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Department of Otolaryngology in the general hospital,
where she was evaluated using a laryngoscope and she also
underwent a cervical esophagography. The laryngoscope
showed no abnormal findings but the cervical esophagog-
raphy showed a transient esophageal narrowing in the
middle to lower esophagus (Fig. 1). The otolaryngologist
thought that the esophageal motor abnormality was the
cause of this esophageal narrowing and the patient was
referred to our hospital. At this time, she was unable to eat
a solid meal because of having severe dysphagia.

Fig. 1 Barium cervical esophagogram showing narrowing of the
esophageal lumen in the middle to lower esophagus

Fig. 2 Esophageal endoscopic (a)
findings. a Conventional '
endoscopic finding, b dye

esophageal endoscopic finding '
by iodine staining. Circular
rings and edematous esophageal
mucosa were observed
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The patient’s medical history included diabetes mellitus,
which she has had since the age of 50 and which has been
treated with insulin [Inolet 30R (12-12-12 unit)] and
bronchial asthma, which she has had since childhood, but
which was stable from taking theophylline 200 mg (p.o.)
and budesonide air inhalation twice per day. The patient
did not suffer from any other allergic disease. With regard
to the physical examination, mild edema of the lower limbs
was observed but there were no other abnormal findings.

Laboratory examinations on the first day of admission
showed that peripheral eosinophilia (1279/ul), HbAI1C
(7.1%), and glucose (175 mg/dl) during a fasting period
were high. The immunoglobulin E (IgE) level was normal
and 57 types of the antigen-specific IgE and parasitic worm
eggs were examined, all of which were negative.

Fig. 3 Histologic findings from the esophageal biopsy. Pathologic
features of the esophagus showing >25 eosinophils in the esophageal
mucosa (H&E, x400)

(b)
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An esophagogastroduodenoscopy (EGD) was carried
out the day after admission and many circular rings
appeared immediately after the endoscope was inserted
into the esophagus (Fig. 2a). These circular rings disap-
peared quickly but the esophageal mucosa was edematous.
Except for the circular rings and the edematous esophageal
mucosa, there were no abnormal findings in the esophagus,
stomach or duodenum. Figure 2b shows esophageal endo-
scopic findings using iodine staining dye where, after
spraying with iodine, many circular rings immediately
appeared but then quickly disappeared. From these circular
rings, EE was suspected and a biopsy was then taken from
the middle esophagus. Histologic findings from the
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Fig. 4 CT scan of the chest demonstrating the thickened wall of the
esophagus

Fig. 5 High-resolution
21-channel perfused
manometric recordings in a
patient with eosinophilic
esophagitis. Time is on the
x-axis and distance from nares
is on the y-axis. A computer
program was used to code and
record pressures over time for
each channel, as outlined in
vertical color coding on the
right-hand side of the figure.
Anatomical landmarks and
motor events are labeled on the
figure. Multiple ineffective
esophageal contractions after
swallowing 5 ml water can be
seen. LES lower esophageal
sphincter, UES upper
esophageal sphincter, WS water
swallowing

Esophageal
manometric
recording

esophageal biopsy showed that >25 eosinophils existed per
high-power field (HPF) (Fig. 3).

Significant thickening of the esophageal wall was
observed on the computed tomography (CT) scan of the
chest 3 days after admission (Fig. 4). Except for this, no
abnormal findings were observed on the CT scan of the
chest or abdomen. Figure 5 shows esophageal contractions
after water swallowing (5 days after admission and prior to
treatment), where ineffective esophageal peristalsis was
observed.

Three elements need to be present for a diagnosis of EE:
(a) clinical symptoms of esophageal dysfunction, (b) >15
eosinophils in 1 high-power field, and (c) lack of respon-
siveness to high-dose PPI or normal pH monitoring of the
distal esophagus. All 3 elements were present in this case,
therefore the patient was diagnosed with EE.

After the diagnosis of EE, oral corticosteroid (prednis-
olone 30 mg per day) was administered to the patient and
after 3 days of treatment her symptoms had almost disap-
peared. After 7 days, the symptoms had completely dis-
appeared and the prednisolone was then gradually tapered
off. She now takes 2.5 mg prednisolone per day and there
has been no recurrence of the symptoms. Figure & shows
the clinical course of the symptoms, eosinophil and pred-
nisolone treatment.

An esophagogastroduodenoscopy was carried out
4 weeks after the prednisolone treatment. The circular
rings had disappeared and it was possible to see the vessels
in the esophageal mucosa (Fig. 7). The histologic findings
from the esophageal biopsy 4 weeks after the prednisolone
treatment, showed only a few eosinophils in the biopsy
specimen (Fig. &).
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Fig. 6 Clinical course of symptoms, eosinophils and prednisolone
treatment

Symptoms

Discussion

EE is a chronic inflammatory disease characterized by an
elevated count of eosinophils in the esophagus. Although
EE had not been previously been thought to affect adults,
in recent times, adult cases have been reported [7]. In fact,
there has been a dramatic increase in the diagnosis of EE in
Western countries over the last few years, due to both an
increased awareness of this disorder as well as an actual
increase in prevalence [8, 9]. In Japan, however, to date
there are only a few reports [4-6].

The first reported case of EE was by Landres and col-
leagues in 1978 [10)]. Many patients with EE have asthma
or other atopic conditions and, in addition, 5-58% of
patients with EE are reported to show eosinophilia [11-14].
In 40-73% of patients with EE, increased serum IgE levels,
a positive RAST result and a positive skin prick test result
have also been reported [11, 12, [4, 15]. Our patient
showed increased blood eosinophils but the serum IgE
level was normal and she had a history of bronchial
asthma. The allergen that causes EE is not known but the
antigens which trigger EE may include various ingested
food allergens as well as inhaled aeroallergens. It is
thought that eosinophils cause mucosal damage through the
release of cytotoxic granule proteins, reactive oxygen
intermediates and lipid mediators [8]. Cytokines and che-
mokines such as interleukin (IL)-5 and eotaxin, play an
important role in the migration and accumulation of
eosinophils and T cells and mast cells may also be involved
in the inflammatory response [5, 16].

It has been reported that the predominant symptoms of
EE in adults are dysphagia and food impaction, and severe
dysphagia and heartburn were also the predominant
symptoms in our case. Management of these symptoms in
patients with EE is difficult as EE is persistently resistant to
PPI therapy. A diagnosis of EE is made more difficult
because the symptoms of GERD and EE are often similar,
and in the past, patients with EE have been incorrectly
diagnosed as suffering from GERD.

@ Springer

EE is a primary esophageal disorder in which there are
at least 15 eosinophils per HPF on microscopy [!7],
without associated eosinophilic infiltration of the stomach
or intestine. The essential examination, therefore, in order
to correctly diagnose EE, is an upper endoscopy with
biopsies. One biopsy has a sensitivity of 50%, while five
biopsies increase the sensitivity to 100% [!8]. GERD
patients may also show an elevated eosinophil count, but
this elevation is much lower than that of patients with EE.
The eosinophilic changes in GERD are limited to the
distal esophagus only, where the density is <5-10 eosin-
ophils per HPF. In the diagnostic guidelines of EE, three
criteria need to be present for a diagnosis of EE: (a)
clinical symptoms of esophageal dysfunction, (b) >15
eosinophils in 1 HPF, and (c) lack of responsiveness to
high-dose PPI or normal pH monitoring of the distal
esophagus [17]. Histologic findings from the esophageal
biopsy in our case showed that >25 eosinophils existed per
HPF. As all 3 criteria were present in our case a diagnosis
of EE was made.

