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Eosinophilic gastritis (EG) and eosinophilic duodenitis (EoD), characterized by chronic
gastrointestinal (GI) symptoms and increased numbers or activation of eosinophils and mast
cells in the GI tract, are likely underdiagnosed. We aimed to determine rates of EG and EoD and
number of biopsies required to optimize detection using screening data from a randomized
trial of lirentelimab (AK002), an antibody against siglec-8 that depletes eosinophils and inhibits
mast cells. We also characterized endoscopic features and symptoms of EG and EoD.
METHODS:
 Subjects with moderate-to-severe GI symptoms, assessed daily through a validated patient-
reported outcome questionnaire, underwent endoscopy with a systematic gastric and
duodenal biopsy protocol and histopathologic evaluation. EG diagnosis required presence of
‡30 eosinophils/high-power field (eos/hpf) in ‡5 hpfs and EoD required ‡30 eos/hpf in ‡3
hpfs. We analyzed diagnostic yields for EG and EoD and histologic, endoscopic, and clinical
findings.
RESULTS:
 Of 88 subjects meeting symptom criteria, 72 were found to have EG and/or EoD (EG/EoD),
including patients with no prior diagnosis of EG/EoD. We found that GI eosinophilia was patchy
and that examination of multiple biopsies was required for diagnosis—an average of only 2.6
per 8 gastric biopsies and 2.2 per 4 duodenal biopsies per subject met thresholds for EG/EoD.
Evaluation of multiple nonoverlapping hpfs in each of 8 gastric and 4 duodenal biopsies was
required to capture 100% of EG/EoD cases. Neither endoscopic findings nor symptom severity
correlated with eosinophil counts.
CONCLUSIONS:
 In an analysis of patients with moderate-to-severe GI symptoms participating in a clinical trial
of lirentelimab for EG/EoD, we found eosinophilia to be patchy in gastric and duodenal biopsies.
Counting eosinophils in at least 8 gastric and 4 duodenal biopsies is required to identify pa-
tients with EG/EoD, so they can receive appropriate treatment. (ClinicalTrials.gov, Number:
NCT03496571)
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Eosinophilic gastrointestinal (GI) diseases are
chronic inflammatory conditions characterized by
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eosinophils, but aberrant activation of mast cells (MCs)
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What You Need to Know

Background
Eosinophilic gastritis (EG) and eosinophilic duode-
nitis (EoD) are underdiagnosed. We analyzed bi-
opsies from subjects with gastrointestinal (GI)
symptoms in a randomized trial to determine rates
of EG and EoD and the number of biopsies required
to optimize detection.

Findings
More than one-half of subjects (58%) with
moderate-to-severe GI symptoms were found to
have EG/EoD. Counting of eosinophils in at least 8
gastric and 4 duodenal biopsies was required to
identify patients with EG/EoD.

Implications for patient care
EG and EoD are underdiagnosed—it is important to
count eosinophils in multiple gastric and duodenal
biopsies from patients with moderate-to-severe GI
symptoms to identify those with EG/EoD, so they
can receive appropriate treatment.
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also appears to contribute to pathogenesis.4-9 Dysregu-
lation of inflammatory signaling pathways leads to type 2
immunity, activation and/or accumulation of eosinophils
and MCs, and alterations in GI physiology.10-13 Patients
with eosinophilic gastritis and/or eosinophilic duodenitis
(EG/EoD) have nonspecific symptoms such as abdominal
pain, early satiety, and diarrhea.1-3 They have reduced
quality of life, owing to the effects of their symptoms on
daily functions, lack of adequate treatment options, and
frustration from delayed diagnosis.14,15

Studies indicate that EG/EoD is underdiagnosed,16-18

potentially due to lack of diagnostic guidelines, perceived
rarity, and symptoms that are shared with other GI dis-
orders, such as irritable bowel syndrome (IBS) or func-
tional dyspepsia.16 Without diagnostic guidelines, there
is uncertainty about the number and location of biopsies
required for optimal diagnostic yield,1,19 in contrast to
the detailed biopsy protocols for detection of eosino-
philic esophagitis (EoE).20-24 Until recently, histologic
criteria for diagnosis of EG/EoD were not well-defined;
experts and the United States Food and Drug Adminis-
tration now accept �30 eosinophils per high-power field
(eos/hpf) in �5 hpfs in stomach biopsies and/or in �3
hpfs in duodenum biopsies as the diagnostic criteria for
clinical trials.1,25

Heightened awareness and standardization of diag-
nostic guidelines have improved detection of EoE24—the
same is possible for EG/EoD. The first randomized trial
for EG/EoD established the therapeutic potential of lir-
entelimab (AK002), a monoclonal antibody against
siglec-8 on eosinophils and MCs, in patients with EG/
EoD.25 Our primary aim was to analyze screening data
from this prospective, multi-center trial to estimate the
diagnostic yield of EG/EoD among patients with
moderate-to-severe GI symptoms and determine the
number of gastric and duodenal biopsies required to
optimize detection. Our secondary aim was to analyze
endoscopic features and characteristics of these patients.

Methods

Study Design and Study Subjects

We analyzed screening data from the ENIGMA study
(Clinicaltrials.gov identifier: NCT03496571), which
enrolled patients 18–80 years old with moderate-to-
severe GI symptoms who met histologic criteria for
EG/EoD confirmed by esophagogastroduodenoscopy
(EGD) with biopsy and histopathologic evaluation. Safety
and efficacy endpoints have been published.25 Diagnoses
of functional disorders, which were previously made
clinically, were obtained from patient medical histories
at the time of study enrollment. We examined the num-
ber of biopsies needed to detect EG/EoD and analyzed
baseline histologic features, endoscopic appearance, and
symptom data collected during screening. Subjects who
met symptom criteria but did not meet histologic criteria
for EG/EoD were included in the present analysis as a
comparison group. All authors had access to the study
data and reviewed and approved the final manuscript.
EG/EoD refers to histologic disease in the stomach (EG),
duodenum (EoD), or both (EGþEoD). Individual partici-
pant data will not be shared.

