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Shift in the Clinical Spectrum of Eosinophilic Gastroenteritis Toward
he Mucosal Disease Type

OSEPH Y. CHANG,* ROK SEON CHOUNG,* RU MIN LEE,* G. RICHARD LOCKE III,* CATHY D. SCHLECK,‡

LAN R. ZINSMEISTER,‡ THOMAS C. SMYRK,§ and NICHOLAS J. TALLEY*,�

Enteric NeuroScience Program, Division of Gastroenterology and Hepatology, ‡Department of Health Sciences Research, Division of Biomedical Statistics and
nformatics, §Division of Anatomic Pathology, Mayo Clinic College of Medicine, Rochester, Minnesota; and �Department of Internal Medicine, Mayo Clinic Florida,
acksonville, Florida

his article has an accompanying continuing medical education activity on page e88. Learning Objectives—At the end
f this activity, the learner should be able to understand the clinical spectrum and clinical presentation of eosinophilic

astroenteritis and understand the imaging and pathological features of eosinophilic gastroenteritis.
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See related articles, Dohil R et al, on page 418
in Gastroenterology and, DuBay D et al, on page
xxii in this issue of CGH.

ACKGROUND & AIMS: Eosinophilic gastroenteritis
EG) is a rare disorder characterized by eosinophilic infiltration
f the gastrointestinal (GI) tract. Despite the increasing preva-

ence of eosinophilic GI disorders, the epidemiology of EG has
ot been well studied. We evaluated the clinical spectrum of
G. METHODS: We reviewed data from patients diagnosed
ith EG, allergic gastroenteropathy, or eosinophilia and re-

erred to gastroenterologists from 1987 to 2007 (n � 59; 52
ith mucosal, 3 with muscularis, and 4 with subserosal disease).
he study included subjects diagnosed with EG and those with
history that suggested EG, defined by GI symptoms; eosino-

hilic infiltration of the GI tract, eosinophilic ascites, or char-
cteristic radiographic findings with eosinophilia; and no par-
sitic or extraintestinal disease. Findings were compared with
hose from patients with unexplained GI symptoms and pe-
ipheral eosinophilia (n � 11). RESULTS: Associations be-
ween clinical variables and EG subgroups did not differ be-
ween patients with EG and peripheral eosinophilia. Fifty
ercent of patients with EG who underwent food allergy testing
ad a positive test result; only 32% of those with EG who
nderwent radiographic imaging had positive test results. Pa-
ients with EG received steroid therapy; 75% with mucosal, 67%
ith muscle, and 100% with subserosal disease received pred-
isone. Eighty-eight percent of patients who received only ste-
oids (mean follow-up period, 7 mo) and 94% of patients who
eceived steroids in combination with another therapy (mean
ollow-up period, 4 mo) had improved or resolved disease.
ONCLUSIONS: Unlike eosinophilic esophagitis, EG is

are. Results from this large study suggest that EG disease
ype has shifted toward that of the mucosal layer.

eywords: Eosinophilia; Gastroenteritis; Allergic Gastroenterop-
thy; Clinical Trial.
osinophilic gastroenteritis (EG) is a heterogeneous and
rare disorder characterized by eosinophilic infiltration of

he gastrointestinal (GI) tract. Although originally described by
aijser1 in 1937, the etiopathogenesis for EG remains largely
nknown, but eosinophilic inflammation from an allergic re-
ponse is thought to have a central role, with a predominance of
h-2 proinflammatory cytokines and the chemokine eotaxin.2 GI
osinophilic inflammation is associated with seasonal allergies,
ood allergies, asthma, eczema, and atopy.2–5 Klein et al6 further
escribed that the depth of eosinophilic infiltration defines the

ikely clinical symptoms and presentation; a classification sys-
em based on maximal depth of tissue involvement (mucosal,

uscle layer, or subserosal layer) was proposed. Talley et al7

valuated clinical differences based on the Klein classification
ystem in one of the largest series to date. Eosinophilic gastro-
nteritis has been found to have a myriad of clinical manifes-
ations because symptoms appear dependent on both the site of
he GI tract involved, as well as the depth of involvement of the
ut wall.

The current generally accepted diagnostic criteria includes
he presence of recurrent gastrointestinal symptoms, biopsies
ith histopathology showing predominant eosinophilic infil-

ration with sheets of eosinophils, and the absence of parasitic
r extraintestinal diseases that may cause eosinophilia.7,8 Al-
hough peripheral eosinophilia commonly may be found, it
enerally is thought not to be required for diagnosis because it
s not a universal finding.7,9,10 The epidemiology of EG is un-
lear and challenging to assess given the relative dearth of
ublished data. It generally is reported that EG has been found
o affect all age groups from infants to adults, usually presents
n the third decade of life, and has been reported to have a slight

ale predominance.3,7,8

Abbreviations used in this paper: EG, eosinophilic gastroenteritis; GI,
astrointestinal; HPF, high-power field; PEos, peripheral eosinophilia.

