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Cow’s milk allergy (CMA) is the most common food allergy in infancy, although an accurate 

prevalence is difficult to establish because of discrepancies between self-reported and 

properly diagnosed allergy.1;2 The prevalence seems to be rising, with numbers estimated 

up to a 350% increase. Unfortunately, accurate data is lacking due to the different study 

designs used in the past.3-8 CMA has a heterogeneous clinical presentation, with a broad 

range of symptoms.9;10 The current gold standard for diagnosing CMA, is a double-blind 

placebo-controlled food challenge (DBPCFC).11;12 This is a time-consuming test, with the 

risk of an anaphylactic reaction.10 However, a proper diagnosis is important because 

CMA may result in a decreased quality of life and is an economic burden.13;14

The current treatment consists of a cow’s milk protein (CMP) elimination diet.14-16 

For breastfed children, the mother needs to follow a CMP elimination diet. If the infant 

is formula fed, regular infant formula needs to be replaced by an extensively hydrolysed 

formula or amino acid based formula.14-16 These formulas are not only expensive, 

they also influence palatability of the children, which may lead to difficulties with the 

introduction of other foods.17 Finally, for older children CMP needs to be eliminated 

from their diet. If CMP is accidentally ingested then an allergic reaction develops. In 

some children this may lead to anaphylaxis and they must be treated with (auto-injector) 

intramuscular adrenalin. Less severe allergic reactions can be treated with antihistamine 

and/or steroids.14-16

Fortunately, the majority of children with CMA regain tolerance for CMP within a 

few years.18 A recent study showed numbers varying between 57% in IgE mediated 

CMA and 100% in non-IgE mediated CMA one year after diagnosis.19 Studies on oral 

immune tolerance induction are ongoing in order to try to accelerate this process. Results 

of these studies are promising, but an effective intervention is not yet available for clinical 

practice.20 

Despite the good prognosis of CMA in young infants, CMA is hypothesized to be 

the start of the so called “allergic march”. The hypothesis is that children suffering from 

CMA, other food allergies and/or atopic dermatitis early in life, will develop other allergic 

diseases, such as asthma and allergic rhinitis, later in life.21 Unfortunately, up to now, 

there is no clue what causes CMA and no proof that the allergic march exists.22

The Dutch EuroPrevall birth cohort study followed a large cohort of children during 

their first 2.5 years of life, and aims to investigate the infants with CMA who participated 

in this study in the Netherlands.23 An attempt was made to gain more insight into 

possible causes of CMA and the subsequent development of other allergic diseases. This 

chapter gives a summary and general discussion of the results presented in this thesis. In 

addition, recommendations for future studies are provided.



Chapter 11

160

Summary

Chapter two describes the results so far available from the EuroPrevall birth cohort 

study, including (not yet published) additional data of the Dutch cohort. The EuroPrevall 

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

to investigate the current prevalence of several food allergies. This thesis focuses on 

the Dutch birth cohort study, included in EuroPrevall. In the Netherlands 976 children 

were included, out of which 49 developed CMA during the course of the study. In the 

entire European cohort 12049 children were included. A total of 55 children with CMA 

were included in the analysis of the total EuroPrevall birth cohort study. The remarkable 

difference in prevalence between the Dutch cohort (5%) and the entire European 

cohort (0.74%) was intriguing. This was most likely due to differences in the definitions 

used. Furthermore, the high percentage of non-IgE mediated CMA in the Dutch and 

United Kingdom cohort compared to the prevalence found in the other countries was 

remarkable. Ethnic background of the study population and selection bias of the Dutch 

cohort were considered, but could not be confirmed as a cause of this large difference. 

Therefore, the explanation of this difference remains unclear and speculative.