Symptom Assessment

Patient symptoms were measured daily using an
electronic patient-reported outcome (PRO) question-
naire (see protocol in Supplementary Methods) that
assessed severity of abdominal pain, nausea, vomiting,
early satiety, loss of appetite, abdominal cramping,
bloating, and diarrhea. Individual symptom scores
ranged from 0 (no symptoms) to 10 (worst); the
maximum daily total symptom score was 80 (higher
score indicates greater severity).25,26 To be eligible for
EGD, subjects were required to have moderate-to-severe
GI symptoms: average daily individual symptom score of
�3 over 7 days for at least 1 of 3 symptoms (abdominal
pain, diarrhea, and/or nausea) on the PRO questionnaire
for at least 2 weeks.

Endoscopy and Biopsy Protocol

Patients’ esophagus, stomach, and duodenum were
assessed by EGD. Features in the stomach were scored
by individual investigators according to the Eosinophilic
Gastritis Endoscopic Reference System (EG-REFS), which
scores 7 parameters in fundus, corpus, and antrum. Total
EG-REFS scores range from 0 to 46 (Supplementary
Table 1). A global endoscopic severity score for the
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Figure 1. Biopsy and histopathology protocol and EG/EoD diagnostic criteria. Criteria used for systematic biopsy collection,
histopathologic examination, and diagnosis of EG/EoD.
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stomach was also calculated for each subject (scores
range from 0 to 10, with 10 indicating most severe).

For the standardized biopsy protocol, a minimum of
12 biopsies were collected during EGD (Figure 1): 4
specimens from separate areas of the gastric antrum
(2–5 cm proximal to the pylorus), 4 from separate areas
of the gastric corpus (2 from the proximal lesser curva-
ture and 2 from the greater curvature), and 4 of
duodenal mucosa from the second and third part of the
duodenum. Up to 2 extra specimens each from the
stomach and duodenum could be collected from areas of
interest identified during EGD, at the discretion of
endoscopists.25
Histopathologic Evaluation

Biopsy samples were evaluated by a single patholo-
gist, blinded to demographic, clinical, and endoscopic
information, who quantified gastric and duodenal eos/
hpf and tryptase-positive gastric and duodenal MCs/hpf
using a standardized protocol (see protocol in
Supplementary Methods). The histologic criteria for EG
were detection of �30 eos/hpf in �5 hpfs in gastric bi-
opsy specimens and for EoD were detection of �30 eos/
hpf in �3 hpfs in duodenal specimens. The requisite
number of hpfs with �30 eos could be achieved within a
single biopsy specimen or from multiple biopsy speci-
mens (Figure 1; Supplementary Figure 1). Other
morphologic features were graded according to the
Updated Sydney System and The Marsh Scale Classifi-
cation, respectively.27,28
Results
Subject Characteristics and Diagnostic Yield

Baseline characteristics for patients who met the
symptom criteria, and the subsets of patients who did
versus did not meet the histologic criteria for EG/EoD,
are shown in Table 1. Of note, 51 had no history of EG/
EoD; of these, 26 met symptom criteria and underwent
EGD with biopsy and 15 met histologic criteria for EG/
EoD (Supplementary Figure 2). The rates of discovery of
EG/EoD were 58% (15 of 26) among subjects with
moderate-to-severe symptoms, based on the study PRO
measure, and 29% (15 of 51) among all subjects with no
history of EG/EoD. Prior diagnoses other than EG/EoD
included gastroesophageal reflux, functional dyspepsia,
IBS, and other functional GI disorders.

Between groups with versus without a history of EG/
EoD, there was a similar distribution of disease type (EG
only, EGþEoD, EoD only), overall symptom severity
(mean total symptom scores of 31�14 and 32�13,
respectively), and individual symptom scores
(Supplementary Table 2). Other characteristics, such as
rate of allergic comorbidities, did not differ significantly
among groups; peripheral blood absolute eosinophil
counts were significantly lower among subjects without
a history of EG/EoD.

Number of Biopsies Required to Maximize
Diagnostic Yield

A minimum of 8 biopsies from the stomach and 4
from the duodenum were required to identify all 72



Table 1. Characteristics of Study Subjects

Met symptom
criteria (n¼88) n (%)

Met symptom
criteria and

histologic criteria
for EG/EoD
(n¼71) n (%)

Met symptom
criteria but

not histologic
criteria for EG/EoD

(n¼16) n (%)

Mean age, y (range) 43 (18–78) 42 (18–74) 47 (19–78)

Female sex 54 (61) 43 (60) 11 (69)

White 80 (91) 66 (92) 14 (88)

Mean weight, kg (range) 81 (47–171) 78 (47–171) 74 (49–102)

Total symptom score at baseline, mean � SD 30�14 31�14 26�14

History of asthma, allergic rhinitis, atopic dermatitis,
and/or food allergy

52 (59) 48 (67) 4 (25)

Absolute eosinophil count
Mean � SD 654�951 791�1026 107�66
Subjects with �250/ml 45 (63) 43 (75) 0 (0)
Subjects with �500/ml 26 (36) 26 (46) 0 (0)

Prior history
EG/EoD 62 (70) 57 (79) 5 (31)
Functional gastrointestinal disorder (IBS, functional

abdominal pain, functional diarrhea, or functional
constipation)

26 (30) 24 (33) 2 (13)

Gastroesophageal reflux, acid reflux, or heartburn 26 (30) 24 (33) 2 (13)
Peptic ulcer 9 (10) 9 (13) 0 (0)
Chronic gastritis/duodenitis 6 (7) 4 (6) 2 (13)

Physician-guided treatment
Proton-pump inhibitor 40 (45) 35 (49) 5 (31)
Diet modification 12 (14) 11 (15) 1 (6)
Low-dose systemic corticosteroida 9 (14) 7 (10) 2 (13)
Swallowed topical corticosteroid 8 (9) 7 (10) 1 (6)

EG, eosinophilic gastritis; EoD, eosinophilic duodenitis; IBS, irritable bowel syndrome; SD, standard deviation.
aPrednisone �10 mg daily or equivalent as a pre-existing regimen and taken throughout the study.
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subjects with EG/EoD. Analysis of the results from the
systematic biopsy and histopathologic evaluation proto-
col (Figure 1) found that each additional gastric and
duodenal biopsy collected during EGD incrementally
increased the percent of EG/EoD cases captured (Figure
2). Furthermore, the capture rate depended on the
required number of positive hpfs (hpfs with �30 eos)
used to define a case. For example, if a threshold of �5
positive hpfs is used to define a case of EG, a single
gastric biopsy captured 4% (2/45), and 8 biopsies
captured 84% (38 of 45) of cases. Among subjects with
EG, 71% (32 of 45), 82% (37 of 45), and 56% (25 of 45)
met this histologic criteria in gastric corpus, antrum, or
both, respectively. A similar diagnostic yield was
observed for biopsies taken from the corpus versus the
antrum; 4 biopsies from the gastric corpus plus 4 from
the antrum (8 total biopsies) were required to detect all
cases of EG (Supplementary Figure 3).