© 2010 by the AGA Institute
1542-3565/$36.00
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Given that it is uncommon, there remains a significant lack
f clinical data on EG. The available literature is largely limited
o single case reports and small case series. This is in contrast to
ther eosinophilic gastrointestinal disorders such as eosino-
hilic esophagitis. Although first reported 3 decades ago, eo-
inophilic esophagitis has been well described in the literature
nd there is growing evidence that the prevalence and incidence
f eosinophilic esophagitis have been increasing in recent de-
ades.11,12 However, it is unknown whether there has been a
imilar parallel increase seen for eosinophilic gastroenteritis.
lthough a large pediatric series involving duodenal eosino-
hilia, dyspepsia, and treatment with montelukast recently was
escribed, there remains a lack of investigation of EG in the
dult population.13 In fact, the 40 subjects originally described
y Talley et al7 remain one of the largest adult series in the

iterature. Given this, we sought to evaluate the clinical spec-
rum of EG in adult patients diagnosed at a major referral
enter over the past 2 decades.

Methods
Our previous experience with eosinophilic gastroenter-

tis from 1950 through 1986 was reported in 1990 and included
0 subjects.7 The present study was approved by the Mayo
oundation Institutional Review Board.

Patient Selection and Case Definitions
Charts from Mayo Clinic patients, from 1987 to 2007,

ith a diagnosis of eosinophilic gastroenteritis, allergic gastro-
nteropathy, or eosinophilia and referred to the GI clinic were
eviewed. These medical records are readily available for review
ecause the Mayo Clinic has maintained a common medical
ecords system with its 2 affiliated hospitals (St. Marys and
ochester Methodist) for more than 100 years. All diagnoses
nd surgical procedures are recorded and indexed, including all
iagnoses made from outpatients seen in the office or clinic
onsultations, emergency room visits, or nursing home care.
iagnoses also are recorded for hospital inpatients, at autopsy

xamination, or on death certificates. This system contains the
edical histories of more than 4 million individuals, with only

pproximately 300 lost in the past 80 years.7

Review of appropriate medical records was used to identify
nd/or verify a clinical diagnosis of eosinophilic gastroenteritis,
nsure eligibility based on exclusion criteria, and to abstract
ata points of interest. Subjects were excluded if they had a
istory or diagnosis of any of the following: eosinophilic esoph-
gitis, Ménétrier’s disease, inflammatory bowel disease (ulcer-
tive colitis or Crohn’s disease), celiac disease, connective tissue
isease, vasculitides, amyloidosis, lymphoma, leukemia, malig-
ancy, and hypereosinophilic syndrome. Source of referral for
ubjects (eg, self-referred vs outside physician referral) was not
factor for inclusion or exclusion. All subjects with a clinical

iagnosis of eosinophilic gastroenteritis were included for anal-
sis regardless of the number or duration of clinical visits
urrounding the time of diagnosis at our center. For subjects
ith a history suggestive of eosinophilic gastroenteritis but
ith equivocal clinical diagnosis, accepted diagnostic criteria
ere used to identify subjects to be included in the study.7

osinophilic gastroenteritis was defined in these subjects by the
ollowing criteria: (1) presence of recurrent or chronic GI symp-

oms; (2) biopsies showing eosinophilic infiltration of one or e
ore areas of the GI tract, eosinophilic ascites, or characteristic
adiographic findings with peripheral eosinophilia; and (3) no
vidence of parasitic or extraintestinal disease; peripheral eosin-
philia was not required as part of the diagnostic criteria. The
ame diagnostic criteria were used in a previous study.7

