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Significance of the Study

munocompetent children.

o The esophageal biopsy rate should be increased in children with nonspecific and reflux symptoms. In
children with suspected or confirmed eosinophilic esophagitis, the number of biopsy samples should
be increased for better detection of subepithelial fibrosis. Eosinophilic esophagitis should be suspected
and repeat endoscopy may be recommended after successful treatment of infectious esophagitis in im-
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Abstract

Objectives: The aim of this study was to assess the epide-
miological, clinical, endoscopic, and pathohistological char-
acteristics of pediatric eosinophilic esophagitis (EoE) in Ser-
bia. Method: All children aged 0-18 years diagnosed with
EoE in the period between 2010 and 2017 at the University
Children’s Hospital in Belgrade, Serbia, were retrospectively
enrolled. Results: EoE was diagnosed in 35 children (12.45 +

3.77 years) with a male predominance (74%). The median
incidence rate was estimated to be 0.85 per 100,000 children
per year with the highest rate estimated at 3.17 per 100,000
children in 2017. Dysphagia (71.4%) and food impaction
(40%) were dominant symptoms. Inflammatory endoscopic
changes were found in 74.3% and fibrostenotic changes in
62.9% of the children. The esophageal biopsy rate was low
(6.8%), especially in children with reflux and nonspecific
symptoms. Subepithelial fibrosis was found in only 20% of
the patients. Since 2016, the number of biopsy samples has
increased, but the sampling rate of lamina propria is still low
(<50%). The correlation between the number of biopsies
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and lamina propria acquisition was strong (r; = 0.773, p <
0.05). In 2 immunocompetent adolescents, EOE was diag-
nosed after successful treatment of infectious esophagitis.
Conclusions: An increase in the incidence of EoE in Serbian
children is evident. The biopsy rate in children with nonspe-
cificand reflux symptoms should be increased, as well as the
number of biopsy samples for the detection of subepithelial
fibrosis. In immunocompetent children with infectious
esophagitis, EoE should be suspected and endoscopy may
be recommended after successful treatment of infection.

© 2019 The Author(s)
Published by S. Karger AG, Basel

Introduction

Eosinophilic esophagitis (EoE) is a chronic inflamma-
tory disorder of the esophagus, first described in 1977, but
was defined as a distinct entity only in 1993. Currently,
EoE is the second most common cause of chronic esoph-
agitis after gastroesophageal reflux disease (GERD), as
well as the main cause of dysphagia and food impaction
in children. FoFE is defined as a chronic, local immune-
mediated esophageal disease, clinically characterized by
symptoms related to esophageal dysfunction and histo-
logically by eosinophil-predominant inflammation [1].
Due to the patchy distribution of inflammatory changes
(2], atleast 6 biopsies should be taken from different parts
of the esophagus [1].

The first guidelines on EoE were published in 2007 [3]
assuming that EoE and GERD mutually exclude each oth-
er. Moreover, for the purpose of diagnosing EoE it was
necessary for the proton pump inhibitor (PPI) trial and/
or pH monitoring to be negative. However, these recom-
mendations were updated in 2011, when the term “pro-
ton pump inhibitor-responsive esophageal eosinophilia”
(PPI-REE) was introduced. PPI-REE has been diagnosed
in patients with clinical, endoscopic, and histological
characteristics of EoE and PPI-induced clinical and his-
tological remission, who are not necessarily diagnosed
with GERD [4]. The difference in response to PPI was the
key feature in distinguishing PPI-REE from EoE [5-7].
However, studies published after 2011 demonstrated that
PPI-REE and EoE do not differ even on the genetic level
and that both disorders are distinct from GERD [4, 8].
The latest guidelines on EoE (2017) emphasized the im-
portance of PPI, particularly as a treatment option for
EoE, while the term PPI-REE has been withdrawn [1].

Therefore, the aim of this study was to assess epide-
miological, clinical, endoscopic, and pathohistological
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characteristics of pediatric EoE according to the current
recommendations for the first time in the Serbian popu-
lation.

