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Fig. 3. Summary of symptoms. Symptoms noted in the enrolled
patients (symptomatic group; n = 319) are shown as a bar chart
(497 symptoms, duplicates counted). Others included acid regur-
gitation, nausea, and vomiting. Patients with EE are shown as a
closed bar in each column.

Table 2. Baseline characteristics between EE-positive and EE-neg-
ative subjects

 EEpositive  EEnegative

Total subjects 12 337
Men:women 7:5 156:181
Age, years

Mean + SD 49.3+21.8 62.9+14.9

Range 24-82 22-88
Concurrent allergic disease (duplicates counted)

Asthma 2 6

Atopic dermatitis 1 8

Hay fever 1 11

Food allergy 1 5

Others 1 11

Table 3. Diagnostic utility for EE by presenting symptoms

Sympfomsf b k Exp(b) Exp (b) 95% CI p value
Dysphagia 0384 1469 8.796-983.727  0.566
Heartburn -0.317 0.729  0.192-13.509 0.657
Epigastricpain ~ -0.498 0.608  0.875-289.243  0.641
Chest pain -17.814 0.000  0.851-28.0 0.997

b = Partial regression coefficient; Exp (b) = odds ratio; CI =
confidence interval.
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in patients with EE, though the difference was not sig-
nificant (62.5 vs. 30.4%, p = 0.054). Indeed, the patients
with EE accounted for only 5% (5/100) of all patients
who complained of dysphagia. Although present in
some of the EE patients, the ratios of those with heart-
burn, epigastric pain, and chest pain were also not sig-
nificantly different from those among non-EE patients
(n=311). Next, we examined 4 major symptoms (heart-
burn, dysphagia, epigastric pain, chest pain) for useful-
ness in diagnosis of EE. The partial regression coeffi-
cient value for all of the items was <1, indicating that
none of the presenting symptoms was useful for EE di-
agnosis (table 3).

Endoscopic Findings More Important Than Symptoms

to Predict EE

Of the patients with symptoms suggesting EoE
(group 1), 30 had abnormal endoscopic findings suspi-
cious of EoE (group la), while 289 had no such endo-
scopic findings (group 1b). Interestingly, 7 patients in
group la (23.3%; 7/30) were diagnosed with EE, while 1
patient was diagnosed as EE in group 1b (0.35%; 1/289).
Therefore, the presence of abnormal endoscopic find-
ings was significantly more important to predict EE in
symptomatic patients. In other words, the frequency of
EE was quite low in patients with symptoms but no en-
doscopic findings. Moreover, 4 patients among asymp-
tomatic patients with abnormal endoscopic findings
(group 2; 13.3%; 4/30) were diagnosed with EE, suggest-
ing the importance of endoscopic findings to predict
EE.

Presence of Linear Furrows Was the Most Reliable for

Diagnosis of EE

Among all 349 patients examined, 60 had typical en-
doscopic findings of EoE including linear furrows (n =
30), whitish exudates (n = 23), multiple concentric rings
(n=13), and reddening (n = 8), with some overlap (fig. 4).
Patients with endoscopic findings suspicious of EoE con-
sisted of both symptomatic (n = 30, group 1a) and asymp-
tomatic (n = 30, group 2) patients. Eleven (18.3%) of 60
patients with endoscopic findings were diagnosed as EE,
and linear furrows were seen in 10 (90.9%), while other
findings were not so frequent (table 1). Overall, 33.3%
(10/30) of the patients with linear furrows were histolog-
ically diagnosed with EE.

Next, we examined 5 major endoscopic findings (lin-
ear furrows, multiple concentric rings, whitish exu-
dates, reddening, others) to examine their diagnostic
utility for EE. Linear furrows were the most reliable, as
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Fig. 4. Summary of endoscopic findings. Endoscopic findings sus-
picious of EoE in enrolled patients are shown as a bar chart. Others
included edema, pallor, and decreased vascularity. Patients with
EE are shown as a closed bar in each column.

Table 4. Diagnostic utility for EE by endoscopic findings

Ehdéscopic findings b kEX’p (b) Exp (b) 9’5% Clp valde

Linear furrows 3.728 41.583 2.936-588.879 0.006
Rings 0.076  1.079 0.139-8.360 0.942
‘Whitish exudates 1.355 3.876 0.704-21.348  0.120
Reddening 1.751  5.763 0.375-88.660  0.209
Others 0.890  2.435 0.224-26.523  0.465

shown by partial regression coefficient analysis (table 4),
with an odds ratio of 41.583, which was the only statis-
tically significant finding (p = 0.006). The probability of
correctly diagnosing EE based on the presence of linear
furrows was 87.3%. However, the sensitivity for linear
furrows was modest at 83%, whereas specificity was
95%. Furthermore, the positive predictive value was
37% and the negative predictive value was 99% (table 5).

