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Introduction

Food allergy (FA) is a major public concern. Especially since it seems that the prevalence is 

rising.1-3 However, the true prevalence of FA is currently unknown. Recent meta-analysis 

and systematic reviews show prevalence varying between 1 and 17%.4;5 Both studies 

show heterogeneity, which is known from literature about FA in young children. One of 

the reasons is the lack of uniform criteria. Self-reported FA, skin prick test (SPT), serum 

specific immunoglobulin E (sIgE), open food challenges and double blind placebo con-

trolled food challenges (DBPCFC) are all used for diagnosing FA. The relations between 

these test results and a clinical reaction after consuming the food is sometimes limited.6 

So far, DBPCFC remains the current gold standard for diagnosing FA.1;7

EuroPrevall, a population-based, multi-centre European follow-up study is designed 

to investigate the current prevalence of FA.8 Over 56 partners including patient 

organizations, food industry and research institutions are collaborating in this project. 

Studies are being performed throughout the different climatic and cultural regions of 

Europe and involve infants, school-aged children and adults.8

The main aim of the EuroPrevall birth cohort study is to investigate the current, 

DBPCFC confirmed, prevalence of FA among children between 0 and 2.5 years for 

several food allergens.1 The EuroPrevall birth cohort study is the first study in which FA is 

diagnosed by DBPCFC using the same protocol and criteria in all participating countries.1 

The secondary aim is to investigate risk factors for developing FA.1 

Based on preliminary results, additional analyses were performed within the Dutch 

cohort. Additional aims were, to investigate the maximum FA prevalence caused by 

possible bias of the cohort. Second, whether ethnic background of child and or parents 

was significantly different between food allergic and non-food allergic children within 

the Dutch cohort.

Methods

The methodology of the EuroPrevall birth cohort study has been described in detail by Keil 

et al.1 In summary, children were included at birth in nine centres across Europe, with a  

follow-up until 2.5 years of age. In cases of a suspected FA an additional questionnaire, 

phy sical examination, SPT, sIgE, blood sample for future DNA-analysis, and DBPCFC were 

per formed to confirm or exclude FA. The diagnosis FA was based on food challenge 

results only. 
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For each child undergoing a DBPCFC, two healthy, age-matched children were evaluated 

as controls with the same questionnaires, physical examination, and blood analysis.

The questionnairy included questions about allergic symptoms, feeding habits of the 

mother during pregnancy and breastfeeding, feeding habits of the child, medication and 

vitamin use, vaccinations, infections, family history of asthma and allergy, tobacco smoke 

and pet exposure. The questionnaires were based on previously validated ones. The 

questionnaires were used to identify children with possible FA and to investigate possible 

risk factors for developing FA.1 Physical examinations included severity assessment of 

atopic dermatitis by the Scoring Atopic Dermatitis Index (SCORAD).9

Study population

In the Netherlands, parents were asked to participate in the study by their own midwife/

gynaecologist during pregnancy and postnatally, until 1 week after birth. The study team 

received contact details of those interested by the midwife/gynaecologist. The study 

team was not allowed to contact pregnant mothers directly. The other European study 

centres were allowed to contact pregnant mothers directly. Inclusion criteria in all centres 

were: an APGAR score after 5 minutes of 7 or higher and a minimal gestational age 

of 34 weeks. Exclusion criteria were: insufficient communication skills of the parents 

or participation in allergy and/or atopy related interventional studies.1 Recruitment was 

performed in Almere, a city nearby Amsterdam with 190856 inhabitants and around 

2500 births per year (personal correspondence municipality of Almere). 

The Medical Ethics Committee of the Academic Medical Hospital (METC 06/005) 

approved the study. Written informed consent was obtained from both parents of each 

child, unless only one of them had parental rights.