Patients with EG were divided into groups according to the
lein classification system: (1) mucosal disease, defined as in-
ltration of the mucosa by eosinophils and/or evidence of
ucosal edema on barium studies, and without evidence of GI

bstruction, eosinophilic ascites, or histologic evidence of infil-
ration beyond the mucosal layer; (2) disease of the muscle
ayer, defined as eosinophilic infiltration of the muscularis
nd/or documented complete or incomplete bowel obstruction,
nd without evidence of eosinophilic ascites; and (3) subserosal
isease, defined by the presence of eosinophilic ascites with or
ithout evidence of eosinophilic infiltration of the gut.6 Pa-

ients with histologic evidence of involvement of the mucosa
nd muscle layer were included in the latter group. Patients
ith evidence of mucosal disease and ascites were included in

he subserosal group.
When available, histologic slides were reviewed by a single

xperienced expert gastrointestinal histopathologist (T.C.S.).
ll biopsy specimens were collected, processed, and reviewed at

he Mayo Clinic Rochester. Biopsy specimens were fixed in
ormalin and embedded in paraffin, cut at 4 to 5 �m, then
tained with H&E. Histopathologic findings that were consid-
red suggestive of eosinophilic gastroenteritis included dense
nd diffuse eosinophilic infiltration (often at �50 eosinophils
er high-power field [HPF]), formation of sheets of eosinophils

n the lamina propria, extension of eosinophilic infiltration into
he submucosa, and lack of evidence of chronic changes or
njury. Quantification of the degree of infiltration was per-
ormed on available slides.

A second group of subjects was identified who had gastro-
ntestinal symptoms, unexplained peripheral eosinophilia, and
o evidence of eosinophilic infiltration of the GI tract or par-
sitic infection. The exclusion criteria used earlier also were
pplied to this group. In addition, these subjects were required
o have negative histologic findings. This group was identified
s having unexplained peripheral eosinophilia (PEos). The iden-
ification of this group was for comparison purposes with the
G group.

Statistical Analysis
Prespecified clinical features were evaluated and the

ssociation with EG subgroups (mucosa, muscularis, and sub-
erosal), EG as a homogeneous group that included all sub-
ypes, and the group with unexplained PEos also was assessed.
he association of group category with age at diagnosis, sex,
resenting GI symptoms, years of symptoms, history of allergy,
istory of food allergy/intolerance, family history of allergy,
ody mass index, anemia at time of presentation, serum immu-
oglobulin E levels, absolute peripheral eosinophil count, and
rythrocyte sedimentation rate was assessed using the Fisher
xact test. A 2-tailed � level of .05 for each variable examined
as used to assess statistical significance. Descriptive data were

ollected on demographic characteristics, endoscopic findings
nd sites of biopsies, and radiographic findings. Available his-
ologic slides were reviewed by an expert histopathologist
T.C.S.) and results were compared based on the number of

osinophils per HPF.
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Results
A total of 59 patients with eosinophilic gastroenteritis

ere identified: 52 with disease of the mucosa, 3 with disease of
he muscle layer, and 4 with subserosal involvement. Eleven
atients were identified with unexplained peripheral eosino-
hilia and gastrointestinal symptoms. Table 1 summarizes the
ociodemographic findings for the EG and PEos groups. The

ean age at presentation was 47 years for EG and 37 years for
Eos patients. Among those with EG, 61% were male, 98% were
aucasian with 1 Asian/Pacific Islander subject, and 96% had at

east completed high school (36% with college/professional
raining). No statistically significant association was detected
etween group membership and age, sex, ethnicity, marital
tatus, education level, employment status, alcohol use, or
moking history.

The clinical findings are presented in Table 2. No clinical
ariable was found to be associated significantly with subgroup
embership. The body mass index for those with EG by sub-

ype was 26 kg/m2 with mucosal disease, 29 kg/m2 for muscular
isease, and 24 kg/m2 for subserosal disease. For those with EG,
ost reported a personal history of allergy (63% mucosal dis-

able 1. Sociodemographic Features Among Patients With
EG and Unexplained PEos

EG
(n � 59)

Unexplained PEos
(n � 11)

ean age (SEM) 47 (2) 37 (4)
ex, %
Male 61 64
Female 39 36

thnicity (EG, n � 10 missing)
White/Caucasian, % 98 100
Asian/Pacific Islander, % 2 0
arital status, % (EG, n � 1

missing)
Single 28 36
Married 66 55
Divorced 3 9
Widowed 3 0

ducation level (EG, n � 6 missing)
Less than high school 4 0
High school/some college 60 73
College/professional training 36 27

mployment status, % (EG, n � 3
missing; PEos, n � 1 missing)

Employed 63 70
Unemployed 11 0
Retired 9 0
Student 9 20
Disability 3 0
Other 5 10

lcohol use, % (EG, n � 2 missing)
Never 40 45
Current user 49 45
Quit/use in past 11 10

moking, % (EG, n � 2 missing)
Never 60 64
Current smoker 15 18
Quit/past smoker 25 18