Discussion

This is the first reported investigation comparing
the diagnostic utility of symptoms and endoscopic
findings for EE in a Japanese population. We conduct-
ed the present multicenter prospective study of 349 pa-
tients taken from biopsy samples because of suspicious
symptoms and/or endoscopic abnormalities. Symp-

54 Digestion 2014;90:49-57
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toms suggesting esophageal dysfunction were noted in
319 cases and abnormal endoscopic findings were
found in 60. Our findings showed that the prevalence
of EE was 2.5% (8/319), and 5% (5/100) for patients
with esophageal symptoms, and dysphagia, respective-
ly. Of 8 patients with EE, 3 were finally diagnosed with
EoE after PPI trial. The recent study conducted in USA
by Dellon et al. [28] has shown that EE was found in
38% (66/173) of patients with dysphagia. In that study,
40 of 66 patients with EE were confirmed to have EoE
and 24 had PPI-REE after PPI trial. Consistent with re-
cent findings [29], no clinical or endoscopic feature in-
dependently distinguished PPI-REE from EoE before
the PPI trial. In addition, there were no differences be-
tween the 2 patient groups for histological findings in-
cluding amount of eosinophil infiltration and degree of
inflammatory cell infiltration in this study. The preva-
lence of EE may be affected by the proportion of GERD
patients in enrolled patients. Although patients with
endoscopically proven reflux esophagitis were exclud-
ed, most of symptomatic GERD patients could be en-
rolled in this study. Indeed, 38.1% (133/349) of the pa-
tients had heartburn and 39.0% continued to take PPI
when EGD was scheduled, while only patients with
dysphagia were enrolled in the study by Dellon et al.
[28]. Nonetheless, our data indicate that both EE and
EoE are uncommon among patients with chest or epi-
gastric symptoms in a Japanese population as com-
pared with Western populations.

As for clinical features, the most common symptom
among Japanese patients with EoE is dysphagia, and
none of the patients in our previous study had a history
of food impaction [7], a common symptom associated
with EoE in Western individuals [18], especially
Caucasians, suggesting racial differences with regard to
EoE-related symptoms. Dysphagia is consistently the
most common symptom reported by patients with EE.
Although the ratio of dysphagia was higher in our pa-
tients with EE (62.5%) than in those without EE (30.4%),
subjective symptoms including dysphagia, heartburn,
and chest pain were not specific enough to make a di-
agnosis of EE, which was shown by logistic regression
analysis.

A strength of this study is that an esophageal biopsy
was performed in all of the enrolled patients with symp-
toms suggesting esophageal dysfunction with or without
endoscopic abnormalities (n = 319). Interestingly, only a
single patient (0.35%) was diagnosed with EE among
those with normal endoscopy findings, as compared with
18.3% (11/60) of the patients with abnormal findings.

Shimura et al.

— 120 —

202.250.215.249 - 12/18/2014 1:58:22 AWt

Shimane University Lib

Downloaded by:



Table 5. Sensitivity, specificity, and predictive value of endoscopic findings

Linear furrows R'ing‘s‘ ‘ - ‘Wh;i‘tish"e)‘(:udates ' R’édden‘ing'
Sensitivity 83 (75-91) 17 (4-38) 42 (14-70) 17 (4-38)
Specificity 95 (93-97) 97 (95-99) 95 (93-97) 98 (97-99)
PPV 37 (28-46) 15 (11-19) 22 (6-38) 25 (=5 to 55)
NPV 99 (98-100) 98 (96-100) 98 (96-100) 97 (95-99)

Figures indicate percentages (95% CI). PPV = Positive predictive value; NPV = negative predictive value.

Consistent with our results, Mackenzie et al. [30] pro-
spectively assessed the risk factors and prevalence of EoE
in an adult population with dysphagia. Of 261 patients
with dysphagia, 31 (12%) met the pathological criteria for
EE, while EE was found only in 5 cases (1.9%) without
suspicious endoscopic findings. These findings contra-
dict the routine esophageal biopsies for the purpose of
detecting EE in patients without abnormal endoscopic
findings suggesting EoE. An esophageal biopsy proce-
dure may not be useful or cost-effective to determine EoE
in symptomatic patients without abnormal endoscopic
findings. However, in patients with abnormal endoscop-
ic findings suspicious of EoE, irrespective of symptoms,
biopsy samples should be taken from the esophagus to
determine the presence of EE.

