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General introduction 

Eosinophilic esophagitis (EoE) was first described as a distinct disease entity in 1993.
1
 It is a 

relatively recently discovered disease, for which the first consensus guidelines were 

published in 2007.
2
 In these guidelines, EoE was defined as “a primary clinicopathologic 

disorder of the esophagus, characterized by esophageal and/or upper gastrointestinal (GI) 

tract symptoms in association with esophageal mucosal biopsy specimens containing 15 

intraepithelial eosinophils per high-power field in 1 or more biopsy specimens and absence 

of pathologic gastroesophageal reflux as evidenced by a normal pH monitoring study of the 

distal esophagus or lack of response to high-dose PPI medication”. Most of the patients with 

EoE have atopic co-morbidity. EoE has a male predilection (approximately 70%), and the 

disease can occur at any age. Key symptoms include food refusal, regurgitation, and failure 

to thrive in children, and dysphagia and food impaction in adults.
2
 Disease symptoms and 

treatments can have profound effects on the quality of life of affected patients and their 

families.
3,4

 

 

Epidemiology 

At the start of this PhD project in the AMC, few studies had been published about the 

epidemiology of EoE in adults.
5
 In pediatric patients with esophageal eosinophilia in the USA, 

the incidence and prevalence of EoE significantly increased from 2000 to 2003, with an 

incidence/prevalence (per 100,000) of 9.09/9.91 in 2000, 9.91/19.83 in 2001, 10.33/30.16 in 

2002, and 12.81/42.96 in 2003.
6
 This increase of EoE was also observed in other studies 

performed in the USA, Sweden and Switzerland, and may reflect a “true” (environmentally-

driven) increase but also augmented awareness of the disease.
7-13

 So far, no data have been 

published on the incidence or prevalence of EoE in the Netherlands. Considering the 

previously mentioned increase of EoE in western countries, we hypothesized that the 

incidence of EoE in the Netherlands increased as well. In Chapter 2 we describe an 

epidemiological study on the incidence of EoE in the Netherlands. 

Studies on the natural history of patients with EoE indicate that EoE is a chronic, relapsing 

disease.
4,8

 As the disease is relatively novel and not always recognized, the delay between 

the onset of symptoms and the diagnosis of EoE is long, approximately 4.5 years.
14,15

 Some 

patients with longer disease duration report increasing symptoms of dysphagia, suggesting 

that EoE is a progressive disease.
15

 In Chapter 3, we describe the influence of disease 

duration on the quality of life, and in Chapter 4 we report the effect of disease duration on 

manometric characteristics in EoE patients.  

 

Pathophysiology 

The pathophysiological mechanisms underlying EoE are not completely known. The 

observations that many patients have an atopic constitution and that food elimination diets 

are effective, suggest that food allergens trigger EoE.
2,16

 This hypothesis is supported by 

multiple studies demonstrating that most food elimination diets are effective in EoE. Studies 

demonstrating seasonal variation in disease activity, together with an experimental study in 

mice in which intranasal antigen administration caused esophageal eosinophilia, suggest 
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that also aero allergens may play a role in EoE.
17-19

 In Chapter 8 we describe the sensitization 

patterns in patients with EoE using a new allergy test and in Chapter 9 we describe the effect 

of an elimination diet based at the sensitizations found using this allergy test. 

There is evidence that EoE has a strong familial association, suggesting a genetic component 

as well.
6,20,21

 The estimated sibling recurrence risk ratio for EoE is approximately 80, which is 

high compared with asthma in which it is approximately 2.
22,23

 This relatively high sibling 

recurrence risk ratio for EoE indicates that EoE is likely to have a relatively large genetic 

component.
21

 EoE patients express unique EoE transcriptome which can be used to 

distinguish EoE from gastroesophageal reflux disease (GERD): in EoE, eotaxin-3, a molecule 

attracting and activating eosinophilic granulocytes is overexpressed.
22,24

 

IL-13 seems to be an important factor in the pathophysiology of EoE. Intratracheal exposure 

to IL-13 induces experimental EoE in mice, whereas mice with a deletion of STAT6 are 

protected from IL-13-induced experimental EoE.
25

 In addition, IL-13-deficient mice have 

reduced levels of allergen-induced experimental EoE.
26

 IL-13 is overexpressed in the 

esophagus of patients with EoE and induces eotaxin-3, which attracts and activates 

eosinophils.
27

 IL-13 also induces periostin, which is overexpressed in the esophageal 

epithelium of EoE patients.
28

 Periostin is expressed in collagen-rich connective tissues, plays 

a role in tissue remodeling and is also induced by TGF-β.
28-30

 It regulates eosinophil adhesion 

and promotes eosinophil recruitment.
28

 Furthermore, IL-13 downregulates filaggrin, which is 

decreased in the esophageal epithelium of EoE patients.
22

 Filaggrin is a protein that is 

important for maintaining epithelial barrier integrity in the skin; loss of function is associated 

with increased skin permeability and susceptibility to atopic dermatitis.
31

  

A role for acid gastroesophageal reflux in the pathophysiology of EoE has also been 

suggested. In theory, acid reflux could promote the development of EoE via the following 

mechanisms: 1) acid reflux increases the longevity of eosinophils; 2) acid reflux induces mast 

cell degranulation and endothelial expression of adhesion molecules which are recognized 

by eosinophils; 3) GERD is associated with dilated intercellular spaces in the esophageal 

epithelium and increased transepithelial permeability in the esophagus, possibly enabling 

permeation of antigens which cause an immune reaction.
32-34

 In support of an etiological 

role for gastroesophageal reflux, reports exist of patients with typical symptoms and signs of 

EoE who reached complete remission after proton pump inhibitor treatment.
35,36

 In Chapter 

6 we describe the results of a study on the effect of proton pump inhibition on the 

esophageal inflammation and barrier integrity in patients with suspected EoE. In EoE 

patients not responding to proton pump inhibition, we also investigated the effect of anti-

inflammatory treatment on the esophageal inflammation and barrier integrity, which is 

described in Chapter 7. 

Figure 1 displays a simplified summary of the things we know and do not know about the 

pathophysiology of EoE. 
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Diagnosis

EoE is a clinicopathological diagnosis.

exists. Furthermore, manometric abnormalities are not specific for EoE, and the role of 24h 

pH

impedance values using pH

The diagnosis of EoE is based on the presence of esophageal eosinophilia in patients with 

symptoms of esophageal dysfunction. Therefore, in patients w

EoE, endoscopy with esophageal biopsy sampling should be performed to enable 

histopathological analysis.

Endoscopic signs of EoE include concentric rings, longitudinal furrows, white exudates, 

edema, strictures, a crepe paper asp

studies, 

Although none of these signs are pathognomonic for EoE

endoscopist for the possibility of EoE, and esophageal biopsy samples should be taken. In 

2013, a novel classification system for the scoring of endoscopic signs of EoE (called “EREFS”) 

was introduced, with reasonable inte

report on the intraobserver agreement of this classification system, and in 
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compared the endoscopic signs found using this classification with histopathological signs of 

EoE. 

Histopathologically, EoE is characterized by the intraepithelial presence of ≥15 eosinophils 

per high-power field (eos/HPF), which is required for diagnosis (Figure 2).
2
 Other 

abnormalities include eosinophilic microabscesses, eosinophilic degranulation, mast cell 

infiltration, hyperplasia of the basal cell layer, spongiosis (dilation of intercellular spaces) and 

increased lamina propria fibrosis.
39,40

 Since eosinophils have a patchy distribution 

throughout the esophagus, several biopsy specimens should be obtained at different levels 

of the esophagus in order to be able to diagnose EoE. The sensitivity for finding at least 15 

eos/HPF is 100% when taking 6 biopsy specimens.
41

 

 

 

Figure 1. At least one endoscopic sign of EoE is present in 93% of the patients: A) concentric rings,  

B) white exudates, C) linear furrows, D) edema, E) stricture, F) crepe paper esophagus. 

 

 

Figure 2. Histopathology in EoE patients shows A) the abnormal infiltration of eosinophils, in this case also 

clustered into eosinophilic microabscesses, B) widespread spongiosis, or dilation of intercellular spaces,  

and C) increased mast cell infiltration, in the esophageal epithelium. 
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Table 1. Classification of the esophageal signs of eosinophilic esophagitis 
38

 

Major features 

Concentric rings 

-  Grade 0: none 

-  Grade 1: mild (subtle circumferential ridges) 

-  Grade 2: moderate (distinct rings that do not impair passage of a standard diagnostic adult endoscope) 

-  Grade 3: severe (distinct rings that do not permit passage of a diagnostic endoscope) 

White exudates 

-  Grade 0: none 

-  Grade 1: mild (lesions involving <10% of the oesophageal surface area) 

-  Grade 2: severe (lesions involving >10% of the oesophageal surface area) 

Linear furrows 

-  Grade 0: absent 

-  Grade 1: present 

Edema 

-  Grade 0: absent (distinct vascularity present) 

-  Grade 1: loss of clarity or absence of vascular markings 

Stricture 

-  Grade 0: absent 

-  Grade 1: present 

Minor features 

Crepe paper esophagus 

-  Grade 0: absent 

-  Grade 1: present 

 

 

Treatment 

Treatment options for EoE can be divided into three categories: drugs, diets, and 

(endoscopic) dilation.
2
 So far, few randomized controlled trials have been conducted in EoE, 

comparing the efficacy of different drugs. The efficacy of diets and dilation has not been 

investigated using randomized controlled trials. 

Drugs 

Glucocorticoids. Glucocorticoid induction therapy decreases symptoms and esophageal 

eosinophilia in children and adults with EoE.
42-45

 Some studies also show that glucocorticoids 

improve endoscopic signs of EoE.
46,47

 However, symptoms almost always recur after 

discontinuation of glucocorticoid treatment.
42

 Nevertheless, long-term use of oral 

glucocorticoids is not recommended because of potential side effects.
2
 A randomized trial 

has shown that topical glucocorticoids are as effective as oral (systemic) glucocorticoids in 

reaching clinicopathological remission.
42

 Maintenance treatment using low-dose topical 

glucocorticoids has been shown effective in preventing clinicopathological recurrence.
48
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Proton pump inhibitors. According to international guidelines, EoE can be diagnosed only 

when patients show clinicopathological non-response to high-dose proton pump inhibition 

treatment for 8 weeks.
2
 However, one randomized study has demonstrated that proton 

pump inhibitors and topical glucocorticoids have similar clinicopathological efficacy.
45

 

Considering its diagnostic value and the potential side effects of long-term use of 

glucocorticoids, a proton pump inhibitor trial is recommended as initial treatment for 

patients with suspected eosinophilic esophagitis.
2
  

Anti-interleukin-5. Two randomized trials have shown that anti-interleukin-5 reduces 

esophageal eosinophilia.
49,50

 However, in these studies no effect was seen on symptoms, 

and the available evidence therefore does not support the clinical use of these medications 

currently. 

Diets 

Three different approaches for food allergen elimination diets have been described for the 

treatment of EoE: 1) a diet in which food elimination is based on allergy testing (skin prick 

testing or atopy patch testing), 2) a diet in which the six groups of most common food 

allergens are eliminated (“six food elimination diet”, or “SFED”), and 3) a hypoallergenic diet 

consisting of an amino acid formula. Most food elimination diets have reasonable efficacy in 

patients with EoE, although evidence in adults is limited.
51

 The potential advantage of all 

types of dietary treatment options is that they prevent the development of EoE, without the 

side effects related to glucocorticoid use. A drawback of allergy test-based diets is that 

positive and negative predicting values are highly variable and these tests can only identify a 

small set of allergens each time.
52,53

 Compliance to SFED is difficult due to the long-term, 

broad food elimination of staple foods, together with the need for multiple endoscopies.
54-

56
An elemental diet is highly effective, but expensive and unpalatable to many.

57
 Dietary 

treatment options for EoE thus need optimization. 

Dilation  

Endoscopic dilation is very effective in reducing symptoms, relieving dysphagia in 92% of the 

patients.
58

 The risk for perforation was initially thought to be relatively high (5%), however 

seems to have been overestimated.
58

 A disadvantage of endoscopic dilation is that it merely 

treats symptoms and not the underlying disease. For this reason, guidelines advise that 

endoscopic dilation can be considered in case of drug treatment failure, or in case of severe 

esophageal structuring/narrowing.
2
 

No data are available on stent placement for perforation in patients with EoE. In Chapter 10, 

we describe a case report of stent placement following esophageal perforation in an EoE 

patient. 
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Outline of the thesis 

In Part 1, we present epidemiological studies in EoE patients. 

• In Chapter 2, we describe a retrospective study in which we used the nationwide 

histopathology database PALGA to determine the incidence of EoE in a large cohort.  

• The influence of disease duration on the quality of life is unknown, and will be described 

in Chapter 3.  

• It is also unknown whether disease duration affects manometric abnormalities in EoE 

patients. In Chapter 4, we present a study describing manometric abnormalities in EoE 

patients with varying disease duration.  

 

In Part 2, we present studies investigating the pathophysiology and treatment of EoE. We 

describe a number of studies in which we evaluated the esophageal barrier integrity in 

patients with EoE, and investigated the effect of commonly used drugs on their esophageal 

mucosal integrity. We also investigated allergic sensitization patterns and a diet based on 

these sensitizations in these patients. Furthermore, as esophageal stent placement for 

perforation had not been described in patients with EoE, we report such a case. 

• In Chapter 5, we describe baseline esophageal impedance values in EoE patients 

measured with ambulatory 24-h pH-impedance monitoring.  

• In Chapter 6, we evaluate the baseline esophageal barrier integrity using several 

techniques in patients with suspected EoE, and we describe the effect of proton pump 

inhibitors on the esophageal barrier integrity in these patients.  

• In Chapter 7, we present a study in which we evaluated the effect of topical fluticasone 

propionate on the esophageal barrier integrity.  

• In Chapter 8, we describe sensitization patterns in patients with EoE found using a novel 

microarray allergy assay.  

• In Chapter 9, we present a study in which we evaluated the effect of dietary therapy 

based on these sensitizations. 

• In Chapter 10, we report a case of esophageal perforation after endoscopic removal of 

an impacted food bolus in an EoE patient, for which a stent was placed.  

 

In Part 3, we describe the value of endoscopic and histopathological signs for the diagnosis 

of EoE. 

• In Chapter 11, we present the inter- and intraobserver agreement of the novel 

endoscopic reference score (EREFS) for the assessment of esophageal signs of EoE. 

• In Chapter 12, we describe a study in which we compared esophageal signs of EoE, 

scored according to the endoscopic reference score (EREFS), with histopathological signs 

of EoE. 
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Abstract 

Background: Recent literature has shown increasing incidence and prevalence rates of 

eosinophilic esophagitis (EoE). However, data are mainly based on small studies and come 

from centers dedicated to EoE. Aim of this study was to estimate the incidence rates of EoE 

by using a large database.  

Methods: We performed a cross-sectional study of the pathology reports describing 

esophageal eosinophilia from 1996 through 2010, using the nationwide network and registry 

of histo- and cytopathology in The Netherlands (PALGA). All histopathology reports 

nationwide enter this database. We classified cases according to the diagnosis made by the 

pathologist. Annual incidence rates of EoE were estimated.  

Key Results: Our search criteria yielded 8838 positive pathology reports. Eosinophilic 

esophagitis was diagnosed in 674 patients, of which 74% were men. In another 174 patients, 

no distinction was made between eosinophilia caused by gastro-esophageal reflux disease or 

EoE. The incidence of EoE increased considerably over the years, being 0.01 in 1996, 0.01 in 

2000, 0.14 in 2005, and 1.31 per 100 000 persons in 2010. Eosinophilic esophagitis was 

diagnosed in all age groups, but in 2010 the highest incidence was seen in 20-29 years old 

males, in whom it was estimated to be 3.23 per 100 000 persons. The incidence in children 

was 0.73 per 100 000 in 2010. No seasonal variation in diagnosis of EoE was observed.  

Conclusions & Inferences: In this large study, we found robust data on increasing incidence 

rates of pediatric and adult EoE in the past 15 years. This rapidly increasing incidence has not 

reached a plateau yet. 
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Introduction 

Eosinophilic esophagitis (EoE) is an increasingly recognized disorder characterized by an 

abnormal accumulation of eosinophils in the esophageal mucosa associated with symptoms 

of dysphagia and esophageal food impaction.
1
 Diagnostic hallmark is the histopathological 

finding of mucosal eosinophilia. Current guideline recommendations state that 15 or more 

eosinophils per high power field (HPF) on hematoxylin and eosin (H&E) stain in at least one 

biopsy are adequate for diagnosis in the appropriate clinical setting.
1
  

Although epidemiological information on EoE is scarce, men, children and young adults seem 

to be most often affected.
1
 Furthermore, a large proportion of EoE patients has an atopic 

constitution, and seasonal variation in the diagnosis of EoE has been reported in several 

publications.
2-5

  

Recently, increasing prevalence and incidence rates of EoE in both children and adults have 

been reported in the literature.
2,6-9

 However, the fact that most studies were performed in 

relatively small populations could lead to bias and inaccurate incidence figures and therefore 

jeopardize the external validity.
7-9

 Moreover, reliable incidence figures from Western 

European countries remain scarce.
7,8,10

 Accurate and up-to-date incidence figures are 

essential to bring us closer to a better understanding of the extent of this disease in the 

general population.  

Therefore, the main objective of this nationwide study was to estimate the incidence of EoE 

from January 1, 1996 to December 31, 2010 in children and adults in a large Western 

European population. Furthermore, age at diagnosis and seasonal variation in diagnosis 

were determined. 

 

Materials and methods 

Histopathology data collection 

Data were retrieved according to the ethical guidelines ‘Code for proper secondary use of 

human tissue in the Netherlands’ established by the Dutch Federation of Medical Sciences 

(http://www.federa.org). Since 1971, all histopathology and cytopathology reports in The 

Netherlands are collected in a computerized national database (PALGA), which has national 

coverage since 1991.
11

 In this database, summaries of all histopathology and cytopathology 

reports of patients are collected and coded comparable to the Systematized Nomenclature 

of Medicine (SNOMED) issued by the College of American Pathologists.
12

 This creates unique 

possibilities for studying pathology-based incidence rates. Each office day on average 10 000 

reports are added to the database. By the end of 2010, PALGA contained approximately 53 

million reports on ample 11 million patients. These reports contain encoded patient data 

securing privacy of the patient, a report identifier, the type of sample, a morphological term, 

the conclusions, and a diagnostic code containing a topographic term. 

Although the indication for the endoscopic procedure and details with regard to the number 

and intra-esophageal location of biopsies are not uniformly registered, each pathology 
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report can be traced to an individual patient. However, in PALGA it is not possible to access 

additional clinical data. Therefore, prevalence rates could not be estimated. We based our 

study on data recorded in the PALGA database from 1996 through 2010. 

 

Case identification 

We generated a database of reports of esophageal biopsies searching for the diagnosis code 

for esophagus in combination with the diagnosis code for eosinophilic inflammation, 

eosinophilic hyperplasia, or eosinophilia, or one of the search terms ‘eosinophi’ and ‘allerg’. 

Primary carcinomas were excluded from entering the database. 

We detected all reports with esophageal eosinophilia and consequently classified them 

according to the degree of eosinophilic infiltration and the histopathological diagnosis made 

by the pathologist. In a few reports, the number of eosinophils was mentioned and could be 

separated into a group of <15 and a group of ≥15 eosinophils per HPF. In the other reports 

mentioning the degree of eosinophilia, ‘mild eosinophilia’ was considered to be <15 

eosinophils per HPF. When the pathologist described the degree of eosinophilia in terms as 

‘impressive’, ‘pronounced’, or ‘high’ (or words of similar meaning) the degree was 

interpreted as being >15 eosinophils per HPF by the investigators. 

 

Statistical analysis 

The entire population of The Netherlands was considered to be at risk for developing 

esophageal eosinophilia. Annual incidence rates of EoE were inferred from the total number 

of newly diagnosed cases and the corresponding population statistics in the 1996-2010 

period (http://www.cbs.nl). Incidence rates were denoted for both genders, for children and 

adults (<18 resp. ≥18 years of age at diagnosis), and in 10-year age strata. To assess seasonal 

variation in the diagnosis of EoE, the date of first pathology report diagnosing EoE was taken 

as the date of diagnosis. The Rayleigh test for directional statistics was used to analyze 

whether or not the months of diagnosis were randomly distributed.
13

 We performed this 

statistical test in R, an open source statistical program for data analysis and graphics.
14

 All 

other statistical analyses were performed by using PASW Statistics 18.0.2 (SPSS Inc., Chicago, 

IL, USA). 

 

Results 

Biopsy characteristics 

The PALGA query between January 1, 1996, and December 31, 2010 yielded 8838 pathology 

reports of 8321 patients positive for the selected search criteria. We identified esophageal 

eosinophilia in 3524 reports (Figure 1). In the other reports in which we found the term 

‘eosinophilia’, the reported eosinophilia was not located in the esophagus or was described 

to be not present at all.  
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Of the 3524 reports in which esophageal eosinophilia was identified, the degree of 

eosinophilia was mild, pronounced or not described in 1116 (32%), 685 (19%) and 1723 

(49%) reports, respectively. The degree of eosinophilia was described as mild in 40 (5%) and 

pronounced in 223 (29%) biopsies diagnosed with EoE. It was not described in 508 (66%) 

biopsies diagnosed with EoE by the pathologist. 

Of the 685 biopsies in which pronounced eosinophilia was present, 223 (33%) were 

diagnosed with EoE, 161 (24%) with gastro-esophageal reflux disease (GERD), 102 (15%) with 

no clear distinction between GERD and EoE, and 46 (7%) with other diagnoses; no diagnosis 

was made in 153 (22%). 

Esophageal biopsies showing eosinophilia had been diagnosed by the pathologist with GERD 

(1478), EoE (771), no clear distinction between GERD and EoE (196), or other diagnoses (269) 

– Barrett’s esophagitis, fungal esophagitis, or eosinophilic gastroenteritis. In 810 biopsy 

reports no clear conclusion had been drawn. 

 

 

Figure 1. Flow chart of case finding. Some of the reports meeting the search criteria were incorrect or were 

revisions of previous reports. EoE: eosinophilic esophagitis; GERD: gastroesophageal reflux disease. 

 

Patient characteristics 

In the 1996-2010 period, we found 3218 patients with esophageal eosinophilia of which 

2130 (66%) were men and 1088 (34%) were women (P<0.001). We found 540 (17%) children 

and 2678 (83%) adults.  
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From this group, 674 patients had been newly diagnosed with EoE in The Netherlands. Of 

those, 501 (74%) were men and 173 (26%) were women (P<0.001). We found 136 (20%) 

pediatric and 538 (80%) adult patients with EoE. Mean age at diagnosis was 36.9 (SD 20.0) 

years; it was not significantly different between men and women (P=0.073). Age distribution 

of EoE cases in 10-year strata is shown in Figure 2. Of all patients diagnosed with EoE, 56% 

were diagnosed in 2009 or 2010.  

For 135 EoE patients, multiple histopathology reports describing esophageal eosinophilia 

were found. Forty three of these patients were diagnosed with EoE after having been 

diagnosed otherwise based on previous biopsies. In 13 of them no distinction between GERD 

and EoE was made on previous biopsies; 12 of them were diagnosed with GERD based on 

previous biopsies; 1 of them was diagnosed with fungal esophagitis and in 17 of them no 

clear conclusion was drawn. The pathologist could not make a clear distinction between 

GERD and EoE in 174 patients. 

 

 

Figure 2. Distribution of age at diagnosis of eosinophilic esophagitis patients. 

 

Incidence rates of EoE 

According to the Central Bureau of Statistics Netherlands (CBS) the population in The 

Netherlands rose from 15 530 498 inhabitants in 1996 to 16 615 394 inhabitants in 2010. 

During this period, the male proportion of the population was stable between 49.44 and 

49.50 percent. In the entire population, 674 patients were diagnosed with EoE, giving an 

average annual incidence of 0.28 (95% CI: 0.26-0.30) per 100 000 persons. Estimated 

incidence rates per year are shown in Figure 3. The incidence of EoE increased considerably 
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with time, from 0.01 (95% CI: 0-0.02) in 1996 to 1.31 (95% CI: 1.13-1.48) per 100 000 persons 

per year in 2010. Eosinophilic esophagitis was diagnosed in all age groups, but the incidence 

was highest in 2010 in the 20-29 year age group for both men (3.23; 95% CI: 2.13-4.33 per 

100 000 persons) and women (1.30; 95% CI: 0.59-2.00 per 100 000 persons) (Table 1). The 

incidence in 2010 was 0.73 (95% CI: 0.45-1.02) per 100 000 children and 1.45 (95% CI: 1.25-

1.66) per 100 000 adults. 

 

 

Figure 3. Incidence of pediatric and adult eosinophilic esophagitis over time. 

 

Seasonal variation of EoE 

We found no seasonal variation in the diagnosis of EoE (Figure 4). The Rayleigh test for 

uniform distribution was non-significant (P=0.27), indicating a random distribution of the 

month of diagnosis through the year. 
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Table 1. Incidence per 100,000 persons per age group in 2010 

Age group (years) Male (95% CI) Female (95% CI) Total (95% CI) 

0-9 0.65 (0.13-1.16) 0.45 (0.01-0.89) 0.55 (0.21-0.89) 

10-19 1.56 (0.80-2.33) 0.31 (0.00-0.65) 0.95 (0.52-1.38) 

20-29 3.23 (2.13-4.33) 1.30 (0.59-2.00) 2.27 (1.61-2.93) 

30-39 2.54 (1.58-3.50) 0.94 (0.36-1.53) 1.74 (1.18-2.30) 

40-49 2.37 (1.53-3.20) 0.86 (0.35-1.36) 1.62 (1.13-2.11) 

50-59 2.43 (1.53-3.33) 0.88 (0.33-1.42) 1.66 (1.13-2.19) 

60-69 1.05 (0.78-2.38) 0.52 (0.06-0.98) 0.79 (0.30-1.19) 

70-79 0.94 (0.12-1.77) 0.48 (0.00-1.03) 0.69 (0.21-1.18) 

80-89 0.46 (0.00-1.36) 0.26 (0.00-0.78) 0.34 (0.00-0.80) 

Total 1.91 (1.61-2.21) 0.71 (0.53-0.90) 1.31 (1.13-1.48) 

 

 

 

Figure 4. Rose diagram showing distribution of month of diagnosis of eosinophilic esophagitis.  

For each month, a sector is drawn corresponding to the percentage of cases. 
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Discussion 

Our study is the largest incidence study of EoE. We found a rapid increase in the incidence 

rate of EoE in a Western European area over the last 15 years. Considering the stronger 

increase in the later time intervals of the study, it is not likely that this increase has reached 

a plateau yet, and the incidence of EoE may approach the incidence rates of Crohn’s disease 

in the near future.
15

 

The estimated incidence rates in our study are lower than recently reported estimates from 

other Western European countries and the USA.
6-8

 Whereas our population of EoE patients 

resembles previously described EoE populations in age and gender, several other factors 

could account for the different incidence rates.
6,8,16-18

 First, we only included cases 

diagnosed with EoE by the pathologist. Diagnosing EoE requires awareness of this disease 

among pathologists and endoscopists, who need to take biopsies at multiple levels, even 

when no obvious endoscopic signs of EoE are present. In the 1990s little was known about 

EoE and esophageal biopsies were not regularly taken during upper endoscopy in patients 

with dysphagia. This will have caused an underestimation of the true number of EoE patients 

in our cohort, in particular in the first years. However, this would have also been the case in 

the other studies. A second explanation for the observed lower incidence rate may be more 

important. The use of a nationwide registry such as PALGA minimizes selection bias, which is 

a major drawback of smaller retrospective studies. The higher incidence rates reported by 

other groups come from centers with a special interest in EoE and it is possible that they 

represent an overestimation of the true rates.
8
 Thirdly, in our study we strictly included only 

the reports in which the pathologist’s conclusion was highly suggestive of EoE. We did not 

include the 174 cases in which the pathologist could not make a clear distinction between 

GERD and EoE due to a lack of clinical information available to the pathologist, such as 

localization of the biopsies taken. Furthermore, 161 biopsy reports mentioning pronounced 

eosinophilia had been diagnosed with GERD and 153 had no diagnosis; some of these may 

have been missed cases of EoE, which were also not taken into the analysis. This may have 

led to a slight underestimation of the incidence of EoE, making the finding of a rapidly 

increasing incidence even more convincing. 

Interestingly, the incidence curves of pediatric and adult EoE differed considerably in our 

study. The increasing incidence rates of pediatric EoE in our cohort started several years 

before the rise of the adult incidence rates. In contrast, toward the end of our study the 

pediatric incidence rates seem to have reached a plateau, whereas the incidence among 

adults increased even stronger. This finding could suggest an earlier awareness among 

pediatricians compared to other physicians but could also indicate a difference in 

pathophysiological mechanism of the disease. 

It is subject of debate whether the increase in incidence rate reflects a true increase due to 

environmental factors or merely increased awareness and recognition of the disease.
8,9,19

 

The parallel rise in asthma and other allergic disorders such as atopic dermatitis and allergic 

rhinitis would be supportive of an environmentally driven increase of the incidence of 

EoE.
20,21

 Factors generally considered to be contributing to this trend are western lifestyle 

and a high level of hygiene, referred to as the ‘hygiene hypothesis’.
22

 Furthermore, the 

increasing prevalence of GERD over the past decades could also contribute to our finding of 
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a rising incidence of EoE, as GERD is more and more being considered a possible etiological 

factor for development of EoE.
23-26

 On the other hand, it is likely that the awareness of EoE 

among physicians and pathologists has increased during the time interval of this study. It is 

thus possible that the time trend in the incidence could be subject to bias. However, one can 

imagine that a ‘true’ environmentally driven increase would actually in itself give rise to 

better awareness of the disease as well. 

Our study design entails some limitations. In the PALGA database, only histopathological and 

no clinical data are available. Information on the exact number of intraepithelial eosinophils 

was not present in the majority of the report conclusions. Therefore, to find patients 

diagnosed with EoE, the diagnosis made by the pathologist was leading in our study. 

Although we acknowledge that this is a suboptimal approach as compared to precise 

counting of the number of eosinophils per HPF, we think we were able to interpret correctly 

the severity of eosinophilia in our cases. Moreover, in a substantial number of cases the final 

diagnosis made by the pathologist could also be taken into account in relation to the clinical 

picture. Nevertheless, we have included some reports in which mild esophageal eosinophilia 

has led to a diagnosis of EoE. This group was relatively small and contained 30 (4%) of the 

674 patients diagnosed with EoE. Since 2007, the international consensus recommends a 

peak count of 15 or more esophageal intraepithelial eosinophils per HPF for the diagnosis of 

EoE.
27

 In this small number of patients the certainty of the diagnosis of EoE is questionable. 

Close cooperation between clinicians and pathologists, and strict compliance with the 

diagnostic criteria could improve the certainty of the diagnosis. We suggest that every 

histopathology report describing esophageal eosinophilia should contain information on the 

exact peak number of eosinophils at multiple levels of the esophagus.  

We observed no seasonal influence on the incidence of EoE in this study. Diagnosis dates 

were randomly distributed over the year. The debate on the presence or absence of a 

seasonal pattern in EoE is still open. Some authors have reported no seasonal variation in 

the onset of symptoms, suggesting that allergens triggering EoE are present during all 

seasons.
28

 Conversely, other authors have described that fewer patients were diagnosed 

during winter.
3,4

 Others have observed early summer/fall preponderance in the diagnosis of 

EoE.
2,5

 We know from previous studies that patients with dysphagia generally wait months if 

not years to present for endoscopy and biopsy taking, obscuring the actual date of onset of 

the disease.
28,29

 This diagnostic delay has probably influenced our data on seasonal variation; 

however, the same holds true for previous studies evaluating seasonal distribution.  

In conclusion, we present the largest incidence study in EoE showing robust data on 

increasing incidence rates in both children and adults. Our results corroborate previous 

reports of rising incidence rates in the USA and Europe. The rapid increase of EoE over the 

past 15 years has not reached a plateau yet. It is hoped that the persistently increasing 

prevalence of EoE will trigger more research into pathophysiology and treatment of this 

disease, because there are currently no therapies registered for EoE and all drugs used for 

this disease are prescribed off-label. 
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Abstract 

Background: Eosinophilic esophagitis (EoE) is a chronic inflammatory disease of the 

esophagus characterized by relapsing symptoms of dysphagia. The quality of life (QoL) of EoE 

patients is impaired, but risk factors for impaired QoL have not been identified. The chronic 

nature of the disease, requiring multiple endoscopies and long-term treatments, and its 

social implications may be important factors underlying the impaired QoL of EoE patients. 

We aimed to determine which clinical factors influence the QoL in EoE patients. 

Methods: In this cross-sectional study, we consecutively included 74 adult patients (age 40.3 

± 13.6 years, 23% female) diagnosed with EoE according to current guidelines. Patients filled 

out the SF-36 health-related QoL questionnaire and a questionnaire for assessing clinical 

data. Patients’ SF-36 scores were compared with norm scores from a reference population 

of 1742 randomly selected subjects.  

Key Results: In EoE patients, vitality (62.1 ± 22.3 vs 68.6 ± 19.3, P=0.015) and general health 

(64.4 ± 24.2 vs 70.9 ± 20.6, P=0.024) domains of QoL were decreased, the latter primarily in 

the 18-25 year age group (50.1 ± 30.5 vs 77.9 ± 17.2, P=0.006). Disease duration is a risk 

factor for a low mental component summary score, as identified by univariate regression 

analysis (OR 1.064 (CI: 1.003-1.128), P=0.038).  

Conclusions & Inferences: The QoL is particularly impaired in young adult EoE patients. 

Disease duration determines the mental QoL. This study offers additional insight into the 

impact of EoE on patients’ lives and emphasizes the importance of early diagnosing and 

adequately treating EoE.  
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Introduction 

Eosinophilic esophagitis (EoE) is an increasingly recognized chronic inflammatory disease of 

the esophagus characterized by relapsing symptoms of dysphagia and/or food impaction.
1,2

 

The disease requires multiple diagnostic and follow-up endoscopies, and long-term 

treatment with immunosuppressants or extensive diets.
3
 Furthermore, (fear of) food 

impaction may become a burden for work-related and social eating. These demanding 

treatments and social implications may, in conjunction with the chronicity and uncertain 

course of the disease, impair the quality of life (QoL). Indeed, psychosocial adjustment and 

coping problems are present in the majority of children with EoE, and most children feel 

frustrated about eating difficulties.
4,5

 In children, dietary restrictions and histological activity 

are major limitations of the QoL.
6
 Adult EoE patients also seem to have an impaired QoL.

7,8
 

They are concerned about the disease and its impact on their lives, and have lower mental, 

but not physical, QoL scores than the healthy population.
9
 

Currently, the QoL of EoE patients has not been compared with population data, and it is 

unclear which clinical characteristics influence the QoL. In this study, we aimed (1) to 

demonstrate an impaired QoL of EoE patients compared with a reference population, and (2) 

to identify determinants of impaired QoL in EoE patients. 

 

Materials and methods 

Study population and procedures 

Adult EoE patients visiting the outpatient clinic of the Academic Medical Center Amsterdam 

were asked to complete the validated Dutch version of the SF-36 QoL questionnaire (Dutch 

Version 1.2) and a questionnaire in which clinical data were assessed.
10

 Patients diagnosed 

according to diagnostic guidelines, at least 18 years of age, were prospectively included in 

the study between October 2011 and September 2013.1 Clinical data were collected and 

stored anonymously in a database. QoL of EoE patients was compared with QoL of a national 

reference cohort containing a random and representative sample of the Dutch population 

(n=1742).
10

 

As the burden of participation was minimal, data were stored anonymously and this 

research did not pose any potential risks to the participants, the need for formal medical 

ethical assessment was waived by the institutional review board, in accordance with Dutch 

law (reference number W13_214 # 13.17.0268). 

 

Study questionnaires 

The SF-36 QoL questionnaire has been widely validated for use across a range of health care 

settings and patients. It measures health-related QoL across eight domains: physical 

functioning, role limitations due to physical problems (role physical), bodily pain, general 

health, vitality, role limitations due to emotional problems (role emotional), social 

functioning, and mental health. From these domains, a physical and a mental component 

summary score can be calculated.
11

 SF-36 norm scores from the Dutch population are 
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available for comparison.
10

 Furthermore, a questionnaire was administered to obtain 

detailed information regarding patients’ self-reported personal and family history of EoE, 

allergic disease, and comorbid disorders. In short, patients were asked about the year of 

onset of EoE symptoms and the year of diagnosis, and from these the time since diagnosis, 

duration of disease (time between onset of EoE symptoms and date of filling out 

questionnaires), and diagnostic delay (time between onset of EoE symptoms and diagnosis 

of EoE) were calculated. Current symptoms of dysphagia, a history of food impactions, past 

and current treatments for EoE, and past and current concomitant atopic disease (allergic 

rhinitis, asthma, atopic dermatitis) were reported by the patient and retrieved from his/her 

medical records. 

 

Statistical analysis 

Data were described as mean ± SD for continuous variables and as frequencies for 

categorical variables. One-sample t-tests were used for the comparison of continuous 

variables with previously published reference values. One-sample binomial tests or chi-

squared tests were used to compare dichotomous variables when appropriate. For subgroup 

analyses, Mann-Whitney U-tests and chi-squared tests were used. To identify determinants 

of QoL, logistic regression analysis was performed. Spearman’s rho was used to describe 

correlations between continuous variables. A P<0.05 was considered significant. 