An esophagogastroduodenoscopy has been reported to
reveal abnormalities in the majority of EE patients, such as
absent vascular markings, ridges, furrows, vertical lines,
corrugations, rings and adherent whitish plaques [7, 19,
20]. In our case, many circular rings appeared immediately
after the endoscope was inserted into the esophagus, but
they disappeared quickly. Also in cases with EE, the
esophageal mucosa has been reported as being fragile and
mucosal tears have been observed in the affected esopha-
gus, which have been reported as occurring spontaneously
during endoscopic observation or having been induced by
minor trauma during biopsy procedures. In our case, the
esophageal mucosa was edematous, but esophageal mucosa
fragility or mucosal tears were not clearly evident.

In cases with EE, esophageal motility disturbance has
been reported by several investigators and many studies
have demonstrated a high degree of ineffective esophageal
peristalsis [21]. In our case, ineffective esophageal peri-
stalsis was similarly observed using high resolution
manometry. The possibility of EE should therefore be con-
sidered when diagnosing patients with abnormal esophageal
motor function.

Treatment strategies for EE should include dietary
modification and medical therapy [22]. The initial
approach to the disorder is often an allergy evaluation in
order to identify the allergens which may be present in the
diet or in the environment [23]. In our case, however, 57
types of the antigen-specific IgE and parasitic worm eggs
were examined, all of which were negative. Systematic and
topical corticosteroids effectively resolve acute clinico-
pathologic features of EE but in our case, topical cortico-
steroid had already been administered as therapy for
bronchial asthma. This therapy was effective for bronchial
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Fig. 7 Esophageal endoscopic
findings 4 weeks after
prednisolone treatment.

a Conventional endoscopic
findings, b dye endoscopic
findings by iodine staining.
Circular rings disappeared and it
was possible to see the vessels
in the esophageal mucosa

Fig. 8 Histologic findings 4 weeks after prednisolone treatment. Few
eosinophils existed (H&E, x400)

asthma but was not effective for EE. Our case was an
emergent case because the patient had severe dysphagia
and was not able to eat a solid meal at the time of visiting
our hospital. In emergent cases, systematic corticosteroid
therapy is recommended [17] and was therefore com-
menced. The patient started taking prednisolone 30 mg/day
and after 3 days of treatment her symptoms had almost
disappeared; after 7 days of treatment they had completely
disappeared. We then began to gradually taper off the
prednisolone. She is now taking 2.5 mg of prednisolone per
day with no recurrence of the symptoms.

The prognosis for patients with EE is generally very
good. Symptoms usually respond to treatment from corti-
costeroids, although the need for re-treatment is common.
To date, no evidence for any malignant potential of this
condition has been identified [12].

Thus we have presented a rare case of EE in Japan.
There have been many cases of EE reported in Western
countries, but because EE is still rare in Japan, and is a

disorder which doctors seldom encounter, its diagnosis is
often delayed, sometimes for years. If patients with NERD
have dysphagia and heartburn but do not respond to high-
dose PPI therapy, EE needs to be considered as a differ-
ential diagnosis.
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Migration of Eosinophils and CCR2-/CD68-Double
Positive Cells Into the Duodenal Mucosa of Patients
With Postinfectious Functional Dyspepsia
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OBJECTIVES: Recent studies have shown that postinfectious functional dyspepsia (FD) symptoms may persist after
elimination of gastrointestinal (Gl) infection as well as postinfectious irritable bowel syndrome
accompanying colonic inflammation. However, it is unclear whether intestinal chronic inflammation
can contribute to clinical symptoms of certain FD patients such as postinfectious FD. To determine
the relationship between local inflammation of the duodenum and clinical symptoms, we evaluated
the infiltration of several phenotypes of duodenal inflammatory cells as well as gastric motility
using 3C urea breath test in postinfectious FD patients.

METHODS: We enrolled 136 consecutive patients diagnosed with FD according to Rome Il criteria, and 20 healthy
controls, after upper Gl endoscopy. Gastric motility was evaluated by gastric emptying time (T-max)
using the '3C-acetate breath test. Upper abdominal symptoms including epigastric pain, epigastric
burning, postprandial fullness, abdominal distension, and early satiety were assessed by questionnaire
scores. We obtained biopsy specimens from the stomach and duodenum during upper Gl endoscopy.
Histological gastritis and duodenitis were assessed as mild, moderate, or severe according to previously
described criteria. Characteristics of inflammatory cells and neuroendocrine cells were determined
immunohistochemically with antibodies to CD3, CD68, CCR2, Vdeltal TCR, and serotonin.

RESULTS: Endoscopic duodenitis was observed in only 5.7% of postinfectious FD patients. However, the rates
of histological duodenitis in duodenal biopsies of postinfectious FD patients were 17% for mild,
26% for moderate, and 57% for severe grades of duodenitis. The degree of histological duodenitis
of postinfectious FD patients was significantly greater than that of healthy volunteers. There was
a significant correlation between epigastric burning and the degree of duodenitis in postinfectious
FD patients. There was no significant difference in histological duodenitis and T-max value in the
postinfectious FD patients with or without Helicobacter pylori infection. In addition, CD68-positive
cell number in postinfectious FD patients was significantly increased compared with the numbers in
subjects with epigastric pain syndrome or postprandial distress syndrome and in healthy volunteers.
CCR2-/CD68-double positive cell number in postinfectious FD patients was significantly (P=0.009)
increased compared with those in healthy volunteers.

CONCLUSIONS: Migration of inflammatory cells, in particular, duodenal CCR2-positive macrophages, may have an
important function in the pathophysiology of postinfectious FD patients.

SUPPLEMENTARY MATERIAL is linked to the online version ot the paper at http://www.nature.com/ajg.

Am ] Gastroenterol 2010; 105:1835-1842; doi:10.1038/ajg.2010.151; published online 11 May 2010

INTRODUCTION and postprandial distress syndrome (PDS) (1). Most FD patients
Functional dyspepsia (FD) is divided into two subgroups complain of various symptoms related to the intake of meals;
according to Rome III criteria: epigastric pain syndrome (EPS) however, the pathophysiology of FD remains poorly defined (2,3).
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A number of potentially important abnormalities have been
reported in FD patients, including impaired fundic accommo-
dation (4), gastric hypersensitivity to distention (5), abnormal
duodenojejunal motility (6,7), duodenal motor and sensory
dysfunction (8), duodenal hypersensitivity (9), and Helicobacter
pylori infection (10). In addition, it has been reported that acid
infusion into the duodenal bulb induces dyspepsia in healthy
volunteers and more readily induces symptoms in FD patients
than in healthy subjects. Increased exposure of the duode-
num to acid has a role in the genesis of dyspeptic symptoms in
patients with FD with prominent nausea (11). Recent studies
have reported mucosal inflammation in the duodenum such as
eosinophilia in FD (12,13). Recent advances in the understand-
ing of functional gastrointestinal (GI) disorders suggest that
there may be a link to localized derangements in the GI-neural
axis, including motor and sensory abnormalities, enhanced sen-
sitivity to luminal contents (6,11), and neuro-immuno dysregu-
lation (14), especially accompanying mucosal inflammation in
postinfectious irritable bowel syndrome (IBS) (15). Previous
studies have reported accumulation of mucosal neuroendocrine
cells and inflammatory cells including T cells in mucosal biopsy
specimens from patients with postinfectious IBS (16-18). As
symptoms of IBS and FD often overlap with time, we speculated
that immune dysfunction might also be involved in the onset
of postinfectious FD in adults. However, there are no data cur-
rently available concerning sensory abnormalities and mucosal
inflammation such as gastritis and duodenitis in postinfectious
FD patients defined by Rome III criteria.