Chapter three describes the high number of CMA children with remaining symptoms 

while being treated with an extensively hydrolysed formula (eHF). Only 10% of 

the children with CMA who are treated with an eHF are expected to continue with 

symptoms. Mainly gastro-intestinal symptoms are mentioned in the literature. 51% of 

children with CMA in the Dutch EuroPrevall birth cohort study experienced symptoms on 

eHF, while they were symptom free on amino acid based formula (AAF). Only a “general 

uncomfortable being” of the children as symptom of CMA was found to have a limited 

predictability, while gastro-intestinal symptoms were not. A weak point of our study was 

that we did not confirm that eHF was not tolerated with a DBPCFC. However, based 

on the results we recommend a switch to AAF for all children with CMA or symptoms 

indicating CMA and who are still experiencing symptoms while being treated with eHF 

(as recommended by the Dutch Paediatric Society).

In chapter four we comment on a publication by Taylor et al who investigated the 

cost-effectiveness of both, an extensively hydrolysed formula (eHF) and an amino acid 

based formula (AAF) in patients with CMA.24 They used real-life data from The Health 

Improvement Network (THIN) database. This historical cohort covered infants with CMA 

younger than 1 year of age. Our main concern was that CMA prevalence was only 
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based on perception of food allergy and not on objective measures such as an oral food 

challenge test. This indicates that this study probably overestimates the real prevalence. 

Furthermore 19% of the infants remained symptomatic while being treated with an AAF, 

and this suggests (since AAF is based on amino acids) that CMA was not the cause of the 

symptoms. In this type of study it is essential to have a clear definition of CMA in order 

to obtain valid results. A cost analysis is unreliable when it is not based on internationally 

accepted criteria for the diagnosis and treatment of CMA.

In chapter five we describe two children with a false-negative DBPCFC and a severe 

allergic reaction upon introduction of cow’s milk. Both children were suspected of CMA 

while fully breastfed. Both children showed no symptoms during the active day of the 

DBPCFC. However, they developed severe reactions while drinking their first bottle of 

cow’s milk based partially hydrolysed formula. Several possible causes for the false-

negative DBPCFC were considered. First, short-term specific oral tolerance, which means 

that the infant develops tolerance for the allergenic food during the increasing doses 

of the DBPCFC, but loses this tolerance quickly after the DBPCFC. Second, another 

possible cause may have been that during the challenge the infants became sensitised, 

and the actual clinical reaction occurred upon re-introduction of CMP. Furthermore 

exclusive breastfeeding was considered as a possible cause. Based on these two cases, 

the EuroPrevall birth cohort study protocol was adapted for exclusively breastfed infants 

with a negative DBPCFC. These children received an additional food challenge with the 

CMP containing formula of choice, while under medical supervision to avoid severe 

allergic reactions at home.

Chapter six presents the results of a pilot study regarding epigenetic changes as a possible 

cause for the increasing prevalence of CMA. CMA and other food allergy prevalence are 

rising faster than can be expected based on genetic disorders only. Epigenetic changes 

are suspected to be involved in the development of allergic diseases. Epigenetics includes 

all modifications to DNA and proteins and are thought to regulate gene expression and/

or protein function. Moreover, epigenetics is thought to be influenced by genetics and 

environmental circumstances. In this pilot study, 20 children with CMA, 10 children with 

previous proven CMA, but now CMP tolerant and matched controls were investigated. 

General hypermethylation was found in the CMA group compared to control children, 

while this effect was absent in the tolerant group. Methylation differences between 

CMA-children and controls, but not in the tolerant group, were, among others, found in 

regions of the DHX58, ZNF281, EIF42A and HTRA2 genes. These gender specific genes 
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involve immunological and related pathways that possibly contribute to the expression 

of CMA.

In chapter seven we investigated two possible genetic causes of CMA. It was aimed 

to detect genetic associations using reported single nucleotide polymorphisms (SNP) in 

other allergic diseases and genetic mutations within the Filaggrin gene. Thirty children 

from the Dutch EuroPrevall birth cohort study with (former) CMA and twenty-three 

controls were studied. Six candidate SNPs were selected based on the literature. We 

found two SNPs, rs17616434 and rs2069772, significantly associated with CMA. One is 

located near the toll like receptor 6 (TLR6) gene, which functionally interacts with toll-like 

receptor 2, and is associated with an increased risk for other allergies. One is located at 

the Interleukin 2 (IL2) locus. No significant enrichment was found in the twelve studied 

amplicons of the Filaggrin gene. Nevertheless, we did observe more FLG mutations in the 

CMA-group compared to controls. 