 

Results 

Participants 

Eighty-eight EoE patients were eligible for inclusion. Of those, 74 EoE patients completed the 

SF-36 and the clinical questionnaire and were included in the analysis. From the remaining 

14 patients, 4 patients could not fill out the questionnaires due to limited comprehension of 

the Dutch language, and 10 patients did not completely return the questionnaires, despite 

reminders. 

 

Baseline characteristics 

The EoE cohort was younger than the reference population (40.3 ± 13.6 vs 47.6 ± 18.0 years, 

P<0.001) and contained fewer females (24% vs 44%, P<0.001). Therefore, EoE patients’ QoL 

scores were also compared with reference values per age group and per gender. Clinical 

characteristics of EoE patients are denoted in Table 1. Most patients currently experienced 

dysphagia (95%) and had concomitant atopic disease (86%). Of note, disease duration was 

10.6 ± 10.2 years, and diagnostic delay, defined as the time between the onset of EoE 

symptoms and EoE diagnosis, was 9.2 ± 10.1 years. 
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Table 1. Clinical characteristics of EoE patients 

Age at onset of EoE symptoms, yrs 29.2 ± 16.0 

Age at EoE diagnosis, yrs 38.5 ± 13.4 

Duration of disease, yrs 10.6 ± 10.2 

Diagnostic delay, yrs 9.2 ± 10.1 

Time since diagnosis, yrs 1.4 ± 1.7 

Currently experiencing dysphagia 70 (95%) 

Food impaction ever 30 (41%) 

- requiring acute medical help 23 (31%) 

Number of upper endoscopies 2.2 ± 1.4 

Currently using steroids 13 (18%) 

Currently using PPI 37 (50%) 

Currently on a diet 1 (1%) 

Steroid use ever 43 (58%) 

Dilation ever 7 (9%) 

Concomitant atopic disease 64 (86%) 

- Allergic rhinitis 52 (70%) 

- Asthma 34 (46%) 

- Atopic dermatitis 23 (31%) 

Data are expressed as mean ± SD or number (%). EoE, eosinophilic esophagitis. 

 

Quality of life 

Eosinophilic esophagitis patients scored higher on physical functioning than the reference 

population (89.8 ± 18.0 vs 83.2 ± 22.6, P=0.002; Figure 1), mainly due to significantly higher 

scores in male patients (92.0 ± 17.1 vs 85.4 ± 21.0, P=0.005) and in patients in the 36-45 year 

age group (96.1 ± 7.8 vs 89.1 ± 16.3, P=0.001). Nevertheless, vitality scores were significantly 

lower in EoE patients than in the reference population (62.1 ± 22.3 vs 68.6 ± 19.3, P=0.015), 

primarily in male patients (63.4 ± 23.4 vs 71.9 ± 18.3, P=0.009). Furthermore, EoE patients 

perceived lower general health than the reference population (64.4 ± 24.2 vs 70.9 ± 20.6, 

P=0.024), particularly female patients (56.9 ± 25.0 vs 69.9 ± 20.6, P=0.048) and 18- to 25-

year-old patients (50.1 ± 30.5 vs 77.9 ± 17.2, P=0.006). On a group level, EoE patients did not 

score differently compared with the reference population on the domains of role limitations 

due to physical problems, bodily pain, role limitations due to emotional problems, social 

functioning, and mental health. However, individual EoE patients scoring lower than the 

lower 95% CI border of reference values were observed in all domains, most (n = 8) on role 

limitations due to physical problems and on general health. Five patients scored lower than 

the reference population on ≥4 domains.  
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Figure 1. Quality of life across eight domains in eosinophilic esophagitis patients and the reference  

population; each score is standardized to the same mean as the general Dutch population assigned  

to 50 with SD = 10.
10

 Eosinophilic esophagitis patients scored higher on physical functioning (89.8 ±  

18.0 vs 83.2 ± 22.6), but lower on vitality (62.1 ± 22.3 vs 68.6 ± 19.3) and general health (64.4 ± 24.2  

vs 70.9 ± 20.6). PF, physical functioning; RP, role limitations due to physical problems; BP, bodily  

pain; GH, general health; VT, vitality; RE, role limitations due to emotional problems; SF, social  

functioning; MH, mental health. *P<0.05; **P<0.01. 

 

Overall, physical and mental component summary scores of QoL were not significantly 

decreased in EoE patients compared with the somewhat older reference population. 

However, when compared per age group (Figure 2), physical component summary scores 

were lower in 18- to 25-year-old EoE patients (46.4 ± 9.7 vs 54.8 ± 6.5, P=0.009). Mental 

component summary scores were not different between EoE patients and the reference 

population. However, individual patients had mental and physical component summary 

scores below reference values. Interestingly, most of these patients were young adults, and 

correlation analysis demonstrated that mental component summary scores were 

moderately correlated with the age at onset of EoE symptoms (r=0.24, P=0.038). 

Compared with a cohort of patients with either allergic rhinitis, allergic asthma, atopic 

dermatitis, or a combination of these atopic diseases (n = 224, age 18-50 years, 36% male), 

EoE patients scored similar on most domains, but slightly higher on physical functioning 

(89.8 ± 18.0 vs 85.2 ± 15.8, P=0.032) and slightly lower on bodily pain (74.6 ± 25.4 vs 80.5 ± 

20.3, P=0.049; Figure 3).
12 
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Figure 2. Physical and mental component summary scores of eosinophilic esophagitis patients stratified  

for age.
10

 (A) Mean physical component summary scores were lower in eosinophilic esophagitis patients  

than in the reference population in the 18-25 year age group (46.4 ± 9.7 vs 54.8 ± 6.5). (B) Mental  

component summary scores were not different between eosinophilic esophagitis patients and the  

reference population. Most patients with mental and physical component summary scores below  

the lower 95% CI range of reference values were young adults. **P<0.01. 

 

Association of mental component summary score with clinical characteristics 

To determine the effect of clinical parameters on the mental component summary (MCS) 

score of QoL, patients were classified as ‘low MCS score’ (< median of age group) or ‘high 

MCS score’ (≥ median of age group; Figure 4). Current age, gender, concomitant atopic 

disease, age at onset of EoE symptoms and age at diagnosis, and the number of upper 
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endoscopies, were not different between patients with high and low MCS scores (Table 2). 

No differences were also found in current and previous treatments. By contrast, disease 

duration and diagnostic delay were longer in patients with lower MCS scores than in those 

with higher MCS scores. No differences were found between patients with low and high 

physical component summary scores. To determine risk factors for low mental component 

summary scores, logistic regression analysis was performed with MCS (low or high) as 

dependent dichotomous variable and gender (dichotomous), age at onset (continuous), and 

duration of disease (continuous) as independent variable. Univariate analysis identified 

duration of disease as risk factor for a low MCS score (Table 3). 

 

Figure 3. EoE patients scored similar on most SF-36 domains compared with atopic patients.
12

 However, EoE 

patients had slightly higher physical functioning scores (89.8 ± 18.0 vs 85.2 ± 15.8) and slightly lower bodily  

pain scores (74.6 ± 25.4 vs 80.5 ± 20.3). Means and standard deviations are given. PF, physical functioning;  

RP, role limitations due to physical problems; BP, bodily pain; GH, general health; VT, vitality; RE, role 

limitations due to emotional problems; SF, social functioning; MH, mental health. *p < 0.05. 

 

Figure 4. Eosinophilic esophagitis patients with low and high MCS scores. MCS scores below the median of each 

age group were defined as low MCS. Median or higher scores were defined as high MCS. Clinical characteristics 

of both groups were compared. MCS, mental component summary score. 

 



45 

 

Table 2. Clinical differences between EoE patients with low and high MCS scores 

 Low MCS 

n=36 

High MCS 

n=38 

p-value 

Male 27 (75%) 30 (79%) 0.687 

Age at onset of EoE symptoms, yrs 26.8 ± 16.7 31.5 ± 15.1 0.203 

Age at EoE diagnosis, yrs 38.9 ± 12.5 38.1 ± 14.3 0.803 

Duration of disease, yrs 13.4 ± 12.6 8.1 ± 6.6 0.029 

Diagnostic delay, yrs 11.9 ± 12.1 6.6 ± 6.8 0.027 

Currently experiencing dysphagia 35 (97%) 35 (92%) 0.331 

Food impaction ever 17 (47%) 13 (34%) 0.255 

- requiring acute medical help 13 (36%) 10 (26%) 0.363 

Number of upper endoscopies 2.1 ± 1.4 2.3 ± 1.4 0.700 

Currently using steroids 6 (17%) 7 (18%) 0.843 

Currently using PPI 20 (56%) 17 (45%) 0.352 

Steroid use ever 19 (53%) 24 (63%) 0.366 

Dilation ever 4 (11%) 3 (8%) 0.637 

Concomitant atopic disease 31 (86%) 33 (87%) 0.927 

Data are expressed as number (%) or mean ± SD. Significant p-values are bold. EoE, eosinophilic esophagitis; 

MCS, mental component summary score. 

 

Table 3. Risk factors for low mental component score in EoE patients 

 Univariate logistic regression model for low MCS 

Potential risk factor OR (95% CI) p-value 

Male gender 0.800 (0.270-2.368) 0.816 

Age at onset of EoE symptoms, 

yrs 

0.981 (0.952-1.010) 0.202 

Duration of disease, yrs 1.064 (1.003-1.128) 0.038 

Significant p-values are bold. CI, Confidence interval; EoE, eosinophilic esophagitis; MCS, mental component 

summary score; OR, odds ratio.  
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Discussion 

In this cross-sectional study, we found that the self-reported health-related QoL is impaired 

in patients with EoE compared with age-matched subjects that did not have this disease. The 

effect was most pronounced in young adults with EoE. We identified duration of disease as 

risk factor for lower mental QoL scores in EoE patients. 

In this study, we found that physical and mental component summary scores in EoE patients 

were not different from those of the general Dutch population. Despite the finding that they 

are on average 7 years younger than the general population, EoE patients did not perform 

better on physical and mental components. When considering the health domain scores 

driving the physical and mental component summary scores, we found that physical 

functioning was better in EoE patients than in the reference population, probably because 

patients were younger than the reference population. This effect was observed only in the 

36-45 year age group after patients were compared with age-matched subjects from the 

reference population. In contrast, despite their younger age, EoE patients scored lower on 

vitality and general health than the reference population. 

The reference population consists of a random sample of the population, in which the 

prevalence of chronic diseases increases during the course of life. In theory, differences in 

QoL between EoE patients and the general population may thus disappear with time, when 

chronic diseases emerge in the general population as well. This theory is supported by our 

finding that MCS scores were correlated with the patient’s age at onset of symptoms, 

indicating that lower age at onset was associated with lower MCS scores. A similar pattern 

has been described in atopic dermatitis, in which the adverse effects on QoL are largest at 

younger ages.
13  

No clear gender differences were observed in QoL, although male patients scored higher on 

physical functioning and lower on vitality than male reference values, and female patients 

perceived lower general health than the female reference population. 

We investigated whether concomitant atopic disease could also influence QoL, as these 

were frequently reported by our study patients and as SF-36 domain scores were similar to 

those of atopic patients.
12

 As stated, QoL is decreased in patients with atopic dermatitis.
13

 

Adult allergic rhinitis patients experience fatigue, decreased energy, impaired general 

health, and impaired social function, and feel limited in indoor, outdoor, and social 

activities.
14

 Perennial allergic rhinitis has been reported to impair health-related QoL as 

much as asthma.
15

 In our study, however, no differences with regard to concomitant atopic 

diseases were found between patients with low and high MCS scores. Moreover, the only 

clinical characteristics affecting QoL in our cohort were duration of disease and diagnostic 

delay – factors that are not related to concomitant atopic disease. 

In patients with low MCS scores, duration of disease was almost 5 years longer than in 

patients with high MCS scores, whereas the age at diagnosis was not different between both 

groups. Patients with low MCS scores were thus younger at the onset of the first symptoms 

of EoE than those with high MCS scores, although significance was not reached.  
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This study has some limitations. We have used a non-validated questionnaire to obtain 

clinical information. Furthermore, the validated EoE-QOL-A questionnaire for assessment of 

QoL in adult EoE patients, focusing on eating/diet impact, social impact, emotional impact, 

disease anxiety, and choking anxiety, would have been a useful tool for our study.
16

 

Unfortunately, this questionnaire is not available and validated in Dutch language, and 

therefore we have used the widely used, but non-specific, SF-36 questionnaire. Future 

development, translation, and validation of a broadly accepted EoE questionnaire are 

important for the adequate comparison of data from different centers. We are very 

interested in working to produce a Dutch translation and validation of specific EoE 

questionnaires. 

In conclusion, the QoL is impaired in young adult patients with EoE. Disease duration 

determines the mental health-related QoL. This study offers additional insight into the 

impact of EoE on patients’ lives and emphasizes the importance of early diagnosing and 

adequately treating EoE. 
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Abstract 

Background: During the natural course of eosinophilic esophagitis (EoE), the risk for 

esophageal stricture formation increases. It remains unknown whether motility 

abnormalities in EoE also develop over time. We aimed to determine the relationship 

between disease duration, clinical characteristics, and manometric pattern of EoE patients.  

Methods: We compared esophageal high-resolution manometry (HRM) measurements of 31 

adult EoE patients with HRM data from 31 GERD controls and 31 healthy controls. 

Subsequently, we assessed differences in disease duration and clinical characteristics 

between EoE patients with normal and those with abnormal esophageal motility.  

Key Results: In EoE patients, peristaltic integrity was more frequently failed (12 vs 6%) or 

weak (27 vs 15%; P<0.001) compared with healthy controls; however, this pattern was also 

seen in GERD controls (failed 14%, weak 27%). We found no differences regarding symptoms 

and signs of EoE between EoE patients with normal (42%) and abnormal motility (58%). 

However, disease duration was longer in EoE patients with abnormal motility than in those 

with normal motility (13 (6-18) years vs 4 (1-11) years; P<0.05). In EoE, but not GERD, disease 

duration was identified as a risk factor for abnormal motility (OR for each year 1.142; 95% CI 

1.004-1.299), and with longer disease duration, the prevalence of abnormal motility 

increased from 36% (duration 0-5 years) to 83% (duration ≥16 years; P<0.05). 

Conclusions & Inferences: Weak and failed peristaltic integrity are more often present in 

adult EoE patients than in healthy controls. The prevalence of manometric abnormalities in 

EoE patients increases with longer disease duration. 
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Introduction 

Eosinophilic esophagitis (EoE) is an increasingly recognized chronic inflammatory disease of 

the esophagus.
1,2

 Adult EoE patients frequently suffer from dysphagia and/or food 

impaction, and often require acute endoscopic food bolus removal.
1
 

Dysphagia in EoE patients is commonly attributed to esophageal stricturing. However, many 

patients without fibrostenotic features of EoE suffer from dysphagia as well.
3
 Therefore, 

esophageal motility abnormalities have been proposed as an alternative explanation for 

dysphagia.
4
 For instance, eosinophilic and mastocytic infiltration and degranulation in the 

esophageal mucosa, which are histopathological key features of EoE, may cause fibrosis but 

also induce smooth muscle spasms via secretion of TGF-β.
5
 Another cause of dysphagia in 

EoE may be rigidity of the esophageal wall.
6
 

Esophageal motility is evaluated using manometry.
7
 Conventional and high-resolution 

manometric studies have demonstrated a variety of motility disorders, which were present 

in 0-90% of EoE patients.
4,8-22

 The observed motility patterns are not specific for EoE, and 

range from absent peristalsis to achalasia, diffuse esophageal spasm, nutcracker esophagus, 

panesophageal pressurization, and ineffective peristalsis (Table S1). Manometry does not 

seem useful for the diagnosis or management of EoE. However, the correlation between 

manometric patterns and clinical characteristics of EoE patients has been insufficiently 

studied, and has not been examined using high-resolution manometry (HRM).
14,17,18,20

 

Recently, delay in diagnosis was identified as a risk factor for esophageal stricture formation 

in EoE patients.
3
 In other words, the prevalence of esophageal strictures increases with 

increasing duration of untreated disease. It remains unknown whether esophageal motility 

abnormalities develop over time as well. Therefore, we aimed to determine the relationships 

between disease duration, manometric patterns, and clinical characteristics of EoE patients. 

 

Methods 

Study subjects 

We included 31 adult patients diagnosed with EoE (median age 40 years, interquartile range 

[IQR] 32-47 years; 9 females) who underwent HRM for dysphagia between November 2011 

and September 2013. EoE diagnosis was based on symptoms of esophageal dysfunction and 

histology of esophageal biopsy specimens showing >15 eosinophils per high power field 

(eos/hpf).
1
 Subjects with previous upper gastrointestinal surgery were excluded from the 

study. Pathological reflux was excluded using 24-h pH-impedance monitoring. EoE patients 

were compared with 31 age- and sex-matched GERD controls (median age 40 years, IQR 32-

54 years; 9 females) and 31 age- and sex-matched healthy controls (median age 35 years, 

IQR 29-44 years; 9 females). All GERD controls had pathological esophageal acid exposure 

(defined as time with pH <4 ≥ 6.0%), with a median of 11.2% (IQR 9.2-17.7%).
23

 The study 

protocol has been approved by the AMC Institutional Review Board (IRB). Informed consent 

was obtained from each healthy subject but was not required for measurement of the EoE 

and GERD patients. 
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Esophageal high-resolution manometry 

Esophageal HRM measurements were performed with a solid-state HRM catheter with 36 

circumferential sensors spaced at 1-cm intervals (Given Imaging, Los Angeles, CA, USA), 

according to standardized protocol in our center.
24

 In short, a 4-h fasting period preceded 

the study. Before recording, transducers were calibrated at 0 and 300 mmHg. The 

manometry catheter was placed transnasally and positioned to record from the 

hypopharynx to the stomach. The catheter was fixed in place by taping it to the nose, and 

patients were placed in supine position. Patients were then asked to swallow ten 5-mL 

boluses of water. Subsequently, patients were asked not to swallow for 30 s to create a 

landmark recording that was later used for determination of anatomical markers and 

measurement of sphincter pressures. 

 

HRM analyses 

Esophageal HRM measurements were prospectively analyzed using dedicated software 

(ManoView Analysis 3.0; Given Imaging), as described previously.
25

 In short, automated 

marker placement for gastric pressure, upper and lower border of the lower esophageal 

sphincter (LES), eSleeve, and upper esophageal sphincter (UES) was manually corrected in 

the landmark segment. Following this, each swallow was inspected and placement of the 

contractile deceleration point marker was corrected if necessary. Resting pressure and 

residual pressure of the UES were calculated automatically and referenced to atmospheric 

pressure. Esophagogastric junction (EGJ) resting pressure was analyzed using the eSleeve 

and expressed as the mean of respiratory minima. Deglutitive EGJ relaxation was assessed 

using the 4-s integrated relaxation pressure (IRP4). Both EGJ resting pressure and IRP4 were 

referenced to gastric pressure. The intrabolus pressure (IBP), which reflects the resistance to 

passage of a bolus through the EGJ, was calculated at 1 cm above the EGJ and reported as 

the ‘IBP average max’, and was also calculated during LES relaxation and reported as the ‘IBP 

at LESR’. Distal contractile integral (DCI), contraction front velocity (CFV), and distal latency 

(DL) were calculated as well. We also analyzed the occurrence of failed contractions and the 

presence of small (2-5 cm) and large (>5 cm) peristaltic breaks. Esophageal pressure 

topography parameters and esophageal motility patterns were analyzed according to the 

Chicago criteria.
26

  

 

Clinical characteristics 

Upon referral to our center, EoE patients filled out questionnaires regarding medical history, 

symptoms, comorbidity, and quality of life, as described previously.
27

 In short, questions 

involve detailed information regarding patients’ self-reported personal and family history of 

eosinophilic esophagitis, allergic disease, and comorbid disorders. Patients were asked to 

report the year of onset of EoE symptoms and the year of diagnosis, and from these the 

duration of disease (time between onset of EoE symptoms and date of visit) and diagnostic 

delay (time between onset of EoE symptoms and diagnosis of EoE) were calculated. Current 

symptoms of dysphagia, a history of food impactions, and past and current treatments for 

EoE were registered. For GERD controls, the duration of disease was calculated from the 
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documented year of onset of symptoms and the date of visit.  

 

Statistical analysis 

The entire population of The Netherlands was considered to be at risk for developing 

esophageal eosinophilia. Annual incidence rates of EoE were inferred from the total number 

of newly diagnosed cases and the corresponding population statistics in the 1996-2010 

period (http://www.cbs.nl). Incidence rates were denoted for both genders, for children and 

adults (<18 resp. ≥18 years of age at diagnosis), and in 10-year age strata. To assess seasonal 

variation in the diagnosis of EoE, the date of first pathology report diagnosing EoE was taken 

as the date of diagnosis. The Rayleigh test for directional statistics was used to analyze 

whether or not the months of diagnosis were randomly distributed.
13

 We performed this 

statistical test in R, an open source statistical program for data analysis and graphics.
14

 All 

other statistical analyses were performed by using PASW Statistics 18.0.2 (SPSS Inc., Chicago, 

IL, USA). 

 

Results 

Esophageal pressure topography parameters in EoE patients, GERD controls, and healthy 

controls  

Table 1 summarizes the characteristics of UES, EGJ, and contraction vigor and propagation in 

EoE patients, GERD controls, and healthy controls. We found no significant differences in 

esophageal pressure topography parameters between EoE patients and GERD controls. 

Between EoE patients and healthy controls, no differences were observed in UES pressure 

parameters and EGJ resting pressure, although the IRP4 was significantly lower in EoE 

patients than in healthy controls (EoE 4 (2-8) mmHg vs HC 8 (4-10) mmHg, P<0.01). We 

found no differences in IBP parameters and DL, and contractions did not differ in vigor (DCI). 

However, the CFV (EoE 5.0 (3.9-6.4) cm/s vs HC 3.9 (3.4-4.3) cm/s, P<0.001) was significantly 

lower in EoE patients. Despite these significant differences, the IRP4 (in 30 of 31 EoE 

patients) and CFV (in 30 of 31 EoE patients) were within the normal range.  
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Table 1. UES, EGJ and contraction characteristics in EoE patients and matched controls 

 EoE GERD controls Healthy controls p-value
†
 

 Median IQR Median IQR Median IQR  

UES        

UES resting pressure  

(mmHg) 
61 47-94 61 44-100 65 43-96 NS 

UES residual pressure  

(mmHg) 
3 0-6 2 0-6 2 0-4 NS 

EGJ        

EGJ resting pressure  

(mmHg) 
12 8-19 8 6-16 14 9-22 NS 

IRP4 (mmHg) 4 2-8 5 3-9 8 4-10 <0.01 

IBP at LESR (mmHg) 0 0-4 1 1-3 2 0-4 NS 

IBP average max  

(mmHg) 
12 11-15 12 10-15 13 11-16 NS 

Contraction characteristics 

DCI (mmHg∙cm∙s) 
875 432-1766 770 514-1493 814 

473-

1529 
NS 

CFV (cm/s) 5.0 3.9-6.4 4.8 3.8-6.1 3.9 3.4-4.3 <0.001 

DL (s) 6.3 5.7-6.8 6.4 5.8-7.5 6.8 6.1-7.4 NS 

†
 p-values (Mann-Whitney U test) are given for EoE patients vs healthy controls. NS, not significant 

 

Contraction patterns in EoE patients, GERD controls, and healthy controls  

Contraction patterns of the esophageal body were not significantly different between EoE 

patients, GERD controls, and healthy controls (Table 2). Esophageal peristaltic wave 

propagation was more frequently failed (12 vs 6%) or weak (27 vs 15%) in EoE patients than 

healthy controls (P<0.001; Figure 1). Despite this, neither the numbers of small and large 

peristaltic breaks nor the length of peristaltic breaks was different. 

Furthermore, diagnoses based on the Chicago criteria were not structurally different 

between EoE patients, GERD controls, and healthy controls. In EoE patients, esophageal 

motility was less often diagnosed as normal than in healthy controls (42% vs 68%, P<0.05), 

but this number was not different from GERD controls (39%). None of the EoE patients 

fulfilled the manometric criteria for achalasia, distal esophageal spasm, jackhammer 

esophagus, absent peristalsis, or hypertensive peristalsis. EGJ outflow obstruction was 

observed in two EoE patients, and nine EoE patients had weak peristalsis. Frequent failed 
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peristalsis was present in four EoE patients, and two EoE patients had rapid contractions. 

One patient had two diagnoses; weak peristalsis and rapid contractions. 

 

Table 2. Contraction patterns in EoE patients and matched controls 

 EoE GERD controls Healthy controls p-value
†
 

Peristaltic integrity     

Intact 61 % 59 % 79 % 

<0.001
‡
 Weak 27 % 27 % 15 % 

Failed 12 % 14 % 6 % 

Number of peristaltic breaks 

(per 10 wet swallows), 

median (IQR) 

3 (0-8) 6 (3-8) 3 (2-8) NS 

Shorter than 2.0 cm 0 (0-1) 1 (0-3) 1 (0-3) NS 

Small (2.0-4.9 cm) 1 (0-2) 1 (0-4) 2 (0-3) NS 

Large (>5.0 cm) 0 (0-1) 0 (0-0) 0 (0-1) NS 

Total break length for 10 

swallows (cm), median (IQR) 
10.4 (1.0-18.1) 9.5 (0.5-20.1) 8.5 (3.9-19.8) NS 

Length of breaks, median 

(IQR) 
3.4 (1.7-5.0) 2.4 (1.5-3.2) 2.4 (1.9-3.9) NS 

Contraction pattern     

Normal 84 % 84 % 92 % NS 

Rapid 4 % 2 % 1 % NS 

Premature 1 % 0 % 0 % NS 

Hypercontractile 0 % 0 % 0 % NS 

Absent 12 % 14 % 6 % NS 

† 
p-values are given for EoE patients vs healthy controls. 

‡
 Cochran-Armitage test for trend. NS, not significant. 

 

Clinical characteristics and manometric correlates in EoE patients  

An atopic medical history was present in 20 EoE patients (65%): 11 (35%) had allergy test-

confirmed food allergy, eight (26%) had allergic rhinitis, seven (23%) had asthma, and five 

(16%) had atopic dermatitis. Other comorbidity included hypertension (two patients); 

keratoconjunctivitis sicca (one patient); migraine (one patient); hypercholesterolemia (one 

patient); and cholecystectomy (one patient). None of the EoE patients thus had systemic or 
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of this increase in prevalence of motility abnormalities with increasing disease duration 

(P<0.05). Using univariate logistic regression analysis, duration of disease was identified as 

risk factor for abnormal esophageal motility in EoE patients (OR 1.142; 95% CI 1.004-1.299). 

In contrast, in GERD controls the prevalence of motility abnormalities did not increase over 

time (52% in the group with disease duration of 0-5 years vs 50% in the group with disease 

duration of ≥10 years; P=0.32), and disease duration was not found to be a risk factor for the 

presence of abnormal esophageal motility (OR 1.001; 95% CI 0.914-1.096). 

 

 

 

Figure 2. The percentage of EoE patients with abnormal esophageal motility increases  

with increasing disease duration. Cochran-Armitage test for trend, P<0.05. 
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Table 3. Clinical characteristics in EoE patients with normal vs. abnormal motility 

 Normal motility (n=13) Abnormal motility (n=18) p-value 

Gender, male 69 % 72 % NS 

Age, yrs 40 (31-44) 41 (32-51) NS 

Age at onset of EoE symptoms, yrs 30 (28-38) 25 (16-36) NS 

Disease duration, yrs 4 (1-11) 13 (6-18) <0.05 

Diagnostic delay, yrs 3 (0-11) 10 (3-15) <0.05 

Food allergen sensitization 38 % 50 % NS 

Current symptoms    

Dysphagia 85 % 100 % NS 

Eating slowly 67 % 56 % NS 

Limited food intake 36 % 56 % NS 

Heartburn 58 % 44 % NS 

Food impaction ever 38 % 33 % NS 

Requiring acute endoscopy 31 % 28 % NS 

Currently using medication    

Proton pump inhibitor 31 % 61 % NS 

Corticosteroids  

(discontinued 1 week before HRM) 
8 % 6 % NS 

Corticosteroids used ever 46 % 61 % NS 

Dilation ever 0 % 17 % NS 

Quality of life    

Mental component summary score 52.1 (43.5-54.7) 51.3 (44.6-56.1) NS 

Physical component summary score 57.5 (47.6-59.3) 49.1 (43.1-57.8) NS 

NS, not significant 
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Discussion 

This is the first study that describes the correlation between esophageal motility and natural 

history in patients with EoE. In this study, we found that the duration of disease in EoE 

patients is a risk factor for the development of abnormal esophageal motility. We were also 

able to show that the prevalence of esophageal motility abnormalities increases with longer 

disease duration. However, no clinicopathological characteristics were found to be 

associated with having abnormal esophageal motility.  

Previous studies have demonstrated variable and non-specific manometric patterns in EoE, 

with ineffective/weak peristalsis being mostly observed (Table S1). In our study, we confirm 

these findings. We observed that peristalsis is more often weak or failed in EoE patients than 

in healthy controls, and esophageal motility is less often completely normal, but similar 

findings were found in GERD controls. No distinct manometric pattern was seen 

differentiating EoE patients from GERD controls and healthy controls. The observed 

differences in some of the esophageal pressure topography parameters (decrease in IRP4 

and increase in CFV) were statistically significant but seem clinically irrelevant since values 

were in the normal range in the vast majority of EoE patients and in those in which these 

were abnormal this was not related to any symptom. 

The correlation between clinical characteristics and manometry patterns has been 

insufficiently investigated in EoE. One study using prolonged conventional manometry in 

children with EoE demonstrated that symptoms of dysphagia correlated with simultaneous 

abnormal esophageal motor function.
17

 In another study in adult EoE patients, esophageal 

motility was shown to be improved after fluticasone treatment.
14

 Two other studies in EoE 

patients found no differences regarding symptoms and histopathological signs between 

patients with and without non-specific motility disorders.
18,20

 Our study confirms the 

absence of a relationship between abnormal motility and symptoms. 

A lack of relationship between dysphagia symptoms and motility patterns has been observed 

previously in healthy subjects as well as patient populations suffering from GERD and 

dysphagia.
28,29

 A recent study confirmed this lack of correlation in patients undergoing HRM 

for dysphagia, chest pain, or GERD.
30

 Several reasons have been proposed for the lack of 

correlation between findings on manometry and symptoms: (i) esophageal motor disorders 

may represent merely an epiphenomenon; and (ii) the mechanism behind symptom 

generation is likely multifactorial (visceral hypersensitivity due to peripheral mechanisms or 

abnormalities in central processing; esophageal hypervigilance due to psychosocial 

factors).
29,30

 

Natural history studies have demonstrated that EoE is a chronic inflammatory disease, which 

leads to esophageal remodeling, fibrosis, and stenosis.
31,32

 Very recently, a retrospective 

study identified the duration of diagnostic delay (i.e., untreated disease) as a risk factor for 

esophageal stricture formation.
3
 However, the effect of disease duration on esophageal 

motility abnormalities was not studied before. We demonstrated that the prevalence of 

esophageal motility abnormalities increases with longer disease duration. Future studies 

should investigate if early diagnosis and adequate treatment of EoE can prevent the 

occurrence of esophageal motility abnormalities in EoE patients. 
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A limitation of our study is that the length of disease duration and diagnostic delay was 

estimated based on patient’s reported outcomes. As a consequence, these parameters may 

be influenced by recall bias. Estimated disease duration was therefore stratified into 5-year 

groups to minimize the influence of recall bias. Furthermore, endoscopy was not 

systematically performed in the week of manometry, which precluded systematic 

comparison of endoscopic and histopathological features between EoE patients with normal 

and abnormal esophageal motility. 

In conclusion, in EoE patients the prevalence of esophageal motility abnormalities increases 

with longer disease duration. However, since there are no manometric patterns specific for 

EoE and there is no relationship between symptoms and manometric findings, there seems 

to be no role for manometry in the clinical management of EoE patients. 
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Table S1. Previous studies (n≥10) in which manometry was performed in EoE patients 

Name 

(year) 
Study design 

Population 

(n) 

Control 

group (n) 

Diagnosis 

Correlation between clinical 

features and esophageal motility 
Peristaltic abnormalities, n 

(%) 

LES 

abnormalities, 

n (%) 

Normal,  

n (%) 

Attwood 

(1993)
8
  

Retrospective A (12) GERD (90) 

DES: 2 (17%); Nutcracker: 2 

(17%); Short / low amplitude 

peristalsis: 7 (58%) 

None 2 (17%) Not addressed 

Vitellas 

(1993)
9
 

Retrospective A (13) None 
DES: 1 (8%); Prolonged 

peristaltic contractions: 1 (8%) 
Hyper: 1 (8%) 10 (77%) Not addressed 

Cheung 

(2003)
10

 
Retrospective C (11) 

Dysphagia 

(6) 
None None 11 (100%) Not addressed 

Croese 

(2003)
11

 
Retrospective A (13) None 

Nonspecific dysmotility: 5 

(38%)  
None 8 (62%) Not addressed 

Remedios 

(2006)
12

 
Prospective A (23) None Aperistalsis: 1 (4%)  Hypo: 10 (43%) 22 (96%) Not addressed 

Gonsalves 

(2006)
13

 
Retrospective A (15) None 

DES: 1 (7%); Nonspecific 

dysmotility: 9 (60%) 
None 5 (33%) Not addressed 

Lucendo 

(2007)
14

 
Prospective A (29) None 

Hypodynamic or 

hypoperistaltic motor pattern: 

17 (58%); High-amplitude 

distal peristaltic waves: 9 

(31%) 

Hypo: 12 (41%) 

Altered dynamics:  

22 (76%) 

3 (10%) Not addressed 

Lucendo 

(2007)
15

 
Retrospective A (12) None 

Nonspecific dysmotility: 6 

(50%); Hyperkinetic peristaltic 

waves in the distal esophagus: 

3 (25%); Simultaneous 

contractions: 1 (8%) 

Hypo: 2 (17%) 2 (17%) 

Symptoms and esophageal motility 

improved upon fluticasone 

treatment 

Korsapati 

(2009)
16

 
Prospective A (10) HC (10) None None 10 (100%) 

Longitudinal muscle dysfunction may 

contribute to dysphagia 

Nurko 

(2009)
17

 
Prospective C (17) 

GERD (13) 

HC (11) 
Abnormal peristalsis: 7 (41%) None 10 (59%) 

Dysphagia score correlated to 

simultaneous abnormal esophageal 

motor function 
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Table S1. Previous studies (n≥10) in which manometry was performed in EoE patients (continued) 

Name 

(year) 
Study design 

Population 

(n) 

Control 

group (n) 

Diagnosis 

Correlation between clinical 

features and esophageal motility 
Peristaltic abnormalities, n 

(%) 

LES 

abnormalities, 

n (%) 

Normal,  

n (%) 

Bassett 

(2009)
18

 
Prospective A (30) None 

Nonspecific dysmotility: 5 

(16%); Mean amplitude of 

esophageal contractions >180 

mmHg: 2 (7%) 

Hypo: 1 (3%) 23 (77%) 

No symptomatic and histological 

differences between patients with 

normal motility and nonspecific 

motor disorders 

Hejazi 

(2010)
19

 
Retrospective A (14) None 

Nutcracker: 2 (14%); 

Nonspecific motility disorder: 

2 (14%); Aperistalsis: 2 (14%) 

Hypo: 2 (14%) 

Incomplete 

relaxation: 1 (7%) 

6 (43%) Not addressed 

Moawad 

(2011)
20

 
Retrospective A (75) None 

Ineffective esophageal 

motility: 25 (33%); 

Nutcracker: 3 (4%) 

None 47 (63%) 

No correlation between motility and 

eosinophil count, or between motility 

and dysphagia symptoms. 

Martín 

Martín 

(2011)
21

 
#
 

Prospective A (21) 
Dysphagia/ 

GERD (21) 

Peristaltic dysfunction: 6 

(28%); PEP: 10 (48%) 

Hypo: 3 (14%) 

Hyper: 1 (5%) 
5 (25%) 

Panesophageal pressurization may be 

associated with bolus impaction  

Roman 

(2011)
4
 
# Retrospective A (48) 

GERD (48) 

HC (50) 

EGJ obstruction: 1 (2%); 

Absent peristalsis: 1 (2%); 

Hyper peristalsis: 1 (2%); 

Rapid contractions: 2 (4%); 

FFP: 5 (10%); Weak peristalsis 

8 (17%) 

Increased IRP4: 5 

(10%) 
30 (63%) Not addressed  

Monnerat 

(2012)
22

 
Retrospective A (20) None 

Ineffective esophageal 

motility: 3 (15%) 

Hypo: 1 (5%) 

Hyper: 1 (5%) 
15 (75%) Not addressed  

Total 

Prospective: 6 

Retrospective: 

10 

A (335) 

C (28) 

T (363) 

249 HC in  

6 studies 

A 142 (42%) 

C 7 (33%) 

T 149 (41%) 

Hypo: 31 (9%) 

Hyper: 3 (1%) 

Incomplete 

relaxation: 6 (2%) 

A 188 (56%) 

C 21 (75%) 

T 209 (58%) 

The correlation between clinical 

features and esophageal motility is 

unclear, and poorly described 

A, adults; C, children; DES, diffuse esophageal spasm; EGJ, esophagogastric junction; EoE, eosinophilic esophagitis; FFP, frequent failed peristalsis; GERD, 

gastroesophageal reflux disease; HC, healthy control; Hyper, hypertensive; Hypo, hypotensive; IRP4, integrated relaxation pressure of the EGJ; LES, lower esophageal 

sphincter; Normo, normotensive; PEP, pan-esophageal pressurization; T, total. 
# 

These studies used
 
high-resolution manometry. 
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Abstract 

Background: Gastro-oesophageal reflux has been suggested to play a role in eosinophilic 

oesophagitis (EoO). Oesophageal acid exposure decreases baseline intraluminal impedance, 

a marker of mucosal integrity, in patients with gastro-oesophageal reflux disease (GORD). 

