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Abstract

Background: Diagnosis of non-esophageal eosinophilic gastrointestinal disorders requires 

quantification of tissue eosinophils. Our objective was to evaluate eosinophil peroxidase (EPX) 

immunohistochemistry (IHC) as a method for histologic diagnosis of eosinophilic gastritis (EG) 

and eosinophilic duodenitis (EoD).

Methods: We performed a retrospective analysis of biopsies from pediatric EG/EoD cases and 

controls. Subjects with EG or EoD had ≥30 eosinophils per high power field (eos/hpf) in ≥5 

hpf in the stomach and/or ≥3 hpf in the duodenum, respectively. Controls had no histopathologic 

diagnosis recorded. Tissue eosinophil counts were assessed by hematoxylin & eosin stains. EPX 

stains were assessed using a unique histopathologic scoring system. Slides were digitized and 

EPX+ staining area/mm2 was quantified by image analysis.
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Results: Twenty-six EG/EoD cases and 40 controls were analyzed. EPX scores and EPX/mm2 

levels were markedly elevated in EG/EoD (p≤0.0001). Eosinophil density (eos/mm2) correlated 

strongly with EPX scores and EPX/mm2 levels in the stomach (r≥0.77) and moderately with EPX 

scores and EPX/mm2 levels in the duodenum (r≥0.52); (p<0.0001). EPX quantification identified 

EG/EoD subjects with high diagnostic accuracy (EPX score: AUC=1 for EG and EoD; EPX/mm2: 

AUC=0.98 (95%CI 0.96-1) for EG, AUC=0.91 (95%CI 0.81-1) for EoD).

Conclusion: EPX-based assessment of eosinophilic inflammation may facilitate automated 

histologic diagnosis.
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Introduction

Eosinophilic gastrointestinal disorders (EGIDs) are defined by symptoms of esophageal or 

gastrointestinal dysfunction and eosinophilic inflammation of the gastrointestinal tract in 

the absence of other causes of tissue eosinophilia or underlying inflammatory disease.1–3 

Classification of EGIDs as eosinophilic esophagitis (EoE), eosinophilic gastritis (EG), 

eosinophilic duodenitis (EoD)/eosinophilic enteritis or eosinophilic colitis (EC) is based 

on the nature of the clinical symptoms and location of tissue eosinophilia. EoE is the most 

prevalent EGID and has well-defined diagnostic criteria.2,4 EoD was first recognized by 

Kaijser in 1937 5; however, consensus guidelines for EG/EoD diagnosis have not been 

developed. This is likely due to the following factors:

1. Non-esophageal EGIDs are relatively rare. The prevalence of non-esophageal 

EGIDs is between 3.3 and 8.4 cases/100,000 persons compared to 10 and 57 

cases/100,000 for EoE.4,6,7

2. Eosinophils are resident cells in the gastric and intestinal mucosa of healthy 

individuals. This is in contrast to the esophagus where any tissue eosinophilia is 

abnormal.8

3. Assessment of eosinophilic inflammation requires manual quantification of 

tissue eosinophils – a process that is time-consuming and labor intensive for 

pathologists.

Proposed histologic criteria for EG/EoD are defined as ≥30 eosinophils per high power field 

(eos/hpf) in at least 5 hpf in the gastric mucosa and ≥30 eos/hpf in at least 3 hpf in the 

duodenal mucosa with associated architectural disruption.9,10 Eosinophil peroxidase (EPX) 

is an eosinophil-specific secondary granule protein.11 We have previously demonstrated 

the utility of EPX staining in multiple allergic diseases, including EoE.12–15 In EoE, a 

majority of tissue eosinophils undergo cytolytic degranulation16; as a result, quantification 

of intact eosinophils by conventional staining may underestimate the degree and extent 

of eosinophilic inflammation.17,18 We hypothesized that the same would be true in non-

esophageal EGIDs and that EPX would serve as a histologic marker of disease activity 

in EG/EoD. In this study we adapted our novel EPX histopathologic scoring system for 
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gastrointestinal biopsies obtained from pediatric subjects with EG/EoD and controls.15 To 

overcome inefficiencies with manual counting of eosinophils we also applied a novel semi-

automated detection method for assessing EPX staining in gastrointestinal biopsy samples.12

Materials and Methods

Study Population

We performed a retrospective analysis of clinical information and gastrointestinal biopsies 

collected during clinically indicated endoscopies from children ages 0-18 years old at 

Phoenix Children’s Hospital from 2012 to 2017. This study was approved by the Phoenix 

Children’s Hospital Institutional Review Board (PCH IRB #16-040, Approved 10/20/2016). 

