalence of EoE and cost of an endoscopic biopsy
examination are lower in Japan, the cost-effectiveness of the
diagnostic strategy with an endoscopic biopsy examination
for PPI resistant patients should be re-examined in Japan.

In patients with EGE, an endoscopic examination can
only detect non-specific mucosal lesions such as edema,
erosion, and erythema. Therefore, the diagnostic value of
an endoscopic examination is lower in EGE if an endo-
scopic biopsy is not performed. Unlike EoE, patients with
EGE frequently have ascites and increased peripheral
eosinophils. Therefore, for the diagnosis of EGE, a com-
bination of laboratory tests and endoscopic/radiological
image analysis is considered to be important. Of note, CT
is especially useful, as over 70 % of the involved lesions
were detected by such an examination in this survey.

For treatment of both EoE and EGE, systemic or topical
glucocorticoid administration was employed as first-line
treatment in nearly all the surveyed cases, as noted in the
consensus recommendations [11]. The long-term effects of
such treatment, especially after the initial induction treat-
ment, have not been fully clarified, while the short-term
remission induction effect was found to be adequate in our
survey. Recently, the natural history of EGE was reported
in a study of 43 patients, of whom 40 % experienced
spontaneous disease resolution, while the clinical course
was more complex and disease relapse was common
despite the repeated glucocorticoid treatments in other
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cases [38]. The long-term clinical courses of patients with
EoE and EGE were not surveyed; thus, a future nationwide
cohort study will be necessary to clarify the long-term
clinical course in Japanese patients.

This study has several limitations especially in the study
design. The questionnaire we sent has several descriptive
questions in it. Therefore, the quality and quantity of the
information collected strongly depend on the attending
gastroenterologists. In addition, for the diagnosis of EoE and
EGE, other diseases that may cause esophago-gastro-
intestinal eosinophil infiltration need to be ruled out. This
diagnostic process also depends on the attending gast-
roenterologists. These uncertainties and the possible inho-
mogeneity of the diagnostic process may limit the value of
this survey. Diagnosing EGE may have an additional diffi-
culty. Because of the resident eosinophils present in normal
gastrointestinal mucosa, the histological diagnosis of EGE is
not easy without the defined cutoff value of infiltrating
eosinophils. Therefore, based on the results of this survey,
the establishment of diagnostic criteria containing the cutoff
value of the number of tissue eosinophils especially for EGE
is considered important. The third limitation of this survey is
the lack of a maximum eosinophil infiltration number in
different parts of the gastrointestinal tract of the patients
with EGE. When the survey was conducted, the necessary
maximum number of eosinophils infiltrating the gastroin-
testinal tract was not described in the diagnostic criteria.
Therefore, in future studies, we need to investigate the
number of infiltrating eosinophils and to compare it to the
patients’ clinical characteristics.

In summary, we surveyed the clinical characteristics of
Japanese patients with EoE or EGE. EGE was more pre-
valent in Japan. EGE patients were typified by abdominal
pain and diarrhea symptoms, high peripheral eosinophil
counts, and gastrointestinal wall thickening, identifiable in
CT findings. EoE was characterized by dysphasic symp-
toms and characteristic endoscopic features.
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Antigen-specific T-cell responses in patients
with non-lgE-mediated gastrointestinal food
allergy are predominantly skewed to Ty2

To the Editor:

IgE-mediated allergy is triggered by cross-linking of antigen-
specific IgE antibodies on the cell surfaces of mast cells and
basophils, followed by local accumulation and activation of
inflammatory cells, including eosinophils and Ty2 cells. Ty2 cells
produce such cytokines as IL-4, IL-5, and IL-13, which promote
IgE production and eosinophilopoiesis and play central roles in
the development of chronic allergic inflammation. On the other
hand, non-IgE-mediated allergies, such as hypersensitivity pneu-
monitis, are considered mediated by cellular immunity, which has
not been thought to involve antigen-specific Ty2 cells because
IgE antibody would be detected if T2 cells were activated. Non—
IgE-mediated gastrointestinal food allergies include food protein—
induced enterocolitis syndrome (FPIES), food protein-induced
proctocolitis, and food protein—induced enteropathy. The precise
underlying mechanisms are almost unknown, except for a funda-
mental role of TNF-a,' presumably because this disease entity is
relatively rare in incidence and is encountered during infancy in hu-
man subjects but not seen in experimental animals. Here, for the first
time, we were able to detect antigen-specific T2 cell responses in
infants with non-IgE-mediated gastrointestinal food allergies by
analyzing 89 blood samples collected from all over Japan.