In chapter eight we investigated whether there is an association between children with 

CMA and healthy controls regarding aero-allergen sensitization, asthma-like symptoms 

and inhalation medication use. We developed 3 models to investigate whether there 

is already an association in children between 0-2.5 years of age. The model regarding 

asthma-like symptoms suggests a protective effect of CMA on developing asthma-like 

symptoms (p=0.02 crude/p=0.05 adjusted). This would be in contrast with the allergic 

march hypothesis. Unfortunately, power in our study was insufficient to draw definitive 

conclusions. However, considering the contradicting results regarding the allergic march 

hypothesis, a future study with adequate power would be very interesting.

In chapter nine we comment on a publication by Mulder et al regarding the risk of 

developing allergic diseases in children and prenatal acid-suppressive drug exposure.25 

It is widely accepted that asthma and other allergic diseases are common in children. 

This, in combination with the common use of acid-suppressive drugs during pregnancy, 

makes the hypothesis raised by Mulder et al. very interesting. They found an association 

between the development of atopic dermatitis, asthma and allergic rhinitis with prenatal 

acid-suppressive drug exposure. However, in our opinion, the current study design is not 

suitable to investigate this hypothesis in children with asthma. First of all, the authors 

defined asthma as ‘at least two prescriptions for inhaled corticosteroids within a 12 

month period’. According to international guidelines, asthma diagnosis is largely based 

on clinical symptoms and not only on the use of inhaled corticosteroids. Also the criteria 
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for the diagnoses of atopic dermatitis and allergic rhinitis used by the authors are not 

according to international guidelines. Furthermore, the children investigated by Mulder 

et al. had a median follow-up of 4.9 years from birth. Diagnosing asthma in children 

under 5 years of age is challenging and often inaccurate. Children at this young age 

often episodically suffer from respiratory symptoms without developing asthma. The 

peak percentage of 1 year of age at asthma diagnosis in this study contributes to the 

suggestion that children without asthma are included as asthmatic in this study. The 

Dutch Paediatric Society recommends a six- to twelve-week trial treatment in children, 

before diagnosing asthma. During this trial period inhaled corticosteroids are prescribed 

despite asthma is not yet being diagnosed. In our opinion, based on the above discussed 

concerns, the association between acid-suppressive drug exposure during pregnancy 

and the development of asthma and other allergic diseases, as reported by Mulder et al., 

while being interesting, has not been proven.

In chapter ten we describe the results of the comparison of a new lung function tech-

nique for infants with the current available standard. Infants with CMA are considered to 

be at risk for developing asthma. Although asthma is a clinical diagnosis, lung function 

might be of help. However, current available lung function techniques require the child’s 

cooperation, making it impossible to use in infants and young children. For research 

purposes there are techniques available without requiring cooperation. However the use 

of a facemask on itself changes the breathing pattern of the child. This study describes 

a new lung function technique, that does not require a facemask or cooperation of 

the child and which was compared to the available gold standard, an ultrasonic 

flowmeter (USFM). A vest-based inductive plethysmograph system (FloRight) has been 

developed for tidal breathing measurement in infants. We investigated the accuracy of 

tidal breathing flow volume loop (TBFVL) measurements in healthy term-born infants 

and infants with lung disease by the vest-based system in comparison to an USFM. We 

included 19 healthy infants and 18 infants with lung disease. Tidal volume per body 

weight derived by the vest-based system was significantly lower with a mean difference 

(95% CI) of 1.33 ml/kg (1.73; 0.92), P<0.001. Respiratory rate and ratio of time to peak 

tidal expiratory flow over total expiratory time (tPTEF/tE) did not differ between the two 

techniques. Both systems were able to discriminate between healthy infants and those 

with lung disease using tPTEF/tE. Therefore, this new technique may be better suited to 

monitoring breathing pattern than for TBFVL measurements.
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General Discussion