Materials and Methods

Study Design

All children aged 0-18 years with esophageal symptoms under-
going an upper endoscopy between January 2010 and December
2017 at the Department of Gastroenterology, Hepatology and En-
doscopy of the University Children’s Hospital in Belgrade were
retrospectively enrolled in the study.

We included all children who met the histological criteria for
EoE (215 eosinophils per HPF in esophageal mucosa, taken as the
peak concentration in the specimens examined) [1]. Children with
eosinophilic gastroenteritis (i.e., eosinophilic infiltration of differ-
ent parts of the gastrointestinal tract), infectious esophagitis, acha-
lasia, hypereosinophilic syndrome, hypersensitivity reactions to
drugs, vasculitis, and connective tissue disorders were excluded
from the study. The study design is presented in Figure 1. Esopha-
geal biopsy rates (% of patients in whom esophageal biopsies were
performed), number of esophageal biopsy samples per exam, as
well as the percentage of biopsy samples with lamina propria for
each year are presented in Table 1.

For each child, clinical presentation, endoscopic and histologi-
cal findings, skin and blood allergy tests, as well as personal his-
tory of allergy and infectious esophagitis were analyzed. Addition-
ally, the majority of children underwent multichannel intralumi-
nal impedance (MII)-pH monitoring. We compared differences in
clinical, endoscopic, and pathohistological presentation between
children under the age of 10 years and adolescents.

Finally, all children who met the inclusion criteria and whose
parent/caregiver gave written consent were included in the study.
The study was approved by the Ethics Committee of University
Children’s Hospital Belgrade.

Esophagogastroduodenoscopy
The following endoscopic findings, associated with EoE, were
retrospectively analyzed from endoscopy reports comprising mu-
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Table 1. Esophageal biopsy rate, number of biopsy samples, and lamina propria acquisition in patients who un-

derwent upper gastrointestinal endoscopy

Year Esophageal biopsy Esophageal biopsy Biopsy samples with
rate, % (n/total n) samples, mean + SD lamina propria, % (n/total n)
2010 2.4 (8/330) 1.240.4 10 (1/10)
2011 2.7 (10/375) 1.240.4 0(0/12)
2012 9 (38/421) 1.4+0.4 9.6 (5/52)
2013 8.4 (39/461) 1.2+0,3 8.3 (4/48)
2014 2.5 (14/564) 1.1£0.3 0 (0/16)
2015 4.9 (29/586) 1.240.3 0 (0/34)
2016 8.9 (52/580) 2.6x£0.7 7.3 (10/137)
2017 13.2 (71/538) 3.2+0.8 10 (25/230)
Overall 6.8 (261/3,855) 2.140.6 8.3 (45/539)
=3 b 13
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cosal edema, longitudinal furrowing, rings, white plaques, stric-
tures, and narrow caliber esophagus.

Histopathological Analysis

For the pathohistological assessment, hematoxylin-eosin stain-
ing has been used. The reevaluation of old samples was performed
in order to assess the following features: peak eosinophil count,
eosinophil microabscesses, basal-zone hyperplasia, dilated inter-
cellular spaces, eosinophil surface layering, papillary elongation,
and lamina propria fibrosis. Additionally, Masson’s trichrome
staining was used to further determine the presence of subepithe-
lial fibrosis in some patients.

MII-pH Monitoring

MII-pH monitoring was performed by a pH-MII ambulatory
system (Sandhill Scientific, Denver, CO, USA). The catheter was
introduced nasally after at least 3 h of fasting. The minimum re-
quired recording time was 20 h. The pH-MII recordings were au-
tomatically analyzed using the software package (AutoScan/
BioView Analysis, Sandhill Scientific, Highlands Ranch, CO, USA)
and reviewed manually.