The antigen-specific lymphocyte stimulation test is a classic
method for investigating antigen-specific T-cell proliferation and
theoretically should be applicable to the study of gastrointestinal
food allergies. However, a couple of previous studies demon-
strated that the antigen-specific lymphocyte stimulation test was
useful, whereas another study found no such usefulness.” We hy-
pothesized that this controversy was due to contamination of the
antigen preparations with LPS and tested this hypothesis. The lim-
ulus amebocyte lysate assay detected high concentrations of LPS
in commercially available milk protein preparations, as previously
reported (see Table E1 in this article’s Online Repository at www.
jacionline.org).® In addition, significant lymphoproliferative
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TABLE I. Demographic characteristics of the patients

Gastrointestinal

lgE-mediated CMA food allergies

No. No.

Age (mo) 12 38.0 (26.5-60.0) 65 2.0 (1.0-4.0)
Male/female sex 12 775 65 40/25
Day of onset 12 — 65 32.5 (7.0-115.5)
Symptoms at onset
Vomiting 12 0% (0/12) 65 53.8% (35/65)
Bloody stool 12 0% (0/12) 65 47.7% (31/65)
Diarrhea 12 0% (0/12) 65  47.7% (31/65)
Failure to thrive 12 0% (0/12) 65  38.4% (22/65)
Lethargy 12 0% (0/12) 65  38.4% (22/65)
Fever 12 0% (0/12) 65 18.5% (12/65)
Eczema 12 100% (12/12) 65  7.7% (5/65)
Wheeze 12 33.3% (3/12) 65 0% (0/65)

Laboratory data
Milk-specific IgE 12
(IU/mL)
Peripheral blood
eosinophils (%)

56.95 (11.74-90.8) 65 <0.34 (<0.34)

Not examined 53 7.7 (3.6-13.5)

Data are expressed as medians (interquartile ranges). The inclusion criteria were as
follows: (1) gastrointestinal symptoms were present more than 2 hours after ingestion
of milk and (2) 3 of Powell’s criteria were fulfilled,* including (a) switch to
therapeutic milk leading to resolution of symptoms, (b) differential diagnosis from
other disorders, and (c) verified body weight gain. A definitive diagnosis based on the
results of oral food challenge tests that were performed after complete resolution of
the initial symptoms was achieved in 19 patients. Patients with gastrointestinal
symptoms within 2 hours after ingestion of milk were excluded. On the basis of such
symptoms as vomiting, diarrhea, and failure to thrive, the patient group (n = 65)
consists of 34 patients with FPIES, 4 patients with food protein-induced enteropathy
syndrome (enteropathy), and 27 patients with food protein-induced proctocolitis
syndrome (proctocolitis). A definitive diagnosis based on the results of oral food
challenge tests was achieved in 13 and 6 patients with FPIES and proctocolitis,
respectively. None of the patients underwent endoscopic biopsy.

responses were found in the presence of as little as 10 pg/mL
LPS (see Fig El, A, in this article’s Online Repository at www.
jacionline.org), and PBMCs from younger children showed
more pronounced lymphoproliferation in response to LPS (see
Fig El, B). Therefore we attempted to remove contaminating
LPS from milk protein preparations by passing them through a
prepacked endotoxin affinity column. However, a high LPS con-
centration was detected even after that treatment (see Table E1),
and therefore we obtained a special 3-lactoglobulin preparation
with very low contaminating LPS levels (kindly provided by
Bean Stalk Snow, Tokyo, Japan). Further studies were performed
by using these milk protein preparations, which contained LPS ata
final concentration of less than 5 pg/mL.

Next, to elucidate what types of antigen-specific immune
responses are induced in patients with gastrointestinal food
allergies, we cultured PBMCs from patients and control subjects
in the presence and absence of LPS-depleted milk component
proteins. The study enrolled 65 patients with gastrointestinal food
allergies, 12 patients with IgE-mediated cow’s milk allergy
(CMA) who showed only nongastrointestinal symptoms on
ingestion of milk, and 12 control subjects who showed absolutely
no symptoms on ingestion of milk. Table I* summarizes the clin-
ical symptoms, clinical diagnosis, and demographic data for the 2
patient groups. None of the patients with gastrointestinal food
allergies had detectable levels of IgE against milk proteins in
sera. We were unable to recruit infants with IgE-mediated CMA
who were age matched with the infants with non-IgE-mediated
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TABLE ll. Antigen-specific lymphoproliferation and cytokine production profiles in patients with gastrointestinal food allergies, patients