Objectives: The aim of this study was to assess oesophageal baseline impedance levels in 

EoO patients and to investigate their relationship with oesophageal acid exposure. 

Methods: Ambulatory 24-h pH-impedance monitoring was performed in 11 EoO patients 

and in 11 healthy controls with matched oesophageal acid exposure. We assessed baseline 

impedance levels in the distal, mid-, and proximal oesophageal impedance channels.  

Results: Baseline impedance levels in EoO patients were markedly lower compared with 

controls in the distal oesophagus (median (interquartile range): 988 (757-1978) vs. 2259 

(1767-2896) Ω, P=0.015), mid-oesophagus (1420 (836-2164) vs. 2614 (2374-3879) Ω, 

P=0.003), and proximal oesophagus (1856 (1006-2625) vs. 2868 (2397-3439) Ω, P=0.005). 

Whereas baseline impedance decreased from proximal to distal in healthy subjects 

(P=0.037), no such gradient was seen in EoO patients (P=0.123).  

Conclusions: Throughout the oesophagus, baseline impedance values are decreased in EoO 

patients, indicating impaired mucosal integrity. Our findings suggest that factors other than 

acid reflux are the cause of low baseline impedance in EoO.   
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Introduction 

Eosinophilic oesophagitis (EoO) has been increasingly diagnosed over the past decade.
1
 

Patients with EoO most frequently report symptoms of dysphagia and/or food impaction, 

and sometimes heartburn. Eosinophilic infiltration of the mucosa throughout the 

oesophagus is a key feature of EoO.
2
 A local T-helper 2 (TH2) type inflammation is present in 

the oesophagus of EoO patients, similar to the inflammatory pattern seen in asthma and 

atopic dermatitis patients.
3
 EoO is therefore considered an allergic disease, and most 

patients indeed have an atopic constitution.
4
 Gastro-oesophageal reflux has also been 

suggested to play a role in EoO, but data is scarse.
5,6

 Only a few reports on reflux 

characteristics have been published in EoO patients, showing no difference in oesophageal 

acid exposure compared with controls.
7-10

 

Intraluminal impedance monitoring can be used to detect gas and liquid reflux by measuring 

changes in electrical conductivity.
11

 Between meals and reflux episodes, the impedance 

levels return to a baseline level. This baseline impedance level is dependent on 

characteristics of the collapsed oesophageal wall. It has been shown that baseline 

impedance levels are decreased in gastro-oesophageal reflux disease (GORD) and 

achalasia.
12

 Distal baseline impedance values are correlated with oesophageal acid exposure 

in pediatric and adult GORD patients, and treatment with proton pump inhibitors (PPIs) 

significantly increases baseline impedance.
13,14

 A study in rabbits has shown that 

oesophageal impedance correlated with the transepithelial resistance measured in vitro, 

which is a marker of oesophageal epithelial integrity.
15

 Together, these studies have led to 

the conclusion that oesophageal acid exposure decreases baseline impedance and that 

baseline impedance is a marker of oesophageal mucosal integrity.
13,16,17

 

Several authors have suggested that the oesophageal mucosal integrity is impaired in 

patients with EoO, in line with other allergic diseases such as atopic dermatitis and 

asthma.
5,6

 

We hypothesized that oesophageal baseline impedance is decreased in non-treated EoO 

patients. Therefore, the aim of this study was to assess oesophageal baseline impedance 

levels in EoO patients and in controls and to investigate whether the baseline impedance 

levels are related to oesophageal acid exposure. 

 

Materials and methods 

Study subjects 

We prospectively included 11 adult EoO patients, defined as having a history of dysphagia 

and/or food impaction and the presence of ≥15 eosinophils per high-power field, confirmed 

by histopathology. None of these patients showed symptomatic response to PPI treatment. 

PPI treatment was stopped at least 1 week before oesophageal pH-impedance 

measurements. Furthermore, any dietary or steroid treatments were discontinued at least 2 

months prior to pH-impedance measurement. We also measured 20 healthy controls 

without gastrointestinal symptoms or a history of major abdominal surgery. From these 20 



74 

 

controls, 11 measurements were selected that could be matched to EoO patients by total 

acid exposure time. All study subjects filled out the reflux disease questionnaire (RDQ).
18

 

Written informed consent of study subjects was obtained and the study was approved by 

the medical ethical committee of our institution.  

 

Oesophageal pH-impedance measurements  

In EoO patients and healthy controls, pH-impedance measurements were performed off 

medication that could influence gastric acid secretion. Measurements were performed using 

a combined pH-impedance catheter assembly that consisted of six impedance segments and 

one ISFET pH-electrode (Unisensor AG, Attikon, Switzerland), which was placed at 5 cm from 

the upper border of the manometrically localized lower oesophageal sphincter. Impedance 

recording segments were located at 2-4, 4-6, 6-8, 8-10, 14-16, and 16-18 cm above the 

upper border. Impedance and pH signals were stored on a digital datalogger (Ohmega 

Medical Measurement Systems, Enschede, The Netherlands), using a sampling frequency of 

50 Hz. Distal, mid-, and proximal oesophageal baseline impedance values were determined 

at 3, 9, and 17 cm above the lower oesophageal sphincter, respectively.  

 

Data analysis 

Baseline impedance levels were analysed according to previously published criteria.
13

 In 

summary, baseline impedance levels were assessed every 2 hours during a 30-second time 

period. The median baseline impedance level during all 2-hour periods was considered to be 

the baseline impedance level for the measurement. Investigators were blinded for the 

subject’s status while analysing the measurements. Reflux episodes were analysed according 

to previously published consensus criteria.
19

 

 

Statistical analysis 

Data are presented as median (interquartile range, IQR). Statistical analysis was performed 

using Prism software version 5 (GraphPad Software, La Jolla, CA, USA). Data of EoO patients 

and healthy controls were compared using the Mann-Whitney U-test. Distal and proximal 

baseline impedance data were compared using Wilcoxon’s test for paired measurements. 

For correlation analysis we used Spearman’s correlation statistics. Differences were 

considered statistically significant when P<0.05. 

 

Results 

Subject characteristics 

Eight of 11 (73%) EoO patients and all controls (100%) were male (P=0.062). In EoO patients, 

study procedures were performed at median (IQR) 0.7 (0.4-2.0) years after EoO diagnosis. 

RDQ scores showed that EoO patients perceived more heartburn (4 (2-7) vs. 0 (0-0), 

P<0.001) and regurgitation (3 (0-5) vs. 0 (0-0), P=0.003) than controls. Consequently, 
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patients had higher total RDQ scores than controls (10 (7-13) vs. 0 (0-0), P<0.001). 

 

Reflux characteristics 

Because patients and controls were matched, upright, supine, and total acid exposure time 

were not different (Table 1). Comparison between patients and controls showed no 

differences in the total number of reflux episodes, acidic reflux episodes, and weakly acidic 

reflux episodes. Proximally extending reflux episodes were not more common in patients 

than controls. Furthermore, bolus clearance time and acid clearance time did not differ 

between patients and controls. 

 

Table 1. Reflux characteristics of EoO patients and controls  

 EoO patients Healthy controls 

Acid exposure time, % 4.7 (2.0-9.2) 4.8 (4.4-5.6) 

Upright, % 6.4 (3.4-10.9) 6.8 (4.2-8.1) 

Supine, % 2.2 (0.0-5.4) 1.0 (0.0-2.8) 

Number of reflux episodes / 24 h 50 (21-74) 56 (41-71) 

Acidic 44 (17-51) 44 (29-49) 

Weakly acidic 9 (5-10) 14 (9-22) 

Reaching mid oesophagus 38 (10-57) 41 (33-58) 

Reaching proximal oesophagus 13 (1-21) 31 (22-58) 

Bolus clearance time, s 11.3 (7.5-13.5) 17.9 (11.5-22.5) 

Acid clearance time, s 72.0 (41.3-156.4) 66.0 (56.1-98.3) 

Data are median (IQR). There were no statistically significant differences. 

EoO, eosinophilic oesophagitis. 

 

Baseline impedance  

Baseline impedance levels (Figures 1 and 2) in EoO patients were markedly lower compared 

with healthy controls in the distal oesophagus (988 (757-1978) vs. 2259 (1767-2896) Ω, 

P=0.015), mid-oesophagus (1420 (836- 2164) vs. 2614 (2374-3879) Ω, P=0.003), and 

proximal oesophagus (1856 (1006-2625) vs. 2868 (2397-3439) Ω, P=0.005). In EoO patients, 

distal baseline impedance values were not significantly different from proximal values 

(P=0.123; Figure 3). In controls, however, distal baseline impedance values were significantly 

lower than proximal values (P=0.037). 
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Baseline impedance in the 

), and distal (C

oesophagus in EoO patients vs. controls.

EoO, eosinophilic oesophagitis. 

values and group medians are shown.

impedance tracing in an EoO patient and a healthy control, showing baseline 

pedance levels in the proximal, mid, and distal oesophagus. EoO, eosinophilic oesophagitis.
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oesophagus in EoO patients vs. controls.  
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Figure 3. Distal vs. proximal baseline impedance in EoO patients (A) and controls (B).  

EoO, eosinophilic oesophagitis. 

 

Correlation with acid exposure 

In EoO patients, distal, mid-, and proximal oesophageal baseline impedance values were not 

correlated with acid exposure (r=0.427, P=0.190; r=0.136, P=0.689; and r=0.027, P=0.937, 

respectively). In controls, we also found no correlation between baseline impedance values 

and acid exposure (distal r=0.214, P=0.521; mid- r=-0.032, P=0.926; and proximal =-0.334, 

P=0.345). 

Overall, baseline impedance levels were not related to the number of reflux episodes. The 

total number of reflux episodes was not correlated with distal oesophageal baseline 

impedance in EoO patients (r=0.164, P=0.634). The number of mid-oesophageal reflux 

episodes was also not correlated to mid-oesophageal baseline impedance in EoO patients 

(r=0.178, P=0.595). Furthermore, no correlation was found between the number of proximal 

oesophageal reflux episodes and proximal baseline impedance in EoO patients (r=-0.273, 

P=0.418). 

 

Discussion 

This is the first study in which oesophageal baseline impedance was evaluated in EoO 

patients. In this study we show that baseline impedance values are lower in EoO patients 

than in healthy controls with a similar oesophageal acid exposure. The observed differences 

in baseline impedance levels are present over the entire length of the oesophagus. No 

proximal-to-distal oesophageal gradient in impedance values was found in EoO patients, 

whereas such a gradient did occur in healthy controls. 
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It has been shown that with increasing degrees of oesophagitis (mucosal damage), GORD 

patients have an increasing number of reflux episodes and more acid exposure.
20

 

Furthermore in GORD patients, baseline impedance is correlated with oesophageal acid 

exposure and PPI treatment increases baseline impedance.
13,14

 In-vitro animal data have 

shown that baseline impedance is correlated with the transepithelial resistance of the 

oesophageal epithelium, which is a marker of oesophageal epithelial integrity.
15

 These 

studies have led to the consensus that oesophageal acid exposure decreases baseline 

impedance and that baseline impedance is a marker of oesophageal mucosal integrity.
13,16,17

 

In some patients with typical symptoms and signs of EoO, PPI seems to reduce inflammation 

and symptoms, and it partially restores the mucosal integrity.
21

 These patients are now 

diagnosed with proton pump inhibitor responsive oesophageal eosinophilia (PPI-ROE), 

although differences between PPI-ROE patients and EoO patients are currently unclear.
9
 

Perhaps in PPIROE patients, gastro-oesophageal reflux does play a role, whereas in EoO this 

is not the case. Furthermore, recent papers have suggested that PPIs may have anti-

inflammatory effects besides their acid-suppressive effects.
22,23

 Response to PPI therefore 

does not automatically translate to presence of gastro-oesophageal reflux.  

In atopic disease (e.g. asthma and atopic dermatitis), an impaired epithelial barrier function 

has been described.
24,25

 As in asthma and atopic dermatitis, the filaggrin gene is also a 

susceptibility gene in EoO, supporting the idea that impaired epithelial barrier function could 

play a fundamental role in EoO.
26-28

 In fact, the oesophageal mucosa of EoO patients is more 

permeable to molecules with the size of food allergens.
21

 In theory, this could enable 

passage of allergens through the mucosa which may cause immune activation. On the other 

hand, it could also very well be a result of the present T-lymphocytes and degranulating 

eosinophils and mast cells, causing epithelial remodeling and impaired mucosal integrity.
2 

It 

is currently unclear whether the oesophageal mucosal integrity is impaired due to a primary 

increased permeability of the mucosa or due to the allergic reaction. Although our study did 

not aim to answer this question, we speculate that in EoO the integrity changes may be 

caused by the allergic inflammation with its degranulating eosinophils and mast cells. In this 

study, we show that it is unlikely that the oesophageal inflammation starts with gastro-

oesophageal reflux causing damage to the mucosa; however, in some EoO patients, other 

factors such as a loss-of-function mutation in the filaggrin gene may also cause integrity 

changes, which may facilitate allergen permeation. Regardless of the order of events, 

decreased baseline impedance may reflect decreased mucosal integrity in EoO. 

In theory, the differences in baseline impedance values between patients with EoO and 

healthy controls could be caused by increased oesophageal exposure to gastric content in 

patients with EoO. However, in general, EoO patients do not have more (weakly) acidic 

reflux episodes than controls, and in our study patients and controls were matched for acid 

exposure time. No correlation was found between baseline impedance and acid exposure. 

Furthermore, baseline impedance was not only decreased in the distal oesophagus, which is 

more exposed to acid, but also in the mid-oesophagus and the proximal oesophagus of EoO 

patients. Distal, mid-, and proximal oesophageal baseline impedance values were not 

correlated with the numbers of reflux episodes reaching these levels of the oesophagus. 

Together, our findings suggest that other factors than gastro-oesophageal reflux are more 

likely responsible for the decrease in baseline impedance in EoO.  
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Baseline impedance values should be carefully interpreted in EoO patients, since they may 

be influenced by other factors than oesophageal mucosal integrity alone. For instance, the 

presence of exudate may decrease baseline impedance values as well. It has also been 

suggested that baseline impedance could be decreased due to altered oesophageal motility. 

Obviously, oesophageal motility abnormalities have been described in EoO.
29

 A study in 

patients with ineffective oesophageal motility showed that baseline impedance levels in 

patients with GORD were lower than those measured in controls.
30

 In that study, however, 

no information was presented about oesophageal acid exposure and since impaired motility 

is associated with pathological acid exposure, the latter could be a more plausible 

explanation for the observed low impedance levels. Moreover, if ineffective oesophageal 

motility were present in our study patients, one would expect increased bolus clearance 

time and acid clearance time; however, both parameters were not increased in EoO patients 

in our study. Furthermore, food impaction can interfere with the pH-impedance 

measurement, as it causes stasis of liquid in the oesophagus, which decreases baseline 

impedance. To avoid misinterpretation of impedance values, symptoms of dysphagia and 

food impaction should be reported during the measurement and these periods should be 

excluded from the analysis. In our study, none of the patients reported food impaction 

during the pH-impedance measurement. The abovementioned limitations will not occur 

using Ussing chambers to measure the transepithelial resistance in vitro, since these 

experiments do not require contact of an electrode with the mucosa.
31

 However, baseline 

impedance values have been shown to strongly correlate with the transepithelial resistance 

measured in vitro, suggesting that they reflect oesophageal mucosal integrity quite well.
15

 

EoO patients perceived more GORD-related symptoms than healthy controls, despite the 

fact that reflux parameters were not increased in EoO patients. The increased acid 

perception may therefore be a result of acid hypersensitivity in EoO patients, as described in 

a previous study.
32

 Since in that study acid hypersensitivity was not correlated to increased 

sensitization of the central nerve system, the authors suggested that acid hypersensitivity 

may be related to abnormalities in the oesophageal tissue itself (e.g. mucosal integrity 

changes). Acid hypersensitivity in EoO patients may thus reflect decreased mucosal integrity; 

this could explain the presence of typical GORD-related symptoms in EoO patients. 

The observed decrease in baseline impedance values may have clinical implications in the 

future. Baseline impedance could be a novel follow-up marker of disease activity in EoO 

patients. Currently, follow up of EoO patients requires frequent endoscopic evaluation, 

which is a costly and more invasive procedure. Further research evaluating the correlation 

between baseline impedance and endoscopic and histopathological signs of EoO is needed 

before baseline impedance can be used as a follow-up marker. 

In conclusion, distal, mid-, and proximal oesophageal baseline impedance values are 

decreased in EoO patients and these baseline impedance values in EoO are not correlated to 

acid exposure. Our findings suggest that the decrease in impedance could be caused by 

other factors, such as impaired mucosal integrity. 
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Chapter 6 
 

Proton pump inhibitors partially restore 

mucosal integrity in patients with proton 

pump inhibitor-responsive esophageal 

eosinophilia but not eosinophilic esophagitis 
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Abstract 

Background & Aims: Histologic analysis is used to distinguish patients with proton pump 

inhibitor-responsive eosinophilia (PPI-REE) from those with eosinophilic esophagitis (EoE). It 

is not clear whether these entities have different etiologies. Exposure to acid reflux can 

impair the integrity of the esophageal mucosal. We proposed that patients with EoE and PPI-

REE might have reflux-induced esophageal mucosal damage that promotes transepithelial 

flux of allergens. We therefore assessed the integrity of the esophageal mucosal in these 

patients at baseline and after PPI. 

Methods: We performed a prospective study of 16 patients with suspected EoE and 11 

controls. Patients had dysphagia, endoscopic signs of EoE, and esophageal eosinophilia (>15 

eosinophils/high-power field [eos/hpf]). All subjects underwent endoscopy at baseline; 

endoscopy was performed again on patients after 8 weeks of treatment with high-dose 

esomeprazole. After PPI treatment, patients were diagnosed with EoE (>10 eos/hpf; n=8) or 

PPI-REE (≤10 eos/hpf; n=8). We evaluated the structure (intercellular spaces) and function 

(electrical tissue impedance, transepithelial electrical resistance, transepithelial molecule 

flux) of the esophageal mucosal barrier. 

Results: Compared with controls, electrical tissue impedance and transepithelial electrical 

resistance were reduced in patients with EoE (P<0.001 and P<0.001, respectively) and PPI-

REE (P=0.01 and P=0.06, respectively), enabling transepithelial small-molecule flux. PPI 

therapy partially restored these changes in integrity and inflammation in patients with PPI-

REE, but not in those with EoE. 

Conclusions: The integrity of the esophageal mucosa is impaired in patients with EoE and 

PPI-REE, allowing transepithelial transport of small molecules. PPI therapy partially restores 

mucosal integrity in patients with PPI-REE, but not in those with EoE. Acid reflux might 

contribute to transepithelial allergen flux in patients with PPI-REE. Trialregister.nl number: 

NTR3480. 
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Introduction 

Eosinophilic esophagitis (EoE) is a rapidly emerging disorder clinically characterized by 

dysphagia and food impaction.
1
 The pathophysiology is largely unknown, although genetic 

and allergic components seem to play a role.
2
 More recently, gastroesophageal reflux 

disease (GERD) also has been suggested to play a role.
3-5

 A proton pump inhibitor (PPI) trial 

may differentiate between EoE and GERD, however, response to PPIs also has been 

observed in patients with typical symptoms and endoscopic and histopathologic signs of 

EoE; these patients now are considered to have PPI-responsive eosinophilia (PPI-REE).
4
 Little 

is known about the differences between PPI-REE and EoE.
6 

PPI-REE patients may have GERD 

instead of EoE, however, they cannot be distinguished from EoE patients by clinical features, 

endoscopic signs, or histopathologic signs.
4,7

 

In patients with GERD, it has been well documented that acid reflux causes impaired 

esophageal mucosal integrity, which has been suggested to decrease esophageal 

intraluminal baseline impedance.
8,9

 Acid suppression with PPIs restores the esophageal 

mucosal integrity in GERD.
10

 In EoE, esophageal baseline impedance values are decreased as 

well, and histologic studies also have shown dilation of intercellular spaces – a morphologic 

feature of epithelial permeability changes – in EoE.
11,12

 

We hypothesized that acid-induced impairment of esophageal mucosal integrity facilitates 

permeation of food allergens, thereby promoting immune activation in patients with PPI-REE 

and EoE. If this hypothesis is valid, proton pump inhibition will restore the esophageal 

mucosal integrity and thereby reduce the passage of allergens into the epithelium. The aim 

of our study was to show an impaired esophageal mucosal integrity in PPI-REE and EoE 

patients, and to study the effect of acid suppression on the esophageal mucosal integrity. 

 

Methods 

Study subjects 

In this prospective study, we included 16 adult patients with suspected EoE (>15 

eosinophils/high-power field [eos/hpf], predominant symptoms of dysphagia and/or food 

impaction, and endoscopic signs of EoE), and 11 healthy controls. Based on peak eosinophil 

counts after PPI, patients were divided into 2 subgroups: responders (PPI-REE, ≤10 eos/hpf) 

and nonresponders (EoE, >10 eos/hpf) (Figure 1). Patients were recruited consecutively from 

the outpatient clinic of our hospital. Healthy controls were recruited by advertisement in the 

hospital and had no dysphagia/reflux symptoms or other gastrointestinal complaints. None 

of the study subjects had undergone surgery of the digestive tract. Each study subject 

provided written informed consent and the study protocol was approved by the Medical 

Ethics Committee of our institution. All authors had access to the study data and reviewed 

and approved the final manuscript. 
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Figure 1. Study protocol and patient subgroup selection. The esophageal mucosal integrity of  

patients and controls was measured at baseline. In patients, the integrity and inflammation  

were measured after PPI treatment. Based on the eosinophil count after PPI treatment,  

patients were categorized as PPI-REE (10 eos/hpf) or EoE (>10 eos/hpf). 

 

Study Protocol 

In all study subjects, dietary, anti-inflammatory, and acid-suppressive treatments were 

discontinued 8 weeks before baseline upper endoscopy. In the 24 hours preceding 

endoscopy, smoking and alcohol intake were not allowed. In patients, endoscopy was 

repeated after 8 weeks of 40 mg esomeprazole twice-daily treatment, and the frequency 

and severity of dysphagia for liquids and solids was assessed using a 6-grade Likert scale, in 

which 0 represents no dysphagia and 5 represents daily/severe dysphagia, analogous to the 

reflux disease questionnaire. 

 

Upper endoscopy 

After routine inspection of the duodenum and stomach, pictures were taken of the 

esophagus for assessment of endoscopic signs of EoE. After this, 5 electrical tissue 

impedance spectroscopy (ETIS) measurements were performed in the distal esophagus 5 cm 

proximal to the Z-line. At the same level, 4 biopsy specimens were obtained with a large 

biopsy forceps (diameter, 3.7 mm) for the assessment of functional mucosal integrity in 

Ussing chambers. In addition, 2 large biopsy specimens were taken to evaluate dilation of 
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intercellular spaces by transmission electron microscopy. For histopathologic analysis in 

patients, 6 biopsy specimens were taken, and 1 biopsy specimen was taken for gene 

expression profiling. 

To assess endoscopic signs of EoE (white exudates, linear furrows, concentric rings, solitary 

ring, crepe paper mucosa, pallor, and narrow-caliber esophagus), a physician blinded to the 

patient's status scored the endoscopic pictures. 

 

Esophageal Mucosal Integrity Assessment In Vivo 

As a functional measure of esophageal mucosal integrity, we performed ETIS measurements 

to measure the extracellular esophageal impedance during endoscopy, as previously 

described.
13

 The extracellular impedance was correlated with structural and functional in 

vitro parameters of esophageal mucosal integrity; ETIS is therefore a measure of esophageal 

mucosal integrity in vivo.
13

 

 

Esophageal Mucosal Integrity Assessment In Vitro 

Esophageal mucosal integrity was assessed according to previously described methods.
13

 In 

short, 4 esophageal biopsy specimens were mounted in Ussing chambers immediately after 

endoscopy. Electrodes were used to measure the transepithelial electrical resistance (TER). 

Simultaneously, the transepithelial flux of fluorescent molecules of 2 different sizes 

(fluorescein, 332 daltons; rhodamine, 40,000 daltons; size similar to common food allergens) 

was measured. After 15 minutes of acclimatization in Meyler buffer, we sampled the serosal 

bath and subsequently replaced the luminal buffer with a modified Meyler buffer containing 

these fluorescent molecules at a concentration of 0.5 mg/mL. We sampled the serosal bath 

every 15 minutes during 1 hour. A fluorescence plate reader (BioTek Synergy; BioTek, 

Winooski, VT) measured the concentration of fluorescein and rhodamine molecules using 

excitation wavelengths of 485 and 530 nm and emission wavelengths of 528 and 590 nm, 

respectively. Rhodamine signal strength was corrected for the presence of fluorescein. 

 

Transmission Electron Microscopy 

As a structural marker of esophageal mucosal integrity related to esophageal permeability 

changes,
8,10

 the space between individual esophageal epithelial cells was measured, as 

previously described.
13

 The laboratory technician was blinded to the status of the biopsy and 

selected 10 random photographs of each biopsy at the basal prickle layer (magnification, 

4600×). Image processing and analysis was performed using Qwin (Leica Microsystems, 

Wetzlar, Germany). 

 

Histopathologic analysis 

For histopathologic analysis, 2 biopsy specimens were taken at the distal esophagus, 

midesophagus (5 cm and 10-15 cm above the gastroesophageal junction), and proximal 

esophagus (5 cm below the upper esophageal sphincter). Specimens were stained with H&E 
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and tryptase to determine the eosinophil and mast cell counts. An experienced 

gastrointestinal pathologist blinded to biopsy location and the patient's treatment status 

analyzed the specimens in random order, using an Olympus BX41 microscope (Olympus 

Europe, Hamburg, Germany). In each biopsy specimen, the area of greatest eosinophil 

density was detected with a low-power view. By using a magnification of 400× (1 hpf), the 

peak eosinophil count was determined. Mast cells were counted identically. 

Furthermore, the presence of eosinophilic microabscesses (defined as clusters of ≥4 

eosinophils) were analyzed at high-power, and basal hyperplasia and spongiosis were 

analyzed at low-power (for both: 0 = absent, 1 = extending to lower third of total epithelial 

thickness [mild], 2 = extending to middle third [moderate], 3 = extending to upper third 

[severe]), according to the literature.
11

 

 

Quantitative Real-Time Polymerase Chain Reaction 

During endoscopy at baseline and after PPI, 1 mucosal biopsy specimen from each patient 

was collected and immersed in RNA stabilization reagent (RNAlater; Qiagen, Hilden, 

Germany). Samples were stored overnight at 4°C and subsequently were stored at -80°C 

until analysis. Biopsy specimens were homogenized and total RNA was extracted using the 

RNeasy Micro Kit (Qiagen) according to the manufacturer's recommendations. The RNA 

concentration was assessed using the Nanodrop Spectrophotometer (Nanodrop 

Technologies, Wilmington, DE). Complementary DNA was synthesized using a reverse-

transcriptase reaction performed according to the MBI Fermentas complementary DNA 

synthesis kit (Fermentas, Vilnius, Lithuania), using both the Oligo(dT)18 and the D(N)6 

primers. Quantitative real-time polymerase chain reaction (PCR) was performed on the 

LightCycler 480 (Roche Diagnostic, Almere, The Netherlands) using SYBR Green PCR Master 

Mix (Roche Diagnostic) and primers from Invitrogen (Life Technologies Corporation, 

Carlsbad, CA) (Supplementary Table 1). For quantitative real-time PCR, samples were 

normalized for the mean of the 3 most stable housekeeping genes (cyclophilin, 

glyceraldehyde-3-phosphate dehydrogenase, and β-actin) as determined by analysis with 

geNorm method software (available at: http://medgen.ugent.be/∼jvdesomp/genorm/). 

Transcript levels of interleukin (IL)5, IL13, eotaxin-3 (CCL26), periostin (POSTN), filaggrin 

(FLG), and thymic stromal lymphopoietin were determined in duplicate. 

 

Statistical analysis 

Continuous data were expressed as medians (interquartile range [IQR]). Differences 

between 2 or more groups were calculated with the Kruskal-Wallis test, with Bonferroni post 

hoc correction for multiple testing. Patient groups were compared using the Mann-Whitney 

U test or the Wilcoxon signed rank test where appropriate. Proportions were compared 

using the chi-square test, the Fisher exact test, or the McNemar test where appropriate. 

Correlations were calculated using the Spearman correlation coefficient. We considered a P 

value less than 0.05 to be significant. 
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Results 

Patients vs Controls 

Subject characteristics  

We consecutively included 16 patients (13 men) with suspected EoE, and 11 controls (7 

men). No patients were excluded or dropped out after enrolment in the study. The median 

age at first endoscopy was 42 years (IQR, 32-46 y) for patients and 35 years (IQR, 29-53 y) for 

controls (P=0.6). None of the controls had abnormalities on endoscopy. Based on peak 

eosinophil counts after PPI, 8 patients (6 men) were classified as PPI-REE (range, 0-10 

eos/hpf), and 8 patients (7 men) were classified as EoE patients (range, 19-100 eos/hpf). 

 

Esophageal mucosal integrity and intercellular spaces  

The distributions of the extracellular impedance (P<0.001), TER (P<0.001), fluorescein flux 

(P=0.001), and intercellular spaces (P=0.003) were significantly different between PPI-REE 

and EoE patients and healthy controls. Post hoc analysis showed that the extracellular 

impedance was significantly lower in EoE (2014 Ω•m; 1288-3963 Ω•m; P<0.001) and PPI-REE 

patients (3128 Ω•m; 1869-5213 Ω•m; P=0.01) compared with controls (7707 Ω•m; 6146-

10,488 Ω•m; (Figure 2A). TER values also were lower in EoE (31.3 Ω•m; 25.4-41.8 Ω•cm2; 

P<0.001) and borderline lower in PPI-REE patients (42.7 Ω•m; 34.1-62.4 Ω•cm2; P=0.06) 

than in controls (116.7 Ω•m; 90.3-126.4 Ω•cm2) (Figure 2B). Furthermore, compared with 

controls (345 nmol/cm2/h; 0-1451 nmol/cm2/h), the transepithelial flux of fluorescein 

molecules in the Ussing chambers was significantly increased in EoE patients (2974 

nmol/cm2/h; 2680-3362 nmol/cm2/h; P<0.001), but not in PPI-REE patients (1640 

nmol/cm2/h; 1-2424 nmol/cm2/h; P=0.8) (Figure 2C). 

 
Figure 2. A) Extracellular impedance, B) TER, C) fluorescein flux, and D) intercellular space show impaired 

mucosal integrity in PPI-REE patients and EoE patients compared with controls. Black bars indicate medians. 
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At baseline, intercellular spaces were evaluated in all EoE patients, in 7 PPI-REE patients, and 

in 6 controls. Samples of 1 PPI-REE patient and 5 control subjects unfortunately were lost as 

a result of a technical problem during sample processing. The intercellular space was 

significantly larger in EoE (0.34; 0.32-0.45; P=0.008) and PPI-REE patients (0.37; 0.33-0.42; 

P=0.007) than in controls (0.14; 0.11-0.23) (Figure 2D). 

 

Effect of Proton Pump Inhibitor 

Esophageal mucosal integrity and intercellular spaces  

In PPI-REE patients (Figure 3), the extracellular impedance increased significantly from 3128 

Ω•m (1869-5213 Ω•m) to 6848 Ω•m (5761-9363 Ω•m) (P=0.01) after PPI, and was no longer 

different from healthy control values (P=0.6). The TER increased from 42.7 Ω•m (34.1-62.4 

Ω•m) to 100.0 Ω•m (68.8-121.9 Ω•m; P=0.004), and was not different from healthy control 

values (P = 1.0). The transepithelial flux of the small fluorescein molecules decreased from 

1640 nmol/cm2/h (1-2424 nmol/cm2/h) to 255 nmol/cm2/h (39-628 nmol/cm2/h), although 

not significantly (P=0.06), and was not different from healthy control values (P = 1.0). 

Moreover, the flux of the larger, food allergen-sized rhodamine molecules decreased 

significantly from 22 nmol/cm2/h (0-38 nmol/cm2/h) to 0 nmol/cm2/h (0-0 nmol/cm2/h; 

P=0.046). The intercellular space remained unchanged, being 0.37 (0.33-0.42) at baseline 

and 0.33 (0.27-0.38) after PPI (P=0.1). 

 

 

Figure 3. A) Extracellular impedance, B) TER, C) fluorescein flux, D) rhodamine flux, and E) intercellular space in 

PPI-REE patients after PPI. Black bars indicate medians. 
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Histopathology  

PPI reduced peak eosinophil counts in the distal esophagus, midesophagus, and proximal 

esophagus in PPI-REE patients, whereas in EoE patients no effect of PPI on eosinophil counts 

was observed (Supplementary Table 2). No differences were found in the baseline eosinophil 

counts of the distal esophagus, midesophagus, and proximal esophagus between PPI-REE 

and EoE patients (distal esophagus, P=0.1; midesophagus, P=0.4; proximal esophagus, 

P=0.1). However, after PPI, eosinophil counts were significantly lower at all esophageal levels 

in PPI-REE patients than in EoE patients (distal esophagus, P=0.001; midesophagus, P=0.002; 

proximal esophagus, P<0.001). 

In PPI-REE patients, the peak mast cell count in the distal esophagus also was decreased 

after PPI, although significance was not reached (from 19.5 mast cells per high-power field 

[mcs/hpf]; 10.0-36.5 mcs/hpf to 10.5 mcs/hpf; 4.0-20.8 mcs/hpf; P=0.07). Peak mast cell 

counts were not affected by PPI in the midesophagus (from 8.5 mcs/hpf; 5.0-28.8 mcs/hpf to 

6.5 mcs/hpf; 6.0-11.3 mcs/hpf; P=0.2) and proximal esophagus (from 9.5 mcs/hpf; 3.3-22.3 

mcs/hpf to 8.0 mcs/hpf; 4.8-13.5 mcs/hpf; P=0.4) of PPI-REE patients. In EoE patients, PPIs 

did not affect peak mast cell counts in the distal esophagus, midesophagus, and proximal 

esophagus (distal from 32.5 mcs/hpf; 12.0-48.8 mcs/hpf to 23.0 mcs/hpf; 11.5-29.3 mcs/hpf, 

P=0.3; midesophagus from 16.0 mcs/hpf; 4.5-24.3 mcs/hpf to 15.0 mcs/hpf; 2.5-44.5 

mcs/hpf; P=0.7; proximal from 21.5 mcs/hpf; 14.3-36.3 mcs/hpf to 23.5 mcs/hpf; 7.8-32.5 

mcs/hpf; P=0.6). 

At baseline, eosinophilic microabscesses were present in 4 PPI-REE patients and in all EoE 

patients (P=0.08). After PPI, eosinophilic microabscesses were not seen in PPI-REE patients, 

whereas they were found in 6 EoE patients (P=0.007). In more EoE patients than PPI-REE 

patients, moderate to severe basal hyperplasia was observed at baseline (8 vs 5; P=0.2) and 

after PPI (6 vs 1; P=0.04). Basal hyperplasia was not altered significantly by PPI treatment in 

either PPI-REE patients or EoE patients (P=0.1 and P=0.5, respectively). Spongiosis was 

moderate to severe in more EoE patients than PPI-REE patients at baseline (7 vs 3; P=0.1) 

and after PPI (7 vs 1; P=0.01). The degree of spongiosis remained unchanged in PPI-REE 

patients (P=0.5) and EoE patients (P = 1.0) after PPI. 

 

Cytokine expression 

Analyses of the biopsy gene expression patterns (Supplementary Table 3) showed no 

differences in baseline allergic cytokine expression between PPI-REE and EoE patients. In PPI-

REE patients, the median expression of IL5, CCL26, and POSTN decreased after PPI. PPI 

treatment also caused an increase in the expression of FLG transcript. Esophageal expression 

levels of IL13 and thymic stromal lymphopoietin were unaffected by PPI. In EoE patients, FLG 

expression increased after PPI, whereas expression of inflammatory genes was not affected 

by PPI. After PPI, PPI-REE patients expressed significantly lower levels of CCL26 and POSTN 

than EoE patients. 
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Histologic response to treatment correlates with esophageal integrity 

Peak eosinophil counts after PPI therapy correlated with the extracellular impedance  

(r=-0.54; P=0.03), the TER (r=-0.68; P=0.004) the flux of fluorescein molecules (r=0.79; 

P<0.001), and the flux of rhodamine molecules (r=0.736; P=0.001). Accordingly, peak mast 

cell counts after PPI therapy correlated with the extracellular impedance (r=-0.82; P<0.001), 

the flux of fluorescein molecules (r=0.61; P=0.01), and the flux of rhodamine molecules 

(r=0.62; P=0.01). In vivo and in vitro esophageal mucosal integrity measurements thus were 

correlated moderately to strongly with esophageal inflammation. Furthermore, the 

expression of FLG correlated with the TER (r=0.78; P<0.001), the flux of fluorescein 

molecules (r=-0.75; P<0.001), and rhodamine molecules (r=-0.58; P=0.02). 

