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Abstract
Objective: To assess intra- and interobserver agreement among non-expert pathologists in iden-
tifying features of the eosinophilic esophagitis histologic scoring system (EoEHSS) in pediatric
patients.
Patients and methods: The authors used 50 slides from patients (aged 1-15 years; 72% male)
with EoE. EoEHSS evaluates eosinophilic inflammation and other features including epithelial
basal zone hyperplasia, eosinophilic abscesses, eosinophil surface layering, dilated intercellular
spaces, surface epithelial alteration, dyskeratotic epithelial cells, and lamina propria fibrosis.
Grade and stage of abnormalities are scored using a 4-point scale (0 normal; 3 maximum
change). Four pathologists determined EoEHSS findings on two occasions. Intra- and interob-
server agreement was assessed using Kappa (k) statistics and intra-class correlation coefficients.
Results: Intra- and interobserver agreement for the identification of eosinophil counts � 15/
high power field (HPF) was excellent, however varied when assessing additional features of the
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EoEHSS. For the more experienced pathologist, agreement for most EoEHSS items and the com-
posite scores was substantial to excellent. For the less experienced pathologists, intraobserver
agreement ranged from absent to substantial for individual features and ranged from moderate
to substantial for the composite scores.
Conclusion: Most items of the EoEHSS had substantial to excellent reliability when assessed by a
pathologist experienced in the diagnosis of EoE but presented lower repeatability among less
experienced pathologists. These findings suggest that specific training of pathologists is required
for the identification of EoEHSS characteristics beyond eosinophil count, as these features are
considered useful in the evaluation of response to treatment and correlation with clinical mani-
festations and endoscopic findings.
© 2021 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
Figure 1 Histological features observed in EoE (Hematoxylin
& Eosin, 10 £).
Introduction

Eosinophilic esophagitis (EoE) is a chronic, inflammatory,
immune- and/or antigen-mediated disease clinically charac-
terized by symptoms of esophageal dysfunction and histolog-
ically by dense eosinophilic inflammation in mucosal
biopsies.1�3 Since its initial description at the end of the
1970s and its identification as a distinct clinical entity in
1993, EoE has been increasingly recognized over the last
20 years.1�5 EoE symptoms vary according to age. Infants
and younger children may present with feeding difficulties,
vomiting and regurgitation, while older children, adoles-
cents and adults may also present with dysphagia and the
sensation of food lodged in the esophagus (food
impaction).1,2

The criteria for the diagnostic and therapeutic approach
to EoE have been continuously discussed since the initial
description of the disease.6,7

Upper gastrointestinal endoscopy with biopsy is essential
for diagnosis. Endoscopic findings include edema, furrows or
vertical lines, concentric rings, and exudates or white spots.
However, the macroscopic appearance may be normal.2,3.8

Upon diagnostic suspicion, biopsies should be obtained even
when the endoscopic appearance is normal. As the inflam-
mation may be focal, it is recommended that multiple biop-
sies of at least two esophageal segments be obtained to
increase the diagnostic accuracy.2

The diagnosis of EoE involves clinical, endoscopic and his-
tological factors, i.e., there must be clinical manifestations
of esophageal dysfunction combined with mucosal changes
on endoscopy and/or eosinophilic infiltrate in esophageal
biopsies with a count of � 15 eosinophils per high-power
field (eos/HPF) in the area of greatest eosinophil density in
one or more tissue samples.2,3

Other causes of esophageal eosinophilia should be
excluded, especially gastroesophageal reflux disease
(GERD), infections, connective tissue diseases, Crohn’s dis-
ease, and hypersensitivity to medications, through a
detailed clinical history and physical examination and diag-
nostic testing according to the clinical suspicion.1�3