Endoscopic abnormalities in patients with EoE can
vary within a wide range, including esophageal rings, lin-
ear furrows, strictures, and whitish exudates [24, 31].
There may also be racial differences in EoE-related endo-
scopic findings [19, 20]. In the present study, only 2
(16.7%) of the patients with EE had esophageal rings and
none had esophageal strictures. Consistently, we previ-
ously confirmed that rings and strictures were not fre-
quent in patients with EE or EoE in a Japanese popula-
tion, in contrast to Western populations [25]. In addi-
tion, the present study revealed that linear furrows were
the most frequent endoscopic findings in patients with
EE as they were found in 83.3% (10/12), while only 1
(8.3%) of the patients with EE had no characteristic en-
doscopic finding. In our previous report, approximately
40% of patients with EoE had no specific endoscopic
findings [7]. These differences may be related to not only
study design but also awareness of the disease among
Japanese endoscopists, as it has been widely reported.
According to a recent meta-analysis, prospective studies
showed that at least 1 abnormality was detected by en-
doscopy in 93% of EoE patients [25]. Therefore, endo-
scopic findings suspicious of EE, especially linear fur-

Diagnosis of Esophageal Eosinophilia

rows, can be detected in most patients with EE by an ex-
perienced endoscopist with careful observation using a
high-resolution or narrow-band imaging endoscopy
[32].

Among the various endoscopic findings noted in the
present study, linear furrows were the most useful for di-
agnosis of EE, as shown by logistic regression analysis. A
previous pooled analysis of several studies showed mod-
est sensitivity for EoE, such as 48% for linear furrows,
44% for corrugated rings, and 27% for whitish exudates
[25], whereas sensitivities for EE in the present study
were found to be 83, 17, and 42%, respectively. These
suggest that the endoscopic finding of linear furrows is
the most important for detection of EE in Japanese indi-
viduals. Recently, Hori et al. [33] investigated the diag-
nostic utility of endoscopic features for EE. Although the
numbers of cases of EE (n = 5) were lower as compared
to our study, the diagnostic utility of linear furrows and
corrugated rings for EE was found to be superior to white
exudates. Importantly, the results of interobserver agree-
ment in a study of endoscopic findings of EoE indicated
that gastroenterologists identified rings (x = 0.56) and
furrows (k = 0.48) with fair to good reliability, whereas
they did not reliably identify white exudate (x = 0.29) by
white-light endoscopy and narrow-band imaging endos-
copy [34].

Here, we focused on patients with EE, which is essen-
tial for diagnosis of EoE. If dense eosinophilic infiltration
is found in esophageal epithelium, EoE, GERD, and PPI-
REE are the most common clinical possibilities. Recent
clinical guidelines strongly recommend a PPI trial for
such patients, and patients with persistent eosinophilic
infiltration and symptoms after such a trial can be for-
mally diagnosed with EoE [9, 10]. However, the appropri-
ateness of this strategy for diagnosis of EoE remains to be
elucidated. Gastric acid might play a role in the pathogen-
esis of EoE, and PPIs are effective in some cases via de-
creasing esophageal acid exposure [12, 35, 36]. Moreover,
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a number of potential anti-inflammatory effects of PPIs
have been described [37], suggesting that those drugs
have anti-inflammatory actions independent of their ef-
fects on gastric acid secretion [15, 16]. Thus, EoE patients
might benefit from PPI therapy regardless of whether
they have coexisting GERD. Additional studies are sorely
needed to recognize, define, and mechanistically under-
stand PPI-REE [11, 38]. Nonetheless, long-term clinical
outcome in patients with EE should be clarified in the fu-
ture study.

In summary, EE remains a rare condition among
Japanese patients with chest and epigastric symptoms.
Reported symptoms including dysphagia do not lend
support to a diagnosis of EE in Japanese cases. As for en-
doscopic findings, the presence of linear furrows was the
most frequent and useful for EE diagnosis.
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Dear Editor

Eosinophilic Gastroenteritis Treated with
a Multiple-Food Elimination Diet

Primary eosinophilic gastrointestinal disorders
(EGIDs) include eosinophilic esophagitis (EoE), gas-
troenteritis (EGE), and colitis.1.2 Recently, an empiric
diet, preferentially devoid of the 6 most common
food-allergens, milk, soy, egg, wheat, peanuts/tree
nuts, and shellfish/fish (6-FED) has been used for
EoE.34 The 6-FED induced a significant improve-
ment, which was equivalent to that of topical steroids
in EoE.5 In contrast to EoE, 6-FED has never been
employed for the treatment of EGE as far as we
know.