A convenience sample of subjects with EG/EoD was identified using ICD-9 (535.70, 

558.41) and ICD-10 (K52.81) codes for EG/EoD. A chart review was conducted (SS) to 

ensure each participant with EG/EoD met the following inclusion criteria: (1) symptoms of 

gastrointestinal dysfunction (e.g. abdominal pain, vomiting, failure to thrive, or diarrhea) and 

(2) exclusion of other causes of gastrointestinal eosinophilia. Existing hematoxylin and eosin 

(H&E) stains of gastrointestinal biopsies were then reviewed by a single pathologist (SG) to 

ensure they met histologic criteria for EG/EoD based on pre-specified eosinophil thresholds 

in at least one gastric or duodenal biopsy (see case definitions below). Gastric or duodenal 

sections from EG/EoD subjects without tissue eosinophilia based on the clinical pathology 

report were excluded from the analysis. CoPath (Sunquest Information Systems, Tucson, 

AZ), a pathology lab information system, was used to identify control subjects among 

patients with archived, paraffin-embedded gastrointestinal biopsies at Phoenix Children’s 

Hospital. Controls underwent upper endoscopy for similar clinical indications but did not 

have a pathologic diagnosis.

Case Definitions, Clinical Data, and Endoscopic Findings

A histopathologic diagnosis of EG was based on the presence of ≥30 eos/hpf in mucosal 

biopsies of the gastric body or gastric antrum in at least 5 hpf based on the histologic 

threshold published by Lwin et al.9 Patients with EoD were required to have ≥30 

eos/hpf in at least 3 hpf in the duodenal bulb or duodenal body. There are no consensus 

guidelines for histologic diagnosis of EG/EoD; however these criteria have been used in a 

recent clinical trial.10 Relevant information including demographics, medical history, atopic 

comorbidities, clinical symptoms, and final diagnosis were obtained from the electronic 

health record. Endoscopic findings were evaluated retrospectively based on images and 

descriptions provided in the clinical endoscopy report. Specifically, we evaluated the gastric 

and duodenal segments for the presence of ulceration, superficial hemorrhage/erythema, 

hyperplastic gastric folds, and gastric nodularity. We also evaluated the esophagus for 

erosions, edema, linear furrows, exudates or micro-abscesses, rings and strictures.

Histopathology

The initial microscopic analysis was performed using a Nikon Eclipse 50i microscope 

(Nikon Instruments, Melville, NY) with a 40x/0.65 lens and a 10x eyepiece with a field 

diameter of 22. This provided an hpf diameter of 0.55mm and an area of 0.24mm2. H&E 

slides were assessed by a single board-certified anatomic pathologist (SG) for eosinophil 
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counts in 5 hpf for gastric biopsies and 3 hpf for duodenal biopsies. Biopsies were 

subsequently assessed for the following histologic features: (1) sheets of eosinophils in the 

lamina propria; (2) eosinophilic glandulitis or infiltration of the surface lining epithelium of 

gastric foveolae; (3) eosinophilic gland micro-abscesses (≥4 eosinophils clustered together); 

(4) eosinophil involvement of the muscularis mucosae or submucosa; and (5) intraepithelial 

eosinophil infiltration (scored on a scale of 0-2: 0 – absent, 1 – mild/rare and 2 – moderate to 

marked).

EPX Immunohistochemistry

EPX was assessed using a proprietary mouse monoclonal anti-EPX antibody (clone 

MM25-82.2) validated for immunohistochemical staining.15 Tissue sectioning and IHC 

staining was performed at the histology department (Phoenix Children’s Hospital, Phoenix, 

AZ) using the Leica Bond III platform (Leica). Training in EPX scoring and image analysis 

was provided (BLW). Slides were reviewed with Dr. Wright to ensure consistency and 

accuracy with both techniques. Slides were scored (ST) using a modified version of the 

EPX scoring system previously developed for EoE15. The primary adaptation of this score 

was to increase the ranges assigned to the scores for peak and average eosinophil counts as 

eosinophils are resident cells in the gastric and intestinal mucosae. EPX stains were scored 

based on reproducibility, patchiness, degranulation, peak eosinophil infiltration, and average 

eosinophil infiltration. In addition to manual assessment using the EPX scoring system, we 

quantified tissue EPX levels using semi-automated image analysis as previously described 

(SHH). Tissue sections were digitized (Aperio AT Turbo, Leica Biosystems) and EPX 

staining was measured using Aperio ImageScope software. Additional details regarding 

methods for EPX staining, the EPX EG/EoD scoring system, and image analysis are found 

in the Supplement of this article’s online repository.