with IgE-mediated allergy, and control subjects

Gastrointestinal food

Control subjects IgE-mediated CMA allergies
No. No. No. Pvaluet  Pvaluei
Proliferation (SI)* 20 1.290 (0.830-1.738) 9 3.077 (2.484-3.492) 65 2.894 (2.004-7.147) <.01 <.001
Cytokine (pg/mL)
TNF-a 12 74.69 (58.44-144.8) 10 77.78 (58.04-141.4) 65 241.0 (89.21-729.6) NS <.05
IL-6 12 79.24 (36.36-193.8) 10 337.9 (57.43-1021) 65 1151 (157.0-4802) NS <.01
IL-18 11 26.02 (6.880-46.47) 10 27.49 (6.548-65.04) 64 48.75 (11.7-136.1) NS NS
IL-2 12 4.15 (0.0-10.04) 10 12.31 (7.23-17.58) 58 16.32 (7.760-39.49) NS <.01
1L-3 12 0.0 (0.0-0.38) 10 0.40 (0.0-3.61) 62 4.22 (0.0-29.49) NS <.05
IL-4§ 12 5.365 (2.895-6.358) 10 3.795 (2.033-7.788) 65 5.670 (2.775-12.06) NS NS
IL-5 12 2.080 (0.0-19.56) 10 46.59 (4.663-173.5) 65 63.66 (7.360-310.4) NS <.01
IL-10 12 9.285 (3.075-15.71) 10 56.17 (18.74-76.91) 65 57.92 (12.61-198.8) NS <.05
IL-13 12 21.61 (0.270-65.04) 10 82.56 (16.28-555.3) 65 291.7 (22.10-1417) NS <.01
IFN-y 11 3.910 (0.0-67.06) 10 31.91 (3.635-102.0) 65 71.86 (5.49-303.4) NS NS
IL-17 12 0.0 (0.0-2.350) 10 7.635 (1.710-39.63) 65 7.150 (0.0-17.83) NS NS

PBMCs from each patient were stimulated separately with each of 5 different milk protein preparations, and the data show the highest concentration of each cytokine detected in
response to the 5 different stimuli. Data are expressed as medians (interquartile ranges).

*The stimulation index (S/) was calculated as milk protein-specific tritiated thymidine uptake (cpm)/vehicle-induced tritiated thymidine uptake (cpm).

TNonparametric test to compare control subjects and patients with IgE-mediated CMA.

INonparametric test to compare control subjects and patients with gastrointestinal food allergies.

§According to the standard curve, the minimal detection limit was 5.88 pg/mL.

gastrointestinal food allergies. This study was approved by
regional ethics committees, and written informed consent was ob-
tained from the guardians of all patients and control subjects.

The details of the lymphoproliferation test and cytokine
production assay are described in the Methods section in this ar-
ticle’s Online Repository at www.jacionline.org. In brief, PBMCs
from heparinized peripheral blood were suspended at a cell
density of 1 X 10%mL in AIM-V medium (Gibco, Grand Island,
NY) without serum. Lymphoproliferation was measured by
using tritiated thymidine uptake during a 16-hour period after a
5-day stimulation with 100 pg/mL of each LPS-depleted
milk protein preparation (o-lactalbumin, B-lactoglobulin, and
-, - and k-caseins). PBMCs were suspended at 1 X 10%mL
in RPMI 1640 medium supplemented with 5% autologous plasma
to investigate the antigen-specific cytokine production profiles.
Culture supernatants were harvested at day 6 after stimulation
with 100 pg/mL of each LPS-depleted milk protein preparation,
and the cytokine production profiles were investigated by using
the Luminex multiplex cytokine analysis kits (Millipore, Bed-
ford, Mass) and ELISA (R&D Systems, Minneapolis, Minn).

In the first series of experiments, we investigated milk protein—
specific lymphoproliferation in the control subjects, patients with
IgE-mediated CMA, and patients with gastrointestinal food
allergies. The lymphoproliferation level was similar in the
patients with IgE-mediated CMA and those with gastrointestinal
food allergies. Unlike in previous studies, however, the control
subjects showed almost no proliferation (Table II). We presume
that this was due to the extensive depletion of LPS contaminating
the antigen preparations and the use of serum-free medium.