The spectrum of histopathological changes in EoE deter-
mined the development of classifications and scores that
improve diagnostic quality.9�13 A histological scoring system
uses the intensity and extent of eosinophil granule protein
deposition; however, the need for immunohistochemistry
techniques hinders its use in clinical practice.10
27
In 2017, Collins et al. developed a histological scoring sys-
tem (EoEHSS) to assess changes in the mucosa in addition to
the peak eosinophil count. Figure 1 illustrates the most com-
mon histological features observed in EoE. The EoEHSS eval-
uates eosinophil infiltration (EI), basal zone hyperplasia
(BZH), the presence of eosinophilic abscesses (EA), eosino-
phil surface layering (SL), dilated intercellular spaces (DIS),
surface epithelial alterations (SEA), dyskeratotic epithelial
cells (DEC) and lamina propria fibrosis (LPF). The severity
(grade) and extent (stage) of the changes are classified using
a scale (0 - normal to 3 - maximum change). The maximum
score for grade and stage for each biopsy is 24. The final
score is the ratio between the sum of the scores assigned to
each evaluated item divided by the maximum possible score
and varies from 0 to 1. If a feature is not evaluated, the max-
imum score is reduced by 3 points.14 The EoEHSS allows eval-
uation of the severity and extent of multiple histological
features of EoE and can be applied in the routine histopatho-
logical analysis. The intraobserver and interobserver agree-
ment of these findings was recently evaluated among
pathologists specialized in gastrointestinal diseases with
experience in the diagnosis of EoE after specific training in
the analysis of items included in the EoEHSS.15

However, the repeatability and reproducibility of this sys-
tem have not yet been evaluated in clinical practice among
non-expert pathologists.

The objective of this study was to evaluate the intraob-
server and interobserver agreement of the EoEHSS in pediat-
ric patients with EoE.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Materials and methods

This study was conducted at a tertiary pediatric referral
center in the south of Brazil where approximately 2,000
endoscopic procedures are performed annually in children
aged 0-18 years. A simple random sampling without replace-
ment was performed by assigning a unique number to each
pediatric patient diagnosed with EoE (� 15 eos/HPF) regis-
tered at the Endoscopy Unit database (n = 462) from 2005 to
2018. In the next step, these numbers were written on sepa-
rate cards that were placed in a box, thoroughly mixed and
taken out randomly. Slides of esophageal biopsies stained
with hematoxylin & eosin from 50 patients were used in the
study. In order to assess the quality of the material, all slides
were reviewed by the most experienced pathologist partici-
pating in the study, two months prior to the beginning of the
research.

The study protocol was approved by the Research Ethics
Committee of Hospital Pequeno Príncipe - Curitiba, Brazil.

Four pathologists with different levels of experience in
the diagnosis of EoE in clinical practice volunteered to par-
ticipate in the study. Prior to the study, the pathologist con-
sidered to be the most experienced (more than 30 years in
practice) had evaluated more biopsies of patients with EoE
(> 1,200) than the pathologist considered moderately expe-
rienced (13 years in practice, approximately 150 biopsies)
and the pathologists considered less experienced (less than
2 years in practice, < 15 biopsies). All pathologists were
aware of the protocol to determine EI and other histological
findings of EoE before evaluating the slides; however, no
training on interpreting each feature in order to create his-
tological standards was performed.14

The slide identification records were modified so that they
could not be correlated with the patients or identified in two
consecutive evaluations as belonging to the same patient.

The medical pathologists analyzed the histopathological
findings (EoEHSS) under optical microscopy at two different
times with an interval of at least two weeks between the
evaluations using their own working binocular optical micro-
scopes (CH30, BX23, CX31 - Olympus, Tokyo, Japan, and
Zeiss Axiostar - Zeiss Inc., G€ottingen, Germany). The area of
greatest eosinophil density was selected, and the total num-
ber of eos/HPF (400x magnification; area of 0.238 mm2) was
recorded. All individual EoEHSS components were analyzed,
as well as the grade (severity) and stage (extent) scores,
which were recorded in a standardized data collection form
(Appendix 1).

At the end of each analysis, the information obtained
from the database was entered in Microsoft Excel� spread-
sheets (Microsoft Corporation, Redmond, USA) and imported
into Stata/SE v.14.1 (StataCorp LP, USA) for processing.

Statistical analysis

Kappa (k) is a measure of intraobserver and interobserver
agreement that indicates the degree of agreement beyond
what would be expected by chance alone and typically ranges
from +1 to -1, where a greater value indicates better reliability.
Values close to or less than zero suggest that the agreement is
attributable to chance. A k <0.0 indicates no agreement, from
0 to 0.20 indicates poor agreement, from 0.21 to 0.40 indicates
fair agreement, from 0.41 to 0.60 indicates moderate
28
agreement, from 0.61 to 0.80 indicates substantial agreement
and from 0.81 to 1.00 indicates excellent agreement.16

To calculate the sample size, a scale with four classifica-
tions with uniformly distributed marginals was considered for
the comparison of two evaluations. For this calculation, a k

value of 0.8 and a 95 percent confidence interval were consid-
ered acceptable. A sample of 50 slides was considered ade-
quate to estimate the k coefficient of agreement between two
evaluations, considering a relative margin of error of 20%.