EM, standard error of the mean.
ase, 67% muscle layer disease, and 50% serosal disease), but m
nly 27% reported a family history of allergy and this was
imited to only those with mucosal involvement. Subjects with
G did not appear to have anemia at presentation or a pro-

oundly increased erythrocyte sedimentation rate. Peripheral
osinophilia was seen commonly among all 3 EG groups with a
edian count between 0.9 and 3.3 kU/L. Serum immunoglob-

lin E levels appeared highest in the mucosal group of EG (622
/L), but these levels were comparable with those found in the
nexplained PEos group (690 U/L). Common presenting symp-
oms by EG subtype were mucosal disease with abdominal pain
63%) and diarrhea (52%); muscle layer disease with nausea/
omiting (100%), weight loss (67%), and diarrhea (67%); and
erosal disease with ascites (100%), abdominal pain (67%), and
iarrhea (67%). No unique presenting symptom was detected
mong any of the EG groups aside from ascites in serosal
isease.

Table 2 also summarizes the therapies used for each EG
ubtype as well as the PEos group. Possible therapies included
teroids (eg, prednisone), dietary modification, antihistamine
gents, mast cell inhibitors, leukotriene receptor antagonists,
ombined therapies, and therapy without steroids. Treatment
or the EG group consisted largely of steroid therapy with 75%
f mucosal layer, 67% of muscle layer, and 100% of subserosal
isease patients receiving prednisone, and this was found to be
ssociated significantly with group membership (eosinophilic
astroenteritis group vs the unexplained PEos group). Only 13%
f the EG group (limited to the mucosal layer of disease group)
eceived any type of therapy that did not include steroids.
ombination therapy was common with 100% of the subserosal
roup receiving combination therapy that included steroids.

Of the patients with EG, 56 underwent endoscopic evalua-
ion and all patients with PEos underwent endoscopic evalua-
ion with either esophagogastroduodenoscopy or colonoscopy,
r both procedures. All 3 EG patients who did not have an
ndoscopic evaluation underwent surgery; 2 for diagnostic pur-
oses and 1 owing to gastric outlet obstruction. Of the patients
ho had some form of endoscopic evaluation, 58% of EG
atients and 64% of PEos patients had positive endoscopic
ndings. Gastric erythema/gastritis (22%) and thickened gastric

olds (10%) were the most common endoscopic findings for EG.
he total number of unique biopsies obtained at each site of

he GI tract also was recorded. The sum of these numbers will
e larger than the total number of subjects because many had
umerous biopsy specimens taken. When available, the histo-

ogic slides from subjects with EG were reviewed by an expert
istopathologist (T.C.S.) and quantification of the number of
osinophils per HPF was recorded (Figure 1). The median eo-
inophil count per HPF for EG was 82 (interquartile range,
7–100). The overall range of eosinophils/HPF seen on biopsies
rom patients diagnosed with EG was from 4 to 300. Table 3
ummarizes for the EG group the number of biopsies based on
ite, number of patients with eosinophilic infiltration of 20 or

ore eosinophils/HPF per each biopsy site, and median eosin-
phil/HPF (interquartile range) seen on positive biopsies at
ach site. Table 3 does not include any data for the PEos group
ecause by definition this group was required to have negative
istologic findings.

The sites as well as description of radiographic findings in
he EG and unexplained PEos groups (Figure 2) were recorded.
adiographic techniques included computerized tomography,

agnetic resonance imaging, ultrasound, computerized tomog-



r
G
w
M
(
i
p
v
(
9

a
g

d
t
N
o
b
s
e
v
s
a
p

s

T

A
Y
H
B
F
F
A
E
M

S
P

T

E
a

b

672 CHANG ET AL CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol. 8, No. 8
aphy enterography, magnetic resonance enterography, upper
I series, and small-bowel follow-through. Only 32% of those
ith EG who had radiographic imaging had a positive finding.
ost common sites were the stomach (10%) and small bowel

15%), with thickened walls commonly seen in the jejunum/
leum (17%) and stomach (8%). For the PEos group, 27% had a
ositive radiographic finding, with the most commonly in-
olved sites being the duodenum (18%) and jejunum/ileum
27%), with thickened walls being the most common finding at
% for both affected areas.