Performing a DBPCFC

A DBPCFC consisted of two challenge parts. A basic food, mainly infant formula, served 

as placebo and the same basic food with the suspected allergen served as the active 

food. Each active food day contained 4.3 gram of allergen protein.1 Placebo and active 

food were given in a random order, with a certain time in between. Both placebo and 

active food needed to be sufficiently blinded so parents and the medical team involved 

in interpreting allergic reactions, didn’t know the order of active and placebo foods.10 For 

safety reasons, the food was given in small, increasing amounts (table 1).
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Table 1: amount of allergen protein in the different doses on the active day of the 
doubleblind placebocontrolled food challenge1

Dose amount of allergen protein (mg)

1 0.003

2 0.03

3 0.3

4 3

5 30

6 90

7 300

8 900

9 3000

Total 4300

 

Interpretation of DBPCFC

FA diagnosis was confirmed with a clear reaction to the active food and no reaction 

to the placebo food. FA was ruled out in case of no reaction to the DBPCFC and the 

suspected food could be reintroduced slowly into the child’s diet. When there was a 

reaction to the placebo food, but not to the active food, the child was a placebo-reactor. 

Since FA was ruled out the food could be reintroduced. When the child was reacting to 

both foods, or the reaction was not clear, the DBPCFC was inconclusive.1;11 Depending 

on the reaction, the DBPCFC could be repeated, a prolonged DBPCFC or an open food 

challenge could be performed. A prolonged DBPCFC consisted of 5 days 200ml placebo 

food and five days 200ml (containing 4.3 gram allergen protein per day) active food 

at home in random order with the same principals as the standard DBPCFC. An open 

food challenge consisted of increasing amounts of the suspected allergen in a general 

available form up to one serving portion of the allergen in total.

Follow-up

Children who underwent a DBPCFC were re-evaluated annually by questionnaire, 

phy si cal exam, blood analysis and SPT. The DBPCFC was repeated annually for each 

allergen until the challenge was negative, the child was eating the food regularly 

without symptoms or the child reached the end of the study at 2.5 years of age. The 

control children were re-evaluated annually after their initial evaluation by questionnaire, 
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physical examination and blood analysis. Follow-up of all children in the cohort consisted 

of telephone questionnaires at the age of 1, 2 and 2.5 years.

Bias of the Dutch cohort

There is a risk of bias because the Dutch cohort was only allowed to contact possible 

parti cipants through midwives/gynaecologists. People with allergic diseases are more 

likely to give permission for sharing contact details with the study centre compared to 

non-allergic people. These factors could generate a bias in the possible study participants 

compared to contacting the complete general population. A small amendment of the 

study was performed to investigate a possible bias. All families living in Almere, the city of 

recruitment, with a child born in the recruitment period (September 2006 – February 2010) 

were requested to answer the question whether they had “doctor-diagnosed” food allergy, 

hay fever, pet allergy, house dust mite allergy, eczema or asthma. These questions were 

also part of the baseline questionnaires in the EuroPrevall study. Data were obtained from 

father, mother and older siblings of the child born in the mentioned period. Furthermore, 

data regarding participation of the child in the Dutch EuroPrevall study and birth month 

and year of the child born within the recruitment period were obtained. Addresses were 

obtained through the city council. Participating families returned their answers on a postage 

free postcard, by email or by calling the investigators. The medical ethical committee of the 

AMC approved this amendment of the study (METC 06/005).

The proportion of allergic families in the population was obtained through these 

answers. Proportions of allergic children within allergic families and allergic children in 

non-allergic families were obtained from the EuroPrevall birth cohort data. Based on 

these proportions an estimation of allergic children within the study-population was 

calculated as estimated prevalence in case the cohort was unbiased. The difference 

between this estimated prevalence and the actual prevalence obtained in the EuroPrevall 

study is the maximum percentage of prevalence explained by cohort bias.

Ethnicity in the Dutch cohort

At baseline, demographic data including ethnic background of the parents was collected 

by questionnaire. Parental ethnicity was defined as Caucasian (Western European 

background) and non-Caucasian (all other ethnic backgrounds) and child ethnicity as 

Caucasian (both parents Caucasian), half-Caucasian (1 parent Caucasian, 1 parent non-

Caucasian) and non-Caucasian (neither parent Caucasian).

Food allergic was defined as a positive food challenge. Non-food allergic was defined  

as no signs of FA and/or a negative food challenge. The ethnic background was compared 
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between the food allergic and non-food allergic children of mothers, fathers and children 

separately using Pearson Chi-Square statistical tests.