 

Discussion 

This study investigated the esophageal mucosal integrity in patients with PPI-REE and EoE. 

By using structural and functional measurements we found that the esophageal mucosal 

integrity was impaired, to a similar extent, in patients with PPI-REE and EoE. Furthermore, 

acid suppression with PPIs partially restored mucosal integrity parameters and decreased 

inflammation in patients with PPI-REE, but not in patients with EoE. 

In this study, we showed passage of molecules that were 40,000 daltons through the mucosa 

in EoE and PPI-REE patients. This size is similar to the size of most plant and animal food 

allergens to which EoE patients are sensitized.
14,15

 Our observations suggest that increased 

permeability of the esophageal mucosa could play an important role in the presentation of 

allergens to the immune system in EoE and PPI-REE. 

Of importance for this study is the distinction between EoE and PPI-REE. Current guideline 

recommendations state that the diagnosis of EoE should be reserved for patients with 

symptoms related to esophageal dysfunction, with esophageal eosinophilia, who have an 

inadequate response to PPIs.
5
 Patients with suspected EoE who do respond to PPIs are 

diagnosed with PPI-REE, a condition that is considered distinct from EoE.4 In concordance 

with EoE guidelines, a threshold of 15 eos/hpf after PPI is used to distinguish both entities.
4,5

 

In our study, we set the threshold at 10 eos/hpf after PPI, although no patients were in the 

range of 10 to 15 eos/hpf. 

It is unknown why PPI-REE patients do and EoE patients do not respond to PPI.
6
 We found 

that allergic inflammatory cytokines were expressed to the same extent in EoE and PPI-REE 

patients, suggesting that these entities reflect one and the same disease. Symptoms, 

endoscopic signs, peak eosinophil counts, and mast cell counts were not different between 

EoE and PPI-REE patients, and the esophageal mucosal integrity was impaired to a similar 

extent. It has been suggested that patients with PPI-REE have a less severe variant of EoE. In 

support of this, more EoE patients than PPI-REE patients had eosinophilic microabscesses, 

severe basal hyperplasia, and severe spongiosis at baseline in our study. However, as stated, 

no differences were found in clinical characteristics. The different response to PPI between 

EoE and PPI-REE patients thus might be explained by other factors than disease severity.  
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Recently, it also has been suggested that gastroesophageal reflux contributes to PPI-REE by 

causing esophageal integrity changes and that this is why PPI-REE patients respond to PPI.
6
 

Indeed, in our study, we showed that in PPI-REE patients the esophageal mucosal integrity 

was impaired and that the integrity partially was restored with PPI. The restored integrity 

may provide an effective barrier against the permeation of allergens and subsequently may 

block allergen exposure to antigen-presenting cells, thereby prohibiting immune activation. 

The observed effect of acid suppression with high-dose PPIs on the mucosal integrity in PPI-

REE patients supports the hypothesis that acid reflux contributes to the impaired epithelial 

barrier function in PPI-REE. Alternatively, it also is possible that restoration of the mucosal 

integrity is the result of a direct anti-inflammatory effect of PPIs on the esophageal 

epithelium. Unfortunately, pretreatment predictive factors for PPI response have not been 

identified yet, either in in vitro studies or in pH-monitoring studies. 

An alternative cause of impaired mucosal integrity could be that the intrinsic inflammatory 

cytokines and cytotoxic eosinophil and mast cell secretory products that are present in the 

esophagus of EoE and PPI-REE patients impair the mucosal integrity, similar to mechanisms 

in asthma and atopic dermatitis.
16,17

 The loss of desmoglein-1, an intercellular adhesion 

molecule that is altered in various skin disorders, may potentiate this allergic inflammation 

through the induction of proinflammatory mediators such as POSTN.
18

 The observation that 

EoE patients did not respond to a PPI suggests that gastroesophageal reflux does not play a 

role in EoE patients, and favors this second explanation for the impaired mucosal integrity in 

EoE. Furthermore, the strongly decreased expression of FLG, previously described in EoE, 

increased after PPI in PPI-REE but not in EoE patients.
19

 The finding that FLG expression also 

correlated inversely with the permeability to allergen-sized molecules suggests that down-

regulation of FLG also may contribute to the observed epithelial barrier dysfunction. 

In conclusion, the esophageal mucosal integrity is severely impaired in patients with PPI-REE 

and in patients with EoE. This finding could be of pathophysiological importance because 

increased permeability may facilitate transepithelial food allergen flux. Furthermore, the 

finding that histologic response correlates with improved esophageal barrier integrity 

suggests that barrier integrity is a potential therapeutic target. The observation that PPI 

partially improves the esophageal mucosal integrity in PPI-REE patients but not in EoE 

patients may indicate a role for acid reflux in PPI-REE but not in EoE.  
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Supplementary Table 1. Gene function and gene-specific primers for RTPCR 

Gene Primer Sequence 
Protein 

encoded 
Protein role in EoE 

2
 

IL5 

forward 5´-cgaactctgctgatagccaa-3’ 

IL-5 

Attracts eosinophils 

reverse 5´-cagtacccccttgcacagtt-3’ 
Regulates response of eosinophils 

to eotaxin-3 

IL13 

forward 5’-ggtcaacatcacccagaacc-3’ 

IL-13 

Induces eotaxin-3 production by 

epithelial cells 

reverse 5’-gattccagggctgcacagta-3’ 
Downregulates filaggrin expression 

Upregulates periostin expression 

CCL26 
forward 5’-aactccgaaacaattgtactcagctg-3’ 

Eotaxin-3 Attracts and activates eosinophils 
reverse 5’-gtaactctgggaggaaacaccctctcc-3’ 

POSTN 
forward 5’-ttcaacagattttgggcacc-3’ 

Periostin 

Involved in eosinophil 

accumulation and cell adhesion 

reverse 5’-cagcctttcattccttccat-3’ Induced in remodeling 

FLG 
forward 5’-accatcttggatctgcttgg-3’ 

Filaggrin 
Important for epithelial barrier 

function reverse 5’-ctgtgtgacgagtgcctgat-3’ 

TSLP 
forward 5’-tcgccatgaaaactaaggct-3’ 

TSLP 
Induces TH2-inflammation and 

allergic diseases reverse 5’-tctcctcttcttcattgcctg-3’ 

     

HKG Primer sequence   

Cyclophilin 
forward 5’-gccgaggaaaaccgtgtact-3’   

reverse 5’-acttcttggtatccaggccc-3’   

GAPDH 
forward 5’-gagtcaacggatttggtcgt-3’   

reverse 5’-ttgattttggagggatctcg-3’   

β-actin 
forward 5′-gtcagaaggattcctatgtgg-3’   

reverse 5′-gctcattgccaatggtgatg-3’   

HKG: housekeeping gene; RTPCR: real-time polymerase chain reaction; TSLP: thymic stromal lymphopoietin. 

 

 

Supplementary Table 2. Eosinophil counts in PPI-REE patients and EoE patients 

Patient group Localization 

Peak eosinophil count, eos/hpf 

p-value Baseline After PPI 

PPI-REE, median (IQR) Proximal 17.5 (0.5-71.3) 1.0 (0.3-3.0) 0.03 

 Mid 31.0 (1.0-80.0) 1.0 (0.0-1.8) 0.03 

 Distal 30.0 (3.0-68.8) 1.0 (0.0-1.8) 0.04 

EoE, median (IQR) Proximal 47.5 (25.8-107.5) 36.0 (6.8-57.5) 0.2 

 Mid 60.0 (42.5-70.0) 52.5 (35.8-68.8) 0.4 

 Distal 55.0 (41.3-92.5) 52.5 (23.3-83.8) 0.4 
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Supplementary Table 3. Gene expression at baseline and after PPI in PPI-REE patients and 

EoE patients 

Patient group Gene Baseline After PPI p-value 

PPI-REE,  

median (IQR) 

IL5 1.0*10
-2

 (6.6*10
-3

-1.4*10
-2

) 6.4*10
-3

 (0.0*10
0
-1.5*10

-2
) 0.03 

IL13 2.5*10
-3 

(1.2*10
-3

-3.8*10
-3

) 6.3*10
-4

 (0.0*10
0
-3.4*10

-3
) 0.07 

CCL26 1.0*10
2
 (5.5*10

1
-1.8*10

2
) 1.2*10

2
 (2.8*10

1
-1.8*10

2
) 0.03 

POSTN 3.8*10
-1

 (2.8*10
-1

-2.3*10
0
) 4.8*10

-1
 (8.6*10

-2
-1.1*10

0
) 0.04 

FLG 1.1*10
-2

 (4.8*10
-3

-3.8*10
-2

) 1.1*10
-1

 (2.7*10
-2

-1.9*10
-1

) 0.04 

TSLP 6.1*10
-2

 (4.9*10
-2

-1.3*10
-1

) 6.8*10
-2

 (3.3*10
-2

-8.3*10
-2

) 0.4 

EoE,  

median (IQR) 

IL5 5.3*10
-3

 (6.4*10
-4

-2.1*10
-2

) 0.0*10
0
 (0.0*10

0
-8.9*10

-4
) 0.5 

IL13 3.7*10
-4

 (0.0*10
0
-2.1*10

-3
) 0.0*10

0
 (0.0*10

0
-7.7*10

-4
) 0.2 

CCL26 1.2*10
2
 (1.0*10

1
-2.9*10

2
) 1.0*10

1
 (5.4*10

0
-2.2*10

1
) 1.0 

POSTN 2.8*10
-1

 (2.3*10
-2

-1.2*10
0
) 6.2*10

-2
 (7.5*10

-3
-1.4*10

-1
) 0.3 

FLG 2.1*10
-2

 (1.6*10
-2

-3.0*10
-1

) 4.6*10
-1

 (1.1*10
-1

-9.3*10
-1

) 0.02 

TSLP 6.4*10
-2

 (4.2*10
-2

-8.3*10
-2

) 9.0*10
-2

 (3.6*10
-2

-1.2*10
-1

) 0.8 

Baseline cytokine expression levels were not significantly different between PPI-REE and EoE patients. After 

PPI, PPI-REE patients had significantly lower levels of CCL26 (p=0.01) and POSTN (p=0.03). 
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Abstract 

Objective: The oesophageal mucosal integrity is impaired in patients with eosinophilic 

oesophagitis (EoO). We aimed to evaluate the effect of fluticasone propionate on functional 

and structural markers of oesophageal mucosal barrier integrity in adult patients with EoO.  

Design: We included 15 (5 female) EoO patients (median age (IQR), 43 (30-45) years). 

Patients underwent upper endoscopy before and after 8 weeks of swallowed fluticasone 

propionate 500 μg BID. Several established parameters of oesophageal mucosal barrier 

integrity were evaluated: during endoscopy we measured the electrical tissue impedance of 

the oesophagus, and using oesophageal biopsy specimens we evaluated the transepithelial 

electrical resistance (TER) and transepithelial molecule flux in Ussing chambers, as well as 

intercellular spaces. Eosinophil & mast cells counts were scored in oesophageal biopsy 

specimens, and expression of inflammatory cytokines and barrier integrity proteins was 

investigated using qPCR and immunohistochemistry. Oesophageal signs and symptoms were 

also scored. 

Results: Peak eosinophil and mast cell counts decreased significantly after fluticasone 

propionate treatment. The oesophageal mucosal integrity increased substantially after 

treatment, as shown by increased extracellular impedance and TER (both p<0.01). In line, 

the transepithelial molecule flux in Ussing chambers decreased after treatment (p<0.05). 

Whereas expression of genes encoding for inflammatory cytokines (IL-5, IL-13, eotaxin-3, 

periostin, TSLP) decreased after treatment, expression of genes encoding for barrier integrity 

proteins (filaggrin and desmoglein-1) increased. 

Conclusion: Fluticasone propionate treatment decreases eosinophilic inflammation and 

improves the oesophageal mucosal barrier integrity in adult EoO patients. Normalization of 

gene expression of desmoglein-1 and filaggrin correlates with improvement of the mucosal 

barrier integrity.  
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Introduction 

Eosinophilic oesophagitis (EoO) is a rapidly emerging disorder clinically characterized by 

dysphagia and food impaction.
1,2

 The pathophysiology of EoO is not completely known, 

although EoO is considered an atopic disease, and food allergens seem to play a pivotal 

role.
2-4

 EoO shows pathophysiological similarities with other atopic diseases such as atopic 

dermatitis (AD) and asthma. In AD and asthma, loss-of-function mutations in the filaggrin 

gene (FLG) are thought to contribute to an impaired epithelial barrier integrity, which is 

thought to cause increased allergen exposure.
5,6

 In patients with active EoO, gene expression 

of filaggrin is substantially reduced by IL-13, supporting the idea that impairment in barrier 

integrity may contribute to the development of EoO as well.
7
  

Very recently, impaired mucosal barrier integrity has emerged as an important factor in the 

pathophysiology of EoO. On the basis of a series of experiments, Sherrill et al. concluded 

that downregulation of DSG1 by IL-13 impairs the oesophageal mucosal barrier integrity and 

increases inflammation.
8
 Another study demonstrated that in EoO patients treated with 

fluticasone propionate, on a protein level, filaggrin expression was higher than in untreated 

patients.
9
 Using several established techniques, we have previously shown that the 

oesophageal mucosal barrier integrity is functionally and structurally impaired in patients 

with EoO compared with healthy controls.
10

 In patients with histological response to proton 

pump inhibitors, recently identified as having PPI-responsive oesophageal eosinophilia (PPI-

ROE),
11,12

 improvement of the mucosal integrity paralleled the histological response to PPIs, 

whereas in patients that did not respond to PPIs the mucosal integrity remained impaired.
10

 

Taken together, these data suggest that in order to achieve histological remission it might be 

necessary to restore the oesophageal mucosal integrity in patients with EoO. However, the 

effect of adequate treatment on the oesophageal mucosal barrier integrity has never been 

evaluated longitudinally in EoO patients.
13

 

We hypothesized that in EoO patients, a decrease in oesophageal eosinophilic inflammation 

would be associated with improvement of the oesophageal mucosal integrity. Using several 

techniques, we aimed to evaluate oesophageal mucosal inflammation and barrier integrity in 

adult patients with EoO before and after fluticasone propionate treatment. 

 

Methods 

Study subjects 

In this prospective study, we included 15 adult patients with EoO (>15 eosinophils/high-

power field (hpf), predominant symptoms of dysphagia and/or food impaction, endoscopic 

signs of EoO, and no response to PPI).
2
 Patients were consecutively recruited from the 

outpatient clinic of the Academic Medical Center. None of the study subjects had other 

oesophageal disease or had undergone surgery of the digestive tract. Each study subject 

gave written informed consent and the study protocol was approved by the Medical Ethics 

Committee of our institution.  
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Study protocol 

After inclusion, patients were scheduled for upper endoscopy. Endoscopy was repeated 

after 8 weeks of treatment with swallowed fluticasone propionate 500 μg BID. Patients were 

not allowed to receive dietary, acid-suppressive or anti-inflammatory treatments from 8 

weeks before the first endoscopy until the end of the study.  

 

Upper endoscopy 

After routine inspection of the duodenum and stomach, endoscopic pictures were taken of 

the oesophagus for assessment of endoscopic signs of EoO. Following this, electrical tissue 

impedance spectroscopy measurements were performed, and biopsy specimens were 

obtained for the evaluation of functional mucosal integrity in Ussing chambers, dilation of 

intercellular spaces, eosinophil and mast cell counts, and gene expression profiling. 

To assess endoscopic signs of EoO, a physician blinded to the status of the patient scored the 

endoscopic images for presence of concentric rings, white exudates, linear furrows, 

strictures, oedema, and a crepe paper oesophagus. Total scores were compared before and 

after treatment.  

 

Assessment of oesophageal mucosal integrity  

In vivo and in vitro parameters of oesophageal mucosal integrity were measured as 

previously described.
10,14

 Briefly, electrical tissue impedance spectroscopy was performed at 

5 cm proximal to the gastro-oesophageal junction. Four biopsy specimens taken at the same 

level with a large biopsy forceps (diameter 3.7 mm), were transferred immediately after 

endoscopy to Ussing chambers to assess the transepithelial electrical resistance (TER) of the 

mucosa and the transepithelial flux of molecules of different sizes (fluorescein, 0.3 kDa; 

rhodamine, 40 kDa) through the mucosa. As a structural marker of oesophageal mucosal 

integrity, the space between individual oesophageal epithelial cells was measured. The 

electron microscopy lab technician was blinded to the status of the biopsy specimen and 

selected 10 random photos of each specimen at the basal prickle layer (magnification 

4600x). The surface of the intercellular space and total image surface were determined, and 

by dividing the intercellular space surface through the total image surface we calculated a 

detailed intercellular space proportion.
14

 

 

Histopathological analysis 

For histopathological analysis, two biopsy specimens were taken at the distal (5 cm above 

the gastro-oesophageal junction), mid (10-15 cm above the gastro-oesophageal junction), 

and proximal oesophagus (5 cm below the upper oesophageal sphincter). Biopsy specimens 

were stained with H&E and tryptase for analysis of eosinophil and mast cell counts, 

respectively. An experienced gastrointestinal pathologist blinded to the biopsy location and 

treatment status of the patient analysed the specimens in random order, using an Olympus 

BX41 microscope. In each biopsy, the area of greatest eosinophil density was detected at 
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low-power view. Using a 400x magnification (1 hpf) the peak eosinophil count was 

determined. Mast cells were analysed accordingly. Several other histopathological features 

were also evaluated: the presence of eosinophilic microabscesses (defined as clusters of ≥4 

eosinophils) at high power field; basal hyperplasia at low-power field (0 = absent; 1 = to 

lower third of total epithelial thickness (mild); 2 = to middle third (moderate); 3 = to upper 

third (severe); and spongiosis at low-power field (scored similar to basal hyperplasia).
15

 

 

Quantitative real-time PCR 

During each endoscopy, one oesophageal mucosal biopsy specimen from each patient was 

collected and immersed in RNA stabilization reagent (RNAlater, Qiagen). Samples were left 

overnight at 4°C, and subsequently stored at -80°C until analysis. Biopsy specimens were 

homogenized and total RNA was extracted using RNeasy Micro Kit (Qiagen) according to the 

manufacturer’s recommendations. The concentration of RNA was assessed by means of the 

Nanodrop Spectrophotometer (Nanodrop Technologies, Wilmington, DE). cDNA was 

synthesized by making use of a reverse transcriptase reaction which was performed 

according to the MBI Fermentas cDNA synthesis kit (Fermentas, Vilnius, Lithuania), using 

both the Oligo(dT)18 and the D(N)6 primers. Quantitative real time RTPCR was performed on 

the LightCycler 480 (Roche Diagnostic, Almere, The Netherlands) using SYBR Green PCR 

Master Mix (Roche Diagnostic) and primers from Invitrogen (Table I). For quantitative real-

time PCR, samples were normalized for the mean of the three most stable housekeeping 

genes (GAPDH, ß-actin en 36B4) as determined by analysis with geNorm method software 

(http://medgen.ugent.be/~jvdesomp/genorm/). Transcript levels of IL5, IL13, CCL26 

(eotaxin-3), POSTN (periostin), TSLP (thymic stromal lymphopoetin), FLG (filaggrin), CASP14 

(caspase-14), and DSG1 (desmoglein-1) were determined in duplicate. 

 

Symptoms  

Before each endoscopy, the frequency and severity of dysphagia for liquids and solids was 

assessed using a six-graded Likert scale, where 0 represents “no dysphagia” and 5 

“daily”/”severe” dysphagia, analogous to the reflux disease questionnaire (RDQ).
16

 The RDQ 

was also filled out.  

 

Statistical analysis 

Statistical analysis was performed in SPSS Statistics version 22 (IBM Corporation, Armonk, 

NY, USA). Continuous data are expressed as median with interquartile range (IQR). 

Continuous data before and after treatment were compared using Wilcoxon’s signed rank 

test; proportions were compared using McNemar’s test. Correlations were calculated using 

the Spearman correlation coefficient. Significance was set at p<0.05. 
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Results 

We included 15 patients (5 females) with EoO. Median age at first endoscopy was 43 (30-45) 

years, and the majority of patients (73%) was Caucasian. Atopic co-morbidity was reported 

by 60% of the patients: 40% food allergy, 40% allergic rhinitis, 13% asthma, and 13% atopic 

dermatitis. 

 

Histopathological response to fluticasone propionate treatment 

After treatment, pre-treatment peak eosinophil counts decreased to <15 eos/hpf in 10 of 15 

patients (67%), and on a group level peak eosinophil counts in the distal, mid and proximal 

oesophagus were all significantly reduced (Figure 1). A similar effect was seen on peak mast 

cell counts. Before treatment, eosinophilic microabscesses were present in 10 patients 

(67%), whereas after treatment, eosinophilic microabscesses were seen in 4 patients (27%) 

(p=0.07). Thirteen patients (87%) had moderate to severe basal hyperplasia before 

treatment versus 2 patients (13%) after treatment (p<0.001). The number of patients with 

moderate to severe spongiosis also decreased after treatment, from 13 (87%) to 3 (20%) 

(p<0.01). 

 

 

 

 

 

 

 

Figure 1. Fluticasone 

propionate treatment 

reduced peak eosinophil 

(A, B, and C) and mast 

cell (D, E, and F) counts 

in the proximal, mid and 

distal oesophagus of EoO 

patients. Dotted lines 

indicate group medians. 

Shaded areas indicate 

remission (<15 eos/hpf). 
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Oesophageal mucosal integrity 

The extracellular impedance increased significantly from 2574 (1761-4285) Ω•m to 6618 

(5040-9444) Ω•m (p<0.01) after treatment (Figure 2). The TER increased from 34.4 (28.7-

43.3) to 64.3 (42.5-87.7) Ω•cm2 (p<0.01). Accordingly, the mucosal permeability measured 

by the transepithelial flux of 0.3 kDa fluorescein molecules and 40 kDa rhodamine molecules 

decreased from 2768 (2091-3300) nmol/cm2/h to 693 (0-2589) nmol/cm2/h, and from 8 (1-

21) nmol/cm2/h to 0 (0-2) nmol/cm2/h after treatment, respectively (both p<0.05). The 

median intercellular space proportion before treatment (0.40 (0.31-0.43) was not affected 

by treatment (0.35 (0.29-0.41), p=0.3). 

 

 

Figure 2. Fluticasone propionate treatment significantly improved the oesophageal mucosal integrity. A) The 

extracellular impedance and B) transepithelial resistance of the oesophageal mucosa increased significantly, 

whereas the transepithelial flux of C) fluorescein molecules (size 0.3 kDa) and D) rhodamine molecules (size 40 

kDa) through the oesophageal mucosa decreased significantly. Dotted lines indicate group medians. 
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Cytokine expression 

The pre-treatment expression of inflammatory cytokines (IL5, IL13, CCL26, POSTN, and TSLP) 

decreased significantly after treatment, whereas the expression of barrier integrity proteins 

(FLG and DSG1) increased significantly (Figure 3). CASP14 was absent in the majority of EoO 

patients, and was detected in very low amounts in 4 patients. 

 

 

Figure 3. Fluticasone propionate treatment significantly decreased the expression of genes encoding 

inflammatory cytokines A) IL5, B) IL13, C) CCL26 (eotaxin-3), D) POSTN (periostin), and E) TSLP (thymic  

stromal lymphopoietin). F) CASP14 (caspase-14) was not detectable in most EoO patients before and  

after treatment. The expression of genes encoding proteins important for maintaining mucosal  

barrier integrity G) DSG1 (desmoglein-1) and H) FLG (filaggrin) increased significantly after  

fluticasone propionate treatment. Dotted lines indicate group medians. 
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Filaggrin and desmoglein-1 expression correlate with markers of inflammation and barrier 

integrity 

After treatment, FLG and DSG1 expression were significantly correlated with markers of 

inflammation: the peak eosinophil count (r=-0.57 and r=-0.54, respectively; both p<0.05), IL5 

expression (r=-0.54 and r=-0.56, respectively; both p<0.05), CCL26 expression (r=-0.61 and 

r=-0.62, respectively; both p<0.05), and POSTN expression (r=-0.84 and r=-0.67, respectively; 

both p<0.05). FLG and DSG1 expression were also correlated with the transepithelial 

resistance of the oesophageal mucosa (r=0.60 and r=0.55, respectively; both p<0.05).  

Symptoms and endoscopic signs 

The frequency score of dysphagia decreased from 4 (0-10) to 0 (0-3) (p<0.05) after 

treatment, and the severity score decreased from 5 (0-7) to 1 (0-6) (p<0.05). RDQ total 

scores decreased (from 11 (4-16) to 3 (0-10), p<0.01). The total number of endoscopic signs 

decreased after treatment (from 4 (2-4) to 2 (1-4), p<0.05). 

 

Discussion 

In this study, we longitudinally evaluated the oesophageal mucosal barrier integrity in adult 

patients with EoO before and after treatment. We have previously demonstrated structural 

and functional impairments of the oesophageal mucosal barrier integrity in EoO patients. In 

the present study we demonstrated that in adult EoO patients, fluticasone propionate 

treatment improves the oesophageal mucosal barrier integrity and decreases the 

transepithelial passage of molecules with the size of common allergens. Improvement of the 

oesophageal mucosal barrier integrity paralleled the decrease in oesophageal eosinophilic 

inflammation in response to treatment. Furthermore, gene expression of inflammatory 

cytokines decreased significantly after treatment, whereas the expression of genes encoding 

for barrier integrity proteins (FLG and DSG1) increased significantly. 

We have previously shown that the oesophageal mucosal barrier integrity is impaired in 

patients with EoO and in patients with PPI-ROE.
10

 In that study, we observed that in patients 

with PPI-ROE histological response to PPI treatment was associated with improvement of 

the oesophageal mucosal barrier integrity. In EoO patients, PPIs do not improve the impaired 

oesophageal mucosal integrity, which perhaps is not surprising since the magnitude of 

gastro-oesophageal reflux is not increased.
10,17

 However, similar to the effect of PPIs in 

patients with PPI-ROE, we now found that in adult EoO patients, improvement of the 

oesophageal mucosal barrier integrity in response to fluticasone propionate treatment 

paralleled the decrease of oesophageal inflammation. Therefore, it seems plausible that at 

least part of the barrier integrity impairments in EoO could be caused by intrinsic 

inflammatory cytokines and cytotoxic eosinophil and mast cell secretory products, similar to 

the mechanisms in asthma and atopic dermatitis.
18,19

  

Filaggrin expression is downregulated by IL-13 in active EoO, but its expression normalizes in 

adequately treated disease.
7
 Recent studies have identified filaggrin and desmoglein-1 as 

important regulators of mucosal barrier integrity in EoO.
8,9

 In the skin, loss of filaggrin causes 
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increased water loss.
20

 Genetic studies in atopic dermatitis strongly suggest that decreased 

filaggrin expression impairs skin barrier function and leads to increased percutaneous 

permeation of allergens.
21

 Downregulation of filaggrin could play a similar role in the 

pathophysiology of EoO, since the oesophagus is frequently exposed to food allergens as 

well as swallowed environmental allergens. In active EoO, the strongly decreased gene 

expression of desmoglein-1may also potentiate allergic inflammation.
8,22

 Desmoglein-1 is a 

component of desmosomes, which have a crucial role in maintaining epithelial barrier 

integrity. Desmoglein-1 downregulation has a central role in the pathophysiology of several 

skin diseases and SAM syndrome, in which patients suffer from severe skin dermatitis, 

multiple allergies and metabolic wasting.
23,24

  

In our study, gene expression of FLG and DSG1 increased significantly after fluticasone 

propionate treatment, while the expression of inflammatory cytokines decreased. 

Furthermore, FLG and DSG1 expression were negatively correlated with markers of 

oesophageal inflammation (peak eosinophil count, and expression of IL5, CCL26, POSTN) and 

were positively correlated with the transepithelial resistance of the oesophageal mucosa, 

which is a functional measure of the oesophageal mucosal barrier integrity. This suggests 

that normalization of gene expression is linked to normalization of functional barrier 

integrity. These results further corroborate the importance of filaggrin and desmoglein-1 in 

the pathophysiology of EoO. 

We also measured the expression of CASP14 which encodes caspase-14, a protease that is 

required for filaggrin degradation to natural moisturizing factors in the skin.
25

 In patients 

with atopic dermatitis, active caspase-14 is downregulated in both laesional and non-

laesional skin.
26

 Given the similarities between atopic dermatitis and EoO, we hypothesised 

that caspase-14 would also be downregulated in EoO and might be increased after 

treatment. We found that caspase-14 was not detectable in most EoO patients before and 

after fluticasone propionate treatment.  

Our observations provide more evidence for the hypothesis that, in order to achieve 

histological remission in patients with EoO, restoration of the oesophageal mucosal integrity 

may be required. Given the limited treatment options for EoO, restoration of the 

oesophageal mucosal integrity may be an attractive novel therapeutic target. For instance, 

as in other oesophageal and atopic disease, application of topical agents on the oesophageal 

mucosa might theoretically protect or improve the mucosal barrier integrity in EoO.
27,28

 

In conclusion, fluticasone propionate treatment improves the impaired oesophageal 

mucosal barrier integrity in EoO patients and decreases the passage of molecules with the 

size of food and environmental allergens. In addition to previous research, our study 

endorses the role for impairment of the mucosal barrier integrity in the pathophysiology of 

EoO, and we confirm the importance of filaggrin and desmoglein-1 for maintaining 

oesophageal mucosal barrier integrity. 
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Abstract 

EoE patients show variable sensitization patterns to food and aeroallergens. The value of 

allergy testing in adult EoE patients is unclear. Component-resolved diagnosis (CRD) may 

offer additional insights into sensitization patterns. The aim of this study was to characterize 

sensitization patterns in adult EoE patients using CRD.  

Serum from 76 patients (17 female), age 38.6 ± 1.5 years, was analyzed for reactivity to 112 

different allergen components using an immune solid-phase allergen chip (ISAC). We 

observed any sensitization in 59 patients (78%), of which 54 patients were polysensitized.  

Aeroallergen sensitization, mostly against components of grass or tree pollen, or house dust 

mite, was observed in 74% of the patients. Birch pollen (rBet v 1) sensitization with cross-

reactivity to food allergen components was observed in 30 patients (39%).  

In conclusion, food sensitizations in EoE patients are mainly caused by cross-reactivity to 

food allergens after primary birch pollen sensitization. Pollen and food sensitizations may 

cause or maintain esophageal inflammation in EoE patients. CRD provides more insight into 

sensitization patterns, identifies additional food allergen sensitizations and might be useful 

to direct dietary therapy in EoE.  
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Introduction 

Studies using skin prick tests and atopy patch tests in adult eosinophilic esophagitis (EoE) 

patients show variable sensitization patterns to food and aeroallergens.
1-6

 The value of 

allergy testing as a means to direct dietary therapy in EoE patients is under debate.
7,8

 

Compared to SPT and APT, serum immunoglobulin (Ig)E CAP testing increases detection of 

food allergens in pediatric EoE.
9
 However, with all these tests, only a limited number of 

allergens can be tested, and sensitivity and specificity are often low.
10

 Protein microarrays 

have recently been introduced as promising tools for the simultaneous assessment of 

specific IgE antibodies against multiple recombinant or purified natural allergen components 

in serum, enabling component-resolved diagnostics (CRD). CRD has shown good analytical 

performance compared to serum IgE CAP testing.
11

 It enables discrimination between 

primary sensitization and cross-reactivity to allergens and provides patient-tailored results, 

and its microarray format enables testing for a large number of allergens.  

We hypothesized that CRD may offer additional insight into the sensitization patterns in EoE 

and aimed to characterize sensitization patterns in adult EoE patients using CRD. 

 

Methods 

Adults clinicopathologically diagnosed with EoE, visiting the outpatient clinic of the 

Gastroenterology Department of the Academic Medical Center, Amsterdam, the 

Netherlands, between October 2011 and April 2013, were consecutively enrolled, regardless 

of their atopic status.
12

 The study was approved by the medical ethics committee of our 

institution. At home, patients filled out a questionnaire evaluating the presence of atopic 

disorders and dysphagia in their personal or family history. All patients underwent vena 

puncture to obtain serum samples. Using ImmunoCAP ISAC, specific IgE antibodies against 

112 different food and aeroallergen components were measured according to the 

manufacturer’s recommendations (Phadia AB [at present Thermo Fisher Scientific] Uppsala, 

Sweden). Data are expressed as mean SEM. 

 

Results 

Patient characteristics 

We included 76 adult EoE patients, aged 38.6 ± 1.5 years, 59 (78%) male. Atopic 

characteristics are summarized in Table 1. Most patients (84%) reported at least one atopic 

disease in their medical history. Symptoms suggestive of oral allergy syndrome were 

reported by 28 patients (37%). One of the patients reported a history of systemic symptoms 

after peanut exposure. Current symptoms of dysphagia were reported by 95% of the 

patients, whereas 5% reported no current symptoms of dysphagia. A seasonal pattern in the 

presence of dysphagia was reported by 3% of the patients; no seasonal pattern in the degree 

of dysphagia was reported. 
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Table 1. Atopic characteristics of EoE patients 

Atopy N (%) 

Any atopic disease  64 (84.2) 

Asthma  28 (36.8) 

Allergic rhinitis 52 (68.4) 

Atopic dermatitis 24 (31.6) 

Food allergy 38 (50.0) 

Atopic family history 56 (73.7) 

- Asthma 26 (34.2) 

- Allergic rhinitis 45 (59.2) 

- Atopic dermatitis 15 (19.7) 

- Food allergy 17 (22.4) 

Sensitization patterns (CRD) N (%) 

Sensitized patients  59 (77.6) 

- Monosensitized 5 (6.6) 

- Polysensitized 54 (71.1) 

Aeroallergens 56 (73.7) 

Food allergens 36 (47.4) 

Primary food allergen sensitization 17 (22.4) 

Cross-reactivity to food allergens  30 (39.5) 

 

Sensitization patterns 

Sensitizations to 80 different components were found in 59 patients (78%) (Table 2). Five 

patients were monosensitized (1 to rBet v 1, 1 to nCyn d 1, 1 to nGly m 5, and 2 to rVes v 5), 

and 54 patients were polysensitized. Sensitization to more than one aeroallergen or food 

allergen was observed in 57 patients (75%). Patients were predominantly sensitized to 

molecules present in grass pollen, tree pollen, and house dust mite (Table 2). In total, 494 

sensitizations to aeroallergens were found in 56 patients (74%), with 8.8 ± 0.6 (range 1-22) 

sensitizations on average. 

We observed cross-reactivity to 3.7 ± 0.4 (range 1-9) food allergen components in 30 

patients (39% of all patients). All of these 30 patients were sensitized to birch pollen (rBet v 

1), and cross-reactivity occurred via PR-10 proteins to hazelnut (27/30), apple (23/30), peach 

(19/30), peanut (16/30), soybean (11/30), kiwifruit (2/30), and celery (4/30). Eight patients 

(11%) were sensitized to profilin proteins.  