Statistical Analysis

The study was powered for the receiver operating characteristic (ROC) curve analysis of 

EPX. Assuming α = 0.05 and β = 0.8 and using an allocation ratio of 1.5:1, we estimated 

we would need to analyze at least 20 biopsies from controls and 13 biopsies from EG/EoD 

cases in order to detect an AUC of 0.75 (modest clinical utility). Categorical variables were 

compared using a Fisher’s exact test. Non-parametric statistics (Mann-Whitney-U) were 

used to compare eosinophil densities (eos/mm2), EPX scores, and EPX levels (EPX/mm2). 

Correlations between eos/mm2, EPX scores and EPX/mm2 were assessed by Spearman’s 

correlation analysis. The sensitivity and specificity of the EPX score and EPX/mm2 were 

assessed by generating receiver operating characteristic (ROC) curves and Youden’s index 

as used to determine cutoffs for EG/EoD diagnosis. Statistical comparisons and plots were 

generated using GraphPad Prism version 8.0.2 for Windows (GraphPad software, San Diego, 

CA).

Results

Study Population

The flow diagram in Supplemental Figure 1 details the subjects and biopsy specimens 

analyzed. We identified 36 subjects diagnosed with EG and/or EoD based on ICD-9/ICD-10 
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codes. Of these, 26 met pre-defined eosinophil density thresholds in at least one biopsy of 

stomach (gastric body or antrum) and/or duodenum (duodenal bulb or body). Forty control 

subjects without a specific histologic diagnosis or eosinophilia noted on the pathology report 

were randomly selected for comparison. Demographic and clinical information including 

sex, ethnicity, age, co-morbid atopy, clinical symptoms, endoscopic findings, and final 

diagnosis is found in Table 1. A majority of EG/EoD subjects had a history of atopy 

and abdominal pain. The most common allergic disease seen among EG/EoD patients was 

allergic rhinitis. Half of EG/EoD patients had co-morbid EoE. Among controls, functional 

gastrointestinal disorder was the most common diagnosis.

Endoscopic Findings

Endoscopically, the most common findings in EG/EoD were superficial hemorrhage or 

erythema, gross ulcers, hyperplastic folds, and antral nodularity (Table 1). Patients with 

EoD alone were more likely to have isolated bulb ulcers and superficial hemorrhage that 

spared the duodenal body. Edema and linear furrows were the most common endoscopic 

findings observed in the esophagi of EG/EoD subjects. A majority of the control subjects 

were endoscopically normal.

Histopathology

For the 26 EG/EoD patients, 62.5% (15/24) of gastric body biopsies, 65% (13/20) of gastric 

antrum biopsies, 33.3% (5/15) of duodenal bulb biopsies, and 17.6% (3/17) of duodenal 

body biopsies crossed eosinophil thresholds for diagnosis. None of the control biopsies 

met histologic criteria for EG/EoD. Sheets of eosinophils, eosinophilic glandulitis, and 

eosinophilic gland abscesses were only seen in gastric biopsies of patients with EG/EoD 

and were most commonly seen in biopsies of the gastric body (Figure 1 and Table 2). In 

contrast, eosinophilia of the submucosa and muscularis mucosa was most commonly seen 

in the gastric antrum. Intraepithelial eosinophils were noted in cases and controls in each 

segment of the stomach and duodenum; however, marked or abundant eosinophilia was only 

seen in biopsies from EG/EoD subjects.