In the next experiments we investigated the cytokine production
profiles in these subjects. TNF-a concentrations in the culture
supernatants of milk protein—stimulated PBMCs from patients
with gastrointestinal food allergies were significantly greater than
those seen in patients with IgE-mediated CMA or control subjects.
However, TNF-a levels in supernatants from patients with
IgE-mediated CMA and control subjects were similar (Table II).

Significantly higher concentrations of another proinflammatory
cytokine, IL-6, were also seen only in the patients with gastroin-
testinal food allergies.

The concentrations of 3 Ty2 cytokines, 1L-3, IL-5, and IL-13,
in the supernatants of milk protein-stimulated PBMCs from pa-
tients with IgE-mediated CMA tended to be higher than those
in the control subjects, but the differences did not reach statistical
significance. In contrast, statistically significant and much higher
concentrations of these T2 cytokines were found for the patients
with gastrointestinal food allergies. Another T2 cytokine, IL-4,
was undetectable in almost all subjects, and there were no differ-
ences among the 3 groups.

Concentrations of the Tyl cytokine IFN-y and the Tyl7
cytokine IL-17 did not show statistically significant differences
between any 2 groups.

The milk component that caused the most prominent
tritiated thymidine uptake or the most prominent IL-2 or TNF-«
production varied among the patients (see Fig E3 in this article’s
Online Repository at www.jacionline.org), suggesting that the
lymphoproliferation and cytokine production observed in these as-
says were indeed antigen specific. In addition, the IL-5 concentra-
tion in the culture supernatant of cow’s milk protein—stimulated
PBMCs from patients with gastrointestinal food allergies corre-
lated significantly with the peripheral blood eosinophil ratio at dis-
ease onset (see Fig E4 in this article’s Online Repository at www.
jacionline.org), suggesting that our in vitro assay reflects the in vivo
conditions in these patients.

Collectively, Ty2 cytokines, including IL-3, IL-5, and IL.-13,
but not the Tyl cytokine IFN-y or the Tyxl7 cytokine IL-17
were significantly produced in vitro by milk protein—stimulated
PBMCs from patients with gastrointestinal food allergies. The
findings that tritiated thymidine uptake correlated significantly
with IL-13 production (data not shown) along with the absence
of milk-specific IgE antibody strongly suggest that the IL-13 de-
tected in our assay was not produced by basophils in the PBMC
fraction. IL-13 is a well-established mediator of intestinal
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epithelial cell damage in patients with injuries and inflammatory
diseases through activation of the tumor necrosis factor-like weak
inducer of apoptosis-fibroblast growth factor-inducible molecule
14 (TWEAK-Fn14) axis.’ Thus in addition to the previously
known TNF-q, IL-13 might play a crucial role in the pathogene-
sis of gastrointestinal food allergies.

In conclusion, antigen-specific T-cell responses in patients
with non-IgE-mediated gastrointestinal food allergy are pre-
dominantly skewed to Ty2. It remains unclear why antigen-
specific IgE antibodies were not detected in these patients.
Possible explanations are that neonatal B cells scarcely express
IL-4/IL-13 receptors® or that production of IgE antibodies had
just started but was still undetectable. This question warrants
further study.
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Forkhead box protein 3 (FOXP3) hypermethy-
lation is associated with diesel exhaust
exposure and risk for childhood asthma

To the Editor:

Traffic-related air pollutants, such as diesel exhaust particles
(DEP), significantly contribute to the pathogenesis of wheezing
and asthma in early childhood." These ilinesses are characterized
by chronic airway inflammation caused by a dysregulated im-
mune system.” Attention has recently been directed toward regu-
latory T (Treg) cells because they are important in suppressing
immune responses against nonspecific stimuli,” such as DEP.
The suppressive phenotype of Treg cells is conferred by stable ex-
pression of forkhead box protein 3 (F OXP3).3 Transcriptional si-
lencing of FOXP3 through hypermethylation of CpG islands in
the promoter and intronic regions has been identified as a hall-
mark of committed Treg cells and human diseases, including
asthma.>* As such, Nadeau et al* reported increased FOXP3 hy-
permethylation in blood DNA to be associated with diminished
Treg cell function and increased asthma severity in children ex-
posed to polycyclic aromatic hydrocarbons, a component of
DEP. In this study we test the novel hypothesis that early (birth)
and consistent exposure to high levels of traffic pollution alters
FOXP3 methylation status in DNA from saliva in a manner that
correlates with DEP exposure, predicts wheezing/asthma in later
life, or both. The oral cavity provides an important first line of de-
fense against DEP exposure for children because mouth breathing
is a common path of exposure.’ Furthermore, other aerodigestive
track tissues, such as buccal cells, have been successful in charac-
terizing DNA methylation with respect to air pollutants and air-
way inflammation.®” The ancillary goal is to establish a
noninvasive, high-throughput, and quantitative assay for measur-
ing risk of asthma linked to traffic-related air pollution.