Recentstudies have shown that postinfectious FD symptoms may
persist after elimination of GI infection as well as postinfectious
IBS accompanying colonic inflammation (19,20). Immune acti-
vation with the release of several mediators, including cytokines,
nitric oxide, and histamine, which link with the function of enteric
nerves, has been observed in the intestinal mucosa of 1BS patients
(21). Moreover, immune-mediated activation of mastocytes and
macrophages in contact with pain-sensitive endings seems to be
involved in the development of hypersensitivity in the experimen-
tal models of visceral pain (22). However, it is unclear whether
chronic inflammation of gastrointestinal tract can contribute to
clinical symptoms of certain FD patients, such as postinfectious
FD through upregulation of such sensitizing mechanisms.

To determine the relationship between mucosal inflamma-
tion of the gastric and duodenal mucosa and clinical symptoms
in postinfectious FD patients, we analyzed infiltration of several
phenotypes of duodenal inflammatory cells as well as neuroendo-
crine cells and also gastric motility using C urea breath test in
postinfectious FD patients. i

METHODS

Patients

Thirty-six patients with EPS and 65 patients with PDS, 35 patients
with postinfectious FD patients (postinfectious EPS (n=17) and
postinfectious PDS (n=18)), and 20 healthy volunteers were
consecutively enrolled according to Rome III criteria (1) after
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undergoing upper GI endoscopy and abdominal ultrasonogra-
phy. The criteria for exclusion were severe heart, renal, or pulmo-
nary failure, liver cirrhosis, severe systemic illness, or malignant
disease. Patients who had undergone gastroduodenal surgery
or who took non-steroidal inflammatory drugs (NSAIDs) or
anticoagulants were also excluded. The presence of IBS did not
exclude the inclusion of any of these FD patients because coexist-
ing IBS was found to have a minor impact on symptom pattern.
Additionally, we asked whether the onset was immediately pre-
ceded by symptoms suggestive of an acute gastroenteritis (fever,
diarrhea, vomiting, and nausea) identified by use of a question-
naire, when the patient’s dyspepsia symptoms had previously
been within normal limits. The result of positive stool culture or
elevation of C-reactive protein was obtained from the medical
records as were any previous reports of postinfectious IBS (23).
Only those patients reporting an acute onset and responding to at
least one symptom were considered as presumed postinfectious
FD patients. H. pylori infection was determined by positivity of
both urea breath test and histology. Patients had all undergone
diagnostic upper GI endoscopy and abdominal ultrasonography
for dyspeptic symptoms at the Nippon Medical School Digestive
Endoscopic Center and gave their informed consent. The protocol
was approved by the Ethical Review Committee of the Nippon
Medical School Hospital.

Clinical symptoms

Clinical symptoms of FD were evaluated according to Rome
III criteria (1) and must have included at least one of the follow-
ings: bothersome postprandial fullness; early satiation; epigastric
pain; or epigastric burning. Diagnostic criteria for PDS included
bothersome postprandial fullness occurring after ordinary-sized
meals and/or early satiation that prevented finishing a regular
meal, with either symptom occurring at least several times per
week. Diagnostic criteria for EPS included all of the followings:
pain or burning that is intermittent, localized to the epigastrium,
and of at least moderate severity at least once per week. Diagnos-
tic criteria for PDS and EPS were fulfilled with symptoms occur-
ring for the past 3 months and the onset of symptoms occurring
at least 6 months before diagnosis.

Histological examination

Biopsy specimens from the gastric antrum and corpus were fixed in
formalin and treated with H&E staining to determine the severity of
gastric inflammation. Briefly, the severity of H. pylori-infected gastri-
tis was classified into three grades according to the degree of inflam-
matory cell and neutrophil infiltrations. Neutrophil and mononuclear
cell infiltration were each given arbitrary values of 0-3 according
to the updated Sydney System (24), representing infiltration levels
ranging from none, mild, moderate, and severe, respectively.

In addition, we obtained biopsy specimens from the duodenum
(duodenal bulb and second portion of duodenum) during upper
GI endoscopy in 35 postinfectious FD (17 postinfectious EPS and
18 postinfectious PDS) patients, 12 EPS patients, and 15 PDS
patients. For duodenal pathology, the architecture of villi, presence
and grade of acute and chronic inflammation, gastric metaplasia,

VOLUME 105 | AUGUST 2010 www.amjgastro.com



Relationship Between Clinical Symptoms and Local Inflammatory Cells

pathogens, and presence of erosions were recorded. Histologi-
cal duodenitis was assessed as mild, moderate, or severe by H&E
staining according to criteria of previous studies (25). Mild duo-
denitis was defined as an expansion of the lamina propria by mild
inflammatory cell infiltration. Moderate duodenitis was charac-
terized by partial loss of villi and -expansion of the lamina propria
by moderate inflammatory cell infiltration. Severe duodenitis was
characterized by partial loss of villi and expansion of the lamina
propria by severe inflammatory cell infiltration, mainly plasma
cells, macrophages, and lymphocytes. Mild to severe duodenal
inflammatory cell infiltration was evaluated by the degree (0-3) of
mononuclear cell infiltration. Severity of inflammatory cells were
classified with 0=normal, 1 =mild; diffuse superficial infiltration,
2 =moderate; extending into the middle of the mucosa, 3 = severe;
transmucosal infiltration according to modified criteria of previ-
ous report (26). Histological duodenitis scores in D1 and D2 were
combined and mean values of these sums were then calculated.
Specimens were evaluated by two experienced pathologists in a
blinded manner.

Immunohistochemistry

Biopsy specimens were taken from the duodenum and stomach.
Endogenous peroxidase activity was blocked with 5% H,O, in
methanol. Characteristics of inflammatory cells in the duode-
num were determined immunohistochemically with anti-CD3
(DAKO, Glostrup, Denmark), -CD68 (Santa Cruz Biotech-
nology, Santa Cruz, CA), -CCR2 (Abcam, Cambridge, UK),
-Vdeltal TCR (Thermo scientific, Waltham, MA), -serotonin
antibodies (DAKO). After further washing, bound antibody was
detected using the LSAB 2kit (DAKO) with diaminobenzidine
as the chromogen. As negative controls, primary antibodies were
replaced with isotype-matched immunoglobulin. CD3-, CD68-,
CCR2-, Vdeltal TCR-, and serotonin-producing-positive cell
counts were determined in four fields with x400 magnification.
The numbers of positively staining serotonin-producing cells
and Vdeltal T cells per 100 epithelial cells were counted for four
fields and the results averaged according to the modified criteria
of previous studies (16). The CD3-, CCR2-, and CD68-positive
cell counts were expressed per square millimeter. Four micro-
scope fields per biopsy containing mucosal tissue were exam-
ined and the results averaged according to previous studies (16).
CD3-, CD68-, CCR2-, Vdeltal T cell, and serotonin-producing
cell counts in D1 and D2 were combined and the sum values
for each cell type were expressed as the mean for D1 and D2
combined.

