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RECRUITMENT OF PARTICIPANTS
Recruitment of children took place at the Baby Health Clinics in the surroundings 
of Amsterdam. Baby Health Clinics are involved in the prevention and early detec-
tion of diseases in infancy and early childhood, in growth and development, and in 
nutritional advice. Ninety-eight percent of the newborns are regularly controlled 
in this manner.(1) Baby Health Clinic physicians are often the first to be confronted 
with symptoms of CMA. Infants suspected of CMA according to standardized 
criteria were referred to the Emma Children’s Hospital Academic Medical Center, 
Amsterdam, The Netherlands for evaluation of symptoms and diagnostic work up. 
The following symptoms related to ingestion of CMP were considered suspect for 
CMA: skin symptoms (atopic dermatitis, urticaria, angioedema), gastrointestinal 
symptoms (colic, vomiting, diarrhoea), respiratory symptoms (wheeze and dysp-
noea) and general symptoms (inconsolable crying and failure to thrive). 

From July 2006 to March 2008 infants with symptoms suspected of CMA 
were referred form the Baby Health Clinics to the study centre (Emma Children’s 
Hospital/ Academic Medical Center, Amsterdam). At the first visit to the study 
centre all infants were screened for eligibility and only infants who fulfilled the 
following in- and exclusion criteria were enrolled in the study:

Inclusion criteria
•	 Infants aged 0-12 months
•	 Symptoms suspect for CMA
•	 Written informed consent from the infant’s parent(s) or guardian

Exclusion criteria
•	 Infants with severe congenital malformations 

After parental informed consent was obtained a clinical chart was completed and a 
physical examination was performed. Atopic dermatitis was diagnosed according 
to criteria from Hanifin and Rajka.(2) The extent and intensity of atopic dermatitis 
was estimated by using the objective SCORing Atopic Dermatitis (SCORAD).(3;4) 

dIAGNOSTIC PROCEdURE
CMA was diagnosed according to a strict protocol based on elimination of 
CMP from the diet, a double blind placebo controlled food challenge with 
CMP, and re-elimination of CMP form the infants diet according to international 
recommendations.(5;6) Infants with a history of a severe allergic reaction to CMP 
did not perform the diagnostic procedure and the diagnosis CMA was based on 
a consistent history of anaphylaxis. 

Elimination of CMP
The elimination of CMP from the infant’s diet was performed with a minimum 
duration of one week and a maximum of six weeks. To eliminate CMP from the 
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infant’s diet an infant formula based on a mixture of free amino acids (Neocate®, 
SHS International, Liverpool, UK) was provided to bottle-fed infants. CMP was 
excluded from the mother’s diet in breastfed infants by strict elimination of CMP, 
soy and hen’s egg. If symptoms suspected of CMA did not improve during the 
elimination phase the infant was excluded from the study. Otherwise, if symptoms 
disappeared or improved significantly a DBPCFC with CMP was conducted. 

double-Blind Placebo-Controlled Food Challenge
The active and placebo arms of the DBPCFC were conducted in a random order 
on two separate days with an interval of 3-7 days. A randomization database 
(www.randomization.com) was used to assess the order of active and placebo 
arms. During active challenges skimmed milk powder (Institute of Food Research, 
Norwich, UK) dissolved in Neocate® was given in the following subsequent 
doses: 0.2 ml (0,003 mg), 2 ml (0,03 mg), 20 ml (0,3 mg) 0.2 ml (3 mg), 2 ml 
(30 mg), 6 ml (100 mg), 20 ml (300 mg), 60 ml (1000 mg) and 200 ml (3000 mg). 
Placebo challenges were performed by administrating the same volume of 100% 
Neocate.(6) The time interval between each dose was 20 min. The challenge was 
stopped if clinical symptoms were observed or the highest dose was reached. 
The infants were observed for two hours after each challenge. A challenge was 
defined as positive if objective clinical reactions were observed. The objective 
SCORAD index was used to assess the severity of atopic dermatitis before and 
two hours after each challenge. Clinical reactions after discontinuation or within 
2 hours after the highest dose were defined as early reactions, thereafter as late 
reactions. A standardized sheet was used for documenting administered doses 
and clinical reactions. 