Furthermore, in 17 patients (22%), sensitizations to food components capable of causing 

systemic reactions were found. In total, we observed 31 primary sensitizations to 21 

components of 11 different food allergens in these patients, with a mean of 1.8 ± 0.4 (range 

1-6) per sensitized patient. Patients were sensitized to hazelnut (rCor a 8), peach (rPru p 3), 

peanut (rAra h 1/2/3/6/9), soybean (nGly m 5), walnut (nJug r 1/2/3), cow’s milk (nBos d 

4/5/8/lactoferrin), kiwifruit (nAct d 2/5), buckwheat (nFag E 2), egg white (nGal d 1),cod 

(rGad c 1), and shrimp (nPen m 1). 
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Table 2. Sensitization patterns in adult EoE patients 

Allergen Molecules 
Patients,  

N (%) 

 
Allergen Molecules 

Patients,  

N (%) 

Aeroallergens  Aeroallergens 

Grass pollen  40 (52.6)  Mite  34 (44.7) 

- Bermuda grass nCyn d 1 31 (40.8)  

- House dust 

mite 

rBlo t 5 2 (2.6) 

- Timothy grass 

rPhl p 1 37 (48.7)  nDer f 1 22 (28.9) 

rPhl p 2 16 (21.1)  rDer f 2 27 (35.5) 

nPhl p 4 20 (26.3)  nDer p 1 22 (28.9) 

rPhl p 5 26 (34.2)  rDer p 2 27 (35.5) 

rPhl p 6 12 (15.8)  rDer p 10 1 (1.3) 

rPhl p 7 1 (1.3)  - Storage mite rLep d 2 6 (7.9) 

rPhl p 11 12 (15.8)  Food allergens 

rPhl p 12 6 (7.8)  Apple rMal d 1 
a
 23 (30.3) 

Tree pollen  39 (51.3)  
Hazelnut 

rCor a 1.0401 
a
 27 (35.5) 

- Alder rAln g 1
 

23 (30.3)  rCor a 8 
b
 1 (1.3) 

- Birch 

rBet v 1 32 (42.1)  
Peach 

rPru p 1 
a
 19 (25.0) 

rBet v 2 6 (7.8)  rPru p 3 
b
 2 (2.6) 

rBet v 4 1 (1.3)  

Peanut 

rAra h 1 
c
 1 (1.3) 

- Hazel pollen rCor a 1.0101 20 (26.3)  rAra h 2 
c
 2 (2.6) 

- Japanese ceder nCry j 1 1 (1.3)  rAra h 3 
c
 1 (1.3) 

- Cypress nCup a 1 3 (3.9)  rAra h 6 
c
 2 (2.6) 

- Olive 
nOle e 1 13 (17.1)  rAra h 8 

a
 16 (21.1) 

nOle e 7 2 (2.6)  rAra h 9 
b
 1 (1.3) 

- Plane tree 
nPla a 2 6 (7.9)  

Soybean 
rGly m 4 

a
 11 (14.5) 

nPla a 3 1 (1.3)  nGly m 5 
c 

1 (1.3) 

Weed pollen  9 (11.8)  

Walnut 

nJug r 1 
c
 1 (1.3) 

- Mugwort 
nArt v 1 2 (2.6)  nJug r 2 

c
 5 (6.6) 

nArt v 3 1 (1.3)  nJug r 3 
b
 2 (2.6) 

- Goosefoot rChe a 1 2 (2.6)  

Cow’s milk 

nBos d 4 2 (2.6) 

- Annual mercury rMer a 1 6 (7.9)  nBos d 5 2 (2.6) 

- Wall pellitory rPar j 2 2 (2.6)  nBos d 8 1 (1.3) 

Animal   29 (38.2)  nBos d Lactoferrin 1 (1.3) 

- Dog 

rCan f 1 12 (15.8)  

Kiwi 

nAct d 2 3 (3.9) 

rCan f 2 6 (7.9)  nAct d 5 1 (1.3) 

nCan f 3 4 (5.3)  nAct d 8 
a
 2 (2.6) 

rCan f 5 7 (9.2)  Celery rApi g 1 
a
 4 (5.3) 

- Horse 
rEqu c 1 6 (7.9)  Buckwheat nFag e 2 

c
 1 (1.3) 

rEqu c 3 3 (3.9)  Egg white nGal d 1 1 (1.3) 

- Cat 

rFel d 1 23 (30.3)  Cod rGad c 1 
d
 1 (1.3) 

nFel d 2 5 (6.6)  Shrimp nPen m 1 
e
 1 (1.3) 

rFel d 4 7 (9.2)  Cockroach nBla g 7 1 (1.3) 

- Mouse nMus m 1 7 (9.2)  Other 

Mold  10 (13.2)  Common wasp rVes v 5 5 (6.6) 

- Alternaria rAlt a 1 7 (9.2)  Paper wasp rPol d 5 1 (1.3) 

- Aspergillus 
rAsp f 1 2 (2.6)  Anisakis rAni s 3 

e
 1 (1.3) 

rAsp f 3 3 (3.9)  
Latex 

rHev b 6.01 1 (1.3) 

    rHev b 8 
f
 6 (7.9) 

    CCD nMUXF3 1 (1.3) 

Allergens containing 
a
 PR-10 proteins (Bet v 1-homologues),

 b
 PR-14 proteins (non-specific Lipid Transfer 

Proteins),
 c 

storage proteins, 
d 

parvalbumin, 
e 

tropomyosin, and 
f 
profilin. PR-10

 
and profilin proteins are 

sensitive to heat and digestion, whereas PR-14 proteins, storage proteins, parvalbumin and tropomyosin are 

stable to heat and digestion and often cause systemic reactions. 
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CRD vs history 

Food allergen sensitization assessed by CRD was not related to acute dysphagia after 

ingestion of that certain food. Symptoms suggestive of food allergies (oral allergy symptoms, 

anaphylaxis, eczema after food intake) were reported by 39 patients (Table 3). In 12 (31%) of 

these patients, sensitization against food allergens was not confirmed with CRD, while in 21 

(54%) of these patients, sensitization was confirmed by CRD. In 20 (51%) of the patients 

reporting food allergies, additional unreported sensitizations were identified by CRD. 

Absence of food allergies was reported by 37 patients and confirmed in 28 (76%) of these 

patients. In 9 (24%) of those 37 patients, we observed sensitization to one or more food 

allergen components. In total, in 29 (38%) of all 76 patients, sensitizations to 3.0 ± 0.4 (range 

1-9) additional food allergen components were found. 
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Table 3. Self-reported food allergies vs food allergen sensitizations observed with CRD in adult EoE patients 

Patient 

ID 

Age, 

yrs 
Sex 

Self-reported food 

allergens 

Sensitization pattern (CRD) Patient query vs CRD 

Primary food 

allergens, often 

causing systemic 

reaction 

Cross-reactive food allergens 

Self-reported 

food allergens 

not confirmed 

by CRD, N 

Self-reported 

food allergens 

confirmed by 

CRD, N 

Additional 

food allergen 

sensitizations 

by CRD, N 

1 32 M Shellfish - - 1 0 0 

2 46 M 
Almond, apple, cherry, 

pear, walnut 
Walnut 

Hazelnut, apple, peach, soybean, peanut, 

kiwifruit, celery 
3 2 6 

3 29 F - - 
Hazelnut, apple, peach, soybean, peanut, 

kiwifruit 
n.a. n.a. 6 

4 40 M - - - n.a. n.a. 0 

5 60 M - - - n.a. n.a. 0 

6 22 M 
Blackberry, egg, peanut, 

raspberry 
- - 4 0 0 

7 35 F Mussels - - 1 0 0 

8 23 M Apple, nuts, peanut - Hazelnut, apple, peach, peanut 0 3 1 

9 74 M - - - n.a. n.a. 0 

10 21 F Fruit, nuts, peanut Walnut Peach 1 2 0 

11 50 M Apple, nuts, peanut - 
Hazelnut, apple, peach, soybean, peanut, 

celery 
0 3 3 

12 43 F - - - n.a. n.a. 0 

13 58 F Egg - - 1 0 0 

14 40 M - - - n.a. n.a. 0 

15 29 M - - - n.a. n.a. 0 

16 53 M - - - n.a. n.a. 0 

17 26 F - - - n.a. n.a. 0 

18 60 M - Soybean - n.a. n.a. 1 

19 19 M - - Apple n.a. n.a. 1 

20 29 F Fruit, nuts, peanut - - 3 0 0 

21 29 M Apple, pear, walnut - Hazelnut, apple, peanut 2 1 2 

22 34 M - Walnut, kiwifruit Hazelnut, apple, peach, peanut n.a. n.a. 6 

23 47 F - - - n.a. n.a. 0 

24 62 F - - - n.a. n.a. 0 
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Table 3. Self-reported food allergies vs food allergen sensitizations observed with CRD in adult EoE patients (continued) 

Patient 

ID 

Age, 

yrs 
Sex 

Self-reported food 

allergens 

Sensitization pattern (CRD) Patient query vs CRD 

Primary food 

allergens, often 

causing systemic 

reaction 

Cross-reactive food allergens 

Self-reported 

food allergens 

not confirmed 

by CRD, N 

Self-reported 

food allergens 

confirmed by 

CRD, N 

Additional 

food allergen 

sensitizations 

by CRD, N 

25 42 F 

Almond, apple, carrot, 

hazelnut, kiwifruit, 

peach, pear 

Walnut Hazelnut, apple, peach 4 3 1 

26 21 M - Kiwifruit Hazelnut, apple, peach, soybean, peanut n.a. n.a. 6 

27 39 M 
Banana, cod/crab/fish, 

kiwifruit 

Cod, peanut, 

hazelnut, walnut, 

peach, shrimp 

Hazelnut, apple, peach, soybean, peanut, 

celery 
2 1 9 

28 42 M 

Almond, banana, 

cashewnut, hazelnut, 

kiwifruit, cow’s milk, 

melon, wheat 

Buckwheat, 

kiwifruit 
Hazelnut 5 3 0 

29 43 F - - - n.a. n.a. 0 

30 21 M Egg, kiwifruit Egg white - 1 1 0 

31 42 M 

Apple, avocado, 

banana, kiwifruit, 

peach, pork, whey, 

pickles 

- - 8 0 0 

32 34 F 

Almond, celery, 

cucumber, fruit, 

hazelnut, paprika, 

tomato, walnut 

- Hazelnut, apple, peach, peanut, celery 5 4 1 

33 21 M Nuts, peanut, peas Peanut - 2 1 0 

34 36 M 
Apple, kiwifruit, 

nectarine, pear, walnut 
- Hazelnut, apple, peach, peanut 4 1 3 

35 54 F Fish, cow’s milk - - 2 0 0 

36 41 M - - - n.a. n.a. 0 

37 65 M - - - n.a. n.a. 0 

38 29 F Apple - Hazelnut, apple, peach, soybean 0 1 3 

39 27 F - - - n.a. n.a. 0 

40 46 M - - - n.a. n.a. 0 
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Table 3. Self-reported food allergies vs food allergen sensitizations observed with CRD in adult EoE patients (continued) 

Patient 

ID 

Age, 

yrs 
Sex 

Self-reported food 

allergens 

Sensitization pattern (CRD) Patient query vs CRD 

Primary food 

allergens, often 

causing systemic 

reaction 

Cross-reactive food allergens 

Self-reported 

food allergens 

not confirmed 

by CRD, N 

Self-reported 

food allergens 

confirmed by 

CRD, N 

Additional 

food allergen 

sensitizations 

by CRD, N 

41 49 M 
Almond, apple, 

guacamole, papaya 
- Hazelnut, apple, peach 3 1 2 

42 44 M - - - n.a. n.a. 0 

43 36 M Hazelnut - Hazelnut 0 1 0 

44 26 M - - - n.a. n.a. 0 

45 57 M - - - n.a. n.a. 0 

46 50 M - - Hazelnut, peach n.a. n.a. 2 

47 32 M Apple, cheese Kiwifruit - 2 0 1 

48 29 F Pine nuts, rocket - - 2 0 0 

49 46 M Nuts, high yeast beer - Hazelnut 1 1 0 

50 43 M Kiwifruit, strawberry Walnut - 2 0 1 

51 34 M - Walnut Hazelnut, apple, peach, peanut n.a. n.a. 5 

52 45 M - - - n.a. n.a. 0 

53 32 M Melon, fish, walnut - Hazelnut, peach 3 0 2 

54 41 M - - - n.a. n.a. 0 

55 49 M Eggplant, hazelnut - Hazelnut, apple 1 1 1 

56 31 M 
Kiwifruit, sesame seed, 

tomato 
- - 3 0 0 

57 18 F - - - n.a. n.a. 0 

58 45 M - - - n.a. n.a. 0 

59 25 M Cow’s milk Cow’s milk - 0 1 0 

60 46 M - - - n.a. n.a. 0 

61 39 M - - Hazelnut, apple, peach, soybean, peanut n.a. n.a. 5 

62 28 M Kiwifruit, tuna Peach Hazelnut, apple, peach, soybean, peanut 2 0 5 

63 66 M - - - n.a. n.a. 0 

64 26 M Nuts Walnut Hazelnut, apple, peanut 0 1 3 

65 35 M - - Hazelnut, apple, n.a. n.a. 2 

66 48 M - - - n.a. n.a. 0 

67 31 M - - - n.a. n.a. 0 
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Table 3. Self-reported food allergies vs food allergen sensitizations observed with CRD in adult EoE patients (continued) 

Patient 

ID 

Age, 

yrs 
Sex 

Self-reported food 

allergens 

Sensitization pattern (CRD) Patient query vs CRD 

Primary food 

allergens, often 

causing systemic 

reaction 

Cross-reactive food allergens 

Self-reported 

food allergens 

not confirmed 

by CRD, N 

Self-reported 

food allergens 

confirmed by 

CRD, N 

Additional 

food allergen 

sensitizations 

by CRD, N 

68 20 M 
Kiwifruit, hazelnut, 

peanut, soybean 
Peanut Hazelnut, apple, peach, soybean, peanut 1 3 2 

69 53 M Shellfish - - 1 0 0 

70 29 M Chickpeas, soybean, fish - - 3 0 0 

71 24 M Cow’s milk Cow’s milk Hazelnut, apple, peach, soybean, peanut 0 1 5 

72 41 M Cow’s milk  - - 0 0 0 

73 20 M 

Banana, walnut, 

spinach, broccoli, 

cauliflower, beans, leek 

- Soybean 7 0 1 

74 26 M Mushroom - Hazelnut, apple 1 0 2 

75 38 M - - - n.a. n.a. 0 

76 38 M - - - n.a. n.a. 0 

Total, N 118 25 103 81 36 88 

n.a. Not applicable 
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Discussion 

In this study, using CRD, we have identified sensitization to birch pollen with cross-reactivity 

to food allergens as the dominant food allergen sensitization pattern in the majority of adult 

EoE patients. We also found a high rate of polysensitization to food and aeroallergens. 

We confirm the widespread aeroallergen sensitizations to grass and tree pollen, house dust 

mite, and cat/dog.
2,4,7,13

 Sensitization to food allergens in EoE patients has been suggested to 

be a result of aeroallergen inhalation, although most studies have not provided detailed 

information about the interplay between both.
1,2,7

 As CRD identifies sensitization to specific 

components of allergens, we were able to study sensitizations patterns in more detail. We 

demonstrate that the majority of EoE patients is sensitized to aeroallergens and that most 

food allergen sensitizations are a result of cross-reactivity, as recently described by Simon et 

al. in a smaller cohort.
13

 Whereas these authors demonstrated a dominant pattern of cross-

reactivity to profilins, in our cohort cross-sensitization was predominantly directed against 

food allergens containing PR-10 proteins, due to primary birch pollen sensitization. 

PR-10 proteins are present in birch pollen, fruits, and nuts. These proteins share a high 

degree of structural homology, and their size is approximately 17 kD.
14

 We have recently 

shown that molecules more than twice this size can pass the esophageal mucosa of EoE 

patients due to an impaired esophageal barrier.
15

 Another important characteristic of PR-10 

proteins is that they are digested by pepsin.
14

 PR-10 proteins may thus activate the immune 

system in the esophagus, but will be degraded upon arrival in the stomach. This might be the 

reason why eosinophilic inflammation is limited to the esophagus. 

A strength of this study is that CRD provides more detailed insights into the sensitization 

patterns in EoE. Furthermore, we demonstrate that CRD identifies additional food allergen 

sensitizations not known to the patient. A limitation of this study is that we have not 

systematically compared CRD to SPT/APT or serum IgE CAP testing. However, a good 

correlation between CRD and serum IgE CAP testing has been demonstrated for 

aeroallergens in polysensitized patients.
11

 

This study may have clinical implications, which is currently being studied. As the results of 

conventional test-directed dietary therapy have been disappointing in adult EoE patients, 

the six food elimination diet (SFED) is currently most often advocated. SFED requires a very 

broad exclusion and reintroduction of foods, multiple endoscopies, and adherent patients.
6,7

 

As CRD enables testing for 112 allergen components, its yield may be higher than SPT. The 

characteristics of CRD could make it an interesting tool to direct individualized diets. 

In conclusion, most adult EoE patients are polysensitized to food and aeroallergens. Food 

sensitizations in EoE are mainly caused by cross-reactivity to food allergens after primary 

birch pollen sensitization. Pollen and food sensitizations may cause or maintain esophageal 

inflammation in EoE patients. CRD provides more insight into the sensitization patterns, 

identifies additional food allergen sensitizations and might be useful to direct dietary 

therapy in EoE. 
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Abstract 

Background: Targeted food elimination diets based on skin prick testing (SPT) and atopy 

patch testing diets have low efficacy compared with other, more extensive, diets in patients 

with eosinophilic esophagitis (EoE). Component-resolved diagnosis (CRD) is a new method to 

identify sensitization patterns.  

Objective: To investigate the efficacy of a CRD-guided elimination diet in adult patients with 

EoE. 

Methods: For this prospective clinical trial, we screened 95 adult EoE patients for 

sensitizations using CRD. Patients with ≥1 food sensitization were treated with a CRD-guided 

elimination diet for 6 weeks. The effect was evaluated by endoscopy with esophageal 

biopsies. Primary endpoint was the percentage of responders to the diet (<10 esophageal 

eosinophils per high power field). CRD results were compared with those of CAP-testing and 

SPT. 

Results: We included 15 patients, age 40 (IQR 27-47) years, 87% male. A median of 2 foods 

(range 1-9) were excluded from the diet. The trial was prematurely terminated after 15 

subjects since interim analysis showed that the intended 70% response rate could not be 

met anymore: only 1 patient (7%) responded to the diet. CRD found major food triggers of 

EoE in 33% of the patients. Combined CAP-testing and SPT identified additional food 

sensitizations in 93%, and major food triggers in 60% of the patients. 

Conclusion: A CRD-guided elimination diet was not effective in adult EoE patients. The lack 

of response could be a result of missed sensitizations, however may also reflect a limited 

relevance of IgE in the pathophysiology of EoE. 
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Introduction 

Food allergy is thought to play an important role in the pathophysiology of eosinophilic 

esophagitis (EoE).
1-3

 Recent studies have shown that the esophageal epithelial barrier 

integrity is functionally and structurally impaired in patients with EoE, as was previously 

demonstrated in other atopic diseases.
4-7

 In theory, this impaired barrier integrity may 

enable food allergen permeation and activation of the esophageal immune system. Indeed, 

most EoE patients have atopic co-morbidity and increased total serum IgE, and since 

esophageal inflammation is characterized by eosinophil and mast cell infiltration, EoE has 

been suggested to be IgE-mediated.
1
 

Dietary treatment of adults with EoE seems promising, although few studies have been 

performed. Some studies have used skin prick tests (SPT) and atopy patch tests (APT) to 

identify responsible food allergens.
8-12

 A major drawback of these studies is that positive and 

negative predicting values of SPT and APT vary and that these tests can only identify a small 

set of allergens each time.
10,13

 Other studies have used the more extensive six food 

elimination diet (SFED) with reintroduction of foods to identify causative allergens.
14-17

 

Although SFED is more effective in reducing esophageal eosinophilia and symptoms of EoE, 

the extent of the elimination of these staple foods for a long-lasting period, together with 

the need for multiple endoscopies, makes compliance to SFED difficult in clinical practice.
15-

17
 An elemental diet is highly effective, but expensive and unpalatable to many.

18
 

Consequently, dietary treatment options for EoE require optimization. 

The concept of component-resolved diagnosis (CRD) contains two new developments that 

provide an opportunity for better targeted dietary advice: 1) measurement of specific IgE 

against single allergen molecules with better defined clinical prognostic value, and 2) a 

microarray assay format allowing measurement of IgE against 112 allergen molecules of 

which 43 from the 16 most important allergenic foods and 69 from respiratory allergen 

sources, including 12 with established cross-reactivity to foods.
19

 CRD has shown a good 

correlation with conventional serum-IgE allergy tests in detecting specific serum-IgE to major 

allergens.
19-21

 

It is unknown whether a specific food elimination diet guided by an IgE microarray assay 

decreases inflammation and symptoms in EoE patients, although preliminary data suggest a 

beneficial effect.
22

 If we would be able to show an effect, this microarray could be clinically 

used to direct dietary treatment in EoE patients with food-specific IgE. Therefore, we aimed 

to demonstrate that an individually-tailored food elimination diet guided by microarray 

allergy testing decreases the peak eosinophil count in the esophageal mucosa to <10 

eosinophils per high power field in at least 70% of adult patients with EoE. 

 

Methods 

Study subjects 

For this prospective clinical trial, we consecutively screened patients with EoE visiting the 

outpatient clinic of the Academic Medical Center, Amsterdam, The Netherlands, for 

eligibility for the study between October 2011 and November 2013. Inclusion criteria were: a 
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clinical diagnosis of EoE as per 2011 consensus; age 18-75 years; and written informed 

consent.
1
 Patients were excluded from the study in case of: inability to stop previously 

started topical or systemic glucocorticoids, leukotriene inhibitors, or monoclonal antibodies 

in the two month period preceding and during the study; use of NSAIDs; history of peptic 

ulcer disease; Barrett’s esophagus; GI malignancy or GI tract surgery (except appendectomy 

or cholecystectomy); and ASA class IV or V. Each study subject gave written informed 

consent and the study protocol was approved by the Medical Ethics Committee of our 

institution. The study was registered in the Dutch trial registry (Trialregister.nl NTR4052).  

 

Outcome parameters 

The primary outcome parameter was the proportion of patients in histological remission 

(peak eosinophil count ≤10 eos/hpf) after dietary treatment.
15

 Secondary parameters were 

symptoms of dysphagia, quality of life (QoL) using the SF-36, endoscopic signs of EoE, serum 

IgE level and serum eosinophil count, and histopathological signs such as esophageal mast 

cell infiltration, presence of eosinophilic microabscesses, basal hyperplasia and spongiosis, 

after dietary treatment. Furthermore, we compared the sensitization patterns found with 

CRD and the patterns found with serum-IgE CAP testing and skin prick testing. 

 

Sample size  

The proportion of adult EoE patients reaching histological response (peak eosinophil count 

≤10 eos/hpf) after the SFED has been reported to be approximately 70%.
12,15

 Given that a 

CRD-guided diet is less invasive and less extensive than the extensive SFED, we considered a 

CRD-guided diet successful and suitable for clinical implementation if its effect would be 

equivalent to the SFED. With 36 patients, the study would have 80% power to demonstrate a 

response rate of 70%, with a two-sided 95% confidence interval between 55% and 85%. 

Expecting a 10% drop-out rate, we aimed to include 40 patients.  

 

Study procedures 

EoE patients underwent vena puncture to obtain serum samples for CRD. Patients with 

(cross-)sensitization against ≥1 food allergen were then approached for the individually-

tailored dietary treatment. Consented patients visited a dietician (BVB) with special 

expertise in food allergy for dietary instructions. After baseline endoscopy, patients were 

then treated with the CRD-guided elimination diet for 6 weeks, and the effect was evaluated 

by endoscopy with biopsies at distal, mid and proximal esophagus, by vena puncture and by 

questionnaires assessing dysphagia symptoms and QoL. Patients in remission after dietary 

treatment (≤10 eos/hpf) were asked to reintroduce all avoided foods to confirm the 

observed effect of the diet with a follow-up endoscopy with biopsies. At the end of the 

study, patients underwent SPT, and the remaining serum samples were used for serum-IgE 

CAP testing to validate CRD results. During the study and 8 weeks prior to the study, the use 

of immunosuppressive agents was not allowed. If necessary, continuation of proton pump 

inhibitors was allowed in a stabile dose during the study. 

CRD-guided dietary treatment 
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Dietary treatment was guided by CRD. Consequently, only the allergens to which CRD 

showed sensitization were excluded from the patient’s diet, with some exceptions. In case of 

cod sensitization (rGad c 1) all white fish was excluded, pear and apple were excluded in case 

of apple sensitization (rMal d 1), nectarine and peach were excluded in case of peach 

sensitization (rPru p 1 or rPru p 3), and in case of milk exclusion all related mammalian milk 

was excluded. In case of nut sensitization (hazelnut: rCor a 1.0401, rCor a 8, or rCor a 9; 

walnut: nJug r 1, nJug r 2 or nJug r 3; cashew nut: rAna o 2; Brazil nut: rBer e 1), only (foods 

containing) the individual nuts were excluded. A thorough diet history was taken for optimal 

individualized dietary exclusion. Patients were instructed to avoid the foods in question, to 

read labels carefully and to avoid foods bearing precautionary labeling with the foods to be 

avoided. 

 

Component-resolved diagnosis 

Two serum samples were obtained via vena puncture for analysis of sensitization patterns 

using ImmunoCAP ISAC testing (Phadia AB [at present Thermo Fisher Scientific], Uppsala, 

Sweden). Tests were performed according to the manufacturer’s recommendations. Briefly, 

0.03 ml of serum was incubated on the microchip containing 112 allergen spots. After 60 

min of incubation, slides were washed, and an anti-IgE antiserum labelled with Alexa Fluor 

420 was added and incubated for 60 min. Chips were analysed using a Laser Scan Confocal 

microarray reader (LuxScan 10K/A; Capital-Bio, Beijing, China). Analysis of the results was 

automatically performed using a Microarray Image Analyser SW. All samples were identified 

using a single bar code, and the results were automatically calculated by the software. All 

slides were visually scored to detect the presence of defects (e.g. smears of fluorescence or 

drops interfering with the reading). Only in these cases, a manual correction or a refusal of 

the result was decided. The ISAC score is reported as ImmunoCAP ISAC Standardized Units 

(ISU) with a detection range from 0.3 to 100 ISU. Tested foods are listed in Table 1. 

 

Validation of CRD results 

At the end of the study, subjects visited the allergist for skin prick testing, for comparison 

with CRD results. The following allergens were tested: cow’s milk, chicken’s egg, wheat, soy, 

peanut, hazelnut, almond, cashew nut, walnut, pistachio nut, brazil nut, cod fish, shrimp, 

and any food sensitization found with CRD (Table 1). Histamine and saline were used as 

positive and negative controls, respectively. The diameter of each wheal was measured after 

15 minutes. 

Finally, using remainders of the serum samples, the levels of serum-IgE to 25 foods were 

measured with the ImmunoCAP 250 system (Phadia AB [at present Thermo Fisher Scientific], 

Uppsala, Sweden), also for comparison with CRD results. A two-step approach was taken to 

reduce the number of tests required to assess sensitization to 25 foods. First, the samples 

were screened using five food mixes previously used in the EuroPrevall project to identify 

samples with elevated specific IgE levels (mix 1: chicken's egg, cow's milk, soy, peanut, 

wheat, fish; mix 2: sesame seed, wheat, buckwheat, corn, rice; mix 3: hazelnut, tomato, 

walnut, carrot, celery; mix 4: shrimp, poppy seed, lentil, mustard, sunflower; mix 5: apple, 

kiwi, melon, banana, peach).
23

 Samples testing positive (≥0.35 kU/l) to a mix were 
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subsequently tested against the individual foods of that mix.  

 

Table 1. Food allergens tested with CRD, CAP and SPT 

Foods CRD  (components) CAP SPT 

Chicken's egg X (nGal d 1, nGal d 2, nGal d 3, nGal d 5) X X 

Cow’s milk X (nBos d 4, nBos d 5, nBos d 6, nBos d 8, nBos d lactoferrin) X X 

Cod X (rGad c 1) X X 

Shrimp X (nPen m 1, nPen m 2, nPen m 4) X X 

Cashew nut X (rAna o 2)  X 

Brazil nut X (rBer e 1)  X 

Hazelnut X (rCor a 1.0401, rCor a 8, nCor a 9) X X 

Walnut X (nJug r 1, nJug r 2, nJug r 3) X X 

Sesame seed X (nSes i 1) X x 

Peanut X (rAra h 1, rAra h 2, rAra h 3, nAra h 6, rAra h 8, rAra h 9) X X 

Soy X (rGly m 4, nGly m 5, nGly m 6) X X 

Buckwheat X (nFag e 2) X x 

Wheat X (rTri a 14, rTri a 19.0101, nTri a aA_TI) X X 

Kiwi X (nAct d 1, nAct d 2, nAct d 5, rAct d 8) X x 

Celery X (rApi g 1) X x 

Apple X (rMal d 1) X x 

Peach X (rPru p 1, rPru p 3) X x 

Corn  X  

Rice  X  

Tomato  X  

Carrot  X  

Poppy seed  X  

Lentil  X  

Mustard  X  

Sunflower  X  

Melon  X  

Banana  X  

Pistachio nut   X 

Almond   X 

 X = Tested; x = Tested only when positive on CRD 

 

Statistics 

Statistical analysis was performed in SPSS 20. Data are expressed as median (interquartile 

range (IQR)). Paired continuous data were compared using Wilcoxon’s signed rank test, and 

paired dichotomous data were compared using McNemar’s test. Statistical significance was 

set at p<0.05. 

 

  



 

Results

Patient characteristics

We screened 95 adult EoE patients, median age 39 (IQR 27

patients (46%) were sensitized to 

treatment (Figure 1). These patients were informed about the study, and 

included and completed the study protocol (age 40 (IQR 27

The median age at onset of dysphagia symptoms was 24 (IQR 12

experienced dysphagia symptoms for 14 (IQR 7

(IQR 0

allergic rhinitis 60%, asthma 40%, atopic dermatitis 13%). A family history of atopic disease 

was present in 67% of the patients (allergic rhinitis 47%, food allergy 47%, asthma 27%, 
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peach (rPru p 1, n=5; rPru p 3, n=2), walnut (nJug r 2, n=2; nJug r 3, n=2; nJug r 1, n=1), soy 

(rGly m 4, n=3), peanut (rAra h 8, n=3; rAra h 9, n=1), cow’s milk (nBos d 4, n=1; nBos d 5, 

n=1; nBos d 8, n=1), shrimp (nPen m 1, n=2), celery (rApi g 1, n=1), cod (rGad c 1, n=1), 

buckwheat (nFag e 2, n=1), kiwi (nAct d 2, n=1), and chicken’s egg (nGal d 1, n=1).  

 

Table 2. Food sensitizations found with CRD 

Patient ID Food allergen Component ISU 

01 Apple rMal d 1 0.9 

Hazelnut rCor a 1.0401 0.7 

02 Soy rGly m 4 1.4 

03 Hazelnut rCor a 1.0401 5.6 

Apple rMal d 1 2.5 

04 Hazelnut rCor a 1.0401 3.7 

Apple rMal d 1 1.0 

Walnut nJug r 2 0.9 

Peach rPru p 1 0.6 

06 Shrimp nPen m 1 3.4 

Celery rApi g 1 2.4 

Hazelnut rCor a 1.0401 / rCor a 8 1.8 / 0.6 

Peanut rAra h 8 / rAra h 9 1.6 / 0.6 

Peach rPru p 1 / rPru p 3 1.2 / 0.7 

Cod rGad c 1 1.7 

Apple rMal d 1 1.3 

Soy rGly m 4 1.1 

Walnut nJug r 3 0.8 

07 Buckwheat nFag e 2 2.1 

Kiwi nAct d 2 1.0 

Hazelnut rCor a 1.0401 0.8 

08 Apple rMal d 1 1.2 

Peach rPru p 1 0.6 

10 Apple rMal d 1 6.7 

Hazelnut rCor a 1.0401 3.1 

Soy rGly m 4 1.7 

Peach rPru p 1 1.7 

12 Apple rMal d 1 3.8 

Hazelnut rCor a 1.0401 1.3 

Peanut rAra h 8 0.8 

13 Apple rMal d 1 2.3 

Hazelnut rCor a 1.0401 1.6 

Peanut rAra h 8 1.0 

Walnut nJug r 1 1.0 

14 Hazelnut rCor a 1.0401 0.4 

15 Shrimp nPen m 1 2.7 

Cow’s milk nBos d 4 / nBos d 5 / nBos d 8 2.0 / 0.8 / 0.5 

16 Hazelnut rCor a 1.0401 1.6 

Peach rPru p 1 0.5 

17 Walnut nJug r 2 / nJug r 3 1.3 / 0.5 

Egg white nGal d 1 0.4 

Peach rPru p 3 0.4 

18 Apple rMal d 1 0.6 
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Effect of CRD-based dietary treatment 

One patient (7%) reached remission, whereas the other 14 patients still had a peak 

eosinophil count ranging between 20 and 130 eos/hpf after dietary treatment. The median 

peak eosinophil count at baseline of 50 (IQR 35-90) eos/hpf was not significantly changed by 

dietary treatment, being 70 (IQR 50-110) after the diet (p=0.59) (Figure 2). The patient in 

remission was the only patient who had excluded cow’s milk. Unfortunately, this patient was 

not motivated to reintroduce the avoided foods in order to confirm the causative role of 

cow’s milk. 

Given that 14 out of 15 patients failed the CRD-guided diet, it would become impossible to 

meet similar efficacy as the SFED after the 40 intended inclusions (70%, 12/40 failures 

maximally allowed). After discussion with the Medical Ethics Committee, we decided to 

prematurely terminate the trial after this interim analysis. 

 

Figure 2. Esophageal peak eosinophil counts in EoE patients before and after the CRD-guided food elimination 

diet. Only one patient histologically responded to the diet. Dotted bars indicate group medians. 