Descriptive statistics were used to characterize the
patients under study. Frequencies and percentages were
used for categorical variables.

The intraobserver and interobserver agreement for all
EoEHSS components were calculated. The interobserver
agreement was based on the results of each pathologist’s
first reading.

Fleiss’ k coefficient was estimated to assess agreement for
ordinal variables, and the intraclass correlation coefficient
(ICC) was estimated to evaluate the measurements in the
composite score variable.17 The student’s t-test was used to
evaluate the existence of a systematic difference between
the two measurements performed by the same pathologist
regarding the composite score. Repeated measures analysis
of variance (ANOVA) was used to test the homogeneity of the
four pathologists’ evaluations for the score. For the k coeffi-
cients, 95% confidence intervals were constructed. P-values
less than 0.05 indicated statistical significance.
Results

Demographics

The mean age was 9.6 years (SD § 4), range 1-15 years and
the majority were male (72%). Of the 50 patients, 40%
(n = 20) had a diagnosis of asthma, 32% (n = 16) of allergic
rhinitis, 24% (n = 12) of atopic dermatitis and 30% (n = 15) of
food allergy. The most frequent symptoms that led to the
indication for endoscopy were vomiting in 58% (n = 29), feed-
ing difficulties in 40% (n = 20), dysphagia in 26% (n = 13) and
low weight gain in 26% (n = 13) of patients. The endoscopic
findings observed included edema in 96% (n = 48), vertical
lines in 86% (n = 43), white exudates in 62% (n = 31) and con-
centric rings in 4% (n = 2) of patients. Only one patient pre-
sented with esophageal stricture, and only one patient had a
normal endoscopic examination.

Assessment of eosinophilic infiltration (�15 eos/
HPF)

The EI was graded in categories as per the EoEHSS (0: eosino-
phils not present; 1: <15 eos/HPF; 2: 15-59 eos/HPF; 3: >60
eos /HPF). Intra- and interobserver agreement for the iden-
tification of eosinophil counts �15 /high power field (grades
2 and 3), essential for the diagnosis of EoE, was excellent for
all pathologists.

Assessment of intraobserver agreement (EoEHSS
individual items and composite scores)

Intraobserver agreement in the evaluation of the individual
components of the EoEHSS varied among the pathologists.
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The highest k values were observed in the evaluation of EA
(grade and stage), followed by SL (grade and stage), EI
(grade), and BZH (grade).

The most experienced medical pathologist showed excel-
lent (k > 0.80) or substantial (k > 0.60) intraobserver agree-
ment for all individual items between the two evaluations,
except for BZH (stage), for which agreement was fair
(k = 0.24).

The less experienced pathologists showed moderate
intraobserver agreement for EI (grade), fair intraobserver
agreement for EI (stage), fair to moderate intraobserver
agreement for BZH (grade), poor to substantial intraob-
server agreement for BZH (stage), moderate to substan-
tial for intraobserver agreement EA (grade), moderate to
substantial intraobserver agreement for EA (stage), mod-
erate to fair intraobserver agreement for SL (grade and
stage), poor to fair intraobserver agreement for DIS
(grade), fair to substantial intraobserver agreement for
DIS (stage), poor to moderate intraobserver agreement
for (grade), poor to moderate intraobserver agreement
for SEA (stage), poor to fair intraobserver agreement for
DEC (grade), poor to moderate intraobserver agreement
for DEC (stage), absent to poor intraobserver agreement
for LPF (grade) and absent to fair intraobserver agree-
ment for LPF (stage).

The median ICC for the EoEHSS composite scores among
the four pathologists were 0.70 (0.52 - 0.94) and 0.75 (0.64 -
0.90) for grade and stage, respectively. The most experi-
enced pathologist showed excellent agreement for grade
and stage, and the less experienced pathologists showed
moderate to substantial agreement for grade and substantial
agreement for the stage.