Double-label immunofluorescence was used to evaluate the colo-
calization of immunoreactivities for the following pair of antihu-
man antibodies: CCR2 goat polyclonal (Abcam) and CD68 mouse
monoclonal (Santa Cruz) antibodies. Sections were dewaxed and
then microwaved in 0.01 mol/l citrate phosphate buffer (pH 6.0)
for antigen retrieval. Sections were incubated overnight at 4°C
with a mixture of their primary antibodies and their respective
fluorescein isothiocyanatce (FITC)- or Texas red-conjugated sec-
ondary antibodies. Specimens were evaluated by two experienced
pathologists in a blinded manner.

© 2010 by the American College of Gastroenterology

Measurement of gastric motility

Sodium acetate (water soluble) for emptying of liquids was used as
tracer (Cambridge Isotope Laboratories, Cambridge, MA). Probes
were analyzed by nondispersive infrared spectroscopy (IRIS;
Wagner Analyzentechnik, Bremen, Germany). The subject’s own
production of 300 mmol CO,/m” body surface and per hour was
set as the default. Integrated software solutions caluculated half
gastric emptying time (T, )) and the lag phase (T, ) as the point of
maximum gastric emptying according to Ghoos et al. (27).

Study protocol for gastric emptying of liquids

The liquid test meal consisted of 100 mg of *C-acetate dissolved
in 200ml of a liquid meal (Racol, 1 ml/1 kcal; Otsuka Pharmacia
Company, Tokyo, Japan). Breath samples were collected 0 and
10sec and 5, 10, 15, 20, 30, 40, 50, 60, 75, and 90 min after inges-
tion of the test meal at 10:00 AM. Patients were instructed not to
drink, eat, or smoke during the test.

Statistical analysis

For statistical evaluation of group data, Students’ t-test for paired
data, and analysis of variance for multiple comparisons, and fol-
lowed by Scheffe’s F-test. Mann-Whitney U-test was used for
analysis of categorical data. A P value of <0.05 was statistically
significant.

RESULTS

Characteristics of EPS, PDS, and postinfectious FD patients
The body mass index scores of the various patients groups were
not statistically different (Supplementary Table 1 online). In
addition, H. pylori positivity rates did not vary significantly among
EPS, PDS, and postinfectious FD patients.

T-max value in EPS, PDS, and postinfectious FD patients

We then used the "*C-acetate breath test to calculate the T-max
value as a marker of gastric emptying of liquids, and compared
gastric motility among EPS, PDS, postinfectious FD patients and
healthy volunteers. The T-max value in PDS patients was signifi-
cantly (P=0.03) higher than in healthy volunteers (Figure 1). In
contrast, T-max values in postinfectious FD patients were similar
to those in EPS patients and healthy volunteers (Figure 1).

Comparison of degree of gastritis and duodenitis in EPS, PDS,
and postinfectious FD patients

To analyze whether there was a difference in duodenal and gastric
inflammation among subjects with EPS, PDS, postinfectious EPS,
and postinfectious PDS, as well as healthy volunteers, we ana-
lyzed the degree of gastritis and duodenitis in duodenal and gas-
tric biopsy specimens. In postinfectious FD, endoscopic evidence
of duodenitis with erosions was very rare. The degree of histo-
logical duodenitis of postinfectious FD patients was significantly
(P=0.02) greater than that of healthy volunteers (Figure 2a).
In contrast, there was no statistically significant difference in the
degree of histological duodenitis among EPS, PDS, and healthy
volunteers. The rates of histological duodenitis in duodenal
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EPS (n=36)

PDS (n=65)
Post-infectious EPS (n=17)

Post-infectious PDS (n=18)
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Figure 1. T-max value in epigastric pain syndrome (EPS), postprandial distress
syndrome (PDS), and postinfectious functional dyspepsia (FD) patients and
healthy volunteers. The T-max value in PDS patients (n=65) was significantly
higher than in healthy volunteers. *P<0.05 vs. healthy volunteers.
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Figure 2. Comparison of the degree of gastritis and duodenitis in epigastric pain
syndrome (EPS), postprandial distress syndrome (PDS), and postinfectious
functional dyspepsia (FD) patients and healthy volunteers. (a) The degree of
histological duodenitis in postinfectious EPS (n=17) and in postinfectious PDS
(n=18) was significantly higher than that in healthy volunteers. * P<0.05 vs.
healthy volunteers. (b, ¢) There was no significant difference in the degree of
chronic inflammation or neutrophil activity in the gastric body and the gastric
antrum among EPS patients (n=12), PDS patients (n=15), both forms of
postinfectious FD patients (n=35), and healthy volunteers (n=20).
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biopsies of postinfectious FD patients were 17% for mild, 26%
for moderate, and 57% for severe duodenitis. In contrast, there
was no significant difference in the degree of gastritis including
chronic inflammation and neutrophil activity between patients
with postinfectious FD, EPS, or PDS and healthy volunteers
(Figure 2b and c).

Comparison of histological duodenitis with clinical symptoms

in postinfectious FD patients

To analyze whether there was a relationship between clinical symp-
toms and histological duodenitis in postinfectious FD patients,
we compared clinical symptom scores with scores of histologi-
cal duodenitis in this patient group. We found a significant rela-
tionship (P=0.03) between epigastric burning and the degree of
histological duodenitis in postinfectious FD patients (Figure 3).
In contrast, there was no significant relationship between clinical
symptoms and histological gastritis in postinfectious FD patients
(data not shown).

Comparison of T-max value and duodenal inflammation in
postinfectious FD patients with or without H. pylori infection
To determine whether H. pylori infection affects gastric emp-
tying and duodenal inflammatory cell infiltration in postinfec-
tious EPS and postinfectious PDS patients, we compared these
two parameters in postinfectious FD patients with or without
H. pylori infection. There was no significant difference in T-max
value and histological duodenitis scores for biopsies from the
postinfectious FD patients with or without H. pylori infection
(data not shown).
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Figure 3. Comparison of histological duodenitis with clinical symptoms in
postinfectious functional dyspepsia (FD) patients. There was a signifi-
cant difference (*P=0.03) in epigastric burning reported in patients

with mild—moderate histologic duodenitis compared to those with severe
histologic duodenitis.
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Localization of inflammatory cells and serotonin-producing
cells in the duodenum of postinfectious FD

To assess the localization of inflammatory cells and serot-
onin-producing cells in the duodenum of the postinfectious
FD patients, we performed immunostaining using anti-CD3,
-CD68, -CCR2, -Vdeltal TCR, and -serotonin antibodies
(Figure 4a). We compared numbers of these inflammatory
cells and serotonin-producing cells in duodenal biopsies
from EPS, PDS, postinfectious FD, and healthy volunteers.
CD68-positive cell number in postinfectious FD was signifi-
cantly (P=0.04, 0.02, and 0.01) increased compared to that
of EPS, PDS, and healthy volunteers (Figure 4b). Numbers of
eosinophils in postinfectious FD were significantly (P=0.03)
increased compared to those of healthy volunteers (Figure 4b).
However, numbers of serotonin-producing cells, neutrophils,
and inflammatory cells such as CD3-positive cells, -Vdeltal
T cells, and CCR2-positive cells in postinfectious FD patients
were similar to those in EPS, PDS, and healthy volunteers
(Figure 4b).