TABLE 1. Distribution of FOXP3 percentage methylation in the
sample population stratified by respiratory outcomes

Description Mean Minimum  Maximum SD
Study sample 21.30 0.00 62.40 17.40
Wheezing phenotype
Nonwheezers 17.00 0.00 55.10 16.20
Persistent wheezers* 35.84 18.10 58.35 15.20
Early transient wheezers*  24.16 0.32 61.30 17.90
Asthma status
Nonasthmatic 19.50 0.00 62.40 16.90
Asthmatict 32.70 1.10 58.40 17.90

*Significant difference between persistent wheezers (P < .01) and early transient
wheezers (P < .05) compared with nonwheezers.
+Significant difference between asthmatic and nonasthmatic children (P < .05).

—125—



J ALLERGY CLIN IMMUNOL
VOLUME 131, NUMBER 2

METHODS

Heparinized blood samples were stored at room temperature and trans-
ferred to the National Research Institute for Child Health and Development in
Tokyo. The following procedures were performed no later than 24 hours after
phlebotomy. PBMCs were obtained from peripheral blood by using Ficoll-
Hypaque gradient sedimentation (Lymphocyte Separation Medium; ICN
Biochemicals, Aurora, Ohio). The viability determined by using trypan blue
dye exclusion (Sigma, St Louis, Mo) always exceeded 95%. PBMCs were
suspended at a cell density of 1 X 10%/mL in AIM-V medium (Gibco) without
serum for lymphoproliferation, and in RPMI 1640 medium (GIBCO/Life
Technologies, Gaithersburg, Md) in the presence of 5% autologous plasma
for cytokine production assays.

Lymphoproliferation was measured based on tritiated thymidine
(Amersham, Tokyo, Japan) uptake during a 16-hour period after 5 days
of stimulation with 100 pg/mL of each LPS-depleted milk protein
preparation (a-lactalbumin, Sigma; B-lactoglobulin, Bean Stalk Snow;

LETTERS TO THE EDITOR 592.e1

and a-, -, and k-caseins, Sigma) at 37°C in a humidified 5% CO, atmos-
phere. Incorporated tritiated thymidine was counted with a liquid scintil-
lation counter (TopCount NXT; PerkinElmer Life Sciences, Boston,
Mass). The stimulation index was calculated as milk protein—specific trit-
iated thymidine uptake (cpm)/vehicle-induced tritiated thymidine uptake
(cpm).

Culture supernatants were harvested at day 6, and the cytokine production
profiles were investigated by using Luminex multiplex cytokine analysis kits
(Millipore) and ELISA (R&D Systems).

The lymphoproliferation assays and cytokine production assays were
performed in duplicates and triplicates, respectively.