Table 1 shows the estimated k coefficients for the individ-
ual items (grade and stage) and the ICCs for the composite
scores (grade and stage). Scatter plots (Intraobserver agree-
ment) for the composite scores (grade and stage) are shown
in Appendix 2.
Assessment of interobserver agreement
(reproducibility)
Individual EoEHSS items
The k coefficient for each of the variables evaluated the
reproducibility of the results. For this analysis, the first
measurement performed by each pathologist was consid-
ered. The null hypothesis of a k coefficient equal to zero
(lack of reproducibility in the results) was tested for
each variable versus the alternative hypothesis of a non-
zero k coefficient.

The interobserver agreement among all pathologists was
moderate for EI (grade), poor for EI (stage), absent for BZH
(grade), poor for BZH (stage), fair for EA (grade and stage),
poor for SL (grade and stage), DIS (grade and stage), and SEA
(grade and stage), and absent for DEC (grade and stage) and
LPF (grade and stage).

In Table 2, the estimated k coefficient, the p-value of the
statistical test and the limits of the 95% confidence interval
for the k coefficient are presented for each variable. The
best interobserver agreement was found for EI grade (mod-
erate) and EA grade (fair).
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EoEHSS scores (grade and stage)
For the variable composite score (grade), the estimated ICC
considering the four pathologists was equal to 0.33, indicat-
ing fair reproducibility.

For the variable composite score (stage), the estimated
ICC was 0.45, indicating moderate reproducibility.

Table 3 shows the mean and standard deviation of the
evaluations for each pathologist.
Discussion

The prevalence of EoE has increased steadily in the last
20 years.18,19 According to the current consensuses, an
eosinophil count � 15 eos/HPF confirms the active disease.
Histological evaluation of esophageal biopsies is essential to
diagnose EoE as well as to monitor response to
treatment.1�3

The EoEHSS was developed to assess other histological
changes in the mucosa present in EoE, in addition to the
peak eosinophil count.14

Most of the studies conducted to date on the histological
findings have analyzed only EI by pathologists specialized in
the analysis of biopsies from patients with EoE or by less
experienced pathologists after specific training in the analy-
sis of the findings in reference centers.20,21 The intraob-
server and interobserver agreement of the individual
EoEHSS components were evaluated only during the devel-
opment of the system and subsequently by pathologists spe-
cializing in the diagnosis of EoE.14,15

With the increased incidence and prevalence of the dis-
ease, many patients are managed outside reference centers
where general pathologists are involved in the diagnosis of
various diseases. The repeatability and reproducibility of
the histological findings among pathologists not specialized
in EoE have not been evaluated in clinical practice.

In the present study, the intraobserver and interobserver
agreement for the evaluation of EoEHSS individual items as
well as the composite score was determined by pathologists
with different degrees of experience in the diagnosis of EoE.

Intra- and interobserver agreement for the identification
of eosinophil counts �15 /high power field, essential for the
diagnosis of EoE, was excellent for all pathologists, however,
it varied per item and among the observers when assessing
additional features of the EoEHSS.

For the most experienced pathologist, the intraobserver
agreement was excellent or substantial in the evaluation of
all individual items, except for BZH (stage), for which the
agreement was fair. For the variable score (grade and
stage), the intraobserver agreement was also excellent for
the most experienced pathologist. These findings are equiv-
alent to those observed in a study conducted with specialist
pathologists trained in EoE reference centers that found an
excellent intraobserver agreement for grade and stage com-
posite scores and were at least substantial for all the other
items except for DEC, which showed fair agreement.15

The less experienced pathologists showed intraobserver
agreement ranging from absent to substantial in the evalua-
tion of individual items. The highest k values were observed
for the evaluation of EA (grade and stage), followed by SL
(grade and stage), EI (grade), and BZH (grade). In this group,



Table 1 Intraobserver level of agreement.