CCR2-positive macrophages in the duodenum of patients with
postinfectious FD

We analyzed the numbers of CCR2-positive macrophages (acti-
vated macrophages) in duodenal biopsies from postinfectious FD,
EPS, PDS, and healthy volunteers. We found that CCR2-positive
macrophages had accumulated in the duodenum of the postinfec-
tious FD patients (a representative image is shown in Figure 5a).
CCR2-positive macrophage counts in postinfectious FD patients
were significantly (P=0.009) increased compared to those in
healthy volunteers (Figure 5b). In contrast, no significant differ-
ences (P=0.74, EPS vs. healthy volunteers; P=0.69, EPS vs. PDS;
P=0.59, PDS vs. healthy volunteers) in CCR2-positive macro-
phage counts were observed among EPS, PDS, and healthy vol-
unteers (Figure 5b).

DISCUSSION

Major findings in this study include (i) gastric emptying assessed
by *C-acetate breath test T-max values in patients with postinfec-
tious EPS or postinfectious PDS was similar to results found in EPS
patients and in healthy volunteers; (ii) the degree of histological
duodenitis in postinfectious FD was significantly higher than that
found in healthy volunteers; (iii) a significant correlation between
epigastric burning and the degree of duodenitis was found in
postinfectious FD patients; (iv) there was no significant difference
in histological duodenitis and T-max value in the postinfectious
FD patients with or without H. pylori infection; and (v) CCR2-
positive macrophage and eosinophil counts in postinfectious FD
patients were significantly increased compared to those of healthy
volunteers.

Gastric emptying is regulated by multiple endogenous and
exogenous factors. One of the key clinical features in FD is that
symptoms are often meal related, being either induced or exacer-
bated by food (28). More recently, analogous to findings in IBS,
a triggering role for a prior GI infection has been shown in FD
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patients. Indeed, in a population with an outbreak of Salmonella
gastroenteritis, the prevalence of FD was significantly increased up
to 1 year after the acute event (19). Tack et al. (20) have reported
that 25% of the patients with FD reported an acute onset and 17%
of FD patients reported an acute onset that was accompanied by
signs suggestive of an acute GI infection. These findings suggest
that FD, similar to other functional bowel disorders such as IBS or
gastroparesis, may occur after an acute intestinal infection (16,29).
The nature of the agent causing the presumed acute infection in
most instances is unknown. Our data show that T-max values as
a marker of gastric emptying in postinfectious PDS were similar
to those found in EPS, postinfectious EPS, and healthy volunteers.
However, T-max values were significantly higher in PDS patients
compared to other groups. We have previously reported that elon-
gation of T-max value is significantly associated with low acylated
ghrelin concentrations (30) in PDS patients. Further studies
including measurement of acylated ghrelin levels in patients with
postinfectious PDS and those without postinfectious PDS will be
needed to clarify whether preceding infection affects gastric emp-
tying in postinfectious PDS patients.

In addition, we found that H. pylori infection did not have a
significant effect on either gastric emptying or histological duo-
denitis in postinfectious FD. The relationship between H. pylori
infection and FD patients is still controversial. McColl et al. (31)
have reported that H. pylori eradication therapy was effective
for resolution of symptoms in FD patients. On the other hand,
Blum et al. (32) have reported that in patients with FD, the eradi-
cation of H. pylori is not likely to relieve symptoms. In some
postinfectious FD patients in this study, H. pylori eradication was
not effective in resolving histological duodenitis. Further studies
are needed to clarify whether H. pylori eradication therapy
is effective in improving clinical symptoms in patients with
postinfectious FD.

Although FD is highly prevalent in the general population,
very little is known about its underlying mechanisms. Our
study was conducted to quantify and characterize duodenal
inflammatory cells including eosinophils, CD68-positive cells,
CCR2-positive cells, CD3-positive cells, Vdeltal T cells, and
serotonin-producing cells in patients with postinfectious FD,
EPS, or PDS, and healthy volunteers. Although Spiller et al. (16)
have reported that mucosal T cells increase in postinfectious IBS
patients, in our study, duodenal Vdeltal T cell, and CD3-positive
T-cell counts did not differ among patients with postinfectious
FD, EPS, or PDS, and healthy volunteers. Spiller et al. (16) have
also reported that enteroendocrine cells increased in postinfec-
tious IBS patients. Almost 90% of 5-hydroxytryptamine (5-HT)
is contained in enterochromaffin cells; 5-HT is thought to be
linked to the regulation of secretion, motility, and sensory
events. However, in this study, there was no significant differ-
ence in numbers of serotonin-producing cells of the duode-
num among the study groups (EPS, PDS, postinfectious FD,
and healthy volunteers). Considering our results, we conclude
that the duodenitis of postinfectious FD patients may depend
on an accumulation of macrophages and plasma cells with an
accompanying partial loss of villi.
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Talley et al. (13) and Toukan et al. (33) have reported that there s

a significant association of the number of migrated eosinophils in
the duodenum in subjects with nonulcer dyspepsia. In our study,
eosinophil numbers in postinfectious FD were significantly higher
than those of healthy volunteers. However, compared with con-
trols, eosinophils were not noted to increase in colonic and rectal
biopsies of patients with postinfectious IBS (17). Further studies
are needed to clarify whether eosinophils migration into duode-
nal mucosa is linked to the etiology of postinfectious FD. Kindt
et al. (34) have reported that macrophage accumulation in the
duodenum is increased in postinfectious FD patients. In our
study, migration of duodenal macrophages in postinfectious
FD patients was significantly increased compared with that seen
in biopsies from EPS, PDS, and healthy volunteers. In addi-
tion, we found significantly increased levels of eosinophils and
CCR2-positive macrophages in the duodenum of postinfectious
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Figure 4. Characteristics of inflammatory cells and serotonin-producing cells
in duodenal biopsies from patients with postinfectious functional dyspepsia
(FD). (a) (i) This representative image (magnification x250) shows a few
serotonin-producing cells in the duodenal biopsy of a patient with postinfec-
tious FD. (i) Many CD68-positive cells were seen in the duodenal biopsies
of postinfectious FD patients (arrow shows a CD68-positive cell, magnifica-
tion x400; a higher magnification (x600) of the cell indicated by an arrow

is shown in the left lower corner). (iii) A few Vdeltal T cells are seen in this
representative image (magnification x500; a higher magnification (x750)

of the cell indicated by an arrow is shown in the left lower corner). (iv) This
representative image shows CD3-positive cells that have migrated into the
duodenal mucosa (magnification x300; a higher magnification (x450)

of the boxed area indicated in the photograph is shown in the left lower
corner). (v) CCR2-positive cells are seen in the duodenum of a patient with
postinfectious FD (arrow shows a CCR2-positive cell, magnification x500;

a higher magnification (x750) of the cell indicated by an arrow is shown in
the left lower corner). (b) CD68-positive cell number in postinfectious FD
duodenal biopsies (n=35) was significantly increased compared to those in
biopsies from epigastric pain syndrome (EPS) (n=12), postprandial distress
syndrome (PDS) (n=15), and healthy volunteers (n=20). Eosinophil counts
in postinfectious FD patients were significantly increased compared to those
found in biopsies from healthy volunteers. Numbers of CD68-, CCR2-,
CD3-positive cells, neutrophil, and eosinophil were evaluated per mm? in
duodenal specimens. Numbers of Vdeltal T cell and serotonin-producing
cell were counted per 100 epithelial cells. Values shown represent mean+s.e.
*P<0.05 vs. healthy volunteers. **P<0.05 vs. PDS and EPS patients.