Results

In total 12049 children were included in the nine European countries. In the Netherlands 

976 children were included between September 2006 and February 2010. Follow-up 

continued until summer 2012 and was completed by 833 (85.35%) children and their 

families. A total of 102 children underwent food challenges and of those children 64 

had one or more positive challenges. In the Dutch cohort 49 children suffer from cow’s 

milk allergy (CMA), 20 children from hen’s egg allergy and 5 children from peanut allergy 

(figure 1). 

 

Included  
n=976 

Children 
investigated with a 

food challenge 
n= 102 (10%) 

Cow's milk allergy 
challenge 
n=91 (9%) 

Positive food 
challenge 
n=49 (5%) 

Positive  according 
to case defenition 

n=10 (1%) 

Re-evaluated 1 year 
after diagnosis 

n=8 (80%) 

Tolerance 1 year 
after diagnosis 

n=6 (60%) 

Re-evaluated 1 year 
after diagnosis 

n=38 (78%) 

Tolerance 1 year 
after diagnosis 

n=26 (53%) 

Henn's egg 
challenge 
n=31 (3%) 

Postive food 
challenge 
n=20 (2%) 

Re-evaluated 1 year 
after diagnosis 

n=16 (80%) 

Tolerance 1 year 
after diagnosis 

n=5 (25%) 

Peanut challenge 
n=16(2%) 

Positive food 
challenge 
n=5 (1%) 

Re-evaluated 1 year 
after diagnosis 

n=1 (20%) 

Tolerance 1 year 
after diagnosis 

n=0 

Lost to follow-up 
untill 2.5 years of 

age 
n= 143 (15%) 

Figure 1: Participants included in the Dutch euroPrevall birth cohort study
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Baseline characteristics

Baseline characteristics of the birth cohort were published by McBride et al.12 In summary, 

considerable variation between cohorts was found in family allergies, obstetrical practices 

and home environment. For the Dutch cohort three variables were of particular interest. 

First, the prevalence of family allergies, self-reported as food hypersensitivity among 

parents, was higher in the Netherlands, United Kingdom, Germany and Spain. Second, 

parental asthma, allergic rhinitis and eczema were reported more often in Iceland, 

United Kingdom, Germany, and the Netherlands as compared to the other countries. 

Finally, there were less Caucasian fathers and mothers in the Dutch cohort compared to 

the other cohorts.

Cow’s milk allergy incidence

Results of CMA in the European cohort were described by Schoemaker et al.13 In 248 

children a DBPCFC for cow’s milk was conducted, of which 55 children were reactive. 

A stringent case definition was used to define CMA and non-IgE mediated CMA (CMA 

hypersensitivity). Numbers were adjusted for lost-to-follow-up and challenge refusing, 

leading to an adjusted incidence for CMA of 0.74% (95%CI 0.56-0.97) ranging from 

0% in the South- and Eastern-Europe to 1.3% in the North- and Western-Europe. Only 

in the United Kingdom, Poland, Italy, and the Netherlands a substantial number of the 

reactive children had no detectable sensitization for cow’s milk on sIgE or SPT, meaning 

non-IgE mediated CMA. Tolerance to cow’s milk developed in 22 out of 32 (69%) re-

evaluated children. All children with non-IgE mediated CMA and 56.5% of the children 

with IgE mediated CMA developed tolerance to cow’s milk one year later.

Bias of the Dutch cohort

Parents/caretakers of 8870 children were approached for the study and family allergy 

data were obtained from the families of 2392 children born in the mentioned period. 

Information of 1782 children and their families was complete and adequate of which 

1003 families had a positive family history for allergies (256 of these were also participants 

in the EuroPrevall study) and 779 (of which 123 were participants in the EuroPrevall 

study) had no history of allergies within the family. From the 976 children included in 

the Dutch cohort, 64 have proven FA. This means a FA prevalence of 6.56% in the first 

2.5 years of life. Allergic status in combination with family history for allergies of the 

participants of the EuroPrevall study is presented in table 2.
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Table 2: Proven food allergy status of children and their family allergy status  
of the Dutch euroPrevall birth cohort study

Food
allergic child

Non-food allergic 
child

Total

Allergic Family 60 761 821

Non-allergic Family 4 151 155

Total 64 912 976

Data are presented as number of children

Table 3: recalculation of “food allergy status of the child” based on proportions 
obtained by the additional data collection within the population used for recruitment  
of study participants

Food
allergic child

Non-food allergic 
child

Total

Allergic Family 40 509 549

Non-allergic Family 11 416 427

Total 51 925 976

Data are presented as number of children.