There was a significant positive correlation between the IL-2 concentration
in the PBMC culture supernatant and lymphoproliferation (stimulation index)
after stimulation with k-casein (r = 0.269, P = .025; see Fig E2). Similar ten-
dencies were also found when PBMCs were stimulated with other milk protein
preparations (data not shown).
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FIG E1. A, LPS at as little as 10 pg/mL can induce lymphoproliferation.
PBMCs from young children (n = 60, 0-60 months of age) were stimulated
with various concentrations of LPS (Sigma) for 5 days. Lymphoproliferation
was measured by using tritiated thymidine uptake. The stimulation index
was calculated as milk protein-specific tritiated thymidine uptake (cpm)/ve-
hicle-induced tritiated thymidine uptake {cpm). *P < .05. B, LPS-induced
lymphoproliferation was inversely associated with age. PBMCs from young
children {n = 21, 0-240 weeks of age) were stimulated with 100 pg/mL LPS
(Sigma) for 5 days. Lymphoproliferation was measured by using tritiated
thymidine uptake. The stimulation index was calculated as milk protein—
specific tritiated thymidine uptake (cpm)/vehicle-induced tritiated thymi-
dine uptake {cpm).
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FIG E2. IL-2 concentrations in culture supernatant of cow’s milk protein-
stimulated PBMCs correlated significantly with antigen-specific lympho-
proliferation. PBMCs from children with gastrointestinal food allergies
were stimulated separately with 100 pg/mL of each of 5 LPS-depleted milk
protein preparations in the absence of serum for the antigen-specific
lymphoproliferation assay and in the presence of 5% autologous plasma
for the IL-2 production assay. The stimulation index was calculated as milk
protein—specific tritiated thymidine uptake (cpm)/vehicle-induced tritiated
thymidine uptake (cpm), and the highest stimulation index shown among
the 5 tested protein preparations was used as that patient’s data in the plot.
Even under slightly different culture conditions, antigen-specific lympho-
proliferation and antigen-specific IL-2 production were significantly corre-
lated (r = 0.269, P = .025).
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FIG E3. The milk protein component causing the most prominent tritiated thymidine uptake varied among
the patients. PBMCs from children with gastrointestinal food allergies were stimulated separately with 100
rg/mL of each of 5 LPS-depleted milk protein preparations in the absence of serum. Lymphoproliferation
was measured based on tritiated thymidine uptake. The stimulation index (S.l.) was calculated as milk
protein-specific tritiated thymidine uptake (cpm)/vehicle-induced tritiated thymidine uptake (cpm). For
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FIG E4. IL-5 concentration in the culture supernatant of cow’s milk protein—
stimulated PBMCs correlated significantly with the peripheral blood eosin-
ophil percentage. PBMCs from children with gastrointestinal food allergies
were stimulated separately with 100 ug/mL of each of 5 LPS-depleted cow’s
milk protein preparations in the presence of 5% autologous plasma for
6 days. Antigen-specific IL-6 production correlated significantly with
the peripheral blood eosinophil percentage at disease onset (r = 0.435,

P =.007).

LETTERS TO THE EDITOR 592.e5

each patient, the Sl is shown for the PBMCs’ response to each of the 5 milk protein preparations. Each row
represents a single patient, and each column represents one of the 5 milk proteins. ALA, a-Lactalbumin;

BLG, B-lactoglobulin; blue, Sl < 2; yellow, 2.0 < Sl < 4.0; red, S| > 4.
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TABLE E1. Concentrations of LPS in commercially available mitk
protein preparations before and after treatment with a prepacked
endotoxin affinity column

Before treatment After treatment

Cow'’s milk protein preparation (pg/mg) (pg/mg)
a-Lactalbumin (Sigma L-6010) 184,200 14
B-Lactoglobulin (Sigma L-3908) 206,700 1,880
o-Casein (Sigma C-6780) 540 23
B-Casein (Sigma C-6905) 500 34
k-Casein (Sigma C-0406) 400 41
LPS-depleted B-lactoglobulin 29 —

(Bean Stalk Snow)

The indicated milk protein preparations were treated with a prepacked endotoxin
affinity column (Detoxi-Gel; Pierce Chemical, Rockford, IIl) in accordance with the
manufacturer’s instructions. LPS concentrations were measured by using the limulus
amebocyte lysate assay.
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Established Facts

eosinophilic gastrointestinal disorders.

o A few recent studies have shown that feeding dysfunction, including maladaptive learned behaviors
and physical difficulties in eating mechanics, is a prevalent symptom complex in young children with

» Feeding dysfunction that adversely affects development, feeding and nutrition in affected children
does not respond well to the medical treatments that improve eosinophilic inflammation.

Novel Insights

o Not only eosinophilic esophagitis, but also other eosinophilic gastrointestinal disorders, should be
considered in the differential diagnosis of an infant with feeding dysfunction.
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Abstract

Feeding dysfunction (FD} has recently been considered to
comprise a prevalent set of symptoms in eosinophilic gastro-
intestinal disorders (EGIDs) in young children. We report the
case of an 8-month-old girl with an EGID who visited our
hospital due to vomiting, poor weight gain and feeding dif-
ficulties; her condition was discovered during the examina-
tion of the symptoms including FD. Tracheal aspiration and

reduced esophageal clearance showed up in a barium swal-
low test and upper gastrointestinal contrast radiography, re-
spectively. Delayed clearance from the stomach was also de-
tected on gastrointestinal scintigraphy. Gastrointestinal
endoscopy and biopsies revealed esophagitis with some eo-
sinophils and duodenitis with eosinophilic inflammation.
She was not a likely candidate for eosinophilic esophagitis.
On administration of an elemental diet, the patient gained
weight. Esophageal and stomach clearance subsequently
improved, although the vomiting and FD persisted to some
extent. We conclude that it is important to consider other
EGIDs as well as eosinophilic esophagitis in the differential
diagnosis of FD. Copyright © 2012 5. Karger AG, Basel
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Fig. 1. Endoscopic and histological find-
ings. a Endoscopic findings of the duo-
denum. Histopathologic analyses of the
esophagus (b) and duodenum (c, d) were
performed using hematoxylin and eosin
staining. X100 (b, ¢). X200 (d).