PATH 1 Kappa (CI 95%) PATH 2 Kappa (CI 95%) PATH3 Kappa (CI 95%) PATH 4 Kappa (CI 95%)

EI (Grade) 0.86 (0.58; 1) 0.47 (0.22; 0.72) 0.50 (0.22; 0.78) 0.47 (0.20; 0.75)
EI (Stage) 0.63 (0.42; 0.84) 0.25 (0.03; 047) 0.29 (0.09; 0.5) 0.37 (0.17; 0.58)
BZH (Grade) 0.72 (0.5; 0.94) 0.38 (0.16; 0.6) 0.40 (0.21; 0.59) 0.51 (0.26; 0.77)
BZH (Stage) 0.24 (0.01; 0.49) 0.11 (-0.03; 0.25) 0.33 (0.14; 0.51) 0.73 (0.51; 0.94)
EA (Grade) 0.94 (0.74; 1) 0.62 (0.43; 0.82) 0.62 (0.43; 0.81) 0.52 (0.35; 0.7)
EA (Stage) 0.90 (0.68; 1) 0.54 (0.32; 0.75) 0.69 (0.46; 0.93) 0.29 (0.1; 0.49)
SL (Grade) 0.85 (0.59; 1) 0.53 (0.28; 0.77) 0.22 (0.01; 0.42) 0.50 (0.3; 0.71)
SL (Stage) 0.89 (0.65; 1) 0.60 (0.34; 0.87) 0.26 (0.08; 0.44) 0.46 (0.26; 0.66)
DIS (Grade) 0.77 (0.56; 0.98) 0.00 (- - -) 0.29 (0.07; 0.5) 0.00 (- - -)
DIS (Stage) 0.85 (0.65; 1) 0.30 (0.1; 0.5) 0.43 (0.24; 0.62) 0.65 (0.44; 0.85)
SEA (Grade 0.62 (0.44; 0.81) 0.18 (-0.02; 0.38) 0.43 (0.26; 0.6) 0.31 (0.1; 0.51)
SEA (Stage) 0.78 (0.61; 0.95) 0.22 (-0.01; 0.45) 0.39 (0.23; 0.55) 0.08 (-0.08; 0.24)
DEC (Grade) 0.91 (0.63; 1) 0.38 (0.16; 0.6) 0.40 (0.2; 0.59) 0.20 (0.02; 0.37)
DEC (Stage) 0.83 (0.56; 1) 0.37 (0.09; 0.65) 0.49 (0.25; 0.73) 0.05 (-0.11; 0.21)
LPF (Grade) 0.69 (0.47; 0.91) -0.50 (-0.75; -0.25) 0.12 (-0.09; 0.32) 0.20 (-0.01; 0.41)
LPF (Stage) 0.76 (0.53; 0.98) 0.35 (0.13; 0.57) -0.03 (-0.2; 0.14) 0.17 (-0.01; 0.36)

ICC (CI 95%) ICC (CI 95%) ICC (CI 95%) ICC (CI 95%)
SCORE (Grade) 0.94 (0.91;0.97) 0.52 (0.29; 0.70) 0.77 (0.63; 0.86) 0.64 (0.44; 0.78)
SCORE (Stage) 0.90 (0.83; 0.94) 0.64 (0.45; 0.78) 0.71 (0.54; 0.82) 0.80 (0.68; 0.88)

PATH, pathologist; CI, confidence interval; EI, eosinophil inflammation; BZH, basal zone hyperplasia; EA, eosinophilic abscesses; SL, eosin-
ophil surface layering; DIS, dilated intercellular spaces; SEA, surface epithelial alteration; DEC, dyskeratotic epithelial cells; LPF, lamina
propria fibrosis; ICC, intra-class correlation coefficient.
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for the variable score (grade and stage), the intraobserver
agreement ranged from moderate to substantial.

A study comparing specialist and non-specialist patholo-
gists revealed that interobserver agreement was excellent
for the determination of EI after a training session to iden-
tify the findings.20 That study did not analyze other histolog-
ical features of EoE, which precludes comparison with the
findings of our study but reinforces the need for training in
the interpretation of histological findings.
Table 2 Interobserver agreement (all pathologists).