The proportion of allergic families in the general study population obtained was 1003/ 

1782. The proportion of allergic children within allergic families was 60/821. The amount 

of allergic children in non-allergic families was 4/155. An estimated prevalence of 5.23% 

food allergic children was calculated (table 3). Therefore, a maximum of 1.33% of the FA 

prevalence in the Dutch cohort can be explained by bias of that cohort.

Ethnicity in the Dutch cohort

72.4% of the mothers in the non-allergic group were Caucasian, compared to 64.1% 

in the allergic group (p=0.18). 69.1% of the fathers in the non-allergic group were 

Caucasian compared to 71.9% in the allergic group (p=0.59). 61.5% of the participating 

children were Caucasian, 18.2% were half-Caucasian and 20.3% non-Caucasian. In 

the non-allergic group 61.6% were Caucasian, 18.3% half-Caucasian and 20.1% non-

Caucasian, compared to 59.4%, 17.2% and 23.4% in the allergic group, respectively 

(p=0.84).
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Discussion

The EuroPrevall birth cohort study is the first worldwide study to investigate FA prevalences 

and other related aspects of food allergy in young children.1;12 However, thus far only 

CMA incidence (0.74% [95%CI 0.56-0.97]) has been published.13 

In the EuroPrevall study, FA was based on a positive food challenge, according to the 

study protocol. In the paper about CMA a stringent case definition was introduced to 

exclude centre differences, subjective symptom interpretation and physician judgements 

from analysis.13 In this incidence paper only the cases matching the case definition were 

included, in other words children with objective symptoms within 2 hours after the 

DBPCFC. However, more children were diagnosed with CMA according to a positive 

food challenge. In this thesis not only children with early objective symptoms, but all 

children with a positive challenge are included as FA. Therefore, numbers of challenged, 

allergic and tolerant children differ between the EuroPrevall CMA incidence paper and 

the other papers regarding the Dutch EuroPrevall birth cohort.13 

Parent reported allergy at baseline was high in the Dutch cohort compared to 

some of the other cohorts. This was of interest since allergy history of non-participating 

families was unknown for the Dutch cohort, and it was assumed allergic families 

were more likely to participate in a study about food allergy compared to non-allergic 

families.12 Due to the medical ethical committee regulations, the study team was not 

allowed to contact pregnant women directly, until after a woman expressed her interest 

in participating to her midwife or the study team. It turned out that in the Dutch cohort 

relatively more allergic families participated (821/976 = 84%) compared to the general 

population (1003/1782 = 56%) of the recruitment city. This was also expected based on 

the European baseline characteristics.12 Estimated bias could explain maximum 1.33% of 

the 6.56% allergic children within the Dutch cohort. Although response to the additional 

study was limited, estimates were made since only a maximum explaining percentage 

was calculated. Taking into account the limitations in contacting pregnant mothers by 

the study team, this bias was accepted as this is expected to be as good as possible with 

respect to the regulations.

Ethnicity was investigated because of the difference in baseline characteristics between 

the Dutch cohort and other cohorts.12 Furthermore, ethnic background, especially black 

race, has been described as a risk factor for FA.14;15 Non-Caucasian children in the Dutch 

cohort were slightly more often diagnosed with FA than Caucasian children, although 

this difference was not statistically significant. A difference was assumed upon seeing the 

percentages of Caucasian and non-Caucasian parents, particularly mothers, but this did 
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not reach statistical significance either. Considering the small sample size it is assumed 

that a higher sample size could have led to a p-value <0.05. Therefore, ethnicity is not 

excluded as possible influencing factor, however it is not further investigated within this 

thesis.

Conclusion

The EuroPrevall birth cohort study is the first study to investigate FA in such a large 

group of infants with the same diagnostic (gold standard) approach in every participating 

centre. Recently the first results, regarding CMA incidence, have been published.
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