When we used a threshold of �3 positive hpfs to
define a case of EoD, a single duodenal biopsy captured
23% (14 of 62) and 4 biopsies captured 92% (57 of 62)
of cases. Five EoD subjects met the diagnostic threshold
based on positive hpfs from multiple duodenal biopsies
(4 EoD subjects) and/or from duodenal biopsies
collected from areas of special interest during EGD (1
EoD subject). A minimum of 4 biopsies from the duo-
denum and using a threshold of �1 positive hpf was
required to detect all cases of EoD.
Variation in Location and Appearance of
Eosinophilic Infiltrate

Tabular heat maps were created to visualize the
patchiness of eosinophilic infiltrate in gastric and
duodenal biopsies on a per-patient and per-biopsy basis
(Figure 2). For example, Figure 2C (a heat map of 45
subjects with EG), shows 5 positive hpfs in each of 8
gastric biopsies (4 from corpus and 4 from antrum) from
subject 01. Subject 17 had only 3 biopsies with 5 positive
hpfs each; 3 other biopsies had 0 positive hpfs and the
other 2 biopsies had 2 positive hpfs. Subject 44 had no
biopsies with 5 positive hpfs—this patient met the his-
tologic criteria for EG based on total positive hpfs among



Figure 2. Number of biopsies required to optimize detection of EG/EoD. (A, B) Cumulative percent of EG cases (A) and EoD
cases (B) that would be captured by minimum number of biopsies out of a total of 8 gastric and 4 duodenal biopsies collected
per subject. (C, D) Heat maps showing the number of positive hpfs per biopsy collected during screening EGD for each EG/
EoD subject. Vertical columns contain data for each subject with EG or EoD, horizontal rows contain data for each biopsy, and
each cell contains the number of positive hpfs (those with �30 eos); cells are color-coded on a scale from green to red, with
red indicating fewer positive hpfs. Diagnostic thresholds could be met with any combination of 5 hpfs in the stomach and/or
any combination of 3 hpfs in the duodenum. (C) Heat map of 45 subjects with EG, showing number of positive hpfs in each of 8
gastric biopsies (4 from corpus and 4 from antrum). (D) Heat map of 62 subjects with EoD, showing number of positive hpfs in
each of 4 duodenal biopsies. One patient in each analysis (C, D) did not meet the histologic threshold with the standard 8
gastric and 4 duodenal biopsies but did meet the threshold with collection of additional gastric and duodenal biopsies from
areas of interest during screening EGD, as permitted per protocol. Bars indicate 95% CIs. Bx, biopsy; CI, confidence interval.
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all biopsies. An average of only 2.6 of 8 total gastric bi-
opsies had �30 eos/hpf in �5 hpfs; 42% of subjects (19
of 45) had 0 or 1 gastric biopsies that met this criterion.
A similar distribution was observed in biopsies from the
62 subjects with EoD (with or without EG): an average of
only 2.2 of 4 total duodenal biopsies had �30 eos/hpf in
�3 hpfs; 31% of subjects (19 of 62) had 0 or 1 duodenal
biopsies that met this criterion (Figure 2D).

In addition to the high variability in eosinophil count
among biopsies, there was substantial variability among
distinct hpfs within a single biopsy (Figure 3A). Of all
biopsies with �30 eos in �1 hpf, 20% of gastric biopsies
(39 of 200) and 30% of duodenal biopsies (59 of 194)
had only 1 or 2 positive hpfs of the �5 non-overlapping
hpfs that were evaluated per biopsy (Figure 2C and D).

Subjects with no history of EG/EoD had fewer posi-
tive gastric biopsies than subjects with a history (P
<.001), but there was no association with number of
positive duodenal biopsies (Supplementary Table 3).
Subjects with EGþEoD had a similar number of positive
biopsies compared to subjects with only EG or EoD
(Supplementary Table 4). The number of positive bi-
opsies was not associated with use of systemic and/or
swallowed steroids (Supplementary Table 5). Symptom
severity (total symptom score) did not differ significantly
among EG/EoD subjects with few (0 or 1), compared
with those with multiple (�2), positive biopsies
(Supplementary Figure 4).

Among subjects with EG and EoD, the median peak
eosinophil counts were 85 and 60 eos/hpf in gastric and
duodenal biopsies, respectively (Figure 3). In most cases,
eosinophils did not form sheets that were readily visible
under low-power magnification; they could be found in
isolation or in clusters, aggregates, or microabscesses.
Eosinophils were mostly located in the lamina propria-
—in the spaces between glands or foveola—and
degranulation ranged from minimal to diffuse. Histologic
abnormalities in gastric morphology were present in 22
of 45 subjects with EG (49%), with reactive gastropathy
in 12 of 45 (27%) and chronic inflammation in 9 of 45
(20%) (Supplementary Figure 5). Histologic abnormal-
ities in duodenal morphology, such as lymphocytosis or
villus changes, were found in only 3 of 62 subjects with
EoD (5%). Median peak gastric and duodenal MC counts
were 53 and 55/hpf, respectively, in subjects with EG
and EoD (Figure 3C). In subjects with EG/EoD, gastric
and duodenal MC counts correlated with gastric and
duodenal eosinophil counts (Supplementary Figure 6).
Correlations With Endoscopic and Histologic
Findings

Based on EG-REFS (Supplementary Table 1), gastric
abnormalities (granularity, raised lesion/nodularity, er-
ythema, friability, folds, erosion/ulceration, pyloric ste-
nosis) were either not present (score¼0) or mild
(score¼1) in most subjects with EG (Figure 4). Most
abnormalities were in the antrum: mild erythema in 24
of 44 subjects (55%) and mild granularity in 15 of 44
(34%). Among subjects with EG, 40 of 44 (91%) had a
total score �15. Total EG-REFS did not correlate with
total symptom score, peak gastric eos/hpf, or peak
gastric MCs/hpf in subjects with EG (Supplementary
Figure 7). There were no significant differences in rates
of each abnormality in subjects with EG versus without
EG (Figure 4C). Global endoscopic scores were a median
4.5 (interquartile range, 2.0–6.0) for subjects with EG
and 3.0 (interquartile range, 1.8–5.3) for subjects with
moderate-to-severe GI symptoms but without EG
(possible score of 10) (Supplementary Figure 8). Total,
corpus-specific, and antrum-specific EG-REFS did not
differ significantly subjects who met histologic criteria
for EG versus those who did not (Figure 4D).