As shown in Table 4, the association of self-reported types of
llergies with subgroup also was assessed for the EG and PEos
roups; these included atopy, asthma, nasal polyps, hay fever,

able 2. Clinical and Laboratory Features of EG by Disease G

Variables
Mucosal layer

(n � 52)
Mus

(n

ge at diagnosis, ya 48 (2) 45 (
ears of symptoms, ya 3.4 (0.8) 2.8 (
istory of allergy, % 63
ody mass index, kg/m2a 26 (0.8) 29 (
amily history of allergy, % 27
ood intolerance/allergy, % 19
nemia at time of diagnosis, % 27
SRa,b 15 (3) 4 (
edian blood eosinophil count,

kU/L, (interquartile range)a
0.9 (0.3–1.9) 3.3 (

erum IgE level, U/mLa 622 (278)
resenting symptoms, %
Abdominal pain 63
Nausea/vomiting 40
Bloating 8
Weight loss (�5 lb) 19
Diarrhea 52
Constipation 8

reatment, %
Steroids (eg, prednisone)b 75
Dietary modification 23
Mast cell inhibitors 25
Antihistamines 35
Leukotriene receptor antagonists 4
More than one therapy 88
Treated without steroids (with one

of the other noted therapies)
13

SR, erythrocyte sedimentation rate; Ig, immunoglobulin.
Mean (standard error of the mean).
P � .05 for total EG group versus unexplained PEos group.
rug allergy (self-reported drug allergy and recorded qualita-
ively as yes/no), eczema, food intolerance/allergy, and rhinitis.
o significant association was found for any one particular type

f allergy. Food allergy testing (either through radioallergosor-
ent or skin prick testing) was performed and reported on 22
ubjects with EG and 2 with PEos. Types of foods tested by
ither method included dairy, meat, poultry, grains, seafood,
egetables, nuts, legumes, fruits, and spices. Only 50% of the EG
ubjects who underwent food allergy testing had a positive finding
nd the specific types of food allergies are reported in Table 5. No
articular food group appeared to be over-represented.

A total of 30 subjects, 27 with mucosal disease and 3 with
erosal disease, had follow-up evaluation after therapy available

Figure 1. (A) Small-bowel biopsy
from the jejunum that shows dense
eosinophilic infiltration involving the
submucosa as well as serosa. (B)
Taken from the same jejunal biopsy as
in panel A, this higher-magnification
view of the subserosa shows the sig-

and Unexplained PEos

yer
)

Serosa
(n � 4)

All EG
(n � 59)

GI symptoms and
PEos (n � 11)

29 (8) 47 (2) 37 (4)
7.0 (6.5) 3.6 (0.8) 4.6 (2.2)

50 63 73
24 (2.9) 26 (0.8) 25 (1.7)

0 24 0
0 19 18

25 25 9
21 (17) 15 (2.9) 7 (2)

.8) 1.3 (0.9–2.0) 1.5 (0.3–2.1) 1.7 (0.7–2.3)

86 (49) 531 (234) 690 (301)

75 64 73
25 43 36
0 9 27

25 22 9
25 52 73
0 7 0

100 78b 18
50 27 36
50 27 27
50 38b 0

0 4 9
100 88b 64

0 13b 45
roup

cle la
� 3

14)
2.6)
67

3.4)
0

33
0

2)
0.4–3

27

33
100
33
67
67
0

67
33

0
33

0
67
0

nificant accumulation of eosinophils.
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or review. The mean length of follow-up evaluation for these
0 subjects was 6 months. Of these 30 subjects, most received
herapy with steroids: 8 received steroid therapy alone, 16 re-
eived steroid therapy in combination with another therapy (eg,
ietary modification, antihistamine agents, mast cell inhibitors,

eukotriene receptor antagonists), and 2 received therapy other
han steroids. Four subjects received no therapy. For the group
hat received only steroid therapy, which had a mean length of
ollow-up evaluation of 7 months, 88% had either improvement
r resolution of symptoms. For the 16 subjects who received
teroids in combination with another therapy, 94% had either
mprovement or resolution of symptoms, with a mean length of
ollow-up evaluation in this group of 4 months. The 2 subjects
ho received a therapy other than steroids had a mean length
f follow-up evaluation of 2 months, and 1 had no improve-
ent in symptoms and the other had resolution of symptoms.

nterestingly, all of the 4 subjects who received no therapy had
esolution of their symptoms, with a mean length of follow-up
valuation of 17 months.

Discussion
The present study reports our clinical experience with

dult EG. A total of 59 patients with EG were seen in our center
ver the past 20 years and, when combined with our previous
xperience, a total of 99 patients with EG were seen over a
0-year period. The data suggest that unlike other eosinophilic
I disorders such as eosinophilic esophagitis, EG remains a rare

able 3. Distribution of Biopsy Specimens and Degree of Eo
Diagnosed With EG

EG patients biopsied
at each site, n

Patie

ite of biopsies, %
Gastric antrum/body 39
Duodenum, proximal jejunum 26
Ileum 7
Colon 6
Rectuma 1
Gallbladdera 1
Appendixa 2
Othera 2

Biopsies unavailable for review.