 

Effect of CRD-based dietary treatment on secondary outcomes 

Table 3 summarizes the effect of CRD-based dietary treatment on dysphagia symptoms, 

quality of life, endoscopic signs, serum IgE level, serum eosinophil count, and esophageal 

eosinophilic microabscesses and esophageal peak mast cell count. These secondary 

parameters were not significantly affected by dietary treatment. 
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Table 3. Effect of CRD-guided diet on secondary parameters 

Parameter Baseline 

median (IQR) 

After diet 

median (IQR) 

p-value 

Clinical signs 

Dysphagia score 9.50 (7.25-10.75) 7.00 (5.00-8.75) 0.07 

Quality of life (SF-36)    

- Physical component scale 55.6 (47.5-60.0) 56.3 (50.5-59.0) 0.28 

- Mental component scale 54.8 (38.9-58.0) 50.9 (48.9-56.3) 0.70 

Endoscopic signs (EREFS)    

- Inflammatory signs 4 (3-4) 4 (3-5) 0.57 

- Fibrostenotic signs 2 (1-4) 2 (1-4) 0.80 

- Total EREFS score 6 (4-7) 6 (5-7) 0.90 

Serum markers    

- IgE level (kU/L) 170 (90-663) 168 (99-647) 0.78 

- Eosinophil count (*10
9
) 0.39 (0.28-0.55) 0.44 (0.29-0.56) 0.44 

Histopathological signs 

Peak mast cell count (mcs/hpf) 21 (14-35) 14 (7-26) 0.10 

Eosinophilic microabscesses 11 (73%) 11 (73%) 1.00 

Spongiosis    

- Absent 0 (0%) 0 (0%) 

0.55
 †

 - Mild 1 (7%) 1 (7%) 

- Moderate 4 (27%) 2 (13%) 

- Severe 10 (67%) 12 (73%) 

Basal hyperplasia    

- Absent 0 (0%) 1 (7%) 

1.00 
†
 

- Mild 2 (13%) 0 (0%) 

- Moderate 8 (53%) 9 (60%) 

- Severe 5 (33%) 5 (33%) 
 †

 Chi-square test for trend 

 

Validation of CRD 

In all 15 subjects, CRD identified 44 food sensitizations, whereas CAP-testing and SPT found 

164 and 54 food sensitizations, respectively (Table 4). Using CRD, birch pollen sensitization 

with cross-reactivity to foods containing PR-10 proteins was observed in 14 (93%) of the 

patients, however additional foods containing PR-10 proteins were found using CAP-testing 

and SPT in 11 (73%) patients. CRD identified at least one of the major food triggers of EoE 

(wheat n=0; cow’s milk n=1; egg white n=1; soy n=3) in 5 patients (33%). CAP-testing and SPT 

identified sensitizations to wheat in 6 additional patients, cow’s milk in 5 additional patients, 

egg white in 6 additional patients, and soy in 4 additional patients. In total, 9 patients (60%) 

were sensitized to one of the major food triggers according to combined CAP-testing and 

SPT. Compared with CRD, CAP-testing and SPT revealed additional food sensitizations in 93% 

and (66%) of the patients, respectively. Combined CAP-testing and SPT confirmed 36 of 44 

sensitizations (82%) found with CRD. 
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Table 4. Food sensitizations found with CRD, CAP-testing and SPT  

Patient 

ID 
CRD (ISU) CAP-testing (kU/l) SPT (diameter - mm) 

01 
Apple (0.9), Hazelnut 

(0.7) 
Hazelnut (1.39) none 

02 Soy (1.4) 

Hazelnut (1.63), Tomato (3.08), Carrot (4.34), 

Celery (1.29), Walnut (2.00),Shrimp (0.40), 

Mustard (1.79), Sunflower seed (0.46), Apple 

(4.57), Kiwi (0.74), Melon (2.37), Peach (1.14), 

Egg white (2.79), Cow’s milk (0.43), Wheat (1.96), 

Peanut (3.94), Soy (2.23), Buckwheat (4.71) , 

Sesame seed (4.30), Rice (2.28), Corn (1.41) 

Egg white (8), Peanut 

(6), Walnut (3), 

Almond (6), Pistacchio 

nut (4) 

03 
Hazelnut (5.6), Apple 

(2.5) 

Hazelnut (24.83), Tomato (1.60), Carrot (0.45), 

Celery (0.56), Walnut (1.14), Shrimp (1.17), 

Mustard (0.60), Sunflower seed (0.49), Apple 

(2.06), Kiwi (0.87), Melon (2.30), Banana (1.20), 

Peach (3.17), Egg white (1.91), Cow’s milk (0.55), 

Cod (0.53), Wheat (1.08), Peanut (2.14), Soy 

(0.45), Buckwheat (0.99), Sesame seed (1.15), 

Corn (0.48) 

Peanut (4), Hazelnut 

(3), Apple (3) 

04 

Hazelnut (3.7), Apple 

(1.0), Walnut (0.9), 

Peach (0.6) 

Hazelnut (12.60), Tomato (5.72), Carrot (5.64), 

Celery (4.98), Walnut (2.98), Mustard (1.42), 

Poppy seed (1.29), Lentil (2.39), Sunflower seed 

(3.61), Apple (3.20), Kiwi (3.31), Melon (5.39), 

Banana (5.02), Peach (1.50), Wheat (4.78), 

Peanut (5.92), Soy (4.66), Buckwheat (6.30), 

Sesame seed (5.59), Rice (5.50), Corn (4.03) 

Peanut (6), Hazelnut 

(7), Apple (8), Almond 

(5), Pistachio nut (4) 

06 

Shrimp (3.4), Celery 

(2.4), Hazelnut (1.8 and 

0.6), Peanut (1.6 and 

0.6), Peach (1.2 and 

0.7), Cod (1.7), Apple 

(1.3), Soy (1.1), Walnut 

(0.8) 

Hazelnut (5.81), Tomato (8.35), Carrot (2.89), 

Celery (2.89), Walnut (7.44), Shrimp (1.91), 

Mustard (4.97), Poppy seed (2.78), Lentil (0.42), 

Sunflower seed (2.83), Apple (8.31), Kiwi (10.27), 

Melon (8.45), Banana (0.94), Peach (2.31), Egg 

white (0.57), Cow’s milk (6.86), Cod (8.62), 

Wheat (4.84), Peanut (10.06), Soy (1.77), 

Buckwheat (3.47), Sesame seed (6.11), Rice 

(5.38). Corn (7.12) 

Cod (11), Shrimp (6),  

Peanut (6), Hazelnut 

(5), Soy (7), Wheat (9), 

Apple (6), Peach (9), 

Celery (6), Almond (7), 

Pistachio nut (7)  

07 
Buckwheat, (2.1), Kiwi 

(1.0), Hazelnut (0.8) 

Hazelnut (2.13), Buckwheat (1.02), Sesame seed 

(0.57) 

Cod (3), Peanut (6), 

Hazelnut (5), Cashew 

nut (9), Almond (4), 

Pistacchio nut (7), 

Buckwheat (9) 

08 Apple (1.2), Peach (0.6) 
Hazelnut (3.13), Carrot (0.68), Celery (0.77), 

Apple (0.42), Melon (0.54) 
Apple (4) 

10 

Apple (6.7), Hazelnut 

(3.1), Soy (1.7), Peach 

(1.7) 

Hazelnut (12.84), Tomato (0.51), Carrot (1.75), 

Celery (2.18), Apple (3.89), Kiwi (0.78), Melon 

(1.68), Egg white (4.70), Cow’s milk (0.76), Wheat 

(0.40), Peanut (2.21) 

Egg white (8), Peanut 

(10), Hazelnut (5), 

Apple (7), Almond (4) 

12 
Apple (3.8), Hazelnut 

(1.3), Peanut (0.8) 

Hazelnut (7.63), Carrot (1.05), Celery (1.15), 

Apple (1.39), Melon (1.29) 

Peanut (6), Hazelnut 

(5), Apple (6), Almond 

(5) 

13 

Apple (2.3), Hazelnut 

(1.6), Peanut (1.0), 

Walnut (1.0) 

Hazelnut (6.13), Carrot (0.58), Celery (0.60), 

Walnut (0.73), Apple (0.72), Melon (0.63) 

Peanut (11), Apple 

(10), Cashew nut (11), 

Almond (5), Pistachio 

nut (18) 

14 Hazelnut (0.4) Egg white (0.47) none 
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Table 4. Food sensitizations found with CRD, CAP-testing and SPT (continued) 

15 

Shrimp (2.7), 

Cow’s milk 

(2.0, 0.8 and 

0.5) 

Hazelnut (0.80), Tomato (1.56), Celery (0.51), Walnut (0.68), 

Shrimp (1.44), Egg white (0.35), Cow’s milk (34.95) 
Cow’s milk (3) 

16 

Hazelnut (1.6), 

Peach (0.5) 

Hazelnut (1.87), Carrot (0.47), Celery (0.35), Shrimp (0.41), Lentil 

(0.49), Wheat (0.39), Peanut (0.46), Soy (0.40), Sesame seed 

(1.86), Rice (0.64), Corn (0.47) 

Peanut (3) 

17 

Walnut (1.3 

and 0.5), Egg 

white (0.4), 

Peach (0.4) 

Hazelnut (1.01), Tomato (2.74), Carrot (1.15), Celery (1.29), 

Walnut (1.00), Shrimp (0.90), Mustard (1.20), Poppy seed (0.91), 

Lentil (1.44), Sunflower seed (3.18), Apple (1.65), Kiwi (0.84), 

Melon (1.73), Banana (0.78), Peach (0.81), Egg white (3.31), Cow’s 

milk (8.57), Wheat (4.28), Peanut (1.19), Soy (1.65), Buckwheat 

(1.25), Sesame seed (1.60), Rice (2.96), Corn (1.13) 

Shrimp (5), 

Peanut (4), Egg 

white (5), Soy 

(3), Peach (7), 

Paranut (7) 

18 Apple (0.6) Hazelnut (0.64) none 

Total 44 foods 164 foods 54 foods 

Food sensitizations in bold confirm the sensitizations identified with CRD 

 

Discussion 

In this study, we studied the efficacy of individually-tailored food elimination diet guided by 

allergy testing in a microarray format in adult EoE patients. Unfortunately, the CRD-guided 

diet was not effective; only one patient responded to the diet. Since interim analysis after 15 

patients revealed that the primary endpoint of ≥70% response rate could not be achieved, 

this study was prematurely terminated. Secondary parameters such as symptoms, 

endoscopic signs and quality of life were also unaffected by the diet. 

Few prospective dietary studies have been performed in adult EoE patients. A recently 

published meta-analysis 
24

 showed that in adult EoE patients, an elemental diet induces 

histologic remission (<15 eos/hpf) in 94% of the patients (n = 1 study 
18

), SFED in 71% (n = 3 

studies 
12,15,16

), and allergy test-based diets in 32% (n = 2 studies 
10,12

). The meta-analysis did 

not include a more recent study that demonstrated similar effects of a diet based on food-

specific serum-IgE and SFED, even though the allergy test-based diet required less extensive 

exclusion than SFED.
9
 In our study, we excluded a median number of 2 foods (range 1-9), 

unfortunately with disappointing results.  

The results of CRD-based food exclusion could be influenced by allergy test characteristics. 

With components of 16 foods present on the microarray chip, it is possible that food 

allergies may have been missed. However, the chip detects IgE against all common triggers 

of EoE (wheat, cow’s milk, egg white, soy). In theory, CRD may also have had a high false 

negative rate for some foods, which, as a consequence, were not excluded. In order to test 

this theory, we compared CRD results to results of CAP-testing and SPT. With CAP-testing 

and SPT, additional sensitizations were identified in 93% of the patients. Additional foods 

containing PR-10 proteins were found using CAP-testing and SPT in 73% of the patients. The 

only responder in our study was the patient in whom CRD demonstrated cow’s milk 

sensitization. Consequently, he was the only patient excluding cow’s milk. CAP-testing 

confirmed cow’s milk sensitization in this patient, however CAP testing demonstrated cow’s 

milk sensitization in 5 additional patients with no IgE against cow milk in the CRD chip, who 

had therefore not excluded milk from their diet. A poor negative-predicting value for milk of 
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44% has been described for combined SPT and atopy patch testing, but was not anticipated 

in our study using CRD.
25

 Similarly, CAP-testing and SPT identified additional sensitizations to 

other major food triggers of EoE (wheat, egg white and soy). In other words, if the diet 

would have been guided by CAP-testing and SPT, these foods would have been excluded in 

more patients. Since these foods have been shown to be major triggers of EoE in previous 

paediatric and adult studies, this might be an explanation for the lack of response to the 

diet.
15-17 

Furthermore, in theory, false positive sensitizations may have led to exclusion of 

foods to which no true sensitization exists. However, CAP-testing and SPT confirmed most of 

the sensitizations found with CRD, suggesting that the number of false positives was limited. 

Another explanation for the lack of response could be that the observed food sensitizations 

play no role in the pathophysiology of EoE and that these are merely epiphenomenons, and 

therefore that excluding these foods has no effect on disease activity. Studies suggest that 

the allergic mechanisms underlying EoE are not only IgE-mediated but also cell-

mediated.
26,27

 In line with this, we observed that CRD demonstrated no food-specific IgE in 

54% of EoE patients. Furthermore, a recent randomized controlled trial has shown that 

omalizumab, an anti-IgE antibody, has no histologic effect in EoE, which is in line with the 

negative results of our study.
28

  

In conclusion, CRD-based dietary treatment was not effective in adult EoE patients. The lack 

of response could be a result of missed sensitizations, however may also reflect limited 

relevance of IgE in the pathophysiology of EoE. 
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Chapter 10 
 

Esophageal perforation during endoscopic 

removal of food impaction in eosinophilic 

esophagitis: stent well spent? 
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A 31-year-old man with an allergic constitution who had previously undergone endoscopic 

removal of impacted food in 2008 was referred to the outpatient clinic for chronic 

intermittent dysphagia of solid food. An upper endoscopy performed after administration of 

high-dose proton pump inhibitors showed linear furrows. Examination of mid and proximal 

esophageal biopsy specimens showed mild basal hyperplasia, moderate spongiosis, and a 

peak of 120 intraepithelial eosinophils per high power field (Figure 1). The patient was 

diagnosed with eosinophilic esophagitis.
1
 The patient showed a partial response to 

swallowed fluticasone aerosol and subsequently to budesonide, and was referred to the 

outpatient clinic of our hospital. 

 

 

Figure 1. Histology following hematoxylin and eosin staining. A) Eosinophilic infiltration and spongiosis  

of the nonkeratinizing, stratified squamous epithelium. B) Eosinophilic microabscesses.  

 

Pending his appointment, the patient presented himself to the referring hospital with acute 

impaction of a piece of beef. Emergency endoscopy (performed without sedation) revealed 

an impacted food bolus in the distal esophagus (Figure 2a). During the procedure the patient 

vomited violently, but the pressure failed to mobilize the food bolus. The bolus was removed 

using a snare and Roth Net retriever (US Endoscopy, Mentor, Ohio, USA). After bolus 

removal, the patient experienced progressive epigastric pain, and a perforation was seen at 

38cm from the dental arcade (Figure 2b). A partially covered self-expandable metal Wallflex 

stent (diameter 18mm, length 100mm, 70mm covered; Boston Scientific, Natick, 

Massachusetts, USA)was placed and a double-lumen duodenal feeding probe was 

introduced. A chest radiograph demonstrated free mediastinal and upper abdominal air and 

the position of the stent in situ (Figure 3a). The patient received analgesics and antibiotics. 

An esophagogram performed 4 days after perforation showed no leakage of contrast, and 

the patient was discharged. 

Stent removal was performed 3 weeks later at our hospital. The proximal esophagus 

demonstrated linear furrows and white exudates (Figure 2c). Unfortunately, stent removal 

was hindered by tissue ingrowth in the uncovered proximal part of the stent (Figure 2d), and 

a fully covered Niti-S stent-in-stent was placed (diameter 18mm, length 60 mm; Taewoong 

Medical, Seoul, Korea) (Figure 3b). After 1 week, the Niti-S stent was easily removed (Figure 
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2e); however, removal of the Wallflex stent required gentle back and forth manipulation 

(Figure 2f). The esophageal perforation had healed. 

 

 

Figure 2. Endoscopic procedures performed after 

food bolus impaction.  

A) Impacted food bolus in the distal esophagus.  

B) Esophageal perforation following the removal of  

     the impacted food bolus.  

C) Linear furrows and white exudates in the proximal  

     esophagus.  

D) Tissue ingrowth in the uncovered proximal section  

     of the stent hindered its removal.  

E) The stent-in-stent Niti-S stent was removed easily  

     1 week later.  

F) Removal of the initial stent was eventually  

     achieved by gentle back and forth manipulation.  

 

 

 

 

Figure 3. Radiographic images. A) Free upper abdominal air (large arrows) and the stent (small arrows)  

after perforation. B) Niti-S stent positioned inside the proximal, uncovered part of the Wallflex stent.  
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Eosinophilic esophagitis is often considered an innocent disease that causes only mild, 

discomforting symptoms.
1
 The presented case reminds us that we should attempt to avoid 

food impaction in patients with eosinophilic esophagitis because endoscopic removal of the 

impacted food may cause perforation.
2,3

 During endoscopy, preventative measures such as 

general anesthesia and the use of antiemetics may be required. In this patient, placement of 

a partially covered metal stent resulted in tissue ingrowth, which is a common complication 

of stent placement.
4
 The placement of metal stents, especially partially covered ones, should 

be avoided in patients with eosinophilic esophagitis because the inflamed mucosa is likely to 

react to a foreign body by the development of severe fibrosis, and stent removal may also 

increase the risk of mucosal tears and perforation. Furthermore, endoscopists should be 

extra cautious when placing stents in patients with eosinophilic esophagitis who have 

esophageal rings, strictures, or a narrow caliber esophagus, because the reduced esophageal 

luminal diameter may complicate stent removal. 
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Abstract  

Background and study aims: Recently the Endoscopic Reference Score (EREFS) for 

endoscopic assessment of eosinophilic esophagitis was introduced, with good interobserver 

agreement for most signs. The EREFS has not yet been evaluated by other investigators and 

intraobserver agreement has not been assessed. The aim of this study was to further 

validate the EREFS by assessing interobserver and intraobserver agreement of endoscopic 

signs in patients with eosinophilic esophagitis. 

Patients and methods: High-quality endoscopic images were made of the esophagus of 30 

patients with eosinophilic esophagitis (age 36 years, range 23–46 years; 5 female), 6 of 

whomwere in remission. At least three depersonalized images per patient were 

incorporated into a slideshow. Images were scored by four expert and four trainee 

endoscopists who were blinded to the patients’ conditions. Interobserver agreement was 

assessed. After 4weeks, the images were rescored in a different order to assess 

intraobserver agreement. 

Results: Interobserver agreement was substantial for rings (κ 0.70), white exudates (κ 0.63), 

and crepe paper esophagus (κ 0.62), moderate for furrows (κ 0.49) and strictures (κ 0.54), 

and slight for edema (κ 0.12). Intraobserver agreementwas substantial for rings (median κ 

0.64, IQR 0.46-0.70), furrows (median κ 0.69, IQR 0.50-0.89), and crepe paper esophagus 

(median κ 0.69, IQR 0.62-0.83), moderate for white exudates (median κ 0.58, IQR 0.54-0.71) 

and strictures (median κ 0.54, IQR 0.33-0.70), and less than chance for edema (median κ 

0.00, IQR 0.00-0.29). Inter- and intraobserver agreement was not substantially different 

between expert and trainee endoscopists. 

Conclusions: Using the EREFS, endoscopic signs of eosinophilic esophagitis were scored 

consistently by expert and trainee endoscopists. 
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Introduction 

Eosinophilic esophagitis is an increasingly diagnosed chronic inflammatory disease of the 

esophagus, causing symptoms of dysphagia and food impaction.
1,2

 Endoscopically, 

concentric rings, linear furrows, white exudates, edema, strictures, diffuse narrowing, and 

crepe paper appearance can be identified, although in some patients none of these signs are 

present.
3-5

 Endoscopic signs of eosinophilic esophagitis are not pathognomonic for 

eosinophilic esophagitis, and are scored with variable reliability.
5,6

 Therefore, the diagnosis 

of eosinophilic esophagitis cannot be based solely on endoscopic signs, and requires 

esophageal biopsy sampling.
7
 

Recently, a validated classification system for the endoscopic assessment of esophageal 

signs of eosinophilic esophagitis (EREFS) has been introduced, showing good interobserver 

agreement for most signs.
8
 The EREFS enables uniform scoring of endoscopic signs. It has not 

yet been evaluated by other investigators and the intraobserver agreement has not been 

assessed. The value of the EREFS is thus not completely known. If the good interobserver 

agreement could be confirmed, and if intraobserver agreement also appears to be good, this 

would endorse application of the classification system in clinical trials and in the follow-up of 

patients with eosinophilic esophagitis. The aim of the current study, therefore, was to 

further validate the classification system by assessing interobserver and intraobserver 

agreement of endoscopic signs in patients with eosinophilic esophagitis, both in active 

disease and in remission. 

 

Patients and methods 

This prospective observational study was conducted at the Academic Medical Center, 

Amsterdam, The Netherlands, which functions as a tertiary referral center for patients with 

eosinophilic esophagitis. Patients were not exposed to any additional interventions for the 

study purpose, and therefore the need for formal medical ethical assessment was waived by 

the institutional review board, in accordance with Dutch law (reference number 

W13_134#13.17.0172). 

 

Data collection 

A total of 30 patients who were diagnosed with eosinophilic esophagitis according to current 

guidelines (symptoms of esophageal dysfunction and histology showing >15 eosinophils per 

high-power field [eos/hpf] despite double-dose proton pump inhibitor treatment)
7
 were 

included in the study. Six of the patients were in remission during endoscopy (<15 eos/hpf), 

and were included in this study as a means to avoid observer bias. Prospectively collected 

endoscopic images were selected based on quality (i. e. sharpness and lack of motion 

effects). For each patient, 3-6 depersonalized images were selected. Each of the 30 slide sets 

thus contained a selection of images from one endoscopy in an individual patient. Observers 

were aware of the study design, but did not know how many patients were in remission. 
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Observers 

Four expert endoscopists and four trainees scored the images. Expert endoscopists were 

consultant gastroenterologists who had performed upper endoscopy in at least 40 patients 

with eosinophilic esophagitis. Trainees were all residents in Gastroenterology who had at 

least 2 years of endoscopy experience and had performed endoscopy in five or fewer 

eosinophilic esophagitis patients. 

 

Image evaluation 

Each observer read the paper describing the EREFS for endoscopic signs of eosinophilic 

esophagitis before evaluation of the endoscopic images.
8
 The observers also viewed an 

introductory slideshow (Microsoft PowerPoint 2003; Microsoft Inc., Redmond, Washington, 

USA) containing representative images and written descriptions of the EREFS. Subsequently, 

the observers, who were blinded to the patients’ conditions, scored the endoscopic images 

of the patient slide sets according to the EREFS (Figure 1).
8
 The interobserver agreement of 

EREFS scores for endoscopic signs was then assessed. After 4 weeks, the same images were 

rescored in a different order in order to assess the intraobserver agreement. Responses 

were entered onto a standardized printed form.  

 

 

Figure 1. Examples of endoscopic images of eosinophilic esophagitis that were scored by the observers.  

A) Active disease, 110 eosinophils per high-power field (eos/hpf); B) active disease, 65 eos/hpf;  

C) remission, 0 eos/hpf; D) remission, 6 eos/hpf. 
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Statistical analysis 

Descriptive statistics were used to characterize the study population. Continuous data were 

described as median with interquartile range (IQR) unless otherwise described. IBM SPSS 

Statistics (version 20.0; IBM Corp., Armonk, New York, USA) was used for statistical analyses. 

The interobserver agreement was estimated in the first scoring session with multi-rater 

kappa (κ) for dichotomous data, and the intraclass correlation coefficient (ICC) for ordinal 

data.
9,10

 The ICC with 95% confidence interval (CI) was calculated using the two-way random 

model for absolute agreement. In addition, the percentage of pairwise agreement was 

calculated for all data.
11

 For all endoscopic signs, the proportion of pairwise agreement 

results from a comparison of the grading of the endoscopic sign between each observer and 

the other observers. The percentage of all pairwise comparisons was reported where the 

grading of the endoscopic sign was identical for the two observers. Between eight observers, 

28 pairwise comparisons were made per sign per slide (in total, 840 comparisons per sign). 

When separating results for experts and trainees (four observers in each group), 6 

comparisons were made per sign per slide (in total, 180 comparisons per sign). The 

interobserver agreement was interpreted based on κ/ICC estimates. 

The intraobserver agreement was calculated per observer by using Cohen’s κ for the 

agreement between the first and second scoring sessions.
12

 Bootstrapping was performed 

using 50 samples to obtain 95th percentile CI. Interpretation of the intraobserver agreement 

was based on Cohen’s κ.  

A κ of ≤0.00 was interpreted as less than chance agreement, 0.01-0.20 as slight agreement, 

0.21-0.40 as fair agreement, 0.41-0.60 as moderate agreement, 0.61-0.80 as substantial 

agreement, and 0.81-1.00 as almost perfect agreement.
13

 

 

Results 

Patient characteristics 

Patients were aged 36 years (IQR 23-46 years), and five (17 %) were female. A total of 24 

patients had active disease (peak eosinophil count 38 [IQR 20-100]/hpf), whereas 6 patients 

were in remission with fluticasone propionate (peak eosinophil count 2.5 [IQR 0-6]/hpf). 

According to ImmunoCAP ISAC serum IgE testing (Phadia AB, Uppsala, Sweden), 21 patients 

(70 %) were sensitized against aero allergens, 17 patients (57 %) were sensitized against food 

allergens, and 9 patients (30 %) were not sensitized to any of the tested allergens.
14

 

 

Endoscopic signs detected 

In two scoring sessions by eight observers in 30 patients (480 observations), edema was 

detected most frequently (451 times, 94%), followed by rings (378 times, 79%), white 

exudates (366 times, 76%), furrows (331 times, 69%), strictures (218 times, 45%), and crepe 

paper esophagus (68 times, 14%). In each patient, at least one endoscopic sign of 

eosinophilic esophagitis was detected. 
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Interobserver agreement 

When scored according to the EREFS, the interobserver agreement was substantial for rings, 

white exudates, and crepe paper esophagus, moderate for furrows and strictures, and slight 

for edema (Table1). The interobserver agreement for edema increased to fair (κ 0.318, 

95%CI 0.184-0.495) when categorized as absent-mild-severe (Figure 2). Alternative grading 

did not substantially improve interobserver agreement for rings, white exudates, or furrows. 

When comparing expert endoscopists with trainees, experts and trainees scored similar on 

rings (substantial), crepe paper esophagus (substantial), and strictures (moderate), and 

experts had slightly lower agreement for white exudates (moderate vs. substantial), furrows 

(moderate vs. substantial), and edema (less than chance vs. slight) (Table2). 

 

Table 1. Interobserver agreement of EREFS and alternative grading 

Endoscopic sign
1 Pairwise agreement,

2
  

n (%) 

κ  

(95% CI) 

Agreement 

interpretation 

Rings 492 (59%) 0.70 (0.58-0.82) 
3
 Substantial 

Absent/mild collapsed 585 (70%) 0.60 (0.46-0.74) 
3
 Substantial 

Mild/moderate collapsed 626 (75%) 0.67 (0.54-0.79) 
3
 Substantial 

Moderate/severe collapsed 558 (66%) 0.71 (0.59-0.82) 
3
 Substantial 

Absent vs present 744 (89%) 0.64 (0.57-0.71) 
4
 Substantial 

Absent/mild vs moderate/severe 653 (78%) 0.55 (0.48-0.61) 
4
 Moderate 

White exudates 572 (68%) 0.63 (0.49-0.76) 
3
 Substantial 

Absent/mild collapsed 703 (84%) 0.65 (0.58-0.72) 
4
 Substantial 

Absent vs present 680 (81%) 0.42 (0.35-0.49) 
4
 Moderate 

Furrows 656 (78%) 0.49 (0.42-0.56) 
4
 Moderate 

Absent/mild collapsed 637 (76%) 0.32 (0.25-0.38) 
4
 Fair 

Absent-mild-severe 476 (57%) 0.54 (0.39-0.70) 
3
 Moderate 

Edema 751 (89%) 0.12 (0.05-0.19) 
4
 Slight 

Absent/mild collapsed 524 (62%) 0.24 (0.17-0.31) 
4
 Fair 

Absent-mild-severe 455 (54%) 0.32 (0.18-0.49) 
3
 Fair 

Stricture 648 (77%) 0.54 (0.47-0.60) 
4
 Moderate 

Crepe paper esophagus 765 (91%) 0.62 (0.56-0.69) 
4
 Substantial 

CI, confidence interval. 
1 

Grading according to current EREFS is marked in bold. Nonbold entries represent an 

alternative grading system. 
2 

Based on 840 possible pairwise comparisons. 
3 

Intraclass correlation coefficient.  
4 

Multi-rater kappa. 

 

Table 2. Interobserver agreement of EREFS in expert and trainee endoscopists 

 Experts Trainees 

Endoscopic sign 
Pairwise 

agreement,
1
 n (%) 

κ  

(95% CI) 

Pairwise 

agreement,
 1

 n (%) 

κ  

(95% CI) 

Rings 107 (59%) 0.76 (0.62-0.86) 
2
 105 (58%) 0.66 (0.50-0.80) 

2
 

White exudates 112 (62%) 0.53 (0.33-0.71) 
2
 131 (73%) 0.69 (0.54-0.82) 

2
 

Furrows 139 (77%) 0.41 (0.26-0.55) 
3
 148 (82%) 0.61 (0.46-0.75) 

3
 

Edema 171 (95%) -0.03 (-0.17 to 0.12) 
3
 96 (53%) 0.11 (-0.04 to 0.25) 

3
 

Stricture 138 (77%) 0.53 (0.38-0.68) 
3
 137 (76%) 0.52 (0.37-0.66) 

3
 

Crepe paper 

esophagus 
162 (90%) 0.61 (0.46-0.75) 

3
 167 (93%) 0.67 (0.52-0.82) 

3
 

CI, confidence interval. 
1
 Based on 180 possible pairwise comparisons. 

2 
Intraclass correlation coefficient.  

3
 Multi-rater kappa. 
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Table 3. Intraobserver agreement for EREFS in expert and trainee endoscopists 

Endoscopic 

sign 

Experts, κ (95 %CI) Trainees, κ (95 %CI) Total, median κ (range) 

I II III IV V VI VII VIII Experts Trainees 

Rings 
0.64 

(0.38-0.89) 

0.66 

(0.29-0.89) 

0.76 

(0.47-0.93) 

0.71 

(0.39-0.89) 

0.41 

(0.23-0.70) 

0.64  

(0.40-0.91) 

0.29  

(-0.03-0.51) 

0.59 

(0.26-0.77) 

0.69 

(0.64-0.76) 

0.50 

(0.29-0.64) 

White 

exudates 

0.63 

(0.29-0.87) 

0.60 

(0.32-0.83) 

0.53 

(0.26-0.74) 

0.76 

(0.54-0.94) 

0.55 

(0.13-0.78) 

0.74 

(0.54-0.95) 

0.56 

(0.31-0.78) 

0.54 

(0.24-0.78) 

0.62 

(0.53-0.76) 

0.56 

(0.54-0.74) 

Furrows 
0.67 

(0.32-0.93) 

0.35  

(-0.19 to 0.71) 

0.93 

(0.77-1.00) 

0.46 

(-0.08-1.00) 

0.63 

(0.14-0.90) 

0.93 

(0.70-1.00) 

0.71 

(0.43-0.96) 

0.78 

(0.54-1.00) 

0.57 

(0.35-0.93) 

0.75 

(0.63-0.93) 

Edema 
-0.05  

(-0.10 to 0.00) 

0.00 

(0.00-0.00) 

0.00 

(0.00-0.00) 

0.00 

(0.00-0.00) 

0.00 

(0.00-0.00) 

0.42 

(-0.16 to 0.80) 

0.00 

(0.00-0.00) 

0.39 

(0.00-0.89) 

0.00 

(-0.05 to 0.00) 

0.20 

(0.00-0.42) 

Stricture 
0.80 

(0.55-1.00) 

0.54 

(0.22-0.86) 

0.28  

(-0.09 to 0.70) 

0.73 

(0.42-0.93) 

0.46 

(0.01-0.86) 

0.26  

(-0.14 to 0.70) 

0.59 

(0.18-0.85) 

0.53 

(0.28-0.80) 

0.64 

(0.28-0.80) 

0.50 

(0.26-0.59) 

Crepe paper 

esophagus 

0.61 

(-0.05 to 1.00) 

0.67 

(0.37-1.00) 

0.71 

(0.00-1.00) 

0.63 

(-0.05 to 1.00) 

0.61 

(-0.08 to 1.00) 

0.90 

(0.58-1.00) 

0.78 

(0.00-1.00) 

0.84 

(0.47-1.00) 

0.65 

(0.61-0.71) 

0.81 

(0.61-0.90) 
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Discussion 

Using the recently developed classification system for endoscopic signs of eosinophilic 

esophagitis (EREFS), moderate to substantial interobserver agreement was demonstrated for 

rings, white exudates, strictures, and crepe paper esophagus. Furthermore, this study is the 

first to investigate intraobserver agreement using this novel endoscopic classification 

system. Moderate to substantial intraobserver agreement was found for rings, white 

exudates, furrows, strictures, and crepe paper esophagus.  

The interobserver agreement for endoscopic signs in patients with eosinophilic esophagitis 

has not been frequently investigated.
6,8

 In a prospective study using solitary, still images, 

Peery et al. showed moderate interobserver agreement for rings and furrows, whereas 

interobserver agreement for plaques (white exudates) was poor.
6
 For rings and furrows, κ 

values in the current studywere slightly higher than those in the Peery study, and agreement 

was also much higher for white exudates. Furthermore, the interobserver agreement 

obtained in the current study was very similar to agreement rates reported by Hirano et al.
8
  

The intraobserver agreement for endoscopic signs in patients with eosinophilic esophagitis 

has been reported previously. In the study by Peery et al., intraobserver agreement for all 

endoscopic signs of eosinophilic esophagitis was variable.
6
 In the current study, moderate to 

substantial intraobserver agreement was found for rings, white exudates, furrows, strictures, 

and crepe paper esophagus. Compared with the intraobserver agreement in Peery et al.,
6
 

agreement for furrows was similar and that for rings and exudates was higher in the current 

study. This might reflect the fact that the Peery study was conducted before the EREFS was 

published; assessment of endoscopic signs was not standardized and endoscopic signs were 

not graded.
8
 In the current study, the intraobserver agreement for white exudates could be 

increased from moderate to substantial, with persisting substantial interobserver 

agreement, when scored as absent/mild vs. severe. The interobserver and intraobserver 

agreement for edema also increased when scored as absent/mild vs. severe. Based on these 

findings, we propose that white exudates and edema be scored using alternative grading 

(Table 4). 
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Table 4. Adjusted EREFS for the endoscopic assessment of endoscopic signs of eosinophilic 

esophagitis, based on Hirano et al.
8
  

Endoscopic sign Classification 

Rings Grade 0: absent 

Grade 1: mild (subtle circumferential rings) 

Grade 2: moderate (distinct rings, still passage of diagnostic 

endoscope) 

Grade 3: severe (distinct rings, no passage of diagnostic endoscope) 

White exudates Grade 0: absent to mild (<10% of esophageal surface area) 

Grade 1: severe (>10% of esophageal surface area) 

Furrows Grade 0: absent 

Grade 1: present 

Edema Grade 0: absent to mild (loss of clarity of vascular markings) 

Grade 1: severe (absence of vascular markings) 

Stricture Grade 0: absent 

Grade 1: present 

Crepe paper esophagus Grade 0: absent 

Grade 1: present 

 

There were no structural differences in agreement when comparing expert with trainee 

endoscopists. The results of the study by Hirano et al. demonstrated moderately better 

interobserver agreement for the assessment of white exudates, edema, and crepe paper 

esophagus by experts, whereas in the current study white exudates, edema, and furrows, 

and crepe paper esophagus were actually scored with slightly higher agreement by trainees 

than by experts.
8
 Similarly, the intraobserver agreement for furrows, edema, and crepe 

paper esophagus were also higher for trainees in the current study. Experts had slightly 

higher intraobserver agreement for rings, white exudates, and strictures. However, 

differences were small, and we conclude that the EREFS can be used for reliable scoring, not 

only by experts but also by trainee endoscopists. 

The EREFS for endoscopic signs of eosinophilic esophagitis thus enables consistent and 

uniform scoring of endoscopic signs, which facilitates both communication between 

clinicians and adequate comparison between clinical studies performed in patients with 

eosinophilic esophagitis. Although endoscopy has an established role in the diagnosis of 

eosinophilic esophagitis, the value of endoscopic signs in the follow-up of patients is still 

unclear. The current study confirms the moderate to substantial interobserver agreement 

rates described by Hirano et al., and adds valuable information with regard to the 

intraobserver agreement. The intraobserver agreement of the EREFS was moderate to 

substantial for most signs of eosinophilic esophagitis, which means that these signs were 

scored consistently. This is important for the reliable interpretation of endoscopic signs in 

clinical trials and in the follow-up of patients with eosinophilic esophagitis. 

In line with the study by Hirano et al.,
8
 interobserver agreement was reported as κ estimates 

and pairwise agreement. Occasionally low κ estimates were found while pairwise agreement 

was high; this is a paradox that has been described in the literature.
11

 For example, the 

widespread presence of edema even in patients in remission resulted in low κ estimates 

among observers, despite the high pairwise agreement between them. The observers thus 

scored edema reliably, although this was not reflected by the κ statistic. This is caused by the 

widespread presence of edema, even in patients in remission, which increases the a priori 
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chance of detecting edema making it a less discriminatory sign.
11

 Therefore, agreement 

based on a combination of the κ estimate and the percentage of agreement more 

comprehensively describes the agreement than the κ estimate alone. 

This study has some limitations. First, the image set of 30 patients may seem small; however, 

similar studies have used comparable numbers of patients.
6,8

 One of the factors that could 

influence agreement results is observer fatigue; scoring of 30 image sets already takes about 

1-1.5 hours. Therefore, in order to avoid observer fatigue, we believe that 30 image sets is a 

reasonable number. Second, still images were used rather than endoscopy, which may 

hamper interpretation. For instance, endoscopy provides the opportunity to closely inspect a 

region that may not look clear at first sight. In addition, endoscopy offers the possibility to 

flush away white plaques that might resemble white exudates. To minimize the 

disadvantage of using still images, a set of 3-6 (median 5) images per patient were used, 

which incorporated different parts of the esophagus after flushing and cleansing of the 

esophagus in order to mimic real endoscopy. By using this set of still images, agreement was 

very comparable to the agreement reported by Hirano et al., in which videos were used.
8
 

This study has demonstrated that the recently proposed EREFS for the assessment of 

endoscopic signs of eosinophilic esophagitis is a reliable and stable measure that can be 

employed by expert as well as trainee endoscopists. This is important for the interpretation 

of endoscopic signs of eosinophilic esophagitis in clinical trials and during follow-up of 

patients. To improve inter- and intraobserver agreement, we propose an alternative scoring 

system that contains slight changes to the grading of white exudates and edema. 

In conclusion, we have demonstrated moderate to substantial interobserver and 

intraobserver agreement for most endoscopic signs of eosinophilic esophagitis, supporting 

the widespread use of the EREFS. 
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Abstract  

Objectives: The Endoscopic Reference Score (EREFS) for endoscopic assessment of 

eosinophilic esophagitis (EoE) was recently introduced. The correlation between endoscopic 

signs, scored according to the EREFS, and histopathological signs is unknown. We aimed to 

determine if the EREFS system can predict histological activity in patients with EoE. 

Methods: We included 69 patients with EoE (age 35 (interquartile range 29-48) years; 80% 

male) who, between 2006-2014, underwent upper endoscopy during which high-quality 

endoscopic images were taken and esophageal biopsy specimens were obtained. Per 

endoscopy, ≥3 depersonalized images were scored prospectively according to the EREFS by 

an expert endoscopist. Histopathological signs were scored prospectively by a pathologist 

with gastrointestinal expertise. Both endoscopic observer and pathologist were blinded to 

the patient’s condition and each other’s score. 

Results: Individual endoscopic signs did not correspond to the peak eosinophil count or 

other histopathological signs. Although the composite fibrotic signs score, inflammatory 

signs score, and total EREFS score were significantly correlated with the peak eosinophil 

count, none of these scores was found to have high positive and negative predictive value 

for histologically defined disease activity. Furthermore, in the follow-up of 35 EoE patients, 

lower peak eosinophil counts were not associated with a decrease in endoscopic 

abnormalities. 

Conclusions: In adult EoE patients, the fibrotic, inflammatory and total EREFS scores 

correlate with peak eosinophil counts and other histopathological features of EoE, but their 

predictive value for disease activity is insufficient for clinical use. Therefore, biopsies remain 

indispensable for the assessment of disease activity.   
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Introduction 

Eosinophilic esophagitis (EoE) is an increasingly diagnosed, chronic inflammatory disease of 

the esophagus, which causes symptoms of dysphagia and food impaction.
1,2

 Endoscopically, 

93% of the patients demonstrate any of the following signs in the esophagus: concentric 

rings, linear furrows, white exudates, edema, strictures, diffuse narrowing or a crepe paper 

appearance.
3-5

 As these endoscopic signs are not specific for EoE, the diagnosis requires 

esophageal biopsy sampling.
6
 A novel classification system has been introduced in order to 

standardize the endoscopic assessment of esophageal signs of EoE (EREFS).
7
 The EREFS 

system has moderate to substantial inter- and intra-observer agreement for most signs of 

EoE, except for edema.
7,8

 It enables consistent scoring of most endoscopic signs which 

facilitates its application in clinical studies in patients with EoE.  

An important problem in the care of patients with EoE is the lack of biomarkers of 

esophageal inflammation other than esophageal eosinophilia. Consequently, esophageal 

biopsy sampling is recommended not only for the diagnosis but also for the follow-up of 

EoE.
6
 Clinical management of patients with EoE would be greatly facilitated if the EREFS 

system would provide adequate information on disease activity during follow-up, so that 

taking biopsies and histological examination could be omitted. Therefore, we aimed to 

determine if endoscopic signs scored according to the EREFS system can predict histological 

activity in adult patients with EoE. 

