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Abstract

The aim of this study was to investigate the cumulative incidence and predictive variables 

of treatment failure with a whey-based extensively hydrolysed formula (w-eHF) in chil dren 

with cow’s milk allergy (CMA). All children were diagnosed with CMA, using DBPCFC 

with amino acid based formula as placebo, and receive w-eHF treatment after diagnosis.

Forty-nine children with CMA were included. W-eHF treatment failure was defined as 

incomplete resolution of original CMA symptoms upon w-eHF treatment, and dis appea-

rance of these symptoms upon replacement of w-eHF with amino acid based formula.

A multiple logistic regression model was used to investigate which variables could 

predict treatment failure. Twenty-five (51%; 95% CI 38-64%) of the children with CMA 

failed on w-eHF. Only “gastrointestinal discomfort” was found to contribute indepen-

dently to the probability of failing w-eHF, odd’s ratio (95%CI) 8.994 (1.007-79.457). 

Conclusions

In half the children with proven CMA there is incomplete resolution of symptoms upon 

w-eHF treatment. This study needs to be repeated including DBPCFC with w-eHF to 

provide more definitive diagnosis, especially since “gastrointestinal discomfort” seems 

to be the sole predictive variable for treatment failure. In the meantime, a change in for-

mula should be considered in children with incomplete symptom resolution upon w-eHF 

treatment. 
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Introduction

Cow’s milk allergy (CMA) is a common food allergy in young children.1;2 Standard 

treatment for proven CMA is an intact cow’s milk protein (CMP) elimination diet.3;4 In 

most infants an extensively hydrolysed formula (eHF) is the formula of choice.3-6 It is 

known that in a subset of children with CMA an eHF is not tolerated.3;5;7-15 Frequencies 

vary between 2 to 18%, most likely due to small study populations.8;9;11;12;14;15 In five out 

of eleven publications there is only a statement about not tolerating eHF, a clear definition 

is lacking.3;5;7;10;13 In most publications the type of eHF (whey based eHF (w-eHF) or casein 

based eHF (c-eHF)) is not specified.3;5;7-15 These children are in need of an amino acid 

based formula (AAF).3;10;12;15 

There is currently no clear explanation for treatment failure. A few factors have been 

identified that might be associated with not tolerating eHF in children with CMA. Not 

tolerating eHF is more common in children with a more severe allergy, gastro-intestinal 

symptoms, children with non-IgE mediated CMA and children that were exclusively 

breastfed when the symptoms of CMA occurred.3;9;12;13;16 

During the course of the Dutch EuroPrevall birth cohort study (EuroPrevall BCS), we 

noticed more infants with incomplete symptom resolution upon w-eHF treatment than 

expected based on available literature. Therefore we investigated, in this observational 

study, the cumulative incidence and predicting variables of treatment failure with w-eHF 

in all children with CMA in the Dutch EuroPrevall BCS.

Methods

Population

All 49 children with a first time diagnosis of CMA between 0 and 2.5 years of age from 

the Dutch EuroPrevall BCS were included. In the EuroPrevall BCS, 12049 children were 

included, of which 976 were in the Dutch cohort.17 Out of the 976 children, 91 children 

were suspected of CMA and challenged accordingly. CMA was proven in 49 children. 

The Dutch EuroPrevall BCS was performed between September 2006 and July 2012. 

The EuroPrevall BCS has been described in detail previously.2;17 In summary, children 

were recruited antenatally or directly postnatal and standardized measurements were 

performed by questionnaires at 1, 2 and 2.5 years of age. All children with symptoms 

suggestive of CMA underwent Skin Prick Testing (SPT) with cow’s milk extract (ALK-

Abello, Hørsholm, Denmark), serum specific IgE (sIgE) measurement (Phadia Diagnostics, 
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Uppsala, Sweden) and a double blind placebo controlled food challenge (DBPCFC). During 

the elimination phase preceding the DBPCFC the child was given a CMP elimination diet. 