Introduction

Eosinophilic gastrointestinal diseases (EGIDs) are char-
acterized by primary eosinophilic infiltration of the gas-
trointestinal (GI) tract accompanied by GI symptoms.
Clinical studies on EGIDs have demonstrated an obvious
association between these conditions and food allergies.
Over the past decade, the incidence of primary EGIDs, es-
pecially eosinophilic esophagitis (EoE), has increased
along with the increase in the incidence of atopic diseases
[1]. This may be due to an actual increase in the number of
affected patients as well as better disease awareness [2].
EGIDs are classified into 4 groups (EoE, eosinophilic gas-
tritis, eosinophilic gastroenteritis and eosinophilic colitis)
on the basis of the primarily affected GI sites. The symp-
toms of EGIDs vary by anatomic location and include dys-
phagia, abdominal pain, cramping, bloating, nausea, vom-
iting, diarrhea, ascites and obstruction. In addition to these
symptoms, feeding dysfunction (FD), a symptom complex
including maladaptive learned behaviors, developmental
differences, immature diet selection, dysphagia, oral sen-
sory skill deficits and oral motor skill deficits, has recently
been found to be prevalent in pediatric patients with EGIDs
[3]. Significant FD was observed in 16.5% of patients, and
patients with EGIDs other than EoE were also included in
the study. Besides unexplained oral aversion, feeding re-
fusal or difficulty, vomiting and poor weight gain in pa-

84 Int Arch Allergy Immunol
2012;158(suppl 1):83-86

tients less than 4 years of age are symptoms of EGID, EoE
[4]. The authors present a case of pediatric EGID (unlikely
to be EoE) discovered by the examination of FD including
food refusal, exaggerated responses to touch in the mouth
or around the face and poor weight gain.

Case Report

An 8-month-old girl presented at our hospital with vomiting,
poor weight gain and feeding difficulties. She was born with a low
birth weight of 1,936 g at 35 weeks of gestation. She had been ad-
mitted toanother hospital because of poor weight gain at 2 months
of age. Her weight gain improved after her mother was educated
on how to feed her milk. However, after the initial recovery, the
amount of feeding decreased gradually, and she began vomiting
frequently, again resulting in poor weight gain. Finally, the infant
started refusing oral intake and tube feeding was started; she was
referred to our hospital at the age of 8 months. At the first visit,
her body weight was 5,360 g [-3 standard deviation (SD)] and her
height was 59.8 cm (-3.8 SD). She had severe food refusal and ex-
aggerated responses to touch in the mouth or around the face. A
pediatric neurologist found that her motor development was
slightly delayed. Laboratory data showed undetectable C-reactive
protein levels and marginally elevated levels of total and milk-
specific immunoglobulin E (28.7 IU/ml and 0.41 UA/m], respec-
tively). The eosinophil count was 456 cells/pl, and no anemia,
hypoproteinemia or electrolyte imbalance was detected. A bari-
um swallow test showed tracheal aspiration. Tube feeding was
continued with rehabilitations, because she had gained a little
weight. However, the vomiting and food refusal did not really im-

Yamada/Kato/Toki/Watanabe/Nishi/
Matsushita/Hirato/Hayashi
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prove. At 11 months of age, she was admitted to our hospital for
further examination. Reduced esophageal clearance was ob-
served in upper GI contrast radiography and GI scintigraphy
showed delayed clearance from the stomach. Upper GI endoscopy
showed lymphoid hyperplasia (LH) and mucosal erythema in the
duodenum (fig. 1a). Esophageal biopsy showed basal zone hyper-
plasia and papillary elongation with a few eosinophils (fig, 1b). LH
(fig. 1c) with eosinophil infiltration [26 eosinophils per high-pow-
er field (HPF), fig. 1d] was observed in duodenal biopsy. EGID was
suspected on the basis of the findings. The patient was started on
an elemental diet; this is sometimes considered as a therapeutic
approach for EGID when any causative foods are not found [1].
Rapid weight gain occurred (fig. 2) and the amount of vomiting
each time was reduced (but not the frequency). The food refusal
and exaggerated responses to touch in the mouth or around the
face also became milder. At 16 months of age, a reevaluation was
performed using the barium swallow test, upper GI contrast radi-
ography and upper GI endoscopy. Tracheal aspiration and esoph-
ageal clearance had improved, shown by both the barium swallow
test and upper GI contrast radiography. However, LH and muco-
sal erythema in the duodenum were still detected on endoscopy.
The eosinophil infiltration in the duodenum also persisted. The
elemental diet was continued, as the child’s symptoms had been
improving.