Here, we report a case of a patient with EGE suc-
cessfully treated with the elimination of these 6 foods
and other the patient’s historically causative foods
(multiple foods elimination diet; MFED).

CASE REPORT

A 5-year and 11-month-old boy was referred to our in-
stitution because of urticaria, abdominal pain, diar-
rhea, and bloody stool starting 3 months prior. He
frequently experienced abdominal pain and vomiting

A

after eating various foods, especially chicken, pork,
and beef. He was treated with oral steroids and anti-
histamines for urticaria in another institution. How-
ever, only temporary remission in digestive symp-
toms as well as urticaria was observed. He had been
treated for asthma as an outpatient. He had a history
of colon-polyps and bloody stool associated with lym-
phoid hyperplasia at 2 and 3 years of age, respec-
tively. After visiting our institution, he underwent up-
per gastrointestinal endoscopic examination, which
revealed circumferential redness, edema, and erosion
of the duodenum (Fig. 1A-a). The biopsy showed hy-
peremia and bleeding with eosinophil and lympho-
cyte infiltration in the duodenal lamina propria (Fig. 1
A-b). Eight days after upper gastrointestinal endo-
scopy, the patient was admitted to another institution
because of sudden abdominal pain and diarrhea soon
after eating Sichuan-style bean-curd containing soy-
bean, chicken, and pork and then referred to our hos-
pital owing to the computed tomography findings: ex-
tensive bowel wall edema. Rectal wall thickening was
also evidenced by ultrasound (Fig. 1B-a). Sigmoidal
biopsies revealed hypereosinophilia (36 eosinophils/
high-power-field, Fig. 1A-c). Therefore, the patient
was diagnosed with EGE.67 There was a wide variety
of possible causative foods, which made it difficult to
pinpoint each food. The antigen-specific IgE antibody

SR

Bloody
stool (-)

=

; Thickness )

Fig. 1 Endoscopic findings of duodenum (A-a). Histological findings of duodenum (A-b) and sigmoidal colon
(A-c) in hematoxylin and eosin-stained sections (Optical magnifications: A-b and ¢, x200, inset in ¢ x400). Ultra-
sound findings of rectum (B-a-¢, Tdays after first ultrasound). MFED, multiple foods elimination diet.

Allergology International Vol 63, Suppl 1, 2014 www.jsaweb.jp/

53

— 126 —



Yamada Y et al.

Table 1 Total and antigen-specific IgEs before MFED

Total IgE (1U/ml) 1145
Antigen-specific IgEs (Ua/mL)

Milk <0.35
Egg white 0.80
Wheat 0.51
Soybean 0.40
Peanuts 0.54
Sesame 1.03
Crab <0.35
Shrimp <0.35
Mackerel <0.35
Scallop <0.35
Pork <0.35
Chicken <0.35
Beef <0.35
House dust >100
Mite >100
Cedar pollen 17.7