Symptom Burden

The mean total symptom score of subjects with EG/
EoD was 31�14 (Table 1) (33�14 for subjects with EG
and 30�13 for subjects with EoD). Ninety percent of
subjects had 7 or 8 of the 8 symptoms assessed
(Supplementary Figure 9) (early satiety, bloating,
abdominal pain, abdominal cramping, loss of appetite,
nausea, diarrhea, vomiting)—most occurred on 5 or 6
days of 7 days, except for diarrhea and vomiting. Across
all analyses, symptoms were similar in subjects with EG
versus EoD, and between subjects with EG with
involvement of the gastric corpus versus antrum
(Supplementary Figures 9 and 10). There was no cor-
relation between total symptom scores and tissue
eosinophil or MC counts (Supplementary Figure 11).
Subjects receiving systemic steroids and/or who swal-
lowed topical steroid enteric-release capsules at
screening (18%; 13 of 72) did not have a significant
differences in peak eosinophil count or total symptom
score compared with subjects not receiving steroids
(Supplemental Figure 12). Symptoms were similar be-
tween patients who did versus did not meet the histo-
logic criteria for EG/EoD (Supplementary Figure 13).

Discussion

This study was the first prospective analysis of
diagnostic yield and biopsy and histopathology criteria
for diagnosis of EG/EoD. We demonstrated that a mini-
mum of 12 biopsies—4 from the gastric corpus, 4 from
the gastric antrum, and 4 from the duodenum—were
required to detect all cases of EG/EoD. This standardized
biopsy protocol, followed by histopathologic analysis
including quantification of eosinophils, identified a high
rate of EG/EoD among individuals with moderate-to-
severe GI symptoms, indicating that EG/EoD is under-
diagnosed. Because we observed patchiness of gastric
and duodenal eosinophilia, insufficient biopsy sampling
in clinical practice might produce false-negative results



Figure 3. Histologic features. (A) High-power (20�) images of EG/EoD specimens showing patchiness of eosinophils in
different biopsies from the same subject (left) and among different hpfs from the same biopsy (right). (B) Peak number of gastric
(left) and duodenal (right) eos/hpf in subjects with EG and EoD. Green dotted line indicates median peak eos/hpf. (C) Peak
gastric (left) and duodenal (right) MC counts in subjects who met histologic criteria for EG/EoD. The histologic criteria for
elevated MCs is �30 MCs/hpf (above gray area)29,31-34; green dotted line indicates median peak MCs/hpf in patients with EG/
EoD.
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Figure 4. Endoscopic appear-
ance. (A) Percent of EG sub-
jects with each EG-REFS
score (0¼ normal and 1¼mild).
(B) Percent of subjects with
each EG-REFS. (C) Percent of
subjects with endoscopic ab-
normalities (EG-REFS >0) in
any area of stomach. (D) Box
and whisker plot (Tukey
method) of subjects with (blue)
and without (gray) histologic
EG. No EG indicates subjects
who did not meet histologic
criteria for EG or EoD (n¼15) or
who met histologic criteria for
only EoD (n¼26). One subject
from the EG group and 2 from
the No EG group were not
assessed by EG-REFS at
screening and are not included
in analysis. P value calculated
by 2-sample t test. CI, confi-
dence interval.
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and missed diagnoses. Implementing a more extensive
biopsy protocol and achieving an accurate diagnosis of
EG/EoD will enable the initiation of targeted therapy.

The threshold of �30 eos/hpf for EG/EoD diagnosis
is supported by a recent study indicating that mean eos/
hpf in gastric and duodenal biopsies from subjects
without known GI disease were 3.8 and 14.6, respec-
tively.29 Although the diagnostic threshold was �30 eos/
hpf in �5 gastric hpfs and/or in �3 duodenal hpfs, a
fewer number of hpfs might be acceptable for detection
of EG/EoD. In a subanalysis, we found that adjusting the
requirement to �30 eos/hpf in a single gastric and/or
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duodenal hpf maintained predictive values of 87% for EG
and 97% for EoD (Supplementary Table 6). Simplifying
the requirement to a single hpf aligns with the diagnostic
criterion for EoE (�15 eos/hpf in 1 hpf) and may reduce
pathologist burden. If �30 eos/hpf in 1 hpf were to be
used as the diagnostic threshold, it would still be
important to examine and systematically count eosino-
phils in �5 non-overlapping hpfs in at least 12 biopsies,
to avoid missing areas of eosinophilic infiltrate. Our
findings suggest that such areas might be easily missed
in practice, because more than one-half of EG/EoD sub-
jects had no histologic morphology abnormalities other
than increased eosinophils. Furthermore, tissue eosino-
philia was highly patchy, and even where eosinophils
were increased, the sheets of dense eosinophil infiltrates
reported in the literature were rarely present.30 Activa-
tion of MCs is also likely to be involved in EG/EoD, but
current diagnostic criteria include only quantification of
eosinophils.4,9,13