igure 2. Computerized tomography of the abdomen and pelvis of a p
A) Moderate ascites as noted (white arrows); (B) generalized mural thick

yperemia of several loops of small bowel.
isorder with an average of only 2 to 3 cases diagnosed annually
t a large tertiary referral center. This study evaluated numerous
actors including sociodemographic characteristics, clinical fea-
ures, endoscopic and radiographic findings, and types of self-
eported allergies, as well as documented food allergies by
pecific type of food product. For applicable clinical features, a
econd group of patients with GI symptoms and unexplained
Eos was compared against those with EG. No significant
efining feature was found for EG as a whole and regardless of
ubtype, any of the particular EG types, or for the unexplained
eripheral eosinophilia group.

Our findings that EG occurs largely in the third and fourth
ecades of life, has a male predominance, and occurs mostly in
he Caucasian population is consistent with available litera-
ure.4,5,7,9 Most EG patients appear to have at least a high school
egree or some college education and full employment. This
nding may argue away from a relationship between EG and a
rimary allergic response because asthma and allergies are re-
orted disproportionately in lower socioeconomic groups.14,15

owever, our findings are similar to those reported for inflam-
atory bowel disease; ulcerative colitis and Crohn’s disease

ppear to be more common in higher socioeconomic groups
nd those in white-collar occupations.16,17 Whether this may
ndicate a similar theorized etiopathogenesis, with absence of
arly antigen presentation in those from higher socioeconomic
roups and subsequent lack of GI immunity for those with EG,
s unclear.

hilic Infiltration of Positive Biopsies From Patients

ith eosinophilic infiltration
eosinophils/HPF), n

Median eosinophils/HPF for positive
biopsies (interquartile range)

21 83 (25–100)
11 69 (30–80)
2 165 (30–300)
4 129 (65–192)

— —
— —
— —
— —

t diagnosed with EG with multiple computerized tomography findings.
g of the gastric antrum (white arrow); and (C) mild mural thickening and
sinop

nts w
(�20
atien
enin
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Numerous clinical features were examined and compared
etween patients with unexplained GI symptoms and PEos,
atients with EG regardless of subtype, and EG subjects segre-
ated by degree of involvement per the Klein classification. No
linical feature was found to be associated significantly with any
ne group membership. However, notable is that increased
Eos was found for all 3 groups of EG. This finding contradicts
he historical perspective that PEos is not believed to be a
rerequisite for diagnosis because it is not a universal find-

ng.7,9,18,19 A possible explanation for this finding is that the
ajority of the patients reported a history of allergy; peripheral

osinophilia has been reported to occur more often in those
ith an allergic disorder such as atopy, asthma, or eczema.20,21

nother consideration is that secondary to increased clinical
wareness of EG, patients who presented with PEos and GI
ymptoms were more likely to undergo diagnostic evaluation
hat was focused on confirming or excluding a diagnosis of EG.
lthough clinical experience would support the view that pe-

ipheral eosinophilia is not a universal finding and not required
or diagnosis, our findings may reinforce that clinical vigilance
nd suspicion for EG should be high in the context of GI
ymptoms, PEos, and a history of allergy. Other laboratory
arameters including anemia at time of diagnosis, increased
rythrocyte sedimentation rate, and serum immunoglobulin E
evels did not appear to be helpful diagnostic tests for EG, and
his is consistent with past experience.7

A history of allergy appeared common for all groups of EG;
pecifically drug allergy, asthma, and food intolerance/allergy
ere the most common types of allergies. Twenty-two subjects
ith EG underwent food allergy testing. Although a variety of

ypes of food allergies were identified, it is notable that 50% of
ll tested subjects had negative food allergy testing. Our find-
ngs, in conjunction with the low sensitivity and high rates of
alse-positive results of commonly available allergy tests, may
rgue for great caution when contemplating the use of these
ests for suspected EG patients.8

Body mass index also was evaluated and most groups were
argely overweight but without overt obesity. Increasing weight

ay be relevant in the pathogenesis of EG given that obesity
as been reported to be associated with allergic diseases such as
sthma and atopy.22,23 One proposed explanation for this asso-
iation is that obesity results in decreased immunologic toler-
nce and a shift of the immune system toward a Th-2 cytokine
rofile, which increases the risk for allergy and other immune-

able 4. Distribution of Types of Self-Reported Allergies
Among EG and Unexplained PEos

EG
(n � 59)

Unexplained PEos
(n � 11)

ype of allergy history, % (EG,
n � 1 missing)

Atopy 10 0
Asthma 24 9
Nasal polyps 5 0
Hay fever 7 0
Drug allergy 36 45
Eczema 2 0
Food intolerance/allergy 21 27
Rhinitis 21 9
ediated diseases.23 Th-2 cytokines (interleukin-3, interleu- s
in-5, and interleukin-13) are especially relevant for EG in that
hey are thought to play a critical role in the pathogenesis.8

inally, gastrointestinal symptoms including abdominal pain,
ausea, vomiting, and diarrhea were common but not unique
o any one particular group.