FD patients compared with healthy volunteers. Previous stud-
ies indicate that acute gut infection induces several chemokines
and mediators including monocyte chemoattractant protein-1
(MCP-1) and histamine, which might have important functions
in accumulation of eosinophils and CCR2-positive macrophages
in the duodenal mucosa of postinfectious FD patients (35). In
turn, these mediators may impact on sensory-motor dysfunction
to produce clinical symptoms such as epigastric burning.

In our study, a significant correlation between epigastric burn-
ing and the degree of duodenitis was seen in postinfectious FD
patients. The relationship between duodenitis and clinical symp-
toms such as dyspepsia is still controversial (36,37). We also found
that duodenal macrophage accumulation in postinfectious FD
was increased compared to that in healthy volunteers in keeping
with a previous report (34). Moreover, we showed that CCR2-
positive macrophage infiltration in the duodenum of postinfec-
tious FD was significantly increased compared to that in healthy
volunteers. Tajima et al. (38) have reported that CCR2 expression
in macrophages was dependent on prostaglandins. Prostaglan-
dins released from macrophages and sympathetic terminals are
thought to have a direct action on receptors located on afferent
endings (39). Prostaglandins and other arachidonic acid deriva-
tives increase the sensitivity of nerve terminals to pain-producing
substances (39). As such, CCR2-positive macrophages-derived
prostaglandins might lead to clinical symptoms through increas-
ing the sensitivity of nerve terminals. In CCR2-deficient mice,
macrophage recruitment to sites of neuronal damage is reduced,
with a consequent decrease in demyelination (40,41). CCR2-posi-
tive macrophage infiltration in the duodenum in postinfectious
FD could affect the neural network system through demyelina-
tion. Further studies are needed to determine whether duodenal
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Figure 5. CCR2-positive macrophages in duodenal biopsies from patients
with postinfectious functional dyspepsia (FD). (a) Immunostaining of
duodenal biopsies from postinfectious FD patients showed (i) CCR2-positive
cells (red cells; magnification x300), (ii) CD68-positive cells (green cells;
magnification x300), and (iii) CCR2-positive macrophages (yellow cells)

in representative images (magnification x300; a higher magnification
(x450) of the boxed area in the middle of the photograph is shown in the
right upper corner). (iv) Negative control in which primary antibodies were
replaced with isotype-matched immunoglobulin (magnification x300).

(b) CCR2-positive macrophage counts in postinfectious FD patients were
significantly increased compared to those in healthy volunteers. Values
shown represent mean +s.e. P<0.05 vs. healthy volunteers. EPS, epigastric
pain syndrome; PDS, postprandial distress syndrome. * P= 0.009.

inflammatory cells infiltration including CCR2-positive macro-
phages affects sensory nerve cells in the duodenum.

In conclusion, we observed that gastric emptying evaluated
by T-max values in postinfectious FD patients was similar
to values in EPS patients and healthy volunteers. However,
the degree of histological duodenitis of postinfectious FD
was significantly greater than that of healthy volunteers. We
propose that CCR2-positive macrophages in the duodenum
may have an important function in the pathophysiology of
postinfectious FD.
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Abstract

Background Eosinophilic esophagitis (EoE) has been a
rarely recognized condition in Asian populations, and its
clinical manifestation is rarely documented. Our aim was
to describe clinically, endoscopically, and pathologically
the features of patients with esophageal eosinophilia,
including EoE.

Methods Twelve patients histologically proven to have
esophageal eosinophilia were investigated. The histological
diagnostic cutoff value was defined as a peak of >15
eosinophils/high-power field (HPF) in esophageal biopsies.
Symptoms, endoscopic and pathological findings, and
treatment outcome were evaluated.

Results  Nine of the 12 patients were male and the 12
patients had a mean age of 47.7 years. Allergic conditions
were concurrent in a total of 3 patients. Mild peripheral
eosinophilia was observed in only 2 patients. The pre-
dominant symptom was solid-food dysphagia, but some
patients complained of heartburn, or chest, epigastric, or
back pain. Three asymptomatic subjects were also inci-
dentally diagnosed during endoscopic screening. Linear
furrows, concentric rings, and white exudates in the
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esophagus were frequently observed. In 4 of 5 patients who
were administered a proton pump inhibitor (PPI), esopha-
geal eosinophilia was histologically decreased or disap-
peared with symptom relief and endoscopic improvement.
In 2 patients unresponsive to PPI, topical steroid therapy,
administered by the swallowing of fluticasone propionate,
led to symptomatic and histological remission.
Conclusions The endoscopic recognition of linear fur-
rows, concentric rings, and white exudates is important in
the diagnosis of eosinophilic esophageal inflammation. In
a subset of patients this condition improves clinicopatho-
logically with PPI treatment, and typical EoE, as strictly
defined by unresponsiveness to PPI, appears to be a rather
rare condition.

Keywords Esophageal eosinophilia - Eosinophilic
esophagitis - Proton pump inhibitor - Topical steroid
therapy

Abbreviations
EoE  Eosinophilic esophagitis

HPF  High-power field

PPI Proton pump inhibitor
FP Fluticasone propionate
Introduction

Esophageal eosinophilia is a pathological condition defined
as eosinophil infiltration within the esophageal mucosa,
where eosinophils are normally not found [{]. This con-
dition can result from various causes, and primary or idi-
opathic esophageal eosinophilia is referred to as eosinophilic
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esophagitis (EoE) [2]. It has been reported that EoE,
especially in the pediatric population, is closely associated
with allergic conditions such as food allergy, bronchial
asthma, or atopic dermatitis [2, 3]. EoE has been well
described in the pediatric population, but recently has been
increasingly recognized in adults [3]. In Western countries,
EoE is one of the most common causes of intermittent
solid-food dysphagia or food impaction in adults [4-6]. To
our knowledge, in Asia, EoE has been recognized only in a
few case reports [7, &], and its epidemiology and patho-
physiology have been not well documented. Solid-food
dysphagia is the predominant symptom in EoE, but in a
subset of patients heartburn or chest pain is the major
symptom [9, 10].

It has been reported that most adult EoE patients have
a normal esophageal pH, which is one of the definitive
criteria noted by a recent diagnostic guideline [2]. However,
a substantial overlap of EoE and gastroesophageal reflux
disease (GERD) has been documented recently [{1, 12]. In
addition, it has been shown that acid suppressive therapy
with PPIs leads to symptom relief with endoscopic and
histological resolution in some patients [13-16]. Conse-
quently, in the clinical setting, there is a possibility that EoE
is confused with GERD or given a diagnosis of refractory
GERD in patients who are unresponsive to PPI treatment
[10]. In aretrospective study conducted in adult EoE patients
[17], about 40% of them had not been previously diagnosed
with EoE, but with other esophageal disorders such as
Schatzki’s rings, esophageal stricture, or reflux disease.

In the present report, we retrospectively examined the
clinical, endoscopic, and histological features and treat-
ment outcomes of Japanese patients with esophageal
eosinophilia, including EoE.