Eosinophil Assessments

Figure 2A, B illustrates the peak (1 hpf) and average (5 hpf) eosinophil counts in each 

patient according to anatomical location (gastric body, gastric antrum, duodenal bulb, 

and duodenal body) compared to controls. Peak and average eosinophil counts were 

significantly increased in each segment of the gastrointestinal tract of EG/EoD subjects 

and differences were greatest in the gastric body. Similar trends were noted when the 

same biopsies were analyzed for EPX (Figure 2C, D). Manual assessment of EPX staining 

also revealed significant differences in each component of the EPX score (Supplemental 

Figure 2). Importantly, EPX immunohistochemistry enhanced detection of intact eosinophils 

and extracellular eosinophil granule proteins (Figure 3). In order to compare methods for 

EPX quantification, we then evaluated correlations between eos/mm2, the EPX score and 

measurement of EPX/mm2 by image analysis. We found moderate (defined as r≥0.3) 

to strong (defined as r≥0.7) positive correlations between eos/mm2, EPX score and 

EPX/mm2 for measurements obtained from the same biopsy for each segment of the upper 

gastrointestinal tract (Table 3).
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EG/EoD subjects only had to exceed eosinophil thresholds in a single biopsy; therefore, 

we restricted our next analysis to only those biopsies that met eosinophil-based criteria for 

EG and/or EoD diagnosis. For the analysis, we combined the biopsies taken from either 

gastric body or gastric antrum for EG and biopsies taken from the duodenal bulb or duodenal 

body for EoD. Figure 4 demonstrates marked differences in eos/mm2 {[stomach median 

= 12.24 (IQR 7.81-21.73) vs 312.2 (IQR 227.4-457.4), p<0.0001]; [duodenum median 

43.60 (IQR 30.24-60.13) vs. 334.7 (IQR 227.8-410.3), p<0.0001]}, EPX scores {[stomach 

median = 3 (IQR 3-5) vs. 41 (IQR 33.5-45), p<0.0001], [duodenum median 12 (IQR 

8.5-17) vs. 45 (IQR 40.5-46)], p<0.0001} and EPX/mm2 {[stomach median = 18,786 (IQR 

5,116-29,212) vs. 339,008 (IQR 159,840-479,022) p<0.0001]; [duodenum median = 58,858 

(IQR 32,855-113,478) vs. 366,329 (IQR 164,914-555,379)], p<0.0001}. We noted overlap 

in the degranulation component of the EPX scores (Supplemental Figure 2) and levels of 

EPX/mm2 (Figure 2), particularly in the duodenum. In order to assess diagnostic accuracy, 

we generated receiver operator characteristic (ROC) curves for the EPX score and EPX/mm2 

(Figure 5). Both of these assessment tools identified known EG/EoD subjects with high 

diagnostic accuracy [(stomach EPX score AUC = 1, EPX/mm2 = 0.98 (95%CI 0.96-1), 

p<0.0001); (duodenum EPX score AUC = 1, EPX/mm2 = 0.91 (95%CI 0.81-1)), p<0.0001].

Of the 10 subjects we identified with ICD-9/ICD-10 codes for EG/EoD who did not meet 

stringent histologic thresholds for EG based on eosinophil counts, 7/10 had EPX scores 

and 4/10 had EPX/mm2 levels above the proposed cutoffs in Table 4. One subject who did 

not meet criteria for EoD in the duodenum, had an EPX score of 50 (maximum possible 

score), and an EPX/mm2 level of 474,225, almost twice the proposed diagnostic threshold 

(Supplemental Figure 3).

Discussion

In this study, we compared two methods for quantification of eosinophilic inflammation 

in EG/EoD to the current gold standard of tissue eosinophil counts: (1) a manual EPX 

score; and (2) digital pixel quantification of EPX staining (EPX/mm2). We found that 

EPX scores and EPX/mm2 were markedly elevated in biopsies that exceeded histologic 

thresholds for EG/EoD when compared to controls in all anatomical locations, with strong 

correlation to eosinophil density in the stomach and moderate correlation in the duodenum. 

Furthermore, we demonstrated that EPX quantification identifies EG/EoD subjects with high 

diagnostic accuracy and may be useful for diagnosis of patients who may not necessarily 

cross eosinophil thresholds based on eosinophil counts alone.

Although the current standard diagnostic approach accounts for intact eosinophils in EGID, 

several studies highlight a need to also evaluate eosinophil degranulation products 15,18. 