This study also provides the first prospective char-
acterization of endoscopic and clinical features of adults
with EG/EoD. Notably, our findings of the nonspecific
endoscopic and clinical features of EG/EoD support the
concept that many patients remain undiagnosed in cur-
rent practice. Most subjects in this study had a normal or
only mildly abnormal endoscopic appearance; use of
medications or diet therapy might have reduced the
appearance of endoscopic abnormalities in some sub-
jects, but endoscopic findings did not correlate with tis-
sue eosinophilia. Therefore, endoscopic appearance
alone cannot reliably increase clinical suspicion for, or
rule out, a diagnosis of EG/EoD. Analysis of data
collected daily with a validated PRO questionnaire
revealed the high symptom burden of patients with EG/
EoD. Many of these symptoms occur in patients with
other GI disorders, such as IBS or functional dyspepsia,
so patients (particularly if they have normal endoscopic
findings) receive misdiagnoses of functional GI disorders.
Moreover, peripheral blood absolute eosinophil counts
were rarely elevated in subjects with no history of EG/
EoD in this study, and should not rule out a diagnosis of
EG/EoD. The nonspecific endoscopic and clinical pre-
sentation of EG/EoD may initially obscure an accurate
diagnosis, but thorough evaluation of GI symptoms fol-
lowed by EGD with systematic gastric and duodenal bi-
opsy sampling, regardless of endoscopic appearance or
absolute eosinophil count, is likely to improve detection.

The main limitation of this study was the modest
sample size—studies are needed in larger populations.
Studies are needed to characterize the prevalence of EG/
EoD in symptomatic subjects using thorough and sys-
tematic biopsy and histopathology protocols—a large,
prospective, noninterventional study is underway. In the
meantime, collection of a minimum of 12 biopsies (4
from the gastric corpus, 4 from the gastric antrum, and 4
from the duodenum) from patients with moderate-to-
severe GI symptoms, and systematic counting of tissue
eosinophils, will likely identify more patients with EG/
EoD. Implementation of these protocols will help to
provide patients with EG/EoD with definitive diagnoses
and enable initiation of targeted treatment to improve
their quality of life.
Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.
org, and at https://doi.org/10.1016/j.cgh.2021.05.053.
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Supplementary Methods

Study Oversight

The ENIGMA study was performed in accordance
with the Declaration of Helsinki and in compliance with
Good Clinical Practice Guidelines, institutional review
boards, and applicable laws. All patients gave written
informed consent before entry. An independent data
monitoring committee provided additional oversight.

Symptoms Assessment and Endoscopy and
Biopsy Protocols

Patient symptoms were assessed daily using an
electronic patient-reported outcome questionnaire,
developed in accordance with the United States Food and
Drug Administration Guidance on PRO Measures.1

Endoscopic features in the stomach were scored by
individual investigators according to the Eosinophilic
Gastritis Endoscopic Reference System (EG-REFS),
developed by the Consortium of Eosinophilic Gastroin-
testinal Disease Researchers to assess endoscopic find-
ings in patients with eosinophilic gastritis (EG); it has not
been validated in a large study or evaluated for its ability
to identify patients with EG.2,3

Additional Biopsy and Histopathologic
Evaluation Details

Biopsy specimens were processed by a central labo-
ratory, where they were embedded in paraffin, and
5-mm-thick sections were prepared for staining. Eosino-
phils and mast cells (MCs) were identified by hematox-
ylin and eosin and anti-tryptase immunohistochemistry,4

respectively. Immunohistochemistry was performed
with a mouse anti-human mast cell tryptase primary
antibody (Clone AA1, Dako M7052, Cambridge, UK) fol-
lowed by a peroxidase-labeled anti-mouse polyclonal
secondary antibody, and counterstained with hematox-
ylin. Each biopsy specimen was first examined at low-
power magnification (40� and 100�) to evaluate for
proper orientation and for the presence of lesions (such
as H pylori infection, celiac disease, neoplasia) that
would make the subject ineligible for the study. Under
this magnification, the morphologic features of gastric
and duodenal biopsy specimens other than eosinophilic
inflammation were graded according to the Updated
Sydney System and The Marsh Scale Classification,
respectively.5,6

Acceptable specimens were then examined at me-
dium power magnification (200�) to detect areas with
the highest eosinophil density, before switching to high
power magnification (400�) to count eosinophils. The
first high-power field (hpf; area of 0.237 mm2) (400�) in
which eosinophils were counted was selected from the
area with the highest density; the remaining hpfs were
selected from nonoverlapping areas, which could be, but
were not required to be, adjacent to the first hpf,
depending on the distribution of eosinophils in the
specimen (Supplementary Figure 1). A minimum of 5
nonoverlapping hpfs were evaluated per biopsy spec-
imen, except in the event that the specimen was insuf-
ficient in size to allow for the evaluation of 5
independent fields. In that event, eosinophils were
counted in as many nonoverlapping fields as were
available; in no case were overlapping fields counted.

To define the number of biopsies that would be
required to optimize diagnostic yield in clinical practice,
we assessed the number of biopsies, of the 8 gastric and
4 duodenal biopsies collected per subject, that had �30
eosinophils (eos)/hpf. An EG subject with 8 gastric bi-
opsies meeting this criterion was classified as requiring
�1 biopsy to detect EG, as any 1 of the 8 gastric biopsies
would result in a positive diagnosis. Conversely, an EG
subject with just 1 gastric biopsy meeting the criterion
was classified as requiring 8 gastric biopsies to detect
EG, because it was not possible to predict which of the 8
gastric biopsies would meet the threshold number of
tissue eosinophils. Similar analyses were performed for
subjects with eosinophilic duodenitis, and cumulative
percentages of subjects with various minimum numbers
of positive biopsies were calculated.

A countable eosinophil (one that was included in the
eos/hpf counts) was defined as a cell filled with eosin-
ophilic granules and at least 1 identifiable portion of the
nucleus. We previously determined that the methods
advocated by some to limit the counts to cells in which
both lobes of the nucleus are visible results in a gross
underestimation of tissue eosinophilia.7 Histologic sec-
tions 5-mm thick often contain eosinophils that have been
cut perpendicular to their bilobate nucleus, preventing
the visualization of both lobes. Details on our approach
have been presented in detail.8

MCs are more evenly distributed than the eosinophils,
which are patch in gastric and duodenal mucosae, so a
slightly different approach was used to count MCs. The 5
non-overlapping hpfs were selected by starting with a
full field at the left end of each biopsy fragment and then
proceeding towards its right end. Countable MCs that
were stained by tryptase, with either an intact
membrane or with extruding granules and a clearly
recognizable cell structure. Isolated or aggregated
tryptase-stained granules were not counted.