Methods

We reviewed in detail 12 adult patients with esophageal
eosinophilia who were diagnosed at our university hospital
or affiliated hospitals between October 2006 and November
2009. More than two esophageal biopsies were obtained
from any patient with endoscopically suspicious findings of
esophageal eosinophilia, such as linear furrows, segmental
or transient concentric rings, or white exudates scattered
over the mucosal surface [2, 17], regardless of their symp-
toms. The diagnostic cutoff value for esophageal eosino-
philia was defined as a peak of > 15 eosinophils/high-power
field (HPF) [2]. One HPF was 0.24 mm® in our microscope
(40x objective lens and 10x ocular lens; Olympus BX50;
Tokyo, Japan). The number of infiltrated eosinophils per
HPF was counted in an easily recognizable area of eosin-
ophilia in a low-power field in each sample. Symptoms
including a past history of dysphagia or food impaction and
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concurrent or past allergic conditions were determined by
interview or from the medical chart. Peripheral eosinophilia
and serum IgE values were also examined in patients from
whom blood test data were available. Endoscopic and
histological findings and treatment outcome were minutely
evaluated. Proton pump inhibitors were primarily pre-
scribed for symptomatic patients for 4-8 weeks, and,
in unresponsive cases, topical steroid therapy was admis-
tered by the swallowing of fluticasone propionate (FP)
(Flutide®Aerosol, GlaxoSmithKline, Middlesex, UK,
400 pg x 2 times per day) for 4-8 weeks [18, [9]. In
practice, patients were instructed to swallow the agent,
which was sprayed into the mouth with a metered dosed
inhaler without a spacer, and not to eat or drink for at least
30 min after administration. The patients were advised to
rinse the mouth out with water to prevent oral candidiasis.

Results

Symptoms, endoscopic findings, histological findings, and
treatment outcome are summarized in Tables 1 and 2, in
which patients are classified according to responsiveness to
PPI therapy. The twelve patients with esophageal eosino-
philia consisted of 9 men and 3 women with a mean age of
47.7 years (range 32-68 years). In these 12 patients, the
predominant symptom was dysphagia in 6 (50%), epigastric
pain and dysphagia in 1, chest pain and back discomfortin I,
heartburn and epigastric and back pain in 1, and no symp-
toms in 3 (25%). This condition was incidentally diagnosed
by endoscopy during cancer screening or during an annual
follow-up for chronic gastritis in the 3 asymptomatic
patients. Atopic dermatitis, hay fever, or asthma was present
in a total of 3 patients. Of the 9 patients whose blood profile
was available, 2 male patients had mild peripheral eosino-
philia (603 and 1,637/uL). By endoscopy, linear furrows
were observed in 10 patients (83%), transient or segmental
concentric rings were seen in 10 (83%), and white exudates
scattered over the mucosal surface were seen in 9 (75%)
(Fig. la—). Erosive esophagitis, corresponding to Los
Angeles classification grade A, was seen in one of our
patients (case no. 6). As concomitant gastroduodenal
lesions, atrophic gastritis was observed in 4 patients, erosive
and hemorrhagic gastritis in 3, and duodenitis in one.

One male patient (case no. 8) had almost normal
endoscopic findings except for subtly scattered white
exudates. Another male patient (case no. 12), in whom the
thickness of his esophageal wall was initially noted on by
computed tomography, had only a mildly edematous and
small-caliber esophagus. His main symptom at the diag-
nosis of EoE was initially epigastric pain, which was
subsequently followed by dysphagia. He used maintenance
therapy with an inhaled steroid for asthma and additionally
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Table 1 Patient age. gender,
symptoms, allergic status, and
concomitant GI lesions

Gl gastrointestinal, PPI proton
pump inhibitor, EIS endoscopic
injection sclerotherapy, NA not
available

Table 2 Endoscopic and
histological findings, and
treatment outcomes of the
subjects

+, observed; —, not observed;
FP, fluticasone propionate; PPI,
proton pump inhibitor; H2RA,
histamine-H2 receptor
antagonist; NA, not available

took only a PPI for epigastric pain, without systemic ste-
roid therapy. In a follow-up after 4 months, no eosinophilic
infiltration was detected on several esophageal biopsies,
although the dysphagia and endoscopic findings persisted.

Case no. Age Gender Symptom Allergic Peripheral Concomitant
(years) condition eosinophilia GI lesions
PPI non-responsive
1 40 M Dysphagia None - No findings
2 37 M Dysphagia None - Multiple scars after
EIS
PPI responsive
3 55 E Dysphagia Atopic NA Atrophic gastritis
dermatitis,
hay fever
4 32 M Dysphagia None - No findings
5 51 F No symptom Hay fever - Atrophic gastritis
6 43 M Dysphagia None Mild (603/uL)  Erosive esophagitis,
hemorrhagic
gastritis
7 52 M Heartburn, epigastric None Mild (1637/uL) Erosive gastritis,
pain, back pain duodenitis
Others
8 57 M Dysphagia None - No findings
9 55 F Chest pain, back None - Atrophic gastritis
discomfort
10 40 M No symptom None NA Erosive gastritis
11 35 M No symptom None NA Erosive gastritis
12 68 M Epigastric pain, Asthma - Atrophic gastritis
dysphagia
Case no. Endoscopic findings Histological findings Treatment outcome
Linear Concentric White No. of  No. of eosinophils Therapeutic Esophageal
furrows rings exudates biopsies (range, HPF ') agent eosinophilia
PPI non-responsive
1 + + + 6 3-121 Topical FP Disappearance
2 + + - 3 13-28 Topical FP Disappearance
PPI responsive
3 + + + 7 7-40 PPI Disappearance
4 + + + 2 25-144 PPI Disappearance
5 + + - 6 66123 PPI Disappearance
6 + + + 4 35-94 PPI Decrease
7 + + + 2 42-87 PPI NA
Others
8 = - + 4 049 Sodium alginate NA
9 + + + 2 43-70 H2RA NA
10 + + + 3 18-53 No treatment NA
11 + + + 2 25-76 No treatment NA
12 — - — 4 0-16 No treatment Disappearance

A mean of 3.5 esophageal biopsies (range 2-7, total 42
biopsies) was obtained in each patient. The mean number
of infiltrated eosinophils was 36.8/HPF per esophageal
biopsy, and wide variation, ranging from 0 to 144/HPF,
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Fig. 1 a—c Case no. |. a, b Linear furrows and segmental or
transient concentric rings are shown. The mucosal surface was
edematous, and dendritic vessels inherent to normal esophageal

Fig. 2 Case no. 1. Dense cosinophilic infiltration with microab-
scesses (>4 eosinophils/high-power field [HPF], white arrow),
prominent intercellular edema, and degranulation of eosinophils
(black arrows) were seen in the esophageal epithelium (this biopsy
sample was obtained from the mid-esophagus, which had abnormal
endoscopic findings). H&E, x400

was found (a representative histological image of eosino-
philic esophagitis is shown in Fig. 2). Mild eosinophilic
infiltrations in the gastric and duodenal mucosa were
present in only one of 9 patients (case no. 5). She had no
gastrointestinal symptoms suspicious of eosinophilic gas-
troenteritis. Of 7 patients administered a PPI for 4-8 weeks
(6 symptomatic patients and 1 who was asymptomatic),
5 patients had almost complete elimination of their symp-
toms. The infiltration of esophageal eosinophils decreased
in 1 patient and completely disappeared in 3 patients after
PPI treatment. In 2 patients unresponsive to PPI, topical
steroid therapy, administered by the swallowing of FP, led
to complete symptomatic relief with endoscopic normali-
zation and histological disappearance of the infiltrated
eosinophils. However, in one patient (case no. 1), the
dysphagia relapsed, with characteristic endoscopic and
histological findings, 8 weeks after the withdrawal of the
topical steroid therapy. This patient was treated again by
swallowing FP, which led again to remission. In a male