Discussion

Widely accepted diagnostic criteria have not been es-
tablished for EGIDs, but an increase in the number of eo-
sinophils in biopsy specimens from the GI tract is an indi-
cator [5]. A study that evaluated 14 biopsies showed that
the mean number of eosinophils in the lamina propria of
the duodenum was 9.6 * 5.3 per HPF [6]. In addition, a
previous review article defined duodenal eosinophilia as
>10 eosinophils per HPF in 2 or more locations of the du-
odenum [5]. In this case, therefore, the observation of 26
eosinophils per HPF was considered to indicate significant
eosinophilia. The endoscopic findings for the patient dem-
onstrated duodenal LH with mucosal erythema indicative
of duodenitis as well as eosinophilia. LH is mostly a benign
condition in children and usually recedes spontaneously,
but it is significantly associated with food allergy when
seen in the duodenal bulb [7]. On the other hand, although
obvious inflammation was observed histologically in this
case, only a few eosinophils were found in the esophagus.
Thus, the etiology of the esophagitis could not be deter-
mined. Collectively, the findings led us to suspect that the
patient had an EGID that was most likely not EoE.

EGIDs are commonly associated with allergies [1, 5].
However, it is sometimes difficult to identify EGID-spe-
cific allergens because EGIDs have properties that fall be-
tween IgE-mediated and cellular-mediated allergy [1]. In
fact, an association of food allergy in this patient was not

EGID and Feeding Dysfunction
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Fig. 2. Growth charts of the patient plotted on the Japanese sex-
matched standard growth curves (0-24 months). The dots repre-
sent the actual height and weight. From the top, the lines indicate
+2 SD, +1 SD, the mean, -1 SD and -2 SD. The periods for which
each mode of nourishment was implemented are indicated. ED =
Elemental diet.

clear. In addition, the symptoms of FD made it more dif-
ficult to perform further examinations e.g. challenge
tests. Once disease remission had been observed by means
of an elemental diet, the specific food groups would be
slowly reintroduced. This food reintroduction process
could be helpful for identifying the causative foods.

The symptoms of FD are generally associated with
neurological diseases, developmental delays and gastro-
esophageal reflux disease (GERD). The painful swallow-
ing and heartburn observed in GERD cause FD [8]. Re-
cently, EGIDs have been considered as a differential di-
agnosis of FD. Several distinguishable FD characteristics
of GERD are observed in young children with EGIDs [3].
As the symptoms of EGIDs (particularly EoE) and GERD

Int Arch Allergy Immunol 85
2012;158(suppl 1):83-86
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are sometimes similar, GERD is the most important dif-
ferential diagnosis of EGID [9]. Therefore, differences in
FD characteristics may be useful to distinguish EGIDs
from GERD.

A recent report showed the detailed characteristics of
FD and defined itin depth [3]. The characteristics include
learned maladaptive behaviors, developmental differenc-
es, dysphagia, oral sensory skill deficits and oral motor
skill deficits. The patient in our study had all 6 character-
istics. Notably, learned maladaptive behaviors such as
food refusal were more marked than other characteris-
tics.

Interestingly, in a previous study, almost halfthe EGID
patients with active FD showed GI eosinophilia that ful-
filled the required criteria. FD can persist, however, even
after the eosinophilic inflammation has subsided [3].
Dysphagia is exclusively correlated with the histological
score [10], suggesting that it is difficult to estimate the
severity of eosinophilic infiltration in the tissues on the
basis of changes in symptoms other than dysphagia, in-
cluding FD. Indeed, endoscopic reevaluation after con-
firmation of weight gain showed poor improvements in
the eosinophil inflammations in our patient. However,
there may have been an unnoted time lag between the re-
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duction of symptoms and histological improvement, be-
cause subsequently, continuing with an ED, the patient’s
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In summary, the EGID in this patient was discovered
on the basis of FD symptoms. An elemental diet was ef-
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only EoE but also other EGIDs in the differential diagno-
sis of infants with FD.
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