Endoscopic features were examined and the predominance
f proximal findings likely is secondary to the use of upper
ndoscopy as part of the diagnostic evaluation. Furthermore,
he use of upper endoscopy in clinical practice has been increas-
ng over this same time period.12,24 This is reflected by the
ommon identification of gastric erythema/gastritis, as well as
he stomach and duodenum/proximal jejunum being the most
ommon sites of biopsy, consistent with previous investiga-
ion.7 Radiographic features also were reported and the findings
ppear to often involve the stomach or small bowel, with a
hickened gut wall being the common abnormality. Finally,
vailable histologic slides were reviewed and the intensity of
osinophilic infiltration was quantified. Interestingly, we found
significant level of eosinophilia seen on reviewed biopsies that
ere positive with a median of 82 eosinophils (interquartile

ange, 27–100). This finding is much greater than the minimum
evel of 20 eosinophils per HPF commonly used as part of the
iagnostic criteria.

Finally, the distribution of types of EG in our study is
otably different from our previous experience. In 1990, Talley
t al7 reported on a group of 40 subjects with EG that com-
rised 23 mucosal, 12 muscle layer, and 5 subserosal disease
atients. Although our findings continue to show a predomi-
ance of mucosal disease, there appeared to be a greater shift
oward mucosal disease and away from disease of the muscu-
aris, with our finding of 52 mucosal, 3 muscle layer, and 4
ubserosal disease. The change may reflect diagnostic bias with
he greater use of upper endoscopy in the evaluation of GI
ymptoms since that original report in 1990,12,24 but another
onsideration would be the hypothesis that the pathogenesis of
G involves an inward-out pathway; EG initially may involve

he mucosa and that progression of the disease involves greater
epth of invasion of the gut wall. This hypothesis in conjunc-
ion with greater use of diagnostic upper endoscopy could
xplain the shift in types of EG observed secondary to diagnosis
t an earlier stage. This is supported by our findings that the
raction of those with serosal involvement also appeared to
ecrease during this same time period; we presume the serosal

able 5. Types of Food Allergies Found in EG

EG (n � 22)

ype of food allergy, %a

Dairy 23
Meat 23
Poultry 18
Grains 32
Seafood 23
Vegetables 36
Nuts 27
Legumes 23
Fruits 27
Spices 9
None 50

Diagnosed by either radioallergosorbent immunoglobulin E test or

kin prick test.
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roup represents those with advanced disease and we now see
ess of this with more aggressive and earlier investigation.

Finally, this study describes response to therapy in 30 sub-
ects. Steroid therapy, either as monotherapy or in combination
ith another therapy, remains the cornerstone of treatment for
G, and most patients appeared to have a significant clinical
esponse within a relatively short period of time after therapy.
lthough 88% responded to steroid therapy alone, combination

herapy with steroids appeared to be superior to monotherapy
ith 94% having either clinical improvement or resolution of

ymptoms at follow-up evaluation.
In conclusion, this study reports a large and comprehen-

ively described clinical experience with adult EG. We reviewed
9 patients with EG disease and 11 patients with GI symptoms
nd unexplained PEos. Our data suggest that EG remains a rare
isorder and does not appear to be increasingly diagnosed
espite increasing prevalence and incidence of other eosino-
hilic GI disorders. PEos was seen in the majority of our cases
nd extent of involvement appears to have shifted toward that
f the mucosal layer. It often presents with nonspecific GI
ymptoms, occurs largely in the third and fourth decades of life,
as a male predominance, occurs mostly in the Caucasian
opulation, and most patients have a higher level of education.
teroid therapy appears to be a highly effective treatment with
clinical response seen in just months, and the response may be

ven greater when used in combination with another therapy.
lthough a history of allergy is common, food allergy testing
id not appear to have a useful role as part of the evaluation for
G. Finally, our findings suggest that clinical vigilance is war-
anted especially when evaluating a patient presenting with
ven mild PEos and GI symptoms.

References

1. Kaijser R. Zur kenntnis der allegischen affektioner desima ver-
dauungskanal von standpunkt desima chirurgen aus. Arch Klin
Chir 1937;188:36–64.