@ Springer

epithelium were not seen. ¢ White exudates 1-2 mm in diameter were
scattered over the mucosal surface. These exudates were in general
subtle as compared with findings for the fungus Candia albicans

patient (case no. 2) with alcoholic liver cirrhosis, charac-
teristic endoscopic findings suspicious of esophageal
eosinophilia were noted in his upper esophagus with the
development of dysphagia a month after he had had
endoscopic sclerotherapy for esophageal varices. Namely,
at diagnosis of EoE, linear furrows or concentric rings were
seen in his upper esophagus and several mild scars caused
by sclerotherapy were seen in his lower esophagus. His
symptoms and esophageal eosinophilia were completely
resolved by topical FP therapy, although primarily not by
PPI. In this patient, allergic reaction to a sclerosant
(monoethanolamine oleate) in the esophageal wall or sec-
ondarily induced pathological reflux after sclerotherapy
may have been a potential trigger of the eosinophilic
inflammation [20, 21]. Neither of the two patients who
received topical steroid therapy developed oral or esopha-
geal candidiasis. Three patients (case nos. 7, 8, and 9)
could not be followed up.

Discussion

In the present study, we described 12 adult patients with
esophageal eosinophilia, including EoE. EoE in adults has
been increasingly recognized and actively investigated in
Western countries, but in Asian populations this condition
has been described in only a few case reports [7, &].
According to the recent diagnostic guidelines established
by the American Gastroenterological Association [2], EoE
should be diagnosed when clinical symptoms of esophageal
dysfunction are present, >15 eosinophils in one high-
power field (HPF) are detected in 1 or more esophageal
biopsies, and high-dose PPI fails to ameliorate the symp-
toms or normal pH monitoring of the distal esophagus is
observed. In our patient group, only two patients (cases no.
1 and no. 2) could be diagnosed as having EoE (although in
case no. 2, esophageal eosinophilia might have been caused
by hypersensitivity to drugs). Thus, based on our results,
typical EoE, as strictly defined by unresponsiveness to PPI,
may be rare in Japan, even among those who exhibit both
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typical endoscopic findings and histologically confirmed
esophageal eosinophilia.

However, recently, a substantial overlap of EoE and
GERD has been documented in adult patients, and in a
subset of these patients acid suppressive therapy with a PPI
leads to symptom relief with endoscopic and histological
resolution [11-16]. A mechanistic explanation for the ther-
apeutic effect of PPIs is that the permeability of exogenous
allergens to the esophageal wall is attenuated by the curing
of the mucosal injury with acid suppression [22]. An anti-
inflammatory effect of PPIs, in addition to the acid sup-
pression, may also be associated with their therapeutic
efficacy [23, 24]. On the other hand, there is a possibility that
eosinophilic inflammation of the esophagus may result in
GERD by impairing esophageal motor function [22]. Thus,
the causal relationship between EoE and GERD is intricate
and controversial [12, 22, 25], and it is difficult to clearly
discriminate between these two conditions [22]. There is an
opinion that a favorable response to PPI therapy does not
preclude a diagnosis of eosinophilic esophagitis [22].

Consistent with the allergic nature of EoE, dietary
therapy, topical steroids, systemic steroids, leukotriene
receptor antagonists, or some biologic agents have been
used for treatment. Of these treatment options, topical
steroid therapy administered by the swallowing of flutica-
sone propionate (FP) has been established as a first-line
agent both in children and adults because of its high ther-
apeutic effect and low rate of adverse effects [26].
Recently, Peterson et al. [27] reported that PPI therapy, in
addition to topical steroid therapy, yielded similar symp-
tomatic and pathological responses regardless of underly-
ing GERD. Because of their safety and simplicity, PPIs
rather than topical steroids may be recommended as first-
line agents for esophageal eosinophilia, including EoE, in
clinical practice.

In agreement with descriptions in previous Western
reports [2, 3], most of our patients were middle-aged and
male. Concurrent or past allergic conditions in our patients
were unexpectedly few. Although the predominant symp-
tom was dysphagia, 3 asymptomatic subjects were inci-
dentally diagnosed during endoscopic screening. Linear
furrows, transient or constant concentric rings, and white
exudates scattered over the mucosal surface were fre-
quently observed. As described in many Western reports
[2-6, 9-11], such endoscopic findings appeared to be
characteristic of eosinophilic esophageal inflammation in
our series as well.

Asymptomatic subjects who were incidentally discov-
ered during screening would have remained undiagnosed
unless endoscopic examination with esophageal biopsies
had been performed. In a recent Swedish study reported by
Ronkainen et al. [28], when sampling the esophageal mucosa
irrespective of symptoms or endoscopic abnormalities, they

found that approximately 1% of the adult general popula-
tion had definite or probable esophageal eosinophilia. They
also noted that none of the patients with definite or prob-
able esophageal eosinophilia had consulted a doctor for
their symptoms. Thus, it is suggested that EoOE may be an
undiagnosed or unrecognized condition, but not uncom-
mon. Although the long-term course of this condition has
not been well characterized, about 30% of adult patients
with EoE developed esophageal stenosis for which a dila-
tation procedure was needed after a mean follow-up period
of about 7 years [29]. Because endoscopic examination to
screen for malignant diseases has been widely performed in
the general population in Japan regardless of the presence
of symptoms, asymptomatic patients with esophageal
eosinophilia may be increasingly detected. The natural
course and appropriate clinical management for asymp-
tomatic EoE has yet to be clarified.

Although in the present retrospective report the numbers
and sites of esophageal biopsies were not uniform for each
patient, there was wide regional variation in the numbers of
infiltrated eosinophils within the same patients. In case no.
8, 49 eosinophils/HPF were seen in only one of 4 biopsy
samples from the lower esophagus, and no eosinophils
were seen in 3 other samples. The endoscopic abnormali-
ties in this patient were much milder than those in the other
patients. Due to the patchy distribution of the eosinophilic
infiltration, multiple biopsies should be obtained over the
entire esophagus. More than 3 biopsies from the proximal
to distal esophagus are recommended for improving the
diagnostic accuracy for EoE [17, 30].

In summary, the endoscopic recognition of linear fur-
rows, transient and constant concentric rings, and white
exudates was useful for the early diagnosis of esophageal
eosinophilia including EoE in Japanese patients. A subset
of patients with this condition experienced clinicopatho-
logical resolution with PPI treatment, and topical steroid
therapy administered by swallowing FP was effective for
the patients who did not respond to a PPI. EoE, as strictly
defined by unresponsiveness to PPI, appears to be rare at
present among patients with esophageal eosinophilia in
Japan. Because of the increasing prevalence of allergic
conditions in Asian populations [31], EoE may increase in
future. Further awareness of this unrecognized condition
and accumulation of such patients in clinical practice are
needed to understand the epidemiology and pathophysiol-
ogy of EoE in Asian countries.
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