AAF was the replacement formula, according to protocol.2 A strict CMP elimination diet 

was advised in mothers during lactation, with additional AAF to enable a DBPCFC. The 

diagnosis of CMA was confirmed using an oral food challenge (FC).

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

approved the Dutch EuroPrevall BCS. Written informed consent was obtained from both 

parents of each child, unless only one of them had parental rights.

Food challenges

DBPCFC was the challenge of choice according to the EuroPrevall BCS protocol.2 The 

DBPCFC protocol was described in detail previously.2 In summary, the child received 

either AAF with cow’s milk protein (active day) or AAF only (placebo day) in increasing 

doses, double blinded, in a random order, on two different days. A total dose of 4.3 

gram CMP was given on the active day. A prolonged DBPCFC consisted of two periods 

of five consecutive challenge days at home, and was only performed in case the general 

DBPCFC was not providing a clear diagnosis. The active part consisted of five days with 

one active challenge dose per day, consisting of 4.3 gram CMP dissolved in AAF formula 

up to a total volume of 200 ml. The placebo part consisted of five days with one dose of 

200 ml AAF formula a day. Active and placebo parts were in randomised order, according 

to the double blind placebo controlled principle. An open FC, only performed when the 

general DBPCFC was not providing a clear diagnosis and a prolonged DBPCFC was not 

possible, consisted of standard cow’s milk based formula starting with 1 ml (= 0.016 g 

CMP) and increasing in 7 doses to a total amount of 251 ml (= 4.016 g CMP). All children 

were first challenged with a DBPCFC. When the challenge result was inconclusive an 

additional challenge, preferably a prolonged DBPCFC, was performed. However, in 

some cases a prolonged DBPCFC at home was not possible and then an open FC was 

performed.

A challenge day was considered positive when objective symptoms appeared. Also 

when there were severe, persisting (more than 40 minutes) subjective symptoms the 

challenge day was considered positive (table 1). 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 FC was classified according to the protocol described by Keil et al.2 
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Table 1: Objective and subjective symptoms during food challenges

Objective Subjective

Skin Erythema - flushed irritability
Urticaria - nettle rash 
Edema - swelling
Eczematous rash
Cold peripheries - shut down 

Pruritus - itch
Tingling - mouth / lips 

Nasal Congestion - sniffing 
Rhinorrhea - runny nose 

Sneezing - plus itchy nose 

Ophtalmic Ophthalmia - inflamed sore eyes
Runny eyes 
Swollen eyes 

Glazed expression 

Respiratory Wheeze 
Hoarse voice/stridor 
Use of accessory muscles 
Tachypnea 

Tight / itchy throat 
Tightness in chest 
Dyspnea - difficulty breathing 

Gastric Vomiting 
Diarrhea 

Abdominal pain 
Nausea 

Behavior Irritability 
Drowsiness 
Decreased activity 
Uncomfortable 
Anxiety 
Distress 

Cardiac Tachycardia 
Hypertension 
Hypotension 
Cyanosis

 

CMA Treatment

After a positive FC, considered as diagnostic for CMA, all children continued their CMP 

elimination diet.3;4 A w-eHF was prescribed, instead of the AAF the children used in the 

diagnostic phase.3;18;19 Failure of w-eHF treatment after CMA-diagnosis was defined as 

incomplete resolution and re-appearance of (some of) the child’s original symptoms upon 

w-eHF use, and disappearance of these symptoms upon replacement of w-eHF with an 

AAF. In case of incomplete symptom resolution, w-eHF was replaced by AAF according to 

our protocol. If the child had been prescribed another formula before CMA diagnosis due 

to w-eHF failure or previous anaphylaxis, this former formula was prescribed again after 

CMA diagnosis, and defined as w-eHF treatment failure. The w-eHF formula used was 

Nutrilon Pepti® (Nutricia, Zoetermeer, the Netherlands) and the AAF used was Neocate® 

(Nutricia Advanced Medical Nutrition, the Netherlands)
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Variables