We observed large differences in the number of children with CMA between the Dutch 

cohort (5%) and the entire European cohort (0.74%).19;26 These differences were a result 

of differences in definition of a positive challenge test. In the EuroPrevall birth cohort 

study a stringent case definition was applied only during analysis of the data and had a 

major influence on the outcome. The original study protocol defined a positive DBPCFC, 

as when objective symptoms appeared and/or when there were severe, persisting (more 

than 40 minutes) subjective symptoms. When the symptoms were minor or not clearly 

allergic and not worsening over 40 minutes, the last given dose was repeated. Symptoms 

within 72 hours after a challenge day were considered as possible reactions. The more 

strict case definition, considered a DBPCFC positive only in case of a reaction within the 

first 2 hours after the food challenge. This case definition was introduced during the 

analysis of the European data, and was meant to exclude possible subjective differences 

between the cohorts. Since many children in the Dutch cohort developed symptoms 

between 2 and 24 hours after the challenge, many children with an initially positive 

outcome were excluded from the European analysis, but included in the Dutch analysis. 

This is according to both the study protocol and daily clinical practice. 

Most of the children in the Dutch cohort had non-IgE mediated CMA, especially 

the children excluded from the European analysis. Non-IgE mediated CMA was mainly 

seen in the cohorts from the United Kingdom and the Netherlands.19 We hypothesize 

that non-IgE mediated CMA is of a different phenotypic background compared to IgE-

mediated CMA, as has also been described for hen’s egg allergy.8 This leads to different 

and later reactions, such as more gastro-intestinal symptoms and eczema.15 Therefore 

the children with non-IgE mediated CMA are more likely to develop symptoms after the 

first two hours of the food challenge.

The difference between IgE and non-IgE mediated CMA was also seen in the epige-

netic pilot study. In the Dutch cohort a combination of both IgE and non-IgE mediated 

CMA children were included, leading to several loci with methylation differences between 

these children and their matched controls. In an Australian study, only IgE-mediated 

CMA children were included, with higher IgE levels compared to the Dutch children.27 

This study found completely different loci with methylation differences. Of course many 

other possible factors may have influenced this difference. Comparisons of methylation 

differences with regard to ethnic background would be interesting to include in future 

studies, especially since allergy prevalence differs between ethnic backgrounds.28;29 The 

Dutch cohort consisted of less Caucasian parents compared to the other 8 cohorts in the 
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EuroPrevall birth cohort study.30 

Feeding habits could be another factor influencing methylation differences. The 

“hunger winter studies” and Scandinavian studies revealed that feeding habits of grand-

parents are of influence not only in their children, but also in their grandchildren.31;32 

These studies mainly focussed on cardio-vascular disease and not allergic diseases. It is 

well known that feeding habits of the mother may influence the offspring. A study in 

the United States for example showed a relation between maternal peanut use during 

pregnancy and sensitization to peanuts in the offspring.6 In contrast, the LEAP-study 

showed a decrease in peanut allergy in children after early introduction.33 Feeding 

recommendations for infants within the different European countries differ greatly 

across Europe, with only limited and weak scientific evidence supporting the various 

guidelines.34 EuroPrevall has collected data regarding feeding habits of mothers during 

pregnancy and breastfeeding and of the children during the course of the study, as well 

as data regarding IgE and non-IgE mediated CMA. Since the majority of the children 

in the cohorts from the United Kingdom and the Netherlands had non-IgE mediated 

CMA, and these cohorts had more children suffering from CMA compared to the other 

countries in the EuroPrevall birth cohort study, it would be very interesting to compare 

cow’s milk consumption from these countries with the other European countries.19;26 

Allergic March

The allergic march is described as the development of food allergy or atopic dermatitis in 

infancy, followed by asthma in childhood and allergic rhinitis later in life.21 Recently, new 

insights into a possible mechanism behind the allergic march were obtained, suggesting 

that a dysfunctional skin barrier serves as a site for allergic sensitization.35 However 

evidence that the allergic march exists is still limited.22 

In this thesis we found contradicting evidence for the allergic march hypothesis. 