We and others have examined staining for various proteins including eosinophil derived 

neurotoxin (EDN) 19,20, major basic protein (MBP) 20–22, eosinophil cationic protein 

(ECP) 23, and EPX 15,24 as tissue biomarkers in EoE. The advantage of EPX over other 

granule proteins is that it is exclusively released by eosinophils.11 We recently demonstrated 

the utility of automated image analysis of EPX staining in EoE 12. This study extends 

application of this novel method to EG/EoD. Current approaches to histologic diagnosis 

of EG/EoD are time-consuming, especially in light of the fact that eosinophils are resident 
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cells in the gastric and intestinal mucosa. Unlike in EoE, where a single high power field 

may clinch the histologic diagnosis, eosinophil counts in multiple high power fields must be 

counted and averaged in biopsies of the stomach and duodenum. In addition, H&E staining 

often only detects intact eosinophils and does not fully capture the extent of eosinophil 

degranulation.

Our EPX histopathologic scoring algorithm incorporates assessment of degranulation with 

comparable diagnostic accuracy to current methods; however, this method itself is a labor-

intensive process. Application of digital pathology methods in EG/EoD can help increase 

efficiency. Although there is still some level of subjectivity in our current approach (i.e. 

technician selects areas of highest EPX staining), an automated detection method can 

also improve reproducibility. We demonstrated how this method correlates well with our 

histopathologic scoring system, offering a new way to assess eosinophil counts in EG/EoD 

biopsies that accounts for degranulation products with increased efficiency. Widespread 

application of this method in EGIDs and disorders characterized by eosinophilic tissue 

inflammation will require further optimization and standardization of the staining and digital 

quantification methods. The EPX staining protocol utilized for this study was optimized 

for the Leica Bond staining platform in the clinical pathology lab at Phoenix Children’s 

Hospital outside of the research laboratory setting at Mayo Clinic Arizona where the original 

research laboratory studies of EPX staining were conducted. Provided an institution has the 

infrastructure to scan and view digital pathology slides, this approach should be feasible in 

the clinical setting.

There are several limitations in this study. This is a single-center retrospective study of 

pediatric subjects; therefore, the results may not be generalizable to all subjects (including 

adults) with non-esophageal EGID. Additionally, in an attempt to avoid accounting for 

increased extracellular degradation secondary to trauma from handling, specimens were 

measured at least one hpf from the edge of tissue, but some specimens were too small 

to accomplish this. The noted overlap between EG/EoD cases and controls in the EPX 

degranulation component scores and levels of EPX/mm2, particularly in the duodenum, may 

reflect either artefactual degranulation or disruption of resident eosinophils during biopsy 

procurement or increased detection of eosinophil degranulation products. The low levels of 

extracellular granule proteins observed in the control subjects are likely artefactual. Given 

the specificity of EPX/mm2, we do not suspect this significantly influenced the results. 

Finally, the sensitivity, specificity, AUC, and Youden’s Index values were arrived at using 

the same data that was used to model the ROC curve so the value of the performance metrics 

may be optimistic and require additional validation. Future studies using prospectively 

collected biopsies before and after treatment are required to determine the actual diagnostic 

accuracy of our approach.

In summary, we have developed a novel automated detection system for EPX analysis 

that can quantify eosinophilic infiltration and degranulation in EG that may enhance 

diagnostic sensitivity, efficiency and reproducibility. We acknowledge that optimization of 

the staining platform and slide digitization require additional effort at the outset. However, 

once incorporated into existing workflows, they largely do not require a pathologist’s effort 

and save time by facilitating automation. In the future, we aim to compare EPX assessments 
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with other clinical outcome measures evaluating symptoms and endoscopic findings in order 

to validate EPX staining as a histologic biomarker of EG/EoD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Histopathologic features of EG/EoD.
Following hematoxylin and eosin (H&E) staining, the biopsies were assessed for several 

histologic features commonly seen in eosinophilic gastritis and gastroenteritis, including the 

presence of eosinophils in the muscularis mucosae and/or submucosa (A – arrows, antrum, 

x200), sheets of eosinophils in the lamina propria (B – circle, antrum, x100), intraepithelial 

eosinophils (circle) as well as marked glandular permeation/involvement by eosinophils (C – 

arrows, antrum, x200) and eosinophilic microabscesses (D – circle, antrum, x400). Note the 

presence of a pit abscess in the lumen of the adjacent gland (wedge). L – indicates lumen.
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Figure 2. Eosinophil counts and EPX levels are markedly increased in EG/EoD.
Peak (1 hpf) and average (stomach = 5 hpf; duodenum = 3 hpf) eos/mm2 and EPX/mm2 

were compared for cases (n=26) and controls (n=40) in biopsies from the gastric body, 

gastric antrum, duodenal bulb and duodenal body.
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Figure 3. EPX immunohistochemistry enhances assessment of eosinophilic inflammation.
This gastric biopsy reveals a marked eosinophil infiltration with sheet-like involvement of 

the lamina propria as well as moderate intraepithelial glandular permeation (A – x100). 