Investigated variables at presentation of CMA were: sex, age at diagnosis CMA, elevated 

specific IgE against cow’s milk in serum or positive SPT for CMP, exclusive breastfeeding, 

skin symptoms, gastro-intestinal symptoms, respiratory symptoms or general symptoms 

as “gastrointestinal discomfort”. Age at CMA diagnosis was defined as the age at the 

active day of the DBPCFC, the date of the open FC or the date of decoding the prolonged 

DBPCFC. Exclusive breastfeeding was defined as breastfeeding as only source of feeding 

at appearance of CMA-symptoms. IgE-mediated was defined as either an elevated sIgE 

for CMP (sIgE ≥0.35kU/L) or a CMP-histamine ratio ≥0.6 at the SPT. Eczema, urticaria, 

angioedema, itching and persistent rash were included in skin symptoms. Vomiting, 

reflux, diarrhoea, constipation, abdominal cramps and rectal blood loss were included in 

gastro-intestinal symptoms. Shortness of breath, wheezing, use of bronchodilators and/

or use of inhaled corticosteroids not related to infections were included in respiratory 

symptoms. Symptoms of gastrointestinal discomfort included inconsolable crying, agi-

tation, restlessness, overstretching and persistent refusing of cow’s milk based foods as 

reported by the parents.

Statistical Analysis

A multiple logistic regression analysis was used to investigate which variables could be 

defined that predict incomplete symptom resolution.20 From all candidate predictors an 

univariable selection of statistically significant predictors (p<.10) was made, followed 

by a forward stepwise multivariable selection. Selection started with the predictor with 

the lowest univariable p value, and predictors were added until none of the remaining 

univariable selected predictors (with p<.10) had a multivariable p<.05. Adjusted 

odds ratios with 95% confidence intervals are presented. Finally, an ROC curve was 

constructed by calculating the sensitivity and specificity for consecutive cut-off points 

according to the predicted probabilities from the logistic regression model. The Area 

Under the Curve (AUC) was calculated as an indicator of model performance. The AUC 

is a measure of predictive discrimination: 50% is equivalent to random guessing and 

100% is perfect prediction. Thus a higher AUC indicates a better ability to discriminate 

between incomplete symptom resolution or not. SPSS version 19 (IBM SPSS Statistics for 

Windows, Armonk, NY) was used for all statistical analyses. 
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Results

General patient characteristics including symptoms at presentation of CMA are shown 

in table 2. There were no life-threatening allergic reactions upon introduction of w-eHF. 

Out of the 49 children with CMA 25 (51%, 95% CI 38-64%) had incomplete symptom 

resolution with w-eHF. The median time (25-75% interquartile range) between start of 

w-eHF treatment and reintroduction of AAF due to incomplete resolution of symptoms 

was 3.86 (2.00 – 6.57) weeks. Only three children were prescribed another formula due 

to w-eHF failure (2 children) or anaphylaxis (1 child) before CMA diagnosis. 

 
Table 2: general patient characteristics, including symptoms at presentation of cow’s 
milk allergy

w-eHF treatment 
tolerated

w-eHF treatment 
failure

Group size 24 25

Sex ♂ / ♀ 15 / 9 16 / 9

Age at diagnosis CMA in months  
(median (25 -75% interquartile range))

6.18
(4.44 – 9.09)

5.49
(3.76 – 8.72)

Type of challenge conclusive for CMA diagnosis
 DBPCFC
 Prolonged DBPCFC
 Open food challenge

16
7
1

15
6
4

Number of children that received breastfeeding 14 22

Number of children with exclusive breastfeeding  
at occurrence of CMA 

8 12

Number of children presenting with skin symptoms 18 17

Number of children presenting with gastro-intestinal symptoms 12 15

Number of children presenting with symptoms  
of gastrointestinal discomfort

1 7

Number of children presenting with respiratory symptoms 2 2

Number of children with specific IgE for cow’s milk protein  
before CMA diagnosis <0.35 kU/L / ≥ 0.35kU/L

16 / 4 21 / 3

Number of children with skin prick test cow’s milk protein  
versus histamine ratio <0.60 / ≥ 0.60