Statistical analyses

Histologic findings, endoscopic appearance, and
symptoms were summarized using descriptive statistics.
Pearson’s correlation and the 2-sample t test were used
to evaluate correlations and continuous variables,
respectively. For all analyses, statistical significance was
set at P �.05.
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Supplementary Figure 2. Study screening and biopsy results and symptom data. (A) Study screening results. Subjects were
enrolled from July 2018 through February 2019. (B) Diagnostic yield in subjects with no history of EG/EoD. (C) Distribution of
subjects with EG only, EGþEoD, or EoD only in the group of subjects with prior history versus the group without prior history of
EG/EoD. (D–G) Symptom presentation of subjects by prior history of EG/EoD. One subject did not complete the PRO
symptomatic assessment during screening but was deemed to have moderate-to-severe symptoms, per investigator, un-
derwent EGD with biopsy, and was found to meet histologic criteria for EG and EoD. (D) Percent of subjects with each
symptom at any point during screening. (E) Mean days per week each symptom was documented. (F) Mean score of each
symptom calculated across subjects for all days, including days in which the symptom was not present (score¼0). (G) Mean
score of each symptom calculated across subjects for only the days in which the symptom was present (score >0). Bars
indicate 95% CIs. CI, confidence interval.
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Supplementary Figure 3. Number of gastric corpus and antrum biopsies required for diagnosis. (A, B) Cumulative percent of
(A) EG cases involving the gastric corpus and (B) EG cases involving the gastric antrum that would be captured by minimum
number of biopsies out of a total of 4 corpus and 4 antrum biopsies collected per subject; data shown for 2 different
thresholds: �30 eos/hpf in �5 or �3 hpfs (dark blue) and �30 eos/hpf in �1 hpf (light blue). Bars indicate 95% confidence
intervals. bx, biopsy.

Supplementary Figure 4. Total symptom score by number of positive biopsies. Box and whisker plots (Tukey method)
comparing total symptom scores in EG/EoD subjects with 0 or 1 positive biopsies (blue icons) versus those with �2 positive
biopsies (gray icons); a positive biopsy was defined as�30 eos/hpf in�5 hpfs in a single gastric biopsy for EG (left) and as �30
eos/hpf in �3 hpfs in a single duodenal biopsy for EoD (right). P values were calculated using the 2-sample t test. Bx, biopsy;
TSS, total symptom score.
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Supplementary Figure 5.Gastric and duodenal histologic and morphologic abnormalities. Percentages of EG and EoD
subjects with gastric and duodenal morphologic abnormalities in histopathologic evaluation (score >0 for active inflammation,
intestinal metaplasia, atrophy, intraepithelial lymphocytosis, or villus architecture or if score >1 for chronic inflammation or
reactive gastropathy).
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Supplementary Figure 6. Analysis of correlation between tissue eosinophil and mast cell counts. (A–D) Analyses of correlation
between tissue eosinophils and MCs. (A, B) Peak eos/hpf and peak MC/hpf in (A) stomach of subjects with EG and (B) du-
odenum of subjects with EoD. (C, D) Mean eos/hpf and mean MC/hpf in the (C) stomach in subjects with EG and (D) duodenum
in subjects with EoD. Pearson correlation coefficient (r) and P values are shown. Simple linear regression (solid line) with 95%
confidence intervals (dashed lines).
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Supplementary Figure 7. EG-REFS correlation analyses. (A–C) In the subset of subjects with EG, analyses of the correlation
between total EG-REFS score and (A) total symptom score, (B) peak gastric eos/hpf, and (C) peak gastric mast cells (MC)/hpf.
Pearson correlation coefficient (r) and P values are shown. Simple linear regression (solid line) with 95% confidence intervals
(dashed lines).

Supplementary Figure 8.Global endoscopic severity scores
in subjects with and without EG. Box and whisker plots
(Tukey method) comparing global score of endoscopic
severity of the stomach in subjects with EG versus subjects
with moderate-to-severe gastrointestinal symptoms but
without EG. P value was calculated using the 2-sample t test.
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Supplementary Figure 9. Symptoms in mutually exclusive groups. (A–D) Symptoms of mutually exclusive groups of subjects
who met criteria for EG/EoD. Symptoms were assessed daily during the study screening period by PRO questionnaire. Black
bars indicate all subjects with EG and/or EoD (n¼71), dark blue bars indicate subjects with only EG (n¼10), light blue bars
indicate subjects with only EoD only (n¼27), and gray bars indicate subjects with EG plus EoD (n¼34). One subject who did not
complete the PRO assessment during screening but was deemed to have moderate-to-severe symptoms, per the investigator,
underwent EGD with biopsy and was found to meet histologic criteria for EG and EoD. Bars indicate 95% confidence intervals.
(A) Percent of subjects with each symptom at any point during screening. (B) Mean days per week each symptom was
documented. (C) Mean score of each symptom calculated among subjects for all days, including days in which the symptom
was not present (ie, those with a score of 0). (D) Mean score of each symptom calculated among subjects for only the days in
which the symptom was present (ie, a score greater than 0).
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Supplementary Figure 10. Symptoms of subjects with gastric corpus versus antrum involvement. (A–D) Symptoms of sub-
jects who met criteria for EG, assessed daily during the study screening period by the PRO questionnaire. Dark blue bars
indicate all subjects with EG (n¼44), light blue bars indicate subjects with EG in the gastric corpus (n¼32), and gray bars
indicate subjects with EG in the gastric antrum (n¼37). One subject who did not complete the PRO assessment during
screening but was deemed to have moderate-to-severe symptoms, per the investigator, underwent EGD with biopsy and was
found to meet the histologic criteria for EG. Bars indicate 95% CIs. (A) Percent of subjects with each symptom at any point
during screening. (B) Mean days per week each symptom was documented. (C) Mean score of each symptom calculated
among subjects for all days, including days in which the symptom was not present (ie, those with a score of 0). (D) Mean score
of each symptom calculated among subjects for only the days in which the symptom was present (ie, a score greater than 0).
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Supplementary Figure 11. Total symptom score correlation analyses. (A–C) Analyses of the correlation between total
symptom score and (A) peak gastric eos/hpf in subjects with EG, (B) peak duodenal eos/hpf in subjects with EoD, (C) peak
gastric MC/hpf in subjects with EG, and (D) peak duodenal MC/hpf in subjects with EoD. Pearson correlation coefficient (r) and
P values are shown. Simple linear regression (solid line) with 95% confidence intervals (dashed lines).