Statistical Analysis
Normality of data distribution was tested using the coefficient of
variation and the Kolmogorov-Smirnov test. Descriptive measures

Eosinophilic Esophagitis in Serbian
Children

were presented according to the variable characteristics: means and
standard deviations for parametric variables, medians and inter-
quartile ranges for nonparametric numeric variables, and percent-
ages for categorical variables. Parametric data were compared using
Student’s ¢ test. Nonparametric numerical data were compared us-
ing the Mann-Whitney U test. Categorical variables were compared
using the x* test and Fisher’s exact probability. Correlation was per-
formed by Spearman correlation. Statistical significance was estab-
lished at p < 0.05. SPSS 17.0 (Chicago, IL, USA) was used.

Results

EoE was diagnosed in 35 children (mean 12.45 + 3.77
years, range 3-18) during the period from January 2010
to December 2017. Out of 35 children, 26 (74.3%) were
boys (mean 13.07 + 3.67 years), while 9 (25.7%) were girls
(mean 10.67 + 3.67 years); however, this difference in age
between boys and girls was not statistically significant
(t=1.691, p > 0.05).

An increase was evident in the number of newly diag-
nosed patients with EoE in 2016 and 2017 relative to pre-
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Table 2. Clinical presentation and endoscopy findings in different age groups

Overall Children <10 years Children 210 years p value
(n=35) (n=11) (n=24)
Gender, boys/girls 26/9 8/3 18/6 1.000
Symptoms, 1 (%)
Dysphagia 25(71.4) 7 (63.6) 18 (75) 0.689
Reflux symptoms 8(22) 2(18.2) 6 (25) 1.000
Retrosternal pain 3(8.6) 1(9.1) 2 (8.3) 1.000
Food impaction 14 (40) 4(36.4) 10 (41.7) 1.000
Upper endoscopy findings, # (%)
Longitudinal furrowing 25(71.4) 9 (81.8) 16 (66.7) 0.447
White plaques 11 (31.4) 5 (45.5) 6 (25) 0.263
Ring 21 (60) 5 (45.5) 16 (66.7) 0.283
Esophageal stricture 3(8.6) 0 3(12.5) 0.536
Erosive esophagitis 4(11.4) 1(9.1) 3(12.5) 1.000
Inflammatory changes 26 (74.3) 9 (81.8) 17 (70.8) 0.685
Fibrostenotic changes 22 (48.6) 5 (45.5) 17 (70.8) 0.258

vious years as shown in Figure 2. The number of newly
diagnosed EoE patients per year correlated strongly with
the esophageal biopsy rate (r; = 0.743, p < 0.05) and the
number of biopsies per exam (r; = 0.952, p < 0.001). In
Serbia, about 30% of children diagnosed with pediatric
gastrointestinal diseases are referred to University Chil-
dren’s Hospital. Therefore, the estimated median inci-
dence rate of EoE in Serbian children from 2010-2017
was 0.85 per 100,000 children per year. The highest inci-
dence rates were 3.17 per 100,000 children in 2017 and
1.95 per 100,000 children in 2016. The estimated preva-
lence of pediatric EoE in Serbia was 6.83 per 100,000 chil-
dren. Clinical presentation and endoscopy findings in
different age groups are presented in Table 2. In 6 (17.1%)
patients, food impaction was the first symptom. The
youngest patient was a 3-year-old girl with reflux symp-
toms and food refusal. Reflux symptoms were more prev-
alent in girls (55.6%) than in boys (11.5%) (Fisher’s test,
p=0.015).

The median time from the occurrence of the first
symptoms to diagnosis was 3 + 23.5 months (range
0-120), 3 + 23.9 months (range 0-24) in the younger
group and 3.5 + 21.5 months (range 0-120) in the older
group. This difference was not statistically significant
(p > 0.05). The median time from the occurrence of the
first symptoms to diagnosis was longer from 2010 to 2015
(4.5 + 15.5 months) than from 2016 to 2017 (3.0 + 23.9
months), with no significant difference (p > 0.05). There
were no significant differences in age (Table 2) and gen-
der concerning endoscopic findings (p > 0.05). Inflam-
matory changes (longitudinal furrowing, white plaques)
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were found in 74.3% of children, fibrostenotic changes
(rings, strictures) in 62.9% of children, and both in 48.6%
of children. There were no significant differences in sex,
age groups, and type of symptoms (p > 0.05).