Variable Kappa p

EI (Grade) 0.41 < 0.001
EI (Stage) 0.13 0.003
BZH (Grade) -0.02 0.691
BZH (Stage) 0.01 0.727
EA (Grade) 0.39 < 0.001
EA (Stage) 0.33 < 0.001
SL (Grade) 0.14 0.004
SL (Stage) 0.17 < 0.001
DIS (Grade) 0.03 0.505
DIS (Stage) 0.20 < 0.001
SEA (Grade) 0.10 0.014
SEA (Stage) 0.07 0.036
DEC (Grade) -0.04 0.337
DEC (Stage) -0.05 0.366
LPF (Grade) -0.05 0.283
LPF (Stage) -0.03 0.533

EI, eosinophil inflammation; BZH, basal zone hyperplasia; EA, eosinophi
lular spaces; SEA, surface epithelial alteration; DEC, dyskeratotic epith

30
The interobserver agreement was moderate for EI (grade)
and the composite score (stage), fair for the composite score
(grade), and absent or fair for the other individual EoEHSS
components. These findings contrast with a previous study
conducted with specialist pathologists in EoE reference cen-
ters that revealed excellent interobserver agreement for
the grade and stage composite scores and were at least mod-
erate for all the other items except SEA, which showed fair
agreement.15 This discrepancy may be explained by the
CI 95% Reproducibility

0.29; 0.52 Moderate
0.05; 0.22 Poor
-0.1; 0.06 No agreement
-0.07; 0.1 Poor
0.31; 0.46 Fair
0.24; 0.41 Fair
0.05 0.23 Poor
0.08; 0.25 Poor
-0.06; 0.12 Poor
0.12; 0.29 Poor
0.02; 0.18 Poor
0.01; 0.14 Poor
-0.13; 0.05 No agreement
-0.16; 0.06 No agreement
-0.13; 0.04 No agreement
-0.11; 0.06 No agreement

lic abscesses; SL, eosinophil surface layering; DIS, dilated intercel-
elial cells; LPF, lamina propria fibrosis; CI, confidence interval.



Table 3 EoEHSS scores.

Pathologist 1 Pathologist 2 Pathologist 3 Pathologist 4 ICC

Grade 0.46 § 0.12 0.39 § 0.08 0.47 § 0.15 0.60 § 0.12 0.33
Stage 0.52 § 0.12 0.42 § 0.11 0.43 § 0.16 0.53 § 0.16 0.45

ICC, intra-class correlation coefficient.
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difference in reproducibility between the most experienced
pathologist and the others, in addition to the absence of spe-
cific prior training for the reading and uniform interpreta-
tion of the features included in the EoEHSS.

There are some limitations in interpreting the results of
this study that need to be discussed.

First, this study was conducted in a reference center for
pediatric endoscopy with experience in EoE, where only one
of the participant pathologists has worked in the routine
reading of slides originated from patients diagnosed and
treated at the unit. The other less experienced pathologists
had not received formal training on the features of EoE his-
tological findings and performed the analyses among other
routine work activities. Second, the pathologists evaluated
a small sample of slides under different microscopes that
may have different illumination configurations, levels of
magnification in the objective and ocular lens system, and
image quality.

In addition, the slides for the study were selected from
biopsy material obtained by routine endoscopy. Fragments
of well-oriented biopsies are not always obtained and/or
processed consistently, and the slides used in this study did
not always have well-oriented sections. The quality of the
biopsies and orientation of the fragments may have compro-
mised the analysis of some findings, especially LPF and BZH.
Fragmentation of the biopsies and/or mechanical compres-
sion, as well as the resolution of the microscopes, may also
have affected the reproducibility of the findings.

In conclusion, the authors’ findings reveal that intra- and
interobserver agreement for the identification of eosinophil
counts �15 /high power field, required for the diagnosis of
EoE, was excellent for all pathologists. The evaluation of
the individual components of the EoEHSS shows intraob-
server agreement in parameters comparable to previous
studies when evaluated by a pathologist experienced in the
diagnosis of this disease. Among non-specialist and less
experienced pathologists, the intraobserver and interob-
server agreement for the identification of EI grade and EA
varied from moderate to fair but the additional histological
features of EoE presented lower repeatability and reproduc-
ibility.

These findings suggest that there is a need for specific
training of pathologists to identify EoEHSS features in addi-
tion to eosinophil count, as they are considered useful to
assess histologic abnormalities and may be important for the
evaluation of response to treatment as well as for the corre-
lation with clinical manifestations and endoscopic findings.
Moreover, future studies with a larger sample size and more
participants are needed to confirm the intra- and interob-
server reliability of the EoEHSS in clinical practice.
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