19 / 4 19 / 5

Data are presented as n, unless stated otherwise; w-eHF= whey based extensively hydrolysed formula; 
CMA=cow’s milk allergy; DBPCFC=double blind placebo controlled food challenge
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In the multiple logistic regression analysis from all candidate predictors used in the 

selection procedure only “symptoms of gastrointestinal discomfort” contributed 

independently to the probability of failing treatment (p=0.049; OR [95%CI] 8.994 

[1.007-79.457]). Other predictors did not contribute further to the model. The AUC 

for this model with “symptoms of gastrointestinal discomfort” as predictor was 0.579. 

Details of the multiple logistic regression analysis are shown in table 3.

Table 3: Crude odds ratios of candidate predictors for treatment failure,  
using univariable logistic regression 

Variable Or 95% Ci p-value

Sex 1.067 0.334 - 3.409 0.913

Age at CMA diagnosis 1.031 0.986 - 1.078 0.183

Exclusive breastfeeding at occurrence of CMA 0.900 0.233 - 3.475 0.878

CMP specific IgE ≥ 0.35kU/L or SPT with a CMP-histamine 
ratio ≥ 0.60

0.950 0.237 - 3.812 0.942

Skin symptoms 0.708 0.203 - 2.470 0.588

Gastro-intestinal symptoms 1.500 0.484 - 4.651 0.483

Respiratory symptoms 0.957 0.124 - 7.395 0.966

Symptoms of gastrointestinal discomfort 8.944 1.007 - 79.457 0.049

OR=odd’s ratio; 95% CI= 95% confidence interval; CMA=cow’s milk allergy; CMP=cow’s milk protein; SPT=skin 
prick test

Discussion

Incomplete resolution of symptoms with a w-eHF was seen in half of the children in our 

study. The only predictor of incomplete symptom resolution upon w-eHF treatment that 

we could identify in this population was “gastrointestinal discomfort”. 

As to our knowledge, we are the first to describe such a high percentage of infants 

with CMA with incomplete symptom resolution upon w-eHF treatment.3;5;7-15 This is 

important information for those who treat infants with CMA. This seems the more 

relevant since eHF in most children is the treatment of choice.3-6;10;18 Therefore each 

health care worker involved in children with CMA should be aware of this high risk of 

incomplete resolution of symptoms upon eHF treatment.21 
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We found 51 percent incomplete symptom resolution. Especially since the children used 

an AAF during the elimination phase, parents are well aware of how minimal symptoms 

can be. It could be that the parents of our children are more aware of allergies and 

specifically CMA, and are therefore more determined to seek medical attention, while 

other parents are not aware of the symptoms and their possible course.17 Since an 

incomplete resolution of symptoms with w-eHF treatment was based on development 

and disappearance of symptoms instead of a (placebo controlled) challenge, blinding 

of parents and healthcare workers for symptoms was not possible in this observational 

study. Although effort was given to record symptoms as objective as possible with a clear 

definition, a false-positive classification was still a possibility. 

Another explanation could be that more severely allergic children were selected in 

this study, and therefore they are more prone for eHF treatment failure.4;12;13;15-17 However, 

the children in our cohort were recruited from the general population and not referred to 

a tertiary hospital and therefore they are less likely to suffer from a more severe allergy. 

Furthermore, the amount of w-eHF used during treatment, when w-eHF is used 

to remain nutritional adequacy, is larger than the amount of w-eHF used to investigate 

possible reactions.11 Maybe children only start to show symptoms after a certain dosage 

of the formula. 

Lactose content of w-eHF has been considered as cause for the w-eHF treatment 

failure, especially since AAF was lactose-free. Primary lactose intolerance in infants is very 

uncommon below 3 years of age. Secondary lactose intolerance, developed after gastro-

intestinal damage for example due to an infection, usually resolves within a few weeks 

after a lactose-free diet. In our study, all infants received lactose free formula (AAF) 

during the elimination, preceding the DBPCFC, which in general was about 2-3 months. 