- 2021 Number of Biopsies to Detect EG/EoD 11.e10



Supplementary Figure 12. Peak eosinophils and TSS by steroid use. Box and whisker plots (Tukey method) comparing EG/
EoD subjects with (blue icons) and without (gray icons) background steroid use in terms of peak gastrointestinal eos/hpf
(defined as the highest count from either stomach or duodenum) (left) and total symptom score (right). Background steroid use
was defined as prednisone �10 mg daily, topical steroid (budesonide) capsules, or equivalent as a pre-existing regimen and
taken throughout the study. P values were calculated using the 2-sample t test. TSS, total symptom score.

Supplementary Figure 13. Symptoms in subjects who did versus did not meet histologic criteria for EG/EoD. Graphs showing
percentages of subjects with each symptom (A), mean days per week with active symptoms (B), mean symptom scores for all
days (C), and mean symptom scores on days with active symptoms (D) for patients who met the histologic criteria for EG/EOD
(dark blue) and patients who did not met histologic criteria (light blue). Bars indicate 95% confidence intervals.
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Supplementary Table 1. EG-REFS Scoring Criteria

Fundus Body Antrum

Granularity 0 none
1 fine
2 course

0 none
1 fine
2 course

0 none
1 fine
2 course

Erosion/ulceration 0 none
1 less than 5 erosions
2 5 or more erosions
3 shallow/superficial ulceration(s)
4 deep/excavated ulceration

(ulceration <25% surface area
of specified location)

5 deep/excavated ulceration
(ulceration 25%–50% surface
area of specified location)

6 deep/excavated ulceration
(ulceration >50% surface area
of specified location)

0 none
1 less than 5 erosions
2 5 or more erosions
3 shallow/superficial ulceration(s)
4 deep/excavated ulceration

(ulceration <25% surface area
of specified location)

5 deep/excavated ulceration
(ulceration 25%–50% surface
area of specified location)

6 deep/excavated ulceration
(ulceration >50% surface area
of specified location)

0 none
1 less than 5 erosions
2 5 or more erosions
3 shallow/superficial ulceration(s)
4 deep/excavated ulceration

(ulceration <25% surface area
of specified location)

5 deep/excavated ulceration
(ulceration 25%–50% surface
area of specified location)

6 deep/excavated ulceration
(ulceration >50% surface area
of specified location)

Raised lesion
(nodularity)

0 none
1 mild (raised focal nodules)
2 severe (raised nodules with

greater height from width)

0 none
1 mild (raised focal nodules)
2 severe (raised nodules with

greater height from width)

0 none
1 mild (raised focal nodules)
2 severe (raised nodules with

greater height from width)

Erythema 0 none
1 mild (pink)
2 severe (red/hemorrhagic)

0 none
1 mild (pink)
2 severe (red/hemorrhagic)

0 none
1 mild (pink)
2 severe (red/hemorrhagic)

Friability/bleeding 0 none
1 mild (contact bleeding)
2 severe (spontaneous bleeding)

0 none
1 mild (contact bleeding)
2 severe (spontaneous bleeding)

0 none
1 mild (contact bleeding)
2 severe (spontaneous bleeding)

Folds 0 none
1 thickened folds

0 none
1 thickened folds

0 none
1 thickened folds

Pyloric stenosis N/A N/A 0 none
1 present (inability to pass

diagnostic 8–10 mm
endoscope)

EG-REFS, Eosinophilic Gastritis Endoscopic Reference System; N/A, not applicable.
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Supplementary Table 2. Characteristics of Subjects With and Without Prior History of EG/EoD

Met EG/EoD criteria
(n¼72) n (%)

Prior history of
EG/EoD (n¼57) n (%)

No prior history
(n¼15) n (%) P valuea

Mean age, y (range) 42 (1874) 40 (18–68) 48 (20–74) NS

Female sex 43 (60) 33 (58) 10 (67) NS

White 66 (92) 52 (91) 14 (93) NS

Mean weight, kg (range) 82 (47–171) 81 (47–171) 88 (59–136) NS

Total symptom score at baseline, mean � SD 31�14 31�14 32�13 NS

History of asthma, allergic rhinitis, atopic
dermatitis, and/or food allergy

48 (67) 37 (65) 11 (73) NS

Absolute eosinophil count
Mean � SD 654�951 791�1026 133�84 .016
Subjects with �250/ml 45 (63) 43 (75) 2 (13) <.001
Subjects with �500/ml 26 (36) 26 (46) 0 <.001

Prior history
EG/EoD 57 (79) 57 (100) 0 <.001
Functional gastrointestinal disorder (irritable

bowel syndrome, functional abdominal
pain, functional diarrhea, or functional
constipation)

24 (33) 17 (30) 7 (47) NS

Gastroesophageal reflux, acid reflux, or
heartburn

24 (33) 16 (28) 8 (53) NS

Peptic ulcer 9 (13) 8 (14) 1 (7) NS
Chronic gastritis/duodenitis 4 (6) 0 (0) 4 (27) <.001

Physician-guided treatment
Proton pump inhibitor 35 (49) 26 (46) 9 (60) NS
Diet modification 11 (15) 9 (16) 2 (13) NS
Low-dose systemic corticosteroidb 7 (10) 7 (12) 0 NS
Swallowed topical corticosteroid 7 (10) 7 (12) 0 NS

EG, eosinophilic gastritis; EoD, eosinophilic duodenitis; NS, not significant; SD, standard deviation.
aComparison of subjects with and without prior history of EG and/or EoD (EG/EoD). P values were calculated for continuous variables and for categorical variables
using the 2-sample t test and c2 test, respectively.
bPrednisone �10 mg daily or equivalent as a pre-existing regimen and taken throughout the study.