 

Methods 

This retrospective observational study was conducted in the Academic Medical Center, 

Amsterdam, The Netherlands, which functions as a tertiary referral center for EoE patients. 

Patients were not exposed to any additional interventions for the study purpose. Therefore, 

in accordance with Dutch law, formal medical ethical assessment was not required. 

 

Data collection 

We included endoscopic and histopathological data of adult patients diagnosed with EoE 

according to current guidelines (symptoms of esophageal dysfunction and histology showing 

>15 eosinophils per high power field (eos/hpf) despite double-dose proton pump inhibitor 

treatment).
6
 Data, gathered between 2006-2014, were included regardless of the patient’s 

treatment status (either none or proton pump inhibition, topical corticosteroids, or a food 

elimination diet). Endoscopic images were selected based on the highest quality regarding 

sharpness and motionlessness. Per patient, 3-6 depersonalized images were included in a 

slideshow (Microsoft PowerPoint 2003; Microsoft Inc, Redmond, Wash). In case a patient 

had undergone multiple endoscopies, a single endoscopy was initially selected in a blinded 

and random fashion. All slides thus contained images of one endoscopy of a unique patient.  

In addition, in order to measure the utility of the EREFS in the follow-up of EoE patients, we 

identified patients who had undergone ≥2 endoscopies and selected the 2 endoscopies with 

the highest and lowest peak eosinophil count to obtain the largest difference in eosinophil 

count within each patient. These endoscopies were then classified as “eos high” and “eos 
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low” groups, respectively, and endoscopic signs were evaluated in both groups. 

 

Evaluation of endoscopic signs 

An endoscopist with EoE expertise (AJB) received an introductory slideshow containing 

representative images and written descriptions of the EREFS for endoscopic signs of EoE, and 

prospectively scored the endoscopic signs according to the EREFS.
7
 The endoscopist was 

blinded to the patient’s condition. Observations were filled out on a standardized, printed 

form.  

Endoscopic signs of EoE were also classified into a fibrotic and an inflammatory group of 

signs. Rings, strictures, and crepe paper esophagus are considered fibrotic signs of EoE, 

whereas exudates, edema, and furrows are thought to reflect acute inflammation.
9,10

 From 

individual endoscopic signs scored according to the EREFS system, a fibrotic signs score, an 

inflammatory signs score, and a total EREFS score were calculated as follows. The fibrotic 

signs score resulted from the severity of rings (0-3) and presence of strictures (0-1); it thus 

ranges from 0 to 4. The inflammatory signs score resulted from the severity of exudates (0-

2), edema (0-1), and furrows (0-1); it thus ranges from 0 to 4. The total EREFS score was the 

sum of the fibrotic signs score and the inflammatory signs score and ranges from 0 to 8.
7,11 

 

Histopathological analysis 

In our hospital, esophageal specimens are stained with H&E according to standard protocol 

when EoE is suspected, in order to evaluate eosinophil counts and other signs of 

inflammation. An experienced gastrointestinal pathologist (JV) blinded to patient's 

treatment status analyzed the esophageal biopsy specimens, taken at different levels of the 

oesophagus, in a random order, using an Olympus BX41 microscope (Olympus Europe, 

Hamburg, Germany). In each biopsy specimen, the area of greatest eosinophil density was 

detected with a low-power view. By using a magnification of 400x (1 hpf), the peak 

eosinophil count was determined. The presence of eosinophilic microabscesses (defined as 

clusters of ≥4 eosinophils) was analyzed at high-power, and basal hyperplasia and spongiosis 

were analyzed at low-power (for both: 0 = absent, 1 = extending to lower third of total 

epithelial thickness (mild), 2 = extending to middle third (moderate), 3 = extending to upper 

third (severe)), according to the literature.
12-14

 For basal hyperplasia and spongiosis, the 

most severe score was noted (examples are given in Figure 1). Observations were filled out 

on a standardized, printed form. 

 

Statistical analysis 

Continuous data were expressed as medians (interquartile range (IQR)). Patient subgroups 

were compared using the Kruskal-Wallis test, the Mann-Whitney U test or the Wilcoxon 

signed rank test where appropriate. Proportions were compared using the Chi-square test, 

Fisher’s exact test, or the Chi-square test for trend where appropriate. Correlations were 

calculated using Spearman’s correlation coefficient. We considered P<0.05 to be significant. 

IBM SPSS Statistics (version 22) was used for statistical analyses. 
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Figure 1. Examples of histopathological signs of EoE in a patient with active EoE and in a patient in remission.  

A) In this patient with active EoE, esophageal eosinophilia was accompanied by severe basal hyperplasia and 

severe spongiosis, both extending to the upper third of the epithelium. B) In this patient in remission, no 

eosinophils were seen, and basal hyperplasia and spongiosis were absent. 

 

Results 

Patient selection 

We included endoscopy and histopathology data of 69 EoE patients; age 35 (29-48) years, 55 

(80%) males. In total, 153 endoscopies in which high-quality images were taken and biopsy 

samples were acquired, were eligible for inclusion in this study, of which 69 (one per patient) 

were initially selected. In 35 of 69 patients follow-up was available. Medication use at the 

time of endoscopy was as follows: 75% none or esomeprazole double dose, 19% topical 

corticosteroids, 6% food elimination diet. Histopathological analysis revealed that 18 of 69 

patients were in remission (3 (1-6) eos/hpf) during endoscopy, whereas 51 patients had 

active disease (55 (35-100) eos/hpf). 
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Endoscopic signs in active EoE and in remission 

In 69 endoscopies, edema was the most frequently described finding (n=66, 96%), followed 

by furrows (n=49, 71%), rings (n=46, 67%), white exudates (n=36, 52%), strictures (n=24, 

35%), and crepe paper esophagus (n=8, 12%).  

Compared with patients in remission (<15 eos/hpf), rings and furrows were significantly 

more severe in patients with active EoE (≥15 eos/hpf) (Table 1). No differences were found 

in the severity of exudates and edema, and the presence of strictures and crepe paper 

esophagus, although all patients with a crepe paper esophagus had active disease. The 

fibrotic signs score, and the total EREFS score were significantly higher in patients with active 

EoE than in those in remission. The inflammatory signs score was not significantly higher in 

patients with active EoE compared with those in remission. 

 

Histopathological signs in active EoE and in remission 

In patients with active EoE, peak eosinophil counts in the proximal, mid and distal esophagus 

(38 (6-78), 50 (31-79), and 40 (25-100) eos/hpf, respectively) were not significantly different. 

In patients in remission, peak eosinophil counts in the proximal, mid and distal esophagus 

were 0 (0-1), 1 (0-2), and 2 (1-6) eos/hpf, respectively. In patients with active EoE, 28% of the 

proximal, 6% of the mid, and 22% of the distal esophageal biopsy specimens did not show 

active disease (≥15 eos/hpf). Eosinophilic microabscesses were present in the majority of the 

patients with active disease (69%), but absent in the patients in remission (P<0.001). Patients 

with active disease had more extensive basal hyperplasia than patients in remission (0% 

absent, 14% mild, 67% moderate, 20% severe vs 44% absent, 56% mild, 0% moderate, 0% 

severe; P<0.001). Spongiosis was also more extended in patients with active disease than in 

patients in remission (0% absent, 8% mild, 35% moderate, 57% severe vs. 0% absent, 94% 

mild, 6% moderate, 0% severe; P<0.001). Patients with eosinophilic microabscesses had 

higher peak eosinophil counts than those without (90 (50-120) vs 10 (2-35); P<0.001). 

Similarly, with increasing basal hyperplasia and spongiosis, patients had higher peak 

eosinophil counts (both P<0.001). 

 

Correlations between endoscopic and histopathological signs of EoE 

Spearman’s correlation analysis demonstrated that the fibrotic signs score (r=0.28, P=0.020), 

the inflammatory signs score (r=0.27, P=0.025), and the total EREFS score (r=0.43, P<0.001) 

significantly correlated with the peak eosinophil count. 

In order to test the hypothesis that a low number and degree of endoscopic signs would 

predict a low peak eosinophil count we compared endoscopic signs scores below the 10th 

percentile with scores above this cut-off (Figure 2). For fibrotic signs the 10th percentile was 

0, meaning patients had no rings or strictures. For inflammatory signs the 10th percentile 

was ≤1 (for instance: exudates 0, edema 1, furrows 0; or exudates 1, edema 0, furrows 0). 
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Table 1. Endoscopic signs in patients with active disease and those in remission 

Endoscopic sign Active EoE 

N = 51 

EoE in remission 

N = 18 

P-value 

Rings    

- None 14 (27%) 9 (50%) 

0.046 * 
- Mild 20 (39%) 6 (33%) 

- Moderate 10 (20%) 3 (17%) 

- Severe 7 (14%) 0 (0%) 

Exudates    

- None 22 (43%) 11 (61%) 

0.50 * - Mild 23 (45%) 4 (22%) 

- Severe 6 (12%) 3 (17%) 

Furrows 40 (78%) 9 (50%) 0.022 
#
 

Edema 48 (94%) 18 (100%) 0.56 
†
 

Stricture 21 (41%) 3 (17%) 0.085 
†
 

Crepe paper esophagus 8 (16%) 0 (0%) 0.10 
†
 

Fibrotic signs score 2 (1-2) 0.5 (0-2) 0.010 
‡
 

Inflammatory signs score 3 (2-4) 2 (2-3.25) 0.093 
‡
 

Total EREFS score 5 (3-6) 3 (2.75-4) 0.002 
‡
 

* Chi-square test for trend; 
#
 Chi-square test; 

†
 Fisher’s exact test; 

‡ 
Mann-Whitney U test 

 

For the total EREFS score the 10th percentile was ≤2 (for instance, exudates 1, rings 1, 

edema 0, furrows 0, strictures 0; or exudates 0, rings 0, edema 1, furrows 1, strictures 0). We 

found that patients with low fibrotic signs scores (n=19) had a median peak eosinophil count 

of 18 (3-50), which was significantly lower than in patients with higher fibrotic signs scores 

(50 (23-100), P=0.029). In line, we observed that patients with low inflammatory signs scores 

(n=10) had a significantly lower peak eosinophil count than those with higher inflammatory 

signs scores (10 (2-43) vs 45 (18-100), P=0.017). In patients with a total EREFS score of 2 or 

less (n=12), a lower peak eosinophil count was also seen compared with patients with higher 

total EREFS scores (12 (1-48) vs 45 (21-100), P=0.029). 

 

 

Figure 2. Peak eosinophil counts in EoE patients with A) low vs high fibrotic signs scores, B) low vs high 

inflammatory signs scores, and C) low vs high total EREFS scores. Horizontal bars indicate group medians  

with interquartile ranges. The area below the dotted horizontal line indicates remission (<15 eos/hpf). 
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Figure 3 shows peak eosinophil counts for each of the grades of each endoscopic sign. The 

presence of severe rings (n=7) was associated with a peak eosinophil count ranging between 

16 and 180 (median 80) eos/hpf, and presence of a crepe paper esophagus (n=8) indicated a 

peak eosinophil count between 28 and 180 (median 68) eos/hpf. The peak eosinophil count 

could not be estimated from individual endoscopic signs scored according to the EREFS, 

although on a group level, presence of furrows indicated a higher peak eosinophil count 

(presence 50 (27-100) eos/hpf vs absence 16 (5-48) eos/hpf; P=0.018). Similarly, presence of 

a stricture also indicated a higher peak eosinophil count (presence 55 (26-115) eos/hpf vs 

absence 35 (6-73) eos/hpf; P=0.036). However, positive predictive values for active disease 

(≥15 eos/hpf) were low for most endoscopic signs and the composite scores (Table 2). None 

of the endoscopic scores was associated with a combination of a sufficiently high positive 

predictive value and a sufficiently high negative predictive value (e.g. > 70%). 

 

 

Figure 3. Relationships between peak eosinophil counts and endoscopic signs. Grades of A) exudates, B) 

edema, C) furrows, and D) rings did not predict the peak eosinophil count, although all patients with severe 

rings had active disease; E) presence of a stricture was associated with a higher peak eosinophil count, but the 

overlap between the groups was substantial; F) presence of a crepe paper esophagus did not predict the exact 

peak eosinophil count, although all patients with a crepe paper esophagus had active disease. Horizontal bars 

indicate group medians with interquartile ranges. The area below the dotted horizontal line indicates remission 

(<15 eos/hpf). 
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Table 2. Positive and negative predictive values of endoscopic signs (scored according to 

EREFS) for histological disease activity 

Endoscopic sign 
Sensitivity  

(95% CI) 

Negative 

predictive value  

(95% CI) 

Specificity  

(95% CI) 

Positive 

predictive value  

(95% CI) 

Rings     

- None 50% (27-73%) 80% (66-90%) 73% (58-84%) 39% (20-61%) 

- Mild 39% (26-54%) 28% (16-44%) 67% (41-86%) 77% (56-90%) 

- Moderate 20% (10-34%) 27% (16-41%) 83% (58-96%) 77% (46-94%) 

- Severe 14% (6-27%) 29% (19-42%) 100% (70-100%) 100% (56-100%) 

Rings present 27% (16-42%) 39% (20-61%) 50% (27-73%) 80% (66-90%) 

Exudates     

- None 61% (36-82%) 81% (63-91%) 57% (42-70%) 33% (19-52%) 

- Mild 45% (31-60%) 33% (20-50%) 78% (52-93%) 85% (65-95%) 

- Severe 12% (5-25%) 25% (15-38%) 83% (58-96%) 67% (31-91%) 

Exudates present 57% (42-70%) 33% (19-52%) 61% (36-82%) 81% (63-91%) 

Furrows     

- Absent 50% (27-73%) 82% (67-91%) 78% (64-88%) 45% (24-68%) 

- Present 78% (64-88%) 45% (24-68%) 50% (27-73%) 82% (67-91%) 

Edema     

- Absent 0% (0-22%) 73% (60-83%) 94% (83-98%) 0% (0-69%) 

- Present 94% (83-98%) 0% (0-69%) 0% (0-22%) 73% (60-83%) 

Stricture     

- Absent 83% (58-96%) 88% (66-97%) 42% (28-56%) 33% (20-49%) 

- Present 42% (28-56%) 33% (20-49%) 83% (58-96%) 88% (66-97%) 

Crepe paper esophagus     

- Absent 100% (78-100%) 100% (60-100%) 16% (7-29%) 30% (19-43%) 

- Present 16% (7-29%) 30% (19-43%) 100% (78-100%) 100% (60-100%) 

Composite scores 
Sensitivity  

(95% CI) 

Negative 

predictive value  

(95% CI) 

Specificity  

(95% CI) 

Positive 

predictive value  

(95% CI) 

Fibrotic signs score     

- Score 0  

  (below 10
th

 percentile) 
50% (27-73%) 82% (68-91%) 80% (66-90%) 47% (25-70%) 

- Score 3-4  

  (above 90
th

 percentile) 
22% (12-36%) 31% (20-45%) 100% (78-100%) 100% (68-100%) 

Inflammatory signs score     

- Score 0-1  

  (below 10
th

 percentile) 
33% (14-59%) 80% (67-89%) 92% (80-97%) 60% (27-68%) 

- Score 3-4  

  (above 90
th

 percentile) 
31% (20-46%) 29% (17-43%) 78% (52-93%) 80% (56-93%) 

Total EREFS score     

- Score 0-2  

  (below 10
th

 percentile) 
33% (14-59%) 79% (66-88%) 88% (75-95%) 50% (22-78%) 

- Score 6-8  

  (above 90
th

 percentile) 
16% (7-29%) 30% (19-43%) 100% (78-100%) 100% (60-100%) 

Sensitivity, specificity and predictive values of endoscopic signs are given for the presence of active disease 

(≥15eos/hpf). In contrast, for the lowest grades of each sign or score (in italics), sensitivity, specificity and 

predictive values are given for remission (<15 eos/hpf). 
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Value of EREFS in the follow-up of EoE patients 

Figure 4 illustrates the value of the EREFS system in the follow-up of 35 EoE patients (age 38 

(30-45) years; 28 male; median follow-up 4.8 months). Per patient, two endoscopies were 

separated in a group with high peak eosinophil count (90 (55-120) eos/hpf; labelled “eos 

high”) and a group with low peak eosinophil count (30 (4-50) eos/hpf; labelled “eos low”). In 

the “eos high” group, the following medications were used: 83% none or esomeprazole 

double dose, 3% topical corticosteroids, 14% food elimination diet. In the “eos low” groups, 

the same patients used: 43% none or esomeprazole double dose, 46% topical 

corticosteroids, 11% food elimination diet. The fibrotic signs score, the inflammatory signs 

score and the total EREFS score in the “eos low” group were not significantly different from 

those in the “eos high” group. Similarly, individual endoscopic signs were not different 

between the two groups (data not shown). Figure 5 displays endoscopic signs before and 

after treatment in two patients. 
 

 

Figure 4. Endoscopic signs at two different endoscopies within 35 EoE patients. A) Fibrotic, B) inflammatory  

and C) total EREFS scores. Bold bars indicate group medians. 

 

 

Figure 5. Endoscopic signs of EoE in the follow-up of two different EoE patients. A) In this patient with active 

disease, fluticasone propionate treatment led to a decrease of the peak eosinophil count but not a decrease of 

endoscopic signs. B) In another patient with active disease, the decreased peak eosinophil count after 

extensive food allergen elimination was paralleled by a decrease of endoscopic signs. EREFS: Exudates, Rings, 

Edema, Furrows, Strictures. 
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Discussion 

The endoscopic features of eosinophilic esophagitis comprise concentric rings, linear 

furrows, white exudates, edema, strictures, diffuse narrowing and/or a crepe paper 

appearance, although these signs are not always observed.
5
 Recently, the EREFS system was 

introduced in order to standardize the endoscopic assessment of esophageal signs of EoE.
7
 It 

enables consistent scoring of most endoscopic signs of EoE. This far, it was unknown if 

endoscopic signs scored according to the EREFS correlated with histopathological signs of 

EoE. We demonstrated that individual endoscopic signs of EoE do not predict peak 

eosinophil counts. However, composite scores of fibrotic and inflammatory endoscopic signs 

were found to be correlated with the peak eosinophil count, the presence of eosinophilic 

microabscesses, and the severity of basal hyperplasia and spongiosis. However, in the 

follow-up of EoE patients, composite endoscopic signs scores could not predict peak 

eosinophil counts.  

Despite the existence of a statistically significant correlation between fibrotic and 

inflammatory endoscopic signs scores and eosinophilic cell counts, in individual patients 

peak eosinophil counts could not be estimated reliably on the basis of endoscopic signs, and 

even the complete absence of individual endoscopic signs of EoE was not specific for disease 

remission. On the other hand, the presence of severe rings or crepe paper esophagus 

predicted active disease. In the follow-up, a decrease of esophageal eosinophilia was not 

paralleled by a decrease of inflammatory or fibrotic endoscopic signs of EoE. Consequently, 

although on a group level endoscopic and histopathological signs correlate, for individual 

patients endoscopic signs have no predictive value and thus cannot serve as a marker of 

esophageal inflammation in the follow-up of EoE. Even when endoscopic signs have 

improved, histopathological evaluation of biopsies cannot be omitted for determination of 

remission.  

There may be several explanations for the lack of a clinically relevant correlation between 

endoscopic and histopathological signs. First, although endoscopic signs of EoE are scored 

reliably using the EREFS system,
7,8

 histopathological signs of EoE are subject to sampling bias 

as they vary greatly between and within biopsy specimens of individual patients.
15-17

 This 

was also seen in our patient cohort. In our center, as part of standard protocol, 6 biopsy 

specimens from different esophageal levels are taken. Although this systematic approach 

may minimize the influence of sampling bias, it does not correct for the fact that these 

biopsy specimens represent a tiny fraction of the esophageal mucosa.
18

 Consequently, in 

theory, the peak eosinophil count might not be a reliable marker of disease activity in EoE. It 

should be borne in mind that the eosinophil count threshold for active EoE was chosen 

rather arbitrarily and that it varies between studies.
1,19

 

A second, more mechanistic explanation could be that it may take some time before 

endoscopic signs disappear after eosinophilic inflammation has resolved. This would mean 

that fibrotic and inflammatory endoscopic signs do not reflect acute eosinophilic 

inflammation, although previous studies have shown a correlation between esophageal 

eosinophilia and endoscopic signs,
20,21

 and between esophageal eosinophilia and 

remodeling.
22,23

 

For this study, we have scored the presence and most severe degree of endoscopic and 

histological signs throughout the esophagus regardless of the exact location (e.g. proximal, 
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mid, or distal), according to the bulk of the literature and published guidelines.
1,7

 Thus, 

biopsy specimens were not taken at the same location as the observed endoscopic signs but 

at standard esophageal levels, which may have also influenced the results of this study. On 

the other hand, even the absence of endoscopic signs did not predict disease remission. 

A limitation of this study is that still endoscopic images were used to score endoscopic signs 

of EoE, which does not equate to endoscopic evaluation in the endoscopy suite. For 

instance, endoscopy offers the possibility to inspect the esophagus in more detail. 

Endoscopy also enables flushing away white plaques that might resemble white exudates. To 

minimize the disadvantage of using still images, a set of 3-6 images per patient was used, 

which incorporated different parts of the esophagus after flushing and cleansing of the 

mucosal surface in order to mimic real endoscopy. Using this method, we have previously 

shown that endoscopic signs can be scored reliably.
8
 

Although 93% of the patients demonstrates at least one endoscopic sign of EoE , these signs 

are not specific for EoE.
6,24

 Furthermore, endoscopic signs are not always observed in EoE 

patients with active eosinophilic inflammation.
5
 For this reason, endoscopic signs are not 

included in the consensus definition of EoE.
1
 Our study re-emphasizes the need for random 

biopsy sampling at different levels of the esophagus regardless of the presence or absence of 

endoscopic signs in the diagnosis and follow-up of EoE patients, in line with current 

guidelines.
1,6

 

In conclusion, in adult EoE patients, the fibrotic, inflammatory and total EREFS scores 

correlate with peak eosinophil counts. However the divergence of endoscopic and 

histopathological signs hinders a predictive role for endoscopic signs in the follow-up. 

Histopathological evaluation of esophageal biopsies remains a necessity for determining 

disease activity in EoE. 
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Summary 

Eosinophilic esophagitis (EoE) is a recently recognized disease.
1,2

 In adults, key symptoms 

include dysphagia and food impaction.
1
 The disease can affect any person at any age, 

however the typical EoE patient seen in the gastroenterology department is a (young) man 

with atopic co-morbidity. Over the past years, an increasing number of studies have 

provided more insights into the epidemiology, pathophysiology, diagnosis, and treatment of 

EoE. In this thesis, we presented a number of studies, in which we investigated the 

epidemiology of EoE (Part 1), the pathophysiology and treatment (Part 2), and the value of 

endoscopy and histopathology for the care of EoE patients (Part 3).  

 

Part 1  Epidemiology  

At the start of this PhD project, few studies on the epidemiology of EoE in adults had been 

published.
3
 For the Netherlands no epidemiological data were available. Therefore, in 

Chapter 2 we reported a cross-sectional study of the pathology reports describing 

esophageal eosinophilia from 1996 through 2010, using the nationwide network and registry 

of histo- and cytopathology in The Netherlands (PALGA). We identified 674 EoE patients, of 

which 74% were men. The incidence of EoE increased considerably over the years, from 0.01 

per 100,000 persons in 1996, via 0.01 per 100,000 in 2000, and 0.14 per 100,000 in 2005, to 

1.31 per 100,000 in 2010. Eosinophilic esophagitis was diagnosed in all age groups, but in 

2010 the highest incidence was seen in 20-29 years old males, in whom it was estimated to 

be 3.23 per 100,000 persons. The incidence in children was 0.73 per 100,000 in 2010. We 

observed no seasonal variation in diagnosis of EoE. From this study, we concluded that the 

incidence of pediatric and adult EoE increased at an amazing pace in the Netherlands, and 

that the increase in incidence has not reached a plateau yet. It is unknown if this increase 

reflects an environmentally driven increase in incidence or merely augmented awareness of 

the disease. 

EoE is a chronic, relapsing disease that impairs the quality of life in children and adults with 

EoE.
4-6

 Adult EoE patients are concerned about the disease and its impact on their lives, and 

have lower mental, but not physical, quality of life scores than the healthy population.
7
 As 

the disease is relatively novel and not always recognized, the delay between the onset of 

symptoms and the diagnosis of EoE is long, approximately 4.5 years.
8,9

 Some patients with 

longer disease duration report increasing symptoms of dysphagia.
9
 It is unknown if the 

quality of life decreases with longer disease duration. Therefore, in Chapter 3, we described 

a study in which we consecutively included 74 adult EoE patients, who filled out the SF-36 

health-related quality of life questionnaire. We compared patients’ SF-36 scores with norm 

scores from a Dutch reference population. Furthermore, clinical parameters were collected 

and used to determine risk factors for a low mental component summary score of the SF-36. 

We found that, compared with the reference population, in EoE patients vitality and general 

health domains of the SF-36 were decreased, the latter primarily in the 18 to 25-year age 

group. In addition, disease duration was identified as a risk factor for a low mental 

component summary score.  

In 2013, a large retrospective cohort study demonstrated that during the natural course of 

the disease, the risk for esophageal stricture formation increases in EoE.
10

 We hypothesized 

that esophageal motility abnormalities may also develop over time. Therefore, we aimed to 
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determine the relationships between disease duration, clinical characteristics, and 

manometric pattern of EoE patients, which are described in Chapter 4. We compared 

esophageal high-resolution manometry (HRM) measurements of 31 adult EoE patients with 

HRM data from 31 controls with gastroesophageal reflux disease (GERD controls) and 31 

healthy controls. Subsequently, we assessed differences in disease duration and clinical 

characteristics between EoE patients with normal and those with abnormal esophageal 

motility. We found that in EoE patients, peristaltic activity was more frequently failed or 

weak compared with healthy controls; however, this pattern was also seen in GERD controls. 

In EoE patients, disease duration was longer in those with abnormal motility than in those 

with normal motility (13 years vs 4 years), and disease duration was identified as a risk factor 

for abnormal motility. With longer disease duration, the prevalence of abnormal motility 

increased from 36% (duration 0-5 years) to 83% (duration ≥16 years) in EoE patients. We 

concluded that impaired peristalsis, though associated with disease duration, is not a specific 

feature of EoE. 

 

Part 2 Pathophysiology & treatment 

The pathophysiological mechanisms underlying EoE are not completely known. Gastro-

esophageal reflux has been suggested to play a role in EoE.
11,12

 In patients with GERD, 

esophageal acid exposure decreases baseline intraluminal impedance, which is considered a 

marker of mucosal integrity.
13-15

 In Chapter 5, we aimed to assess esophageal baseline 

impedance levels in EoE patients and to investigate their relationship with esophageal acid 

exposure. We performed ambulatory 24-h pH-impedance monitoring 11 EoE patients and 11 

healthy controls with matched esophageal acid exposure, and assessed baseline impedance 

levels in the distal, mid, and proximal esophageal impedance channels. We observed that in 

EoE patients, baseline impedance levels were markedly lower compared with healthy 

controls in the distal, mid, and proximal esophagus. Furthermore, whereas baseline 

impedance decreased from proximal to distal in healthy subjects, no such gradient was seen 

in EoE patients. Our findings suggested that factors other than acid reflux – possibly 

impaired mucosal integrity – are the cause of low baseline impedance values in EoE patients. 

In other atopic disease (asthma and atopic dermatitis), an impaired epithelial barrier 

function has been described.
16,17

 As in asthma and atopic dermatitis, the filaggrin gene is 

also a susceptibility gene in EoE, supporting the idea that impaired epithelial barrier function 

could play a fundamental role in EoE.
18-20

 Therefore, we hypothesized that patients with EoE 

have esophageal mucosal damage that promotes transepithelial flux of allergens. In Chapter 

6 we prospectively investigated the esophageal mucosal barrier integrity in 16 patients with 

suspected EoE (dysphagia, endoscopic signs of EoE, and esophageal eosinophilia) and 11 

healthy controls. We evaluated the structure (intercellular spaces) and function (electrical 

tissue impedance, transepithelial electrical resistance, transepithelial molecule flux) of the 

esophageal mucosal barrier. In patients, endoscopy was repeated after 8 weeks of treatment 

with high-dose esomeprazole. We observed that, compared with controls, the electrical 

tissue impedance and transepithelial electrical resistance were reduced in patients with 

(suspected) EoE, enabling transepithelial small-molecule flux. In patients that responded 

histologically to PPI therapy (<10 eosinophils per microscopic high-power field), integrity 

changes were partially restored, whereas in histologically non-responders (>10 eosinophils 

per microscopic high-power field) the integrity remained impaired. We concluded that the 



188 

 

integrity of the esophageal mucosa is impaired in patients with (suspected) EoE, allowing 

transepithelial transport of small molecules. Furthermore, PPI therapy may partially restore 

the mucosal integrity in some of the patients with suspected EoE. 

Two small studies have shown that anti-inflammatory treatment with topical fluticasone 

restores the esophageal barrier integrity in EoE patients.
21,22

 We prospectively investigated 

the effect of topical fluticasone on esophageal inflammation and barrier integrity, as 

described in Chapter 7. We included 15 adult EoE patients. Patients underwent upper 

endoscopy at baseline and after 8 weeks of swallowed fluticasone 500 μg BID. As in Chapter 

6, we evaluated the structure and function of the esophageal mucosal barrier. Eosinophil 

and mast cells counts were scored in esophageal biopsy specimens, and expression of 

mucosal barrier integrity proteins was investigated using qPCR and immunohistochemistry. 

Esophageal signs and symptoms were also scored. We found that the peak eosinophil and 

mast cell counts decreased significantly with fluticasone. The esophageal mucosal integrity 

increased substantially after fluticasone, as shown by increased extracellular mucosal 

impedance and transepithelial electrical resistance, and decreased transepithelial molecule 

flux. The expression of inflammatory cytokines decreased after fluticasone, whereas the 

expression of proteins important for barrier integrity (filaggrin and desmoglein-1) increased. 

Normalization of inflammation and improvement of barrier integrity were correlated. We 

concluded that fluticasone treatment decreases eosinophilic inflammation and restores the 

mucosal integrity, and that filaggrin and desmoglein-1 play an important role in the mucosal 

integrity of EoE patients. 

Food allergens are thought to trigger EoE, but it is unknown which allergens cause symptoms 

in individual patients.
1,23

 The value of allergy testing in adult EoE patients is unclear.
24,25

 

Component-resolved diagnosis (CRD) may offer additional insights into sensitization patterns 

in EoE patients as a whole and in individual patients.
26

 In Chapter 8 we analyzed sensitization 

patterns in EoE patients using CRD. Serum from 76 adult EoE patients (78% male) was 

analyzed for reactivity to 112 different allergen components using an immune solid-phase 

allergen chip (ISAC). We observed at least one sensitization in 59 patients (78%), of which 54 

patients were polysensitized. Aeroallergen sensitization, mostly against components of grass 

or tree pollen, or house dust mite, was observed in 74% of the patients. Birch pollen (rBet v 

1) sensitization with cross-reactivity to food allergen components was observed in 30 

patients (39%). We concluded that food sensitizations in EoE patients are mainly caused by 

cross-reactivity to food allergens after primary birch pollen sensitization. From this study, we 

hypothesized that, since CRD provides more insight into sensitization patterns, it might be 

useful to direct dietary therapy in EoE. 

In Chapter 9 we aimed to determine whether CRD could be used to guide an elimination diet 

in adult patients with EoE. Using CRD, we prospectively screened 95 adult EoE patients for 

sensitizations. Fifteen adult patients with ≥1 food sensitization were treated with a CRD-

guided elimination diet for 6 weeks. Primary endpoint was the percentage of responders to 

the diet (<10 eosinophils per microscopic high-power field). CRD results were also compared 

with those of CAP testing and SPT. The trial was prematurely terminated since interim 

analysis showed that the intended 70% response rate could not be met anymore: only 1 of 

the 15 patients in the trial responded to the diet. Compared with CRD, combined CAP testing 

and SPT identified additional food sensitizations in 93% of the patients. We concluded that a 

CRD-guided elimination diet was not effective in adult EoE patients, and that the lack of 
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response could be a result of missed sensitizations (i.e. not tested by the used test) or a 

limited relevance of IgE in the pathophysiology of EoE. 

In Chapter 10, we described a case report of stent placement following esophageal 

perforation in an EoE patient with food impaction. The presented case reminds us that we 

should attempt to avoid food impaction in patients with eosinophilic esophagitis because 

endoscopic removal of the impacted food may cause perforation.
27,28

 Placement of a 

partially covered metal stent resulted in tissue ingrowth, which is a common complication of 

stent placement. We advise that the placement of metal stents, especially partially covered 

ones, should be avoided in patients with EoE because the inflamed mucosa is likely to react 

to a foreign body by the development of severe fibrosis, and stent removal may be 

associated with an increased risk of mucosal tears and perforation. 

 

Part 3 Endoscopy & histopathology 

In patients with symptoms of esophageal dysfunction, the diagnosis of EoE is based on the 

presence of esophageal eosinophilia.
1
 Therefore, in patients with suggestive symptoms, 

endoscopy with esophageal biopsy sampling should be performed to enable 

histopathological analysis. Endoscopic signs of EoE are present in the majority of patients, 

and include concentric rings, longitudinal furrows, white exudates, edema, strictures, a 

crepe paper aspect, and diffuse narrowing.
1
  

The first classification system for the scoring of endoscopic signs of EoE (called “EREFS”), 

introduced in 2013, has reasonable interobserver agreement.
29

 It was unknown however 

whether, at a later moment, observers agree with their previous scores (intraobserver 

agreement). In Chapter 11 we reported on the intraobserver agreement of this classification 

system. We included high-quality endoscopic images of the esophagus of 30 adult EoE 

patients, 6 of whom were in remission. Images were scored by four expert and four trainee 

endoscopists and rescored after 4 weeks in a different order. We found that the 

interobserver agreement was substantial for rings, white exudates, and crepe paper 

esophagus, moderate for furrows and strictures, and slight for edema. The intraobserver 

agreement was substantial for rings, furrows, and crepe paper esophagus, moderate for 

white exudates and strictures, and less than chance for edema. Inter- and intraobserver 

agreement was not substantially different between expert and trainee endoscopists. We 

concluded that , using the EREFS, endoscopic signs of eosinophilic esophagitis were scored 

consistently by expert and trainee endoscopists. 

It was also unknown if endoscopic signs scored according to the EREFS, could predict the 

presence of histopathological signs of EoE. Therefore, in Chapter 12 we compared the 

endoscopic signs found using the EREFS with histopathological signs of EoE. In this 

retrospective analysis, we included endoscopies of 69 adult EoE patients (80% male), in 

whom high-quality endoscopic images were taken and esophageal biopsy specimens were 

obtained. Endoscopic images were scored prospectively according to the EREFS by an expert 

endoscopist, and histopathology was scored prospectively by a pathologist with 

gastrointestinal expertise, both in a blinded setting. We found that individual endoscopic 

signs did not correspond to the peak eosinophil count or other histopathological signs. By 

contrast, the composite fibrotic signs score, the inflammatory signs score, and the total 

EREFS score were significantly correlated with peak eosinophil count. Nevertheless, in the 
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follow-up of 35 EoE patients, lower peak eosinophil counts were not associated with a 

decrease in the number/degree of endoscopic signs. We concluded that in adult EoE 

patients, the fibrotic, inflammatory and total EREFS scores correlate with peak eosinophil 

counts, but their predictive value for histopathological signs is insufficient for clinical use. 

Therefore, biopsies remain indispensable for the assessment of disease activity.  

 

Discussion and future perspectives 

Epidemiology 

We have shown that the incidence of EoE in the Netherlands has rapidly increased and 

continues to increase, which is in line with previous reports from the USA.
30-32

 It is subject of 

debate whether the increase in incidence rate reflects a true increase, for example due to 

environmental factors, or merely reflects increased recognition of the disease.
33

 The parallel 

rise in asthma and other allergic disorders such as atopic dermatitis and allergic rhinitis 

would be supportive of an environmentally driven true increase of the incidence of EoE. On 

the other hand, as the majority of patients is young, otherwise healthy, and between 20 and 

40 years of age, there are reasons to believe that many patients are still not diagnosed yet. 

Future studies will show whether or not the incidence of EoE is still increasing at the 

moment. 

Little is still known about the natural history of EoE. Recently, delay in diagnosis was 

identified as a risk factor for esophageal stricture formation in EoE patients.
10

 In other 

words, the prevalence of esophageal strictures increases with increasing duration of 

untreated disease. We found that patients with longer disease duration more often had an 

esophageal motility abnormality. Furthermore, in patients with longer disease duration, we 

observed that the mental quality of life was lower than in those with shorter disease 

duration. Long-term follow-up is needed to better visualize the natural course of the disease 

and the effect of adequate treatment on the course of the disease. 