Re-elimination and diagnosis
Elimination of CMP from the infant’s diet was continued at the days between 
the active and placebo arms of the DBPCFC until one week (re-elimination) after 
the last challenge. One week after the last challenge the code was broken and 

Table 1. Possible outcomes of a DBPCFC.(6) The outcome of a DBPCFC depended on the 
presence or absence of a clinical reaction in the verum and placebo phases and was defined as 
either positive, tolerant, placebo reaction or inconclusive. 

Verum phase Placebo phase Outcome

Reaction No reaction Positive

No reaction No reaction Tolerant

No reaction Reaction Placebo reaction

Reaction Reaction Inconclusive

Dubious reaction No reaction Inconclusive
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the outcome of the DBPCFC was assessed. CMA was diagnosed by a positive 
DBPCFC. Possible outcomes of the DBPCFC were positive, tolerant, placebo 
reaction and inconclusive (table 1). A test was considered positive when there 
was an evident reaction on the verum day and no reaction on the placebo day. A 
test was considered tolerant if there was no reaction, both on the verum as well as 
on placebo day. A test was considered as a placebo reaction when there was no 
reaction on verum day, though a reaction on placebo day. A test was considered 
inconclusive if there was a subjective or mild objective reaction on both days. 
CMA was diagnosed by a positive DBPCFC. Subjects with a negative DBPCFC 
were included as non-allergic controls. Subjects with an inconclusive DBPCFC 
consecutively performed an open food challenge to CMP to establish or reject 
the diagnosis CMA. 

FOLLOW-UP
After completing the diagnostic procedure infants were treated according to 
the national guideline of food intolerance for newborns.(7) Infants diagnosed 
with CMA were treated by continuation of the CMP-free diet, either extensively 
hydrolysed infant formula or amino acid based formula, while introduction of 
CMP (normal infant formula, partial hydrolysed formula or for BF infants mother 
was advised to introduce CMP in her diet) was advised for infants in whom the 
diagnosis CMA could be rejected. During a follow-up period of 2 years, all infants 
who had completed the diagnostic procedure were followed yearly. To study the 
development of tolerance all children diagnosed with CMA in infancy performed 
a DBPCFC to CMP yearly until tolerance to CMP was established. Children with 
a negative DBPCFC were seen yearly for physical examination, collection of a 
venous blood sample and confirmation of their non-allergic history.

BLOOd SAMPLES 
Serum 
During the initial diagnostic procedure for determination of CMP specific IgE 
levels was collected before challenge at the first day of the DBPCFC. During 
follow-up a venous blood samples for determination of CMP specific IgE levels 
was collected yearly. CMP specific IgE levels were determined by CAP System 
FEIA (Pharmacia Diagnostics, Uppsala, Sweden). 

Plasma 
Plasma for cytokine detection and measurement of Free Light Chain concentrations 
was obtained before and after each challenge during the initial diagnostic 
procedure. Concentrations of Free Light Chains were determined by ELISA 
as described in Chapter V. Plasma cytokine levels were analyzed by multiplex 
immuno-assay as described in Chapter VI. 
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Table 2. Baseline clinical characteristics of the study population.

CMA
n= 26

NA
n=25

Mean age at onset symptoms (days), range 42.5 (1-197) 22 (1-137)

Mean age at diagnosis (months), range 5.5 (2.6-10.2) 4.5 (3.2-7.4)

Mean duration of elimination until improvement of 
symptoms was observed (days), range 10.4 (1-42) 9.9 (1-44)

Gender, n (%)
♂: 17 (65.4)
♀: 9 (34.6)

♂: 15 (60)
♀: 10 (40)

Skin symptoms at presentation, n (%)
Atopic dermatitis
Urticaria
Angioedema

22 (84.6)
20 (76.9)

1 (3.8)
4 (15.4)

10 (40)
10 (40)

0 (0)
1 (4)

Mean Objective SCORAD-index, range 15 (0-53) 1.9 (0-11.9)

Gastrointestinal symptoms at presentation, n (%)
Vomiting
Abdominal cramps
Diarrhoea

19 (73.1)
8 (30.8)

17 (65.4)
7 (26.9)

22 (88)
11 (44)
20 (80)
12 (48)

Respiratory symptoms at presentation, n (%)
Wheezing
Dyspnoea

3 (11.5)
2 (7.7)
1 (3.8)

5 (20)
2 (8)

3 (12)

General symptoms at presentation, n (%)
Failure to