The numbers of eosinophils, coupled with the levels of degranulation, introduce difficulty 

when trying to accurately assess both eosinophil counts and the extracellular presence of 

EPX. EPX staining highlights both eosinophils and degranulated material (B – x100, inset 

magnified). L - indicates lumen
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Figure 4. EG/EoD biopsies have increased eosinophil counts, EPX scores and EPX/mm2.
Biopsies meeting or exceeding histologic thresholds for EG (≥30 eos/hpf in at least 5 hpf) 

and/or EoD (≥30 eos/hpf in at least 3 hpf) are compared between cases and controls.
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Figure 5. The EPX score and EPX/mm2 identify subjects with EG and EoD with high diagnostic 
accuracy.
Receiver operator characteristic (ROC) curves for eos/mm2, EPX scores, and EPX/mm2 

shown. p<0.0001 for all values reported.
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Table 1.

Study Population Characteristics

Controls (n=40) EGID cases (n=26) p value*

Males (n, %) 11 (27.5) 12 (46.2) NS

Race (n, %)

 White 24 (60) 22 (84.6) NS

 Black/African American 1 (2.5) 3 (11.5) NS

 Native American 1 (2.5) 0 NS

 Other 7 (17.5) 1 (3.8) NS

Ethnicity (n, %)

 Hispanic 6 (15) 1 (3.8) NS

Age (median yrs, (IQR)) 9.5 (5-15.75) 11.5 (7-16) NS

Atopy (any) (n, %) 6 (15) 25 (96.2) p < 0.0001

 Allergic rhinitis 4 (10) 16 (61.5) p < 0.0001

 Asthma 2 (5) 8 (30.8) NS

 Food allergy 1 (2.5) 12 (46.2) p < 0.0001

 Atopic dermatitis 0 3 (11.5) NS

Symptoms (n, %)

 Abdominal pain 25 (62.5) 17 (65.4) NS

 Nausea 12 (30) 10 (38.5) NS

 Vomiting 12 (30) 14 (53.8) NS

 Weight loss 8 (20) 7 (26.9) NS

 Dysphagia 5 (12.5) 7 (26.9) NS

 Reflux 5 (12.5) 5 (19.2) NS

 Constipation 9 (22.5) 4 (15.4) NS

 Diarrhea 5 (12.5) 3 (11.5) NS

 Feeding problems 5 (12.5) 4 (15.5) NS

Diagnosis (n, %)

 EG 0 17 (65.4) p < 0.0001
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Controls (n=40) EGID cases (n=26) p value*

 EoD 0 5 (19.2) p = 0.007

 EG + EoD 0 4 (15.4) p < 0.02

 EoE + EG/EoD 0 13 (50) p < 0.0001

 Functional GI disorder 25 (62.5) 0 p < 0.0001

 Feeding problem 4 (10) 0 NS

 Other (FPIES, med related, infection) 6 (15) 0 NS

 Lactose intolerance 5 (12.5) 0 NS

Gastrointestinal endoscopic findings (n, %)

 Ulcers (any) 0 14 (53.8) p < 0.0001

  Gastric ulcer 0 5 (19.2) p = 0.007

  Duodenal bulb ulcer 0 7 (26.9) p = 0.0008

  Duodenal body ulcer 0 2 (7.7) NS

 Superficial hemorrhage/erythema 4 (10) 13 (50) p = 0.0005

 Hyperplastic gastric folds 0 13 (50) p < 0.0001

 Gastric nodularity 0 6 (23.1) p = 0.0025

Esophageal endoscopic findings (n, %)

 Erosions 0 0 NS

 Edema 2 (5) 12 (46.2) p = 0.0001

 Linear furrows 2 (5) 7 (26.9) p = 0.02

 Exudates/micro-abscesses 0 3 (11.5) NS

 Rings 0 2 (7.7) NS

 Stricture 0 0 NS

*
Categorical variables are compared using the Fisher’s exact test. Median age (continuous variable) is compared using a Mann-Whitney U test.
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Table 2.