Supplementary Table 3. Number of Positive Biopsies in Subjects With and Without History of EG/EoD

All subjects History of EG/EoD No history P valueb

Subjects with EG, n 45 38 7
Biopsies with �5 positive hpfs,a mean � SD 2.7�2.3 2.9�2.4 1.0�0.6 <.001
Biopsies with �1 positive hpf,a mean � SD 4.5�2.2 4.9�2.1 2.0�1.2 <.001
Total positive hpfsa across biopsies, mean � SD 18.3�10.7 19.8�10.7 7.7�4.1 <.001

Subjects with EoD, n 62 50 12
Biopsies with �3 positive hpfs,a mean � SD 2.2�1.2 2.2�1.2 1.9�1.3 .449
Biopsies with �1 positive hpf,a mean � SD 3.1�1.0 3.2�0.9 2.9�1.2 .477
Total positive hpfsa across biopsies, mean � SD 11.1�5.2 11.5�5.0 9.4�5.6 .254

EG, eosinophilic gastritis; EoD, eosinophilic duodenitis; hpf, high-power field; SD, standard deviation.
aPositive hpf defined as �30 eosinophils/hpf.
bComparison of subjects with and without prior history of EG/EoD. P values were calculated from 2-sample t test.
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Supplementary Table 5. Number of Positive Biopsies in Subjects With or Without Steroid Use

All subjects
Subjects receiving

steroidsb
Subjects not

receiving steroids P valuec

Subjects with EG, n 45 10 35
Biopsies with �5 positive hpfs,a mean � SD 2.6�2.3 2.2�2.4 2.8�2.3 .475
Biopsies with �1 positive hpf,a mean � SD 4.4�2.3 4.6�2.3 4.4�2.3 .810
Total positive hpfsa across biopsies, mean � SD 17.9�10.9 16.6�11.5 18.3�10.9 .669

Subjects with EoD, n 62 12 50
Biopsies with �3 positive hpfs,a mean � SD 2.2�1.2 2.2�1.6 2.2�1.2 1.00
Biopsies with �1 positive hpf,a mean � SD 3.1�1.0 3.1�1.1 3.1�0.9 1.00
Total positive hpfsa across biopsies, mean � SD 11.1�5.2 10.9�6.2 11.1�5.0 .906

EG, eosinophilic gastritis; EoD, eosinophilic duodenitis; hpf, high-power field; SD, standard deviation.
aPositive hpf defined as �30 eosinophils/hpf.
bSystemic corticosteroids or swallowed topical steroid capsules
cComparison of subjects receiving versus not receiving steroids. P values were calculated using the 2-sample t test.

Supplementary Table 4. Number of Positive Biopsies in Affected Regions

All subjects

Only 1 region
affected (stomach
or duodenum)

Both regions
affected (stomach þ

duodenum) P valueb

Subjects with EG, n 45 10 35
Biopsies with �5 positive hpfs,a mean � SD 2.6�2.3 2.3�1.6 2.7�2.5 .501
Biopsies with �1 positive hpf,a mean � SD 4.4�2.3 3.7�2.4 4.7�2.2 .271
Total positive hpfsa across biopsies, mean � SD 17.9�10.9 15.6�9.3 18.5�11.4 .414

Subjects with EoD, n 62 27 35
Biopsies with �3 positive hpfs,a mean � SD 2.2�1.2 1.9�1.1 2.4�1.3 .065
Biopsies with �1 positive hpf,a mean � SD 3.1�1.0 3.2�0.9 3.1�1.0 .685
Total positive hpfsa across biopsies, mean � SD 11.1�5.2 7.6�2.5 8.5�3.2 .202

EG, eosinophilic gastritis; EoD, eosinophilic duodenitis; hpf, high-power field; SD, standard deviation.
aPositive hpf defined as �30 eosinophils/hpf.
bComparison of subjects with 1 versus both regions affected. P values were calculated using 2-sample t test.
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Supplementary Table 6. High-Power Fields Required to Detect EG/EoD

Biopsy type

Number
of hpfs
required

Subjects
with positive

result1

Subjects
with negative

result2 True positives3 False positives True negatives False negatives Sensitivity Specificity PPV NPV

Gastric (n¼88) 5 45 43 45 0 43 0 100% 100% 100% 100%

4 45 43 45 0 43 0 100% 100% 100% 100%

3 46 42 45 1 42 0 100% 98% 98% 100%

2 48 40 45 3 40 0 100% 93% 94% 100%

1 52 36 45 7 36 0 100% 84% 87% 100%

Duodenal (n¼87) 3 62 62 0 0 25 0 100% 100% 100% 100%

2 64 62 2 2 23 0 100% 92% 97% 100%

1 64 62 2 2 23 0 100% 92% 97% 100%

NOTE: Of the 88 symptomatic subjects biopsied, 1 did not have adequate duodenal biopsy specimens and thus could not be assessed for duodenal involvement.
eos, eosinophils; hpf, high-power field; NPV, negative predictive value; PPV, positive predictive value.
1A positive result was defined as �30 eos/hpf in all hpfs specified.
2A negative result was defined as <30 eos/hpf in at least 1 of the specified hpfs.
3A gastric true positive was defined as a patient with �30 eos/hpf in 5 hpfs in the stomach; a duodenal true positive was defined as a patient with �30 eos/hpf in 3 hpfs in the duodenum.

11.e15
D
ellon

et
al

C
linical

G
astroenterology

and
H
epatology

V
ol.

-
,
N
o.

-


	Determination of Biopsy Yield That Optimally Detects Eosinophilic Gastritis and/or Duodenitis in a Randomized Trial of Lire ...
	Methods
	Study Design and Study Subjects
	Symptom Assessment
	Endoscopy and Biopsy Protocol
	Histopathologic Evaluation

	Results
	Subject Characteristics and Diagnostic Yield
	Number of Biopsies Required to Maximize Diagnostic Yield
	Variation in Location and Appearance of Eosinophilic Infiltrate
	Correlations With Endoscopic and Histologic Findings
	Symptom Burden

	Discussion
	Supplementary Material
	References
	Acknowledgments
	CRediT Authorship Contributions
	Supplementary Methods
	Study Oversight
	Symptoms Assessment and Endoscopy and Biopsy Protocols
	Additional Biopsy and Histopathologic Evaluation Details
	Statistical analyses

	Supplementary References