The number of endoscopic signs in each patient was
analyzed. In each patient, 4 endoscopic signs were ana-
lyzed: longitudinal furrowing, rings, white plaques, and
esophageal strictures. Mucosal edema, although often
present, was not described in most endoscopic reports
and, therefore, was not analyzed. Out of 35 patients, 4
(11.4%) children had normal endoscopic findings. A sin-
gle endoscopic sign was found in 9 (25.7%) children, 2
signs in 16 (45.7%) children, and 3 signsin 3 (17.1%) chil-
dren. Seven (20%) children had pathological acid reflux
on pH-MII monitoring (reflux index >7%), while 4 chil-
dren had erosive esophagitis.

Histopathological analysis of esophageal mucosa re-
vealed a median peak number of 77.5 + 44 eosinophils
per HPF in EoE children (range 13-146). Eosinophilic
microabscesses were found in 23 (65.7%) children. There
were no statistically significant differences in sex, age
groups, and type of symptoms concerning these param-
eters (p > 0.05). The findings of the patient with marked
subepithelial fibrosis in addition to eosinophilic infiltra-
tion are shown in Figure 3. Subepithelial fibrosis was
found in 7 (20%) children. Unfortunately, the presence
of fibrosis was rarely evaluated until 2016, when it was
found to be present in 30% of patients. Subepithelial tis-
sue was included in 16.5% of biopsy samples. The rate of
acquisition of lamina propria was 31.4% (47.6% in 2016-
2017 and 7.1% in 2010-2015), and the detection rate of
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Fig. 3. Pathohistological findings of a patient with fibrostenotic phenotype of eosinophilic esophagitis. a Eosino-
philic mucosal infiltration (HE staining). b Subepithelial fibrosis (blue on Masson’s trichrome staining).

subepithelial fibrosis was 70%. The number of esopha-
geal biopsies per exam was low in 2010-2015. The mean
number of biopsy samples was 5.0 + 0.9 in 2016 and 6.0
+1.0in 2017. The correlation between the number of bi-
opsies and lamina propria acquisition was strong (r; =
0.773, p < 0.05). Food and/or respiratory allergies were
demonstrated in 14 (40%) children with positive skin
prick test and/or specific IgE antibodies. Food allergy
was found in 9 (26%) children and respiratory allergy in
5 (14%) children. The diagnosis of allergic asthma was
established in 3 (8.6%) children. Ten out of 14 (71.4%)
children were allergic to multiple allergens. IgE-mediat-
ed milk allergy was found in 3 (8.6%) children, egg al-
lergy in 4 (11.4%) children, and wheat allergy in 2 (5.7%)
children.

EoE was diagnosed in 2 brothers aged 16 and 17.5
years. In 1 sibling, esophageal candidiasis was found dur-
ing the initial presentation (dysphagia, odynophagia, and
epigastric pain). After successful treatment with flucon-
azole, a diagnosis of EoE was made. In 1 adolescent, her-
pes simplex virus (HSV) esophagitis was found during
primary diagnostic workup. After treatment with acyclo-
vir, additional diagnostic procedures revealed EoE. Both
adolescents were immunocompetent.

Eight (22.9%) children were treated only with six food
elimination diet (SFED), whereas 8 (22.9%) children were
treated with PPIsand 4 (11.4%) children only with topical
corticosteroids. Fifteen (42.8%) children were treated
with more than 1 therapeutic modality.