First, we showed a different epigenetic profile in children with CMA compared to healthy 

controls that disappeared after developing CMP tolerance. This finding suggests there is 

no indication that the studied loci are involved in development of the allergic march in 

children with CMA, even though the found loci have been described in asthma as well. 

Furthermore, we found no significant difference in the studied amplicons of the Filaggrin 

gene. Conversely, 2 significantly different SNPs were found in children with CMA. Both 

SNPs were selected because they are known to be involved in asthma and/or allergic 

rhinitis. These results favour the allergic march hypothesis. Based on our studies, it is not 

possible to make a definite conclusion regarding the existence and possible causes of the 

allergic march. Unfortunately, the follow-up of our study terminated at 2.5 years of age, 
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which is before peak age incidence of asthma or allergic rhinitis. All children are currently 

being asked to participate in a follow-up study (iFAAM) between 5 and 10 years of age. 

In the genetic analysis we followed a targeted approach, investigating only SNPs already 

described in other allergic diseases. This is a very good approach to confirm previous 

results found in a different cohort, but for identifying causes of a new or other disease it 

is narrow compared to a genome wide approach. Also the genetic and epigenetic results 

were observed in small subgroup analysis. Small subgroup analysis is very valuable in 

generating hypothesis for further studies, but it is not suitable for definite conclusions. 

In our opinion, only long term follow-up of a large group of the same children from 

childhood into adolescence is likely to provide the answers. This study would also require 

diagnosis according to the gold standard only, as is currently undertaken in the iFAAM-

study. 

With all the debate regarding the existence of the allergic march, it would be 

interesting to investigate signs of asthma already during infancy in children with and 

without CMA, as well as during childhood. The BILD-cohort performs lung function 

studies at several moments during infancy and childhood, but CMA is not involved in the 

analysis.36 The lung function measurements in the BILD-cohort are performed with an 

USFM, the current gold standard.37;38 The new technique we investigated was unable to 

measure tidal volumes accurately.39 Breathomics are another technique, so far showing 

promising results, especially in detecting differences in young children with lower 

respiratory tract diseases, although studies are still ongoing.40;41 Although breathomics 

do not provide lung function indices, they may be able to detect a biomarker for asthma 

at a young age. 

In conclusion, our studies show promising results in gaining insight in the patho-

physiological mechanisms in CMA. A large difference between IgE and non-IgE mediated 

CMA was found across Europe, suggesting different disease entities. Furthermore, we 

found different hypermethylated loci in children with CMA, suggesting an epigenetic 

involvement in CMA. Moreover, we confirmed two SNPs, known from other allergic 

diseases, involved in CMA. Further studies are needed though: first, because the 

epigenetic results are obtained from a pilot study. Second, because sample sizes in our 

studies were rather small. Third, the targeted approach in the genetic studies narrows 

the possibility of finding a different locus involved.
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Recommendations for future studies

First, following of all children participating in the EuroPrevall birth cohort study into 

adolescence would be very interesting. Ideally these studies would, besides ques-

tionnaires and DBPCFC, also include epigenetic evaluation to evaluate the observed 

methylation differences over time. 

Second, a genome wide association study (GWAS) in the children with proven CMA 

would be interesting. Since it is preferred to perform GWAS only with large sample sizes, 

this probably needs to be a multi-centre study to obtain results within a reasonable 

timeframe. A uniform definition of a positive DBPCFC would then be very important.

Finally, it would also be interesting to perform lung function measurements and 

breathomics in infants and at school age. Changes in these measurements over time in 

case of developing CMA, asthma and other allergic diseases, may provide more insight 

in the existence of the allergic march. However, since these measurements were not 

performed in the EuroPrevall birth cohort study, a new cohort needs to be recruited.

In the meantime, we recommend an elimination diet in all children suspected of 

CMA, with an extensively hydrolysed formula or an amino acid formula if necessary, 

including a DBPCFC to confirm CMA diagnosis.
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