2. Khan S, Orenstein SR. Eosinophilic gastroenteritis. Gastroenterol
Clin North Am 2008;37:333–348.

3. Kelly KJ. Eosinophilic gastroenteritis. J Pediatr Gastroenterol Nutr
2000;30:S28–S35.

4. Daneshjoo R, Talley NJ. Eosinophilic gastroenteritis 2002. Curr
Gastroenterol Rep 2002;4:366–372.

5. Mendez-Sanchez N, Chavez-Tapia NC, Vazquez-Elizondo G, et al.
Eosinophilic gastroenteritis: a review. Dig Dis Sci 2007;52:
2904–2911.

6. Klein NC, Hargrove RL, Sleisenger MH, et al. Eosinophilic gastro-
enteritis. Medicine (Baltimore) 1970;49:299–319.

7. Talley NJ, Shorter RG, Phillips SF, et al. Eosinophilic gastroenter-
itis: a clinicopathological study of patients with disease of the
mucosa, muscle layer, and subserosal tissues. Gut 1990;31:

54–58.
8. Khan S. Eosinophilic gastroenteritis. Best Pract Res Clin Gastro-
enterol 2005;19:177–198.

9. Chen MJ, Chu CH, Lin SC, et al. Eosinophilic gastroenteritis:
clinical experience with 15 patients. World J Gastroenterol 2003;
9:2813–2816.

0. Johnstone J, Morson B. Eosinophilic gastroenteritis. Histopathol-
ogy 1978;2:335–348.

1. Straumann A, Simon HU. Eosinophilic esophagitis: escalating
epidemiology? J Allergy Clin Immunol 2005;115:418–419.

2. Prasad GA, Alexander JA, Schleck CD, et al. Epidemiology of
eosinophilic esophagitis over three decades in Olmsted County,
Minnesota. Clin Gastroenterol Hepatol 2009;7:1055–1061.

3. Friesen CA, Kearns GL, Andre L, et al. Clinical efficacy and
pharmacokinetics of montelukast in dyspeptic children with duo-
denal eosinophilia. J Pediatr Gastroenterol Nutr 2004;38:343–
351.

4. Bryant-Stephens T. Asthma disparities in urban environments. J
Allergy Clin Immunol 2009;123:1199–1206.

5. McHugh MK, Symakski E, Pompeii LA, et al. Prevalence of
asthma among adult females and males in the United States:
results from the National Health and Nutrition Examination Sur-
vey (NHANES), 2001–2004. J Asthma 2009;46:759–766.

6. Andres PG, Friedman LS. Epidemiology and the natural course of
inflammatory bowel disease. Gastroenterol Clin North Am 1999;
28:255–281.

7. Green C, Elliott L, Beaudoin C, et al. A population-based ecologic
study of inflammatory bowel disease: searching for etiologic
clues. Am J Epidemiol 2006;164:615–623.

8. Johnstone J, Morson B. Eosinophilic gastroenteritis. Histopathol-
ogy 1978;2:335–348.

9. Oh HE, Chetty R. Eosinophilic gastroenteritis: a review. J Gastro-
enterol 2008;43:741–750.

0. Guajardo JR, Plotnick LM, Fende JM, et al. Eosinophil-associated
gastrointestinal disorders: a world-wide-web based registry. J Pe-
diatr 2002;141:576–581.

1. Khan S, Kandula L, Orenstein SR. Educational clinical case se-
ries in pediatric allergy and immunology. Pediatr Allergy Immunol
2007;18:629–639.

2. Lessard A, Turcotte H, Cormier Y, et al. Obesity and asthma: a
specific phenotype? Chest 2008;134:317–323.

3. Hersoug LG, Linneberg A. The link between the epidemics of
obesity and allergic diseases: does obesity induce decreased
immune tolerance? Allergy 2007;62:1205–1213.

4. Schwartz LM, Woloshin S, Welch HG. Trends in diagnostic testing
following a national guideline for evaluation of dyspepsia. Arch
Intern Med 1996;156:873–875.

eprint requests
Address requests for reprints to: Nicholas J. Talley, MD, PhD, Mayo

linic College of Medicine, 200 First Street SW, Rochester, Minnesota
5905. e-mail: talley.nicholas@mayo.edu; fax: (507) 266-9081.

onflicts of interest

The authors disclose no conflicts.

mailto:talley.nicholas@mayo.edu

	A Shift in the Clinical Spectrum of Eosinophilic Gastroenteritis Toward the Mucosal Disease Type
	Methods
	Patient Selection and Case Definitions
	Statistical Analysis

	Results
	Discussion
	References