Eosinophilic Esophagitis in Serbian
Children

Discussion

The incidence and prevalence of EoE in Serbian chil-
dren is lower than previously reported in a meta-analysis
from 2016 that included 13 population-based studies
from North America, Europe, and Australia [9]. In the
meta-analysis, the incidence of EoE in children was esti-
mated to be 5.1 (95% CI 1.5-10.9) per 100,000 children
per year, whereas the prevalence was 19.1 (95% CI 7.9-
32.5) per 100,000 children. An evident increase in the in-
cidence of pediatric EoE in Serbia in 2016 and 2017 is due
to greater attention by physicians, a higher rate of esoph-
ageal biopsies, and better pathohistological analysis, as
previously reported [10].

In our study, the male predominance was noted to be
similar to that reported in the literature [9]. Several stud-
ies have shown that presentation of EoE is age dependent.
Liacouras et al. [11], as well as Gonsalves [12], reported
that the most common symptoms are feeding problems,
failure to thrive, and reflux symptoms in infants and
young children, vomiting, abdominal pain, and regurgi-
tation in school children, and dysphagia and food impac-
tion in adolescents. In adults, the most common symp-
toms are dysphagia (70-80%) and food impaction (33-
54%) [1, 13, 14]. However, our study did not reveal a
significant difference between different age groups. The
reasons for these differences are a small sample size, a
small number of infants and young children diagnosed
with EoF, as well as selection bias. The main indications
for serial biopsies in children were dysphagia and food
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impaction due to the high degree of suspicion for EoE. On
the other hand, serial biopsies have not been routinely
done in children with reflux symptoms. Some authors be-
lieve that histological analysis is not mandatory in pa-
tients with reflux symptoms, while others recommend bi-
opsies in order to exclude other pathologies, such as EoE
[15].

The median time from the onset of symptoms to the
diagnosis in our study was short, probably due to the fact
that mild nonspecific symptoms were not recognized (or
reported). On the other hand, the time range was wide
(0-120 months). A prospective study in adults demon-
strated that in the absence of anti-inflammatory therapy
or elimination diet, dysphagia and esophageal eosino-
philia persisted with the development of subepithelial fi-
brosis [16]. The results of several retrospective studies
have shown that the greatest risk for esophageal remodel-
ing and stricture formation is diagnostic delay [5, 17].
Another study revealed that for every 10 years the risk of
fibrostenosis was doubled (OR 2.1,95% CI 1.7-2.7), while
dysphagia increased the risk 7 times (OR 7, 95% CI 2.6-
18.6) [18]. Warners et al. [19] reported that the main risk
factors for stricture formation were diagnostic delay (OR
1.09, 95% CI 1.05-1.13) and male gender (OR 2.69, 95%
CI 1.61-4.50). Early detection of EoE and early initiation
of therapy (during the inflammatory stage) are of great
importance. Therefore, the biopsy rate in children with
nonspecific and reflux symptoms should be increased.

Studies have shown that fibrostenotic changes (rings,
strictures, and narrow caliber esophagus) are more fre-
quent in adults, while inflammatory changes (edema,
white plaques, and longitudinal furrowing) are more fre-
quent in children [12]. In our study, the prevalence of
fibrostenotic changes (62.9%) was higher than expected.
In the study of Warners et al. [19], fibrostenotic changes
were found in 39% of children and in 76% of adults with
EoE. Another meta-analysis showed modest sensitivity
as well as modest negative and positive predictive values
of endoscopic signs in patients with EoE [20]. However,
this study showed greater frequencies of fibrostenotic
changes in adults than in children (57 vs. 11% for rings,
25 vs. 11% for strictures). White plaques and mucosal
edema were more common in children than in adults (36
vs. 19% for white plaques, 58 vs. 18% for mucosal ede-
ma). In our study, the frequency of rings was higher than
previously reported (60 vs. 11%), but this did not apply
to strictures (6.8 vs. 11%). Also, the frequency of erosive
esophagitis was slightly lower in our patients (11 vs.
17%), as well as the frequency of normal endoscopic find-
ings (11 vs. 17%).
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In one study, subepithelial fibrosis was found in 12/21
(57%) children with EoE [21]. Dysphagia and food im-
paction were present only in patients with fibrosis, while
42% of patients with fibrosis had dysphagia and 80% had
food impaction. However, the problem is that subepithe-
lial fibrosis in patients with EoE can be detected only if a
sufficient amount of lamina propria is obtained. Wang et
al. [22] reported that the sample rate of adequate amounts
of lamina propria was low in patients with EoE (43%) and
controls (31%) (p = 0.14). In this study, 85% of EoE pa-
tients had fibrosis, including children with only inflam-
matory endoscopic signs. In order to reliably detect sub-
epithelial fibrosis, it was necessary that at least 7 biopsy
samples from central and distal parts of the esophagus be
taken (detection rate over 95%) [22]. As far as our study
is concerned, until 2016, the number of esophageal biop-
sies was often inadequate and lamina propria was rarely
described due to an insufficient amount of lamina pro-
pria. Since 2016, the number of biopsy samples has in-
creased, but the sampling rate of lamina propria is still
low, which needs to be analyzed further.