Therefore secondary lactose deficiency was very unlikely, since the children developed 

symptoms on w-eHF which was prescribed after the DBPCFC. Regarding primary lactose-

deficiency, all children were followed-up during the study. Most children developed 

tolerance and could consume general cow’s milk (containing) products, including lactose. 

Therefore we consider lactose-deficiency not an explanation for the high percentage of 

children who developed symptoms after prescription of w-eHF.22;23

Contamination of the w-eHF formula used during production of the formula, as 

proposed by Host and Halken, is unlikely, seen the long duration of the study.5 They also 

point out residual allergenicity might cause adverse reactions. Since w-EHF is derived 

from different cow’s milk protein sources and processed to reduce allergenicity, it is not 

unlikely there are still cow’s milk protein epitopes present in w-eHF. AAF is a pure amino 

acid mixture and not derived from cow’s milk protein, therefore this type of formula is 
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considered non-allergenic.5 There is considerable debate regarding w-eHF and casein-

based eHF. However, to our knowledge there is no evidence to prefer one type over the 

other.6;21

It could be that the children in our study respond to some specific epitopes of the 

CMP peptides, due to the type of MHC-II molecules expressed.24 Or T-cell mediated 

reactions are triggered by the residual peptides in the w-eHF formula instead of B-cells, 

since T-cell epitopes are smaller than the IgE-binding B-cell epitopes.25 

In the literature children with certain symptoms seem more likely to fail treatment 

with eHF. Especially non-IgE mediated gastro-intestinal symptoms have been described 

more in children not tolerating eHF, but also exclusive breastfeeding at presentation, 

severe eczema and multiple food allergies have been described. Prevalences however are 

scarcely reported.3;9;12;16 During breastfeeding small amounts of cow’s milk are transferred 

into the breastmilk, we hypothesized that might be an indication for tolerating eHF. 

Despite the large amount of children with non-IgE mediated CMA, non-IgE mediated 

symptoms and exclusive breastfeeding were not significantly different in our study, 

probably due to small numbers. Clear definitions of symptoms are not given in the 

available publications and since symptoms of “gastrointestinal discomfort” are prone for 

subjective interpretation, comparison of symptoms between our study and literature is 

limited, especially since “gastrointestinal discomfort” is not mentioned in the literature in 

children suffering from eHF treatment failure. Symptoms of “gastrointestinal discomfort” 

were significantly different in our study, but with a p-value of 0.049, a large confidence 

interval and an AUC close to 50% the clinical significance is limited. Therefore we would 

recommend the development of more objective measures for gastrointestinal discomfort 

and a larger sample size before initiating new studies. Severity of eczema and suffering 

from multiple food allergies have not been investigated in our study, due to the small 

sample size.

One of the strengths of our study is that CMA-diagnosis in our study is based on 

the gold standard.26 Furthermore, we have included all children with CMA from the 

Dutch EuroPrevall BCS, and therefore have, despite small numbers, a relatively large and 

well documented study population. The major limitation of our study is that incomplete 

symptom resolution with w-eHF was based on a clinical diagnosis, and not confirmed 

with a (double blind placebo controlled) food challenge. Therefore there is the risk of 

false-positives in our study. To minimize this risk, incomplete resolution of symptoms with 

w-eHF was well defined and the same combination of (w-eHF and AAF) formulas was 

used throughout the study. For future studies we recommend the use of a (double blind) 

challenge to further reduce the risk of false-positive classification. In the meantime, each 
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health care worker should consider a change in formula in children treated for CMA 

without the achieved symptom resolution.

Conclusion

In half of the children with proven CMA, there is an incomplete resolution of symptoms 

upon w-eHF treatment. This study needs to be repeated including DBPCFC with w-eHF 

to provide more definitive diagnosis. In the meantime, a change in formula should be 

considered in children with CMA with incomplete symptom resolution upon w-eHF 

treatment. Objective measures need to be developed for symptoms of gastrointestinal 

discomfort.
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