 

Pathophysiology 

The pathophysiological mechanisms underlying EoE are still far from known. Most EoE 

patients suffer from atopic diseases and the majority of patients is polysensitized to food 

allergens, which are thought to trigger EoE.
23

 In this thesis, we have confirmed that 

polysensitization to a variety of food allergens is present in EoE patients. Furthermore, we 

have shown that the esophageal mucosal barrier integrity of EoE patients is impaired and 

that the barrier is highly permeable to molecules with the size of food allergens. The 

esophageal barrier integrity appears to be inversely correlated with esophageal 

inflammation, which may indicate that barrier integrity is important in the pathophysiology 

of EoE. The pathophysiology of EoE and atopic dermatitis are very similar. In patients with 

atopic dermatitis, increased skin permeability is responsible for permeation of allergens and 

subsequent activation of immune cells.
34,35

 Barrier dysfunction thus plays a role in initiating 

the inflammatory process in atopic dermatitis. A loss-of-function mutation of the barrier 

protein filaggrin has been shown in many atopic dermatitis patients, whereas in EoE, 

filaggrin is downregulated.
36,37

 Furthermore, the intestinal permeability is increased both in 
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atopic dermatitis and in EoE patients.
38

 However, it remains unclear if the impaired mucosal 

barrier integrity in EoE is primary, in other words whether it facilitates the occurrence of EoE 

and hence could be a target for treatment, or whether it is a secondary phenomenon which 

results from tissue inflammation. Future studies investigating the mucosal barrier integrity 

may provide more insight into this matter.  

 

Diagnosis 

Current consensus guidelines state that there is insufficient information to support the 

clinical utility of any single peripheral marker to function as a surrogate disease indicator of 

histologic inflammation in patients with EoE. Therefore, studies to identify a reliable 

biomarker of inflammation are required to limit the number of endoscopies needed to 

confirm control over the inflammatory process.
39

  

In this thesis, we have shown that endoscopic signs of EoE, scored according to the 

Endoscopic REFerence Score (EREFS), are scored reliably by expert and trainee endoscopists. 

Endoscopic signs were found to correlate with disease activity and other histopathological 

signs of EoE, however, due to great variability they cannot be used as a marker of disease 

activity, for instance in the follow-up.  

We have also evaluated the presence of esophageal motility abnormalities in EoE patients 

using high-resolution manometry, and confirmed patterns seen by others.
40

 Since the 

observed esophageal motility abnormalities are not specific for EoE, manometry does not 

seem beneficial in the diagnosis and follow-up of EoE.  

Furthermore, we have measured baseline impedance values in EoE patients using 

ambulatory 24-h pH-impedance monitoring. We found that baseline impedance values are 

lower in EoE patients than in healthy controls despite having similar esophageal acid 

exposure. The observed differences in baseline impedance levels were present over the 

entire length of the esophagus. We found no proximal-to-distal esophageal gradient in 

impedance values in EoE patients, whereas such a gradient was found in healthy controls 

and has previously been described in patients with gastroesophageal reflux disease.
13,41

 In 

theory, baseline impedance could thus be a biomarker of EoE, although future studies are 

needed to confirm our results, determine normal values and evaluate baseline impedance in 

the follow-up of EoE. 

Over the past years, several studies have shown a positive correlation between other 

biomarkers (eotaxin-3, IL-5, and IL-13 messenger RNA expression) in esophageal tissue and 

disease activity.
42

 Eotaxin-3 and IL-13 are considered the most promising ones with respect 

to sensitivity and degree of positive correlation to disease activity. Future longitudinal 

studies should be conducted to confirm eotaxin-3 and IL-13 as biomarkers. However, a 

disadvantage of these biomarkers is that they still require endoscopy with biopsy sampling. 

Therefore, future research on biomarkers for EoE should include identification of other, 

preferably peripheral, biomarkers, and establishment of normal values of these biomarkers. 

In addition, the use of a cytosponge to obtain esophageal tissue seems promising and might, 

in the future, replace the need for endoscopy in the diagnosis or follow-up of EoE.
43

 Until 

then, the diagnosis and follow-up of EoE requires endoscopy with esophageal biopsy 

sampling.
44
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Treatment 

In this thesis, we have presented studies in which we treated patients with suspected EoE 

with proton pump inhibitors (PPIs), topical corticosteroids and an allergy test-based food 

elimination diet.  

We have shown that in some patients with suspected EoE, proton pump inhibitors 

effectively treat the esophageal inflammation and partially restore the esophageal mucosal 

integrity. Therefore, it is recommended to treat all patients with suspected EoE with PPIs.
44

 

Unfortunately, responders and non-responders to PPIs cannot be distinguished before PPI 

treatment.
45

 Future studies may be directed at identifying markers for (non)response to PPIs 

in order to prevent inadequate treatment and unnecessary endoscopies in EoE patients not 

responding to PPIs.  

Currently, corticosteroids are the only drugs that can initiate clinicopathological remission in 

EoE.
46-49

 We have shown that a decrease in the esophageal inflammation after topical 

fluticasone is correlated with normalization of the mucosal barrier integrity. However, the 

disadvantage of corticosteroids is that their use can be accompanied by significant side-

effects that preclude long-term treatment, whereas discontinuation leads to recurrence of 

symptoms and inflammation in most patients. This indicates the need for developing 

additional, preferably specific, medical treatment options for EoE. Unfortunately, a recent 

study demonstrated that a monoclonal antibody against IgE was not effective.
50

 

Dietary treatment has acceptable efficacy in patients with EoE, although evidence in adults is 

limited.
51

 Dietary treatment requires elimination of many staple foods, and involves multiple 

endoscopies to identify the causative foods, complicating compliance. In this thesis, we have 

investigated a patient-specific diet guided by serum-IgE testing using an IgE microarray in 

adult EoE patients, but found that it was not effective in inducing remission. Future studies 

should aim to develop allergy tests with higher sensitivity and specificity to guide targeted 

diets, which then may require elimination of fewer food items, and are easier to comply to.  
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Samenvatting 

Eosinofiele oesofagitis (EoE) is een relatief recent ontdekte aandoening, die zich bij 

volwassen patiënten manifesteert met de symptomen dysfagie en voedselimpactie.
1,2

 EoE 

kan ontstaan op elke leeftijd, maar de typische EoE-patiënt is een (jonge)man met atopische 

comorbiditeit. In de afgelopen jaren heeft een toenemend aantal studies nieuw inzicht 

geboden in de epidemiologie, pathofysiologie, diagnose, en behandeling van EoE. In dit 

proefschrift presenteren wij een aantal studies over de epidemiologie van EoE (Deel 1), de 

pathofysiologie en behandeling (Deel 2), en de waarde van endoscopie en histopathologie 

bij de zorg voor EoE-patiënten (Deel 3).  

 

Deel 1  Epidemiologie  

Toen we in 2011 startten met dit onderzoekstraject was er nog weinig informatie over de 

epidemiologie van EoE bij volwassenen.
3
 Er waren zelfs helemaal geen epidemiologische 

gegevens beschikbaar over Nederland. Wij hebben daarom in Hoofdstuk 2 een cross-

sectionele studie verricht, waarbij wij met behulp van de nationale histo- en 

cytopathologieregistratie in Nederland (PALGA) pathologieverslagen uit de periode 1996 t/m 

2010 hebben geanalyseerd waarin oesofageale eosinofilie werd beschreven. Wij 

identificeerden 674 EoE-patiënten (74% man). De incidentie van EoE nam fors toe 

gedurende deze periode, van 0,01 in 1996, naar 0,01 in 2000, 0,14 in 2005, en 1,31 per 

100.000 mensen in 2010. Eosinofiele oesofagitis werd gediagnosticeerd in alle 

leeftijdscategorieën, maar in 2010 werd de hoogste incidentie, geschat op 3,23 per 100.000 

mensen, waargenomen onder mannen in de leeftijd van 20 t/m 29 jaar. De incidentie bij 

kinderen was 0,73 per 100.000 in 2010. Wij bemerkten geen seizoensvariatie in de diagnose 

van EoE. Uit deze studie concludeerden wij dat de incidentie van EoE bij zowel volwassenen 

als kinderen snel toeneemt in Nederland, en dat aan deze toename nog geen einde lijkt te 

zijn gekomen. Het is onbekend of deze toename een reële toename weergeeft of dat het 

een gevolg is van bredere alertheid op de ziekte. 

EoE is een chronische, recidiverende ziekte die de kwaliteit van leven bij kinderen en 

volwassenen vermindert.
4-6

 Volwassen EoE-patiënten maken zich zorgen over de invloed van 

de ziekte op hun leven, en hebben een lagere mentale, maar niet fysieke kwaliteit van leven 

dan gezonde mensen.
7
 Doordat de ziekte niet altijd goed wordt herkend, is de tijd tussen het 

begin van symptomen en de diagnose soms erg lang, ongeveer 4,5 jaar.
8,9

 Sommige 

patiënten met langere ziekteduur ervaren een toename van de klachten.
9
 Het was onbekend 

of de kwaliteit van leven afneemt met toenemende ziekteduur. In Hoofdstuk 3 beschrijven 

wij de kwaliteit van leven gemeten in 74 volwassen EoE-patiënten. Wij vergeleken de scores 

met normscores van een Nederlandse referentiepopulatie. Daarnaast verzamelden we 

klinische gegevens om risicofactoren voor een lage mentale kwaliteit van leven te bepalen. 

Wij observeerden dat, vergeleken met de referentiepopulatie, de scores op de domeinen 

vitaliteit en algemene gezondheid bij EoE-patiënten lager waren. De score op algemene 

gezondheid was met name onder 18- t/m 25-jarigen verlaagd. We ontdekten dat de 

ziekteduur een risicofactor was voor het hebben van een lage mentale kwaliteit van leven.  

In 2013 toonde een relatief grote retrospectieve cohortstudie aan, dat gedurende het 

natuurlijke beloop van de ziekte, het risico op strictuurvorming in de slokdarm toeneemt bij 

patiënten met EoE.
10

 Onze hypothese was dat mogelijk ook motiliteitsafwijkingen van de 
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slokdarm zich met de tijd ontwikkelen bij deze patiënten. We hebben daarom in Hoofdstuk 

4 onderzocht wat de relatie was tussen de ziekteduur, klinische kenmerken en 

manometrische patronen bij EoE-patiënten. Wij vergeleken hoge-resolutie manometrieën 

(HRMs) van de slokdarm van 31 volwassen EoE-patiënten met de HRM data van twee 

controlegroepen: 31 patiënten met gastro-oesofageale refluxziekte (GORZ) en 31 gezonde 

vrijwilligers. Vervolgens vergeleken we de ziekteduur en klinische kenmerken bij EoE-

patiënten met en zonder motiliteitsafwijkingen in de slokdarm. Wij vonden dat bij EoE-

patiënten de peristaltische activiteit vaker faalde of zwak was vergeleken met gezonde 

vrijwilligers, maar dit patroon werd ook gezien bij GORZ-patiënten. Bij EoE-patiënten was de 

ziekteduur langer bij patiënten met dan bij patiënten zonder motiliteitsafwijkingen (13 jaar 

vs 4 jaar), en de ziekteduur bleek ook een risicofactor voor afwijkende motiliteit. Bij EoE-

patiënten nam, met toenemende ziekteduur, de prevalentie van afwijkende motiliteit ook 

toe, van 36% (ziekteduur 0-5 jaar) tot 83% (ziekteduur ≥16 jaar). We concludeerden dat 

zwakke en falende peristaltiek vaker worden gezien bij volwassen EoE-patiënten dan bij 

gezonde vrijwilligers, en dat bij EoE-patiënten de prevalentie van motiliteitsafwijkingen 

toeneemt met toenemende ziekteduur. 

 

Deel 2 Pathofysiologie & Behandeling 

De pathofysiologische mechanismen die ten grondslag liggen aan EoE zijn niet geheel 

bekend. Gastro-oesofageale reflux zou mogelijk een rol spelen bij het ontstaan van EoE.
11,12

 

Bij patiënten met gastro-oesofageale reflux ziekte verlaagt expositie aan zuur de 

intraluminale impedantiewaarden van de slokdarmmucosa. Deze impedantiewaarden zijn 

mogelijk een marker voor de integriteit van de slokdarmmucosa.
13-15

 Het doel van de studie 

beschreven in Hoofdstuk 5 was om de oesofageale impedantiewaarden te meten bij EoE-

patiënten en om de relatie met oesofageale zuurexpositie te bepalen. Wij verrichtten 

ambulante 24-uurs pH-impedantiemetrie bij 11 EoE-patiënten en 11 gezonde vrijwilligers 

met gelijke zuurexpositie in de slokdarm, en vergeleken de impedantiewaarden van de 

distale, mid-, en proximale oesofagus. Wij ontdekten dat bij EoE-patiënten de 

impedantiewaarden significant lager waren dan bij gezonde vrijwilligers op alle gemeten 

slokdarmniveaus. Daarnaast vonden wij dat de impedantiewaarden bij gezonde vrijwilligers 

van proximaal naar distaal afnamen, maar een dergelijke gradiënt werd niet gezien bij EoE-

patiënten. Wij concludeerden dat bij EoE-patiënten de impedantiewaarden verlaagd zijn in 

de hele slokdarm. Onze bevindingen suggereerden dat andere factoren dan zure reflux – 

zoals bijvoorbeeld verminderde integriteit van de slokdarmmucosa – de oorzaak zijn van de 

lage impedantiewaarden bij EoE-patiënten. 

Bij andere atopische ziekten (astma en atopische dermatitis) is bekend dat de 

barrièrefunctie van het epitheel verminderd is, zodat de doorlaatbaarheid van het epitheel is 

verhoogd.
16,17

 Net als voor astma en atopische dermatitis verhoogt een verlies-van-functie 

mutatie in het filaggrine-gen ook de vatbaarheid voor EoE. Dit ondersteunt het idee dat 

verminderde barrièrefunctie van de slokdarmmucosa een fundamentele rol speelt bij EoE.
18-

20
 Onze hypothese was dat schade aan de slokdarmmucosa de doorlaatbaarheid voor 

allergenen vergroot, hetgeen mogelijk leidt tot ontsteking. In Hoofdstuk 6 beschrijven wij 

een prospectieve studie waarin wij de mucosale barrièrefunctie van de slokdarmmucosa 

hebben onderzocht bij 16 patiënten met verdenking op EoE (patiënten hadden klachten van 

dysfagie, endoscopische tekenen van EoE, en histologisch bewezen eosinofilie in de 
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slokdarm) en bij 11 gezonde vrijwilligers. Wij bestudeerden de structuur (intercellulaire 

ruimten) en functie (elektrische weefselimpedantie, transepitheliale electrische weerstand, 

en transepitheliale doorlaatbaarheid voor moleculen) van de slokdarmmucosa. Bij de 

patiënten werden deze metingen herhaald na een 8 weken durende behandeling met 

esomeprazol in hoge dosering. Wij zagen dat, vergeleken met gezonde vrijwilligers, de 

elektrische weefselimpedantie en de transepitheliale elektrische weerstand waren 

afgenomen bij patiënten, en dat de transepitheliale doorlaatbaarheid voor moleculen 

toegenomen was. Bij patiënten die histologisch reageerden op de medicatie (na behandeling 

<10 eosinofielen/gezichtsveld) was de barrièrefunctie gedeeltelijk hersteld, maar bij 

histologische non-responders (na behandeling >10 eosinofielen/gezichtsveld) bleef de 

barrièrefunctie verminderd. Wij concludeerden dat de barrièrefunctie van de 

slokdarmmucosa verminderd is bij patiënten met (verdenking op) EoE, waardoor mogelijk 

kleine moleculen (bijv. allergenen) kunnen doordringen in het weefsel. Daarnaast kan 

esomeprazol de barrièrefunctie bij sommige patiënten met verdenking op EoE de 

barrièrefunctie gedeeltelijk herstellen. 

Twee recente kleine studies hebben inmiddels aangetoond dat anti-inflammatoire 

behandeling met topicaal fluticason de barrièrefunctie kan herstellen bij EoE-patiënten.
21,22

 

Wij beschrijven in Hoofdstuk 7 een prospectieve studie waarin wij het effect van topicale 

fluticason op de ontsteking en barrièrefunctie van de slokdarmmucosa hebben onderzocht. 

Wij includeerden 15 volwassen EoE-patiënten die voor en na een 8 weken durende 

behandeling met doorgeslikt fluticason (500 μg tweemaal daags) een endoscopie 

ondergingen. Net als in Hoofdstuk 6 bestudeerden wij de structuur en functie van 

slokdarmmucosa. In slokdarmbiopten werden de aantallen eosinofielen en mestcellen 

gescoord en werd de expressie van mucosale barrière-eiwitten onderzocht middels qPCR en 

immunohistochemie. Ook symptomen en endoscopische tekenen werden gescoord. Wij 

vonden dat de aantallen eosinofielen en mestcellen significant afnamen na fluticason. De 

barrièrefunctie van de slokdarmmucosa nam significant toe na fluticason (toename van de 

electrische weefselimpedantie en de transepitheliale electrische weerstand, en afname van 

de transepitheliale doorlaatbaarheid voor moleculen). De expressie van inflammatoire 

cytokines nam af na fluticason, terwijl de expressie van eiwitten die een rol spelen in de 

barrièrefunctie (filaggrine en desmogleine-1) toenam. Normalisering van inflammatie en 

barrièrefunctie waren aan elkaar gecorreleerd. We concludeerden dat behandeling met 

fluticason de eosinofiele inflammatie doet afnemen en de mucosale barrièrefunctie 

verbetert, en dat filaggrine en desmogleine-1 van belang zijn voor de mucosale 

barrièrefunctie van de slokdarm bij EoE-patiënten. 

Men neemt aan dat voedselallergenen eosinofiele oesofagitis veroorzaken.
1,23

 Echter, de 

waarde van allergietests bij volwassen EoE-patiënten is onduidelijk.
24,25

 “Component-

resolved diagnosis” (CRD), een nieuwe manier van testen op allergieën waarbij de reactie 

(serum IgE) tegen diverse componenten van bekende voedsel- en inhalatieallergenen wordt 

getest, kan aanvullend inzicht bieden in sensibilisatiepatronen.
26

 In Hoofdstuk 8 hebben we 

de sensibilisatiepatronen van EoE-patiënten geanalyseerd middels CRD. Serum van 76 

volwassen EoE-patiënten (78% man) werd getest op reactiviteit tegen 112 verschillende 

allergeencomponenten met behulp van een “immune solid-phase allergen chip” (ISAC). We 

ontdekten dat 59 patiënten (78%) voor tenminste 1 allergeen gesensibiliseerd waren, van 

wie 54 patiënten zelfs tegen meer dan één. In 74% van de patiënten werd sensibilisatie 

tegen een inhalatieallergeen geconstateerd, voornamelijk tegen componenten van gras- of 
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boompollen, of huisstofmijt. Sensibilisatie tegen berkenpollen (rBet v 1) met kruisreactiviteit 

tegen componenten van voedselallergenen werd waargenomen bij 30 patiënten (39%). Wij 

concludeerden dat sensibilisaties tegen voedsel bij EoE-patiënten voornamelijk worden 

veroorzaakt door kruisreactiviteit na primaire sensibilisatie tegen berkenpollen. Uit deze 

studie kwam de hypothese voort dat CRD, door meer inzicht te bieden in sensibilisatie-

patronen, wellicht te gebruiken is voor het instellen van gerichte dieetbehandeling van EoE. 

In Hoofdstuk 9 wilden wij de effectiviteit van een door CRD geleid eliminatiedieet meten bij 

volwassen EoE-patiënten. In een prospectieve studie onderzochten wij 95 volwassen EoE-

patiënten op sensibilisaties met behulp van CRD. Vijftien patiënten met ≥1 voedsel-

sensibilisatie werden gedurende 6 weken behandeld met een door CRD geleid eliminatie-

dieet. Het primaire eindpunt was het percentage van patiënten met respons op het dieet 

(<10 oesofageale eosinofielen/gezichtsveld). De resultaten van CRD werden ook vergeleken 

met die van de serum CAP-test en huidpriktests. De studie werd voortijdig beëindigd nadat 

interimanalyse toonde dat de verwachte 70% respons niet meer bereikt kon worden: slechts 

1 patiënt reageerde op het dieet. Vergeleken met enkel CRD toonden de serum CAP-test en 

huidpriktests tezamen additionele voedselsensibilisaties bij 93% van de patiënten. Wij 

concludeerden dat een CRD-geleid eliminatiedieet niet effectief was bij volwassen EoE-

patiënten, en dat het gebrek aan respons mogelijk een gevolg is van gemiste sensibilisaties 

of beperkte relevantie van serum IgE in de pathofysiologie van EoE. 

Over het plaatsen van stents na perforatie bij patiënten met EoE waren geen gegevens 

bekend. In Hoofdstuk 10 hebben wij een casus beschreven van een EoE-patiënt die na 

voedselimpactie een perforatie van zijn slokdarm had, waarvoor een stent geplaatst werd. 

Deze casus maakt ons erop attent dat we moeten trachten voedselimpacties te voorkomen 

bij patiënten met EoE omdat endoscopische verwijdering van de voedselbrok 

slokdarmperforatie kan veroorzaken.
27,28

 Daarnaast leidde plaatsing van een deels 

gecoverde metalen stent in deze casus tot weefselingroei in de stent, hetgeen een 

veelvoorkomende complicatie is van stentplaatsing. Ons advies is de plaatsing van metalen 

stents, vooral de deels gecoverde stents, te vermijden bij patiënten met EoE omdat de 

ontstoken mucosa hierop mogelijk reageert met de ontwikkeling van ernstige fibrose en 

omdat het verwijderen van de stent ook het risico op het ontstaan van mucosale scheuren 

en perforatie kan vergroten. 

 

Deel 3 Endoscopie & histopathologie 

Bij patiënten met symptomen van oesofageale dysfunctie wordt de diagnose EoE gebaseerd 

op de aanwezigheid van oesofageale eosinofilie.
1
 Daarom moet bij patiënten met voor EoE 

verdachte slokdarmklachten altijd een endoscopie met afname van slokdarmbiopten 

verricht worden voor histopathologische analyse. Tenminste één van de endoscopische 

tekenen van EoE (concentrische ringen, longitudinale groeven, witte exsudaten, oedeem, 

stricturen, crêpepapier aspect, en diffuse vernauwing) is aanwezig bij de meeste patiënten 

met EoE.
1
  

In 2013 werd de eerste classificatie voor de gradering van endoscopische tekenen van EoE 

(de EREFS classificatie) geïntroduceerd, met redelijke interobserver overeenkomst.
29

 De 

intraobserver overeenkomst was echter nog onbekend. In Hoofdstuk 11 beschreven wij de 

inter- en intraobserver overeenkomst van de EREFS classificatie. Wij includeerden 
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endoscopische foto’s van hoge kwaliteit van de slokdarm van 30 volwassen EoE-patiënten , 

van wie er 6 in remissie waren. De foto’s werden beoordeeld door vier ervaren en vier 

beginnende endoscopisten om de interobserver overeenkomst te bepalen. Na 4 weken 

werden de foto’s opnieuw beoordeeld in gewijzigde volgorde om de intraobserver 

overeenkomst te bepalen. Wij vonden dat de interobserver-overeenkomst substantieel was 

voor ringen, witte exudaten en crêpepapier aspect van de oesofagus, matig voor groeven en 

stricturen, en gering voor oedeem. De intraobserver overeenkomst was substantieel voor 

ringen, groeven en crêpepapier aspect van de oesofagus, matig voor witte exudaten en 

stricturen, en kleiner dan de gokkans voor oedeem. De inter- en intraobserver overeenkomst 

waren niet substantieel verschillend tussen ervaren en beginnende endoscopisten. Wij 

concludeerden dat, met behulp van de EREFS classificatie, endoscopische tekenen van EoE 

betrouwbaar worden beoordeeld door ervaren en beginnende endoscopisten. 

Het was tevens onbekend of endoscopische tekenen, beoordeeld volgens de EREFS 

classificatie, de aanwezigheid van histopathologische tekenen van EoE kunnen voorspellen. 

Daarom hebben wij in Hoofdstuk 12 per patiënt de endoscopische tekenen van EoE 

vergeleken met de histopathologische tekenen van EoE. In deze retrospectieve studie 

includeerden wij van 69 volwassen EoE-patiënten (80% man) de endoscopieën waarbij 

endoscopische foto´s van hoge kwaliteit werden genomen en waarbij slokdarmbiopten 

waren genomen. In een geblindeerde setting werden de endoscopische foto´s prospectief 

beoordeeld volgens de EREFS classificatie door een ervaren endoscopist, en de 

slokdarmbiopten prospectief beoordeeld door een patholoog met gastro-intestinale 

expertise. Wij vonden dat individuele endoscopische tekenen niet correspondeerden met 

het maximale aantal eosinofielen of met andere histopathologische tekenen. Daarentegen 

waren de totaalscores van fibrotische tekenen, inflammatoire tekenen, en de totale EREFS 

score significant gecorreleerd met het aantal eosinofielen. Desalniettemin bleek dat in de 

follow-up van 35 EoE-patiënten een lager aantal eosinofielen niet geassocieerd was met 

afname van endoscopische tekenen. Wij concludeerden dat bij volwassen EoE-patiënten de 

fibrotische, inflammatoire en totale EREFS scores correleren met het aantal eosinofielen, 

maar dat de voorspellende waarde voor histopathologische tekenen onvoldoende is voor 

toepasbaarheid in de kliniek. Daarom blijven slokdarmbiopten noodzakelijk voor het 

vaststellen van de ziekteactiviteit bij patiënten met EoE. 
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Dankwoord 

Het is moeilijk voor te stellen dat er in het huidige tijdperk, met de snelle medische 

ontwikkelingen, nog steeds aandoeningen zijn waar nauwelijks onderzoek naar is gedaan en 

die nog niet in de studieboeken worden beschreven. Eosinofiele oesofagitis is zo’n 

aandoening; de ziekte werd twee decennia geleden voor het eerst als aparte entiteit 

herkend, maar de interesse is wereldwijd pas echt toegenomen in het afgelopen decennium.  

Drie jaar geleden zijn we in het AMC gestart met een promotietraject primair gericht op de 

pathofysiologie van eosinofiele oesofagitis. In Nederland was niet eerder onderzoek verricht 

naar eosinofiele oesofagitis, en onbekend was hoe vaak, en bij wie, en waar de ziekte 

voorkwam. Een niet gering onderdeel van dit promotietraject is daarom ook de promotie 

van eosinofiele oesofagitis geweest om voldoende patiënten te kunnen verzamelen voor 

onze studies. Dit heeft ertoe geleid dat in drie jaar tijd het aantal patiënten in het AMC van 

10 naar 130 is gestegen. De meesten van hen zijn bereid geweest deel te nemen aan een of 

meerdere studies die hebben geleid tot dit proefschrift; ik wil ze daarvoor bedanken.  

Dat dit promotietraject heeft geleid tot het eerste Nederlandse proefschrift over eosinofiele 

oesofagitis, is mede te danken aan de bijdrage van vele anderen, die ik hier wil bedanken. 

Beste Arjan, bedankt dat je mij de kans geboden hebt te promoveren in je kakelverse 

onderzoeksgroep. Je hebt het aangedurfd een aandoening te onderzoeken waarvan we niet 

wisten of ze voorkwam in Nederland. Ik heb het laagdrempelige overleg en je snelle revisie 

van mijn manuscripten zeer gewaardeerd, en heb veel geleerd van je werkattitude. Ik dank 

je ook voor de vrijheid die je me hebt geboden op onderzoeksgebied en het vertrouwen dat 

daaruit spreekt, en daarnaast voor de geboden tijd en ruimte om me naast mijn onderzoek 

op mijn toekomst te oriënteren. Ik hoop van harte betrokken te blijven bij de nieuwe 

onderzoeksprojecten die zijn voortgekomen uit de studies die we de afgelopen jaren hebben 

verricht. 

Beste André, ik wil ook jou bedanken voor de geboden kans te promoveren in de 

internationaal hoog aangeschreven Motiliteit onderzoeksgroep. Ik heb van je geleerd dat 

(nagenoeg) alles genuanceerd kan worden. Hoewel vele promovendi me zijn voorgegaan, 

ben ik de eerste die onder jouw supervisie promoveert in het AMC. Niet op gastro-

oesofageale refluxziekte, niet op achalasie, maar op eosinofiele oesofagitis nota bene. En het 

onderzoek krijgt nog een vervolg ook!  

Beste Joanne, vanaf het begin van mijn promotie ben je betrokken geweest bij mijn 

promotietraject. Vele uren hebben we soms bijna wekelijks besteed aan het tellen van 

eosinofielen, en dus was het vanzelfsprekend jou te vragen als mijn 2
e
 co-promotor. Je hebt 

als patholoog – per definitie onmisbaar voor de diagnose van eosinofiele oesofagitis – met je 
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kritische blik en je bereidheid altijd even tussendoor coupes te scoren de kwaliteit en 

voortgang van mijn studies gewaarborgd. Je vous remercie!  

De overige leden van de promotiecommissie, prof. dr. M.A. Benninga, prof. dr. J.J.G.H.M. 

Bergman, prof. dr. J.B.L. Hoekstra, prof. dr. G.J.A. Offerhaus, prof. dr. R. van Ree, ik dank u 

hartelijk voor het beoordelen van mijn proefschrift en voor de bereidheid zitting te nemen in 

mijn promotiecommissie. Prof. dr. A. Straumann, pioneer in the field of eosinophilic 

esophagitis, thank you for the review of my thesis and for the willingness to be part of my 

Doctorate Committee. 

Mijn motilofiele medepromovendi Boudewijn, Pim en Fraukje, bedankt voor de mooie jaren 

binnen de Motiliteit. Mannen, ik heb jullie in de laatste periode gemist in de groep en heb 

mijn promotie maar zo snel mogelijk afgerond; ik kan het jullie aanraden. Boudewijn, je hebt 

de presentaties in onze groep naar een hoger plan getild, in het bijzonder de NVGE-

presentatie die ik ’s ochtends vlak voor mijn sessie nog hakkelend voor de spiegel stond te 

oefenen. Pim, bedankt voor je lessen als koning van de Ussing kamer; onze trip naar Londen 

was op meerdere manieren leerzaam (1: expert meeting, 2: queen size double beds zijn 

klein). Fraukje, mijn mattie op links, dank voor je gekeet en je aanstekelijke, ongeremde 

enthousiasme. We hadden meestal aan één blik genoeg!  

De Motiliteit: Ramona, Aaltje, Jac, en Sem, bedankt voor jullie hulp bij de (beoordeling van) 

functiemetingen, patiënten en studies, maar ook voor de kletspraatjes en het incidentele 

stukje cake.  

De onderzoeksgroep in het Tytgat lab onder leiding van Wouter en René, jullie kritische 

commentaren tijdens de lab meetings, meestal vanuit onverwachte invalshoek, hielden ons 

als clinici scherp. Caroline, Olaf en alle andere analisten die op een andere wijze hebben 

bijgedragen, bedankt voor jullie hulp. 

De endoscopisten, endoscopieverpleegkundigen en -medewerkers, bedankt voor jullie hulp 

tijdens de endoscopieën en op de uitslaapkamers. Alle dames bij wie ik weer eens kwam 

zeuren om een scopie te plannen op die en die datum tussen zo en zo laat, in het bijzonder 

Patricia, bedankt voor jullie geduld en inzet.  

Ingrid, Berber, Aline en Ronald, jullie hebben onze kennis over de allergologie flink 

bijgeschaafd. De samenwerking heeft mijn horizon verbreed en heeft tevens geleid tot twee 

artikelen waarvan ik drie jaar geleden niet had gedacht ze te zullen schrijven. In dit verband 

wil ik ook Serge Versteeg en Jaap Akkerdaas bedanken. Ik hoop dat jullie in de toekomst 

betrokken blijven bij het onderzoek naar eosinofiele oesofagitis. 

Mijn matties in de Tytgat-suite, de kamer met misschien wel de meeste MDL-historie (maar 

zonder ramen), bedankt voor de gezellige tijd. Ik zal jullie koppen tijdens onze barbecue op 

de Amstel niet snel vergeten! Thomas en Joep, jullie weten ook hoe (top) het is met alleen 
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maar dames op de kamer. Kirsten, bedankt voor je begeleiding bij mijn eerste stappen in het 

AMC en de wereld van het onderzoek; de schok was groot toen je maar liefst een jaar jonger 

bleek! Tessa, ik denk niet dat we ooit zonder het nummer eerst grondig te checken de 

telefoon hebben opgenomen. Noortje, rustpunt in de kamer. Fraukje, zie boven! Sascha, de 

verjaardagscommissie was altijd goed voorbereid. Hannah (weet-je-al-van-die-en-die? oh-

nee-wacht,-ik-wil-niet-roddelen), wanneer doen we weer ‘s koffie? Marijn, veel plezier en 

succes de komende jaren in het speelveld van de EoE, er is nog veel te ontdekken! 

Mijn paranimfen, Henk-Marijn en Jetze. Henk-Marijn, aan jou als gepromoveerde 4
e
 jaars 

AIOS MDL zou ik de verdediging probleemloos kunnen overlaten, in theorie. Jetze, ook jouw 

kennis op het gebied van onderzoek zou goed van pas kunnen komen. Maar vooral ook 

tijdens het sociale deel van mijn promotie verwacht ik jullie onvoorwaardelijke steun, net als 

van de overige leden der K.V. “Rumpite atque Vomate”. Mannen, wie wordt de volgende 

vader, de volgende promovendus, de eerste specialist? 

De Whiskyclub, mannen er zijn nog genoeg whisky’s over voor heel wat mooie avonden. En 

wanneer gaan we nou eindelijk eens naar Schotland? 

Jan en Sebo, we go way back, en jullie zijn inmiddels als broers voor me geworden. Ik heb 

veel van jullie geleerd en doen me altijd beseffen dat er meer is dan de geneeskunde. Waar 

in den lande we ook wonen, met kennis over Lichaam, Geest en Wereld gaan we nog veel 

mooie avonturen beleven!  

Lieve mam & Shimon, ik wil jullie bedanken voor jullie vertrouwen. Ik heb altijd het gevoel 

gehad mijn eigen keuzes te mogen maken, zonder druk, en waardeer dat enorm. Ondanks 

dat dat niet altijd eenvoudig is geweest, hebben jullie ons een goede jeugd bezorgd, in een 

veilige omgeving. Sinds pakweg een jaartje realiseer ik me dat dat niet vanzelf gaat! 

Lieve papa, wat jammer dat je ook dit niet meer mee kunt maken. Na je overlijden was het 

moeilijk; te veel cynisme werkt verlammend. Toch heb je me ook geleerd te relativeren, en 

dat komt in de (medische) wereld goed van pas. Ik wil je bedanken voor alles wat je me hebt 

meegegeven, al zou je zelf vast gezegd hebben: dat heb je van je moeder. 

Lieve Tim, Omri, en Sanne & Pim, we waren ooit jongkies, maar wat gaat het allemaal snel! 

Jullie zijn heel belangrijk voor me, en ik kijk ernaar uit mijn promotie met jullie te vieren. Op 

naar de volgende mijlpaal! 

Lieve Otto & Wil, met jullie als schoonouders heb ik het getroffen. Otto, vanaf het begin, nog 

met Carina ongeveer 6 jaar geleden, heb ik me in Doetinchem welkom gevoeld. Jullie 

stonden en staan altijd voor ons klaar en daarvoor wil ik jullie bedanken.  
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Lieve Lein, jij bent mijn maatje, en het zonnetje in mijn leven. Bedankt voor alle steun en 

aanmoedigingen de afgelopen jaren, op vele fronten. Never a dull moment, ik heb heel veel 

zin in de komende jaren! En wie had gedacht dat je me zo snel ook nog ’s een prachtige 

dochter zou schenken? Want Emma, wat een feest dat je erbij bent gekomen! Je bent papa’s 

knappe kop!  
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Stellingen bij het proefschrift 

 

Eosinophilic esophagitis: studies on an emerging disease 
 

 
1. The incidence of pediatric and adult eosinophilic esophagitis in the Netherlands has 

increased rapidly over the past years, and continues to increase. (this thesis) 

2. Disease duration in adult patients with eosinophilic esophagitis is associated with 

decreased quality of life. (this thesis) 

3. The presence of esophageal motility abnormalities in adult patients with eosinophilic 

esophagitis increases with disease duration. These abnormalities are not specific for 

eosinophilic esophagitis. (this thesis) 

4. The esophageal mucosal barrier integrity  is impaired and the permeation of small 

molecules is increased in adult patients with eosinophilic esophagitis. (this thesis) 

5. In some of the patients with suspected eosinophilic esophagitis, the use of proton pump 

inhibitors is associated with a decrease in esophageal inflammation and with partial 

restoration of the esophageal mucosal barrier integrity, whereas in others proton pump 

inhibitors do not affect esophageal mucosal inflammation and barrier integrity.  

(this thesis) 

6. Histological response to topical fluticasone in patients with eosinophilic esophagitis  is 

associated with restoration of the esophageal mucosal barrier integrity. (this thesis) 

7. The ImmunoCAP ISAC serum allergy test demonstrates cross-reactivity against food 

allergens in adult patients with eosinophilic esophagitis, frequently via sensitization 

against birch pollen. A food elimination diet guided by this allergy test did not result in 

histological response. (this thesis) 

8. Although endoscopic signs of eosinophilic esophagitis can be scored reliably by different 

observers, their predictive value for assessing histological disease activity is low, which 

limits their clinical utility. (this thesis) 

9. Men moet het ijzer smeden als het heet is. 

10. Promoveren voorafgaand aan het specialiseren heeft voor- en nadelen. 

11. Men verwachte dat een dochter van twee artsen, zo nu en dan, een bijkans dringend 

beroep doet op haar verschoningsrecht. 