Atopy is present in 50-60% of patients with newly di-
agnosed EoE [23, 24], which is slightly above the frequen-
cy found in our study (40%). IgE-mediated food allergy
was found in 15-43% of patients with EoE [23, 24], which
is in concordance with our results. Milk, egg, and wheat
are the most common triggers of EoE, evidenced by se-
quential re-introduction after elimination diet and re-
peated biopsies [25, 26]. In our study, multiple food al-
lergy was found in 70% of patients, whereas IgE-mediated
allergy to milk, egg, and wheat was less frequent than ex-
pected. Nevertheless, our results support the hypothesis
that IgE-mediated food allergy can be considered as a pre-
dictive factor for the development of EoE in children [27].

HSV esophagitis is a severe acute viral esophagitis,
which rarely occurs in immunocompetent patients. In our
study, HSV esophagitis was diagnosed during the primary
diagnostic workup in an immunocompetent adolescent,
and subsequent evaluation revealed EoE. Zimmerman et
al. [28] reported HSV esophagitis in 5 patients with EoE
not previously treated with topical steroids. It is unlikely
that these 2 rare diseases occur simultaneously by coinci-
dence, suggesting that EoE may predispose to HSV infec-
tion. In a retrospective study from 2018, data on 16 chil-
dren (11 immunocompetent) with HSV esophagitis diag-
nosed from 1982 to 2016 were analyzed [29]. EoE was
diagnosed in 5 (45%) immunocompetent patients after
successful treatment of HSV infection, and 4/5 children
had a personal history of atopy. There are no data in the
literature on the relationship of esophageal candidiasis
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with EoE in immunocompetent patients not treated with
topical steroids. Thus, it could be hypothesized that EoE
causes a reduction in local defense leading to subsequent
infection, which must be further investigated.

Until 2017, topical steroids or SFED were used as first-
line treatments. After new recommendations were pub-
lished in 2017, PPIs became the first-line therapy. In 2
children with no response to PPIs, SFED has been started
with an ongoing evaluation. In almost half of our patients,
several modalities of treatment were applied due to the
lack of response or a negative impact on the quality of life.
However, further prospective investigations of effective-
ness are necessary.

because the early detection and treatment of EoE are of
great importance. In immunocompetent children with
infectious esophagitis, EoE should be suspected and re-
peat endoscopy may be recommended after successful
treatment of infection. In order to reliably detect subepi-
thelial fibrosis, an adequate amount of lamina propria is
required, which could be achieved by increasing the num-
ber of biopsy samples.

Statement of Ethics

Written consent was obtained from the children’s parents/
caregivers for inclusion in the study. The study was approved by
the Ethics Committee of University Children’s Hospital Belgrade.

Conclusion

Disclosure Statement

It is necessary to create a register of patients with EoE

in Serbia. The esophageal biopsy rate in children with
nonspecific and reflux symptoms needs to be increased
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