Histologic Features of Gastric and Duodenal Biopsies

Controls Cases p-value*

Gastric Body (n = 39) (n=24)

 Sheets of eosinophils 0 (0.0) 13 (54.2) p < 0.0001

 Eosinophilic glandulitis 0 (0.0) 15 (62.5) p < 0.0001

 Eosinophilic gland abscesses 0 (0.0) 11 (45.8) p < 0.0001

 Eosinophils in the SM/MM 4 (10.3) 12 (50.0) p = 0.0008

 Intraepithelial eosinophils 8 (20.5) 23 (95.8) p < 0.0001

  Grade 1 8 (20.5) 11 (45.8) p = 0.048

  Grade 2 0 (0.0) 12 (50) p < 0.0001

Gastric Antrum (n= 39) (n=20)

 Sheets of eosinophils 0 (0.0) 6 (30.0) p = 0.0009

 Eosinophilic glandulitis 0 (0.0) 10 (50.0) p < 0.0001

 Eosinophilic gland abscesses 0 (0.0) 4 (20.0) p = 0.01

 Eosinophils in the SM/MM 24 (61.5) 16 (80.0) NS

 Intraepithelial eosinophils 6 (15.4) 19 (95.0) p < 0.0001

  Grade 1 6 (15.4) 11 (55.0) p = 0.002

  Grade 2 0 (0.0) 8 (40.0) p < 0.0001

Duodenal Bulb (n= 33) (n=15)

 Sheets of eosinophils 0 (0.0) 2 (13.3) NS

 Eosinophilic glandulitis 1 (3.0) 3 (20.0) NS

 Eosinophilic gland abscesses 0.0 (0.0) 2 (13.3) NS

 Eosinophils in the SM/MM 7 (21.2) 8 (53.3) p = 0.04

 Intraepithelial eosinophils 19 (57.6) 14 (93.3) p = 0.018

  Grade 1 19 (57.6) 11 (73.3) NS

  Grade 2 0 (0.0) 3 (20) P = 0.026

Duodenal Body (n=40) (n=17)

 Sheets of eosinophils 0 (0.0) 1 (5.9) NS
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Controls Cases p-value*

 Eosinophilic glandulitis 1 (2.5) 3 (17.6) NS

 Eosinophilic gland abscesses 0 (0.0) 3 (17.6) p = 0.02

 Eosinophils in the SM/MM 13 (32.5) 9 (52.9) NS

 Intraepithelial eosinophils 34 (85.0) 13 (76.5) NS

  Grade 1 34 (85.0) 10 (58.8) p = 0.04

  Grade 2 0 (0.0) 3 (17.6) p = 0.02

The n values reported are the number of biopsies analyzed for each segment of the stomach or duodenum. Duodenal biopsies from EG/EoD cases 
were excluded if the clinical pathology report did not mention eosinophilia.

*
Fisher’s exact test
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Table 3.

Spearman correlation coefficients between eos/mm2, EPX scores, and EPX/mm2*

EPX score vs. eos/mm2 EPX/mm2

vs. eos/mm2
EPX score vs. EPX/mm2

Gastric Body 0.90 0.81 0.80

Gastric Antrum 0.83 0.77 0.85

Duodenal Bulb 0.83 0.70 0.80

Duodenal Body 0.67 0.52 0.67

*
Spearman’s rho (r) values reported, p-values < 0.0001 for all correlation coefficients listed.
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Table 4.

Diagnostic Thresholds for the EPX Score and EPX/mm2

Cutoff value YI* Sensitivity 95% CI
† Specificity 95% CI

Gastric biopsies

 EPX score >14 1 1 0.85-1 1 0.91-1

 EPX/mm2 >85,323 0.90 0.95 0.77-1 0.95 0.84-0.99

Duodenal biopsies

 EPX score >30 1 1 0.68-1 1 0.91-1

 EPX/mm2 >246,123 0.68 0.75 0.41-0.96 0.93 0.80-0.97

*
Youden’s Index

†
Confidence Interval
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