test results are shown in Table 1. In addition, oral
steroids yielded poor results as mentioned above.
Therefore, he was recommended a MFED, which in-
volved the 6-FED as listed above and meats when
combined with an elemental diet (ED) . Anti-
histamines and suplatast tosilate were also adminis-
tered. One month later, the bloody stool and urticaria
resolved, although transient exacerbation of urticaria
due to respiratory infection occurred, and the rectal
wall thickening was improved (Fig. 1B-b, ¢). One
month later, the patient presented vomiting due to ac-
cidental consumption of sweets, including chocolate
and wheat. To minimize the eliminated foods and
shorten the elimination period, challenge tests were
scheduled immediately. About 2.5 months after treat-
ment initiation, a soybean challenge test was blindly
performed using 1 g of bean curd. The patient devel-
oped erythema, facial swelling, and urticaria within 30
minutes. Two weeks later, milk challenge tests were
blindly performed. One milliliter of cow’s milk in-
duced mild urticaria and erythema within 1 hour. To
confirm these results, 5 ml of cow’s milk was adminis-
tered the next day. The patient developed emesis
within 30 minutes of milk consumption followed by
generalized erythema and urticaria. Diarrhea and
bloody stool persisted for a few weeks. Approxi-
mately 5 months after the beginning of MFED, serial
reintroduction was initiated after the discontinuation
of anti-histamines and suplatast tosilate, as the patient
had been asymptomatic for almost 4 months except
when consumed accidentally. The reintroduction
phase consisted of the addition of 1-food group every
1-2 weeks (Fig. 2). Mild symptoms were presented
but not exacerbated. Therefore, we were able to con-
tinue with the reintroduction phase, except when the
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patient presented with influenza. Foods were success-
fully reintroduced. Peanuts/tree nuts and shellfish
were not challenged, as they were not necessary for
his nutrition. Bloody stool recurred 1 month after the
completed reintroduction. In addition, he had pre-
sented vomiting after eating dairy products, eggs,
bean-curd, and sausages and more varied foods be-
hind the back of his mother. Subsequently, a colono-
scopy was performed, which indicated sigmoidal wall
edema. The biopsy presented eosinophilic infiltration.
MFED was initiated again. Symptoms disappeared in
a few weeks and sigmoidal wall edema was improved.
Therefore, the reintroduction phase was initiated
once more. As the symptoms were milder than be-
fore, foods were reintroduced every 3 days. The rein-
troduction phase was completed without any major
symptoms (shown in Fig. 2 until this point). About 4
months later, the patient presented with intermittent
vomiting with mild abdominal pain, which were
mostly self-limited and occasionally required antihis-
tamines. Subsequently, symptoms were accompanied
with urticaria. According to the medical history, the
symptoms were exacerbated by cow milk, and thus
dairy products were eliminated from his diet. Colonic
mucosal edema and eosinophilic infiltration with lym-
phoid hyperplasia and Charcot-Leyden crystals were
observed. Swollen mesenteric lymph nodes were
identified by ultrasound. These symptoms resolved a
month after elimination of dairy products. The im-
provement of swollen mesenteric lymph nodes was
also confirmed. Subsequently, the patient achieved
symptom remission while maintaining a dairy
product-free diet.

DISCUSSION

EGIDs are recognized as a result of combined IgE
and non-IgE mediated hypersensitivity. Consequen-
tly, the majority of patients have positive antigen-
specific IgE antibody tests and/or skin-prick tests to
multiple food-allergens but their symptoms lack the
typical immediate response, which is considered to
be delayed food hypersensitivity.! In fact, the symp-
toms occur at a variety of times, from minutes to
days. This also indicates the difficulty of identifying
the causative foods.8 As a result, ED and systemic
steroids have often been chosen for the treatment of
EGE.19 However, ED reduces quality of life4 and sys-
temic steroids are often accompanied by undeniable
side effects. Therefore, we designed MFED for EGE
based on those of EoE.34 There is the possibility that
the MFED against EGE allows the identification of
possible causative foods during the reintroduction pe-
riod as well as significant improvement of symptoms.4
Indeed, the present case of EGE represents a signifi-
cant improvement after MFED and the reintroduc-
tion process was helpful to identify the causative
foods. Consequently, MFED could result in the un-
necessary removal of foods and/or might not include
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Fig. 2 Clinical course after visit of our institution containing 1st MFED, 1st serial reintroduction, 2rd MFED, and
2nd serial reintroduction. MFED, multiple foods elimination diet; Gl, gastrointestinal; R, rectal wall thickning; S, sig-
moidal colon edema. tHospitalization due to treatments; *containing chocolate and wheat.

the true causative foods responsible for disease devel-
opment. Therefore, ongoing efforts to identify the
true causative foods and shorten the food elimination
period are necessary. Herein, challenge tests for soy-
bean and milk were performed in the first few
months after initiating the MFED for earlier reintro-
duction. Challenge tests in preparation for reintroduc-
tion and accidental ingestion indicated that the pa-
tient was thought to be allergic at least to cow milk,
soybean, and wheat in the early remission phase. In
addition, cow milk was the most susceptible antigen
for the patient as was indicated by the long-term
follow-up. Nonetheless, elimination of his historically
allergy-causative foods such as meats in addition to 6-
FED could be effective, although the symptoms in-
duced by these foods were not repeated, since they
apparently induced symptoms in the early phase. In-
terestingly, long-term MFED induced successful rein-
troduction of the foods, suggesting that complete re-
mission may take longer time. Moreover, when
mildly relapsed, MFED with shortterm reintroduc-
tion may be possible.

In conclusion, compared to ED, MFED can be eas-
ily applied and it demonstrates similar efficacy in
identifying causative foods. Further, apparent side ef-

Allergology International Vol 63, Suppl 1, 2014 www.jsaweb.jp/

fects were not detected in the follow-up period.
MFED is thought to be a promising alternative ap-
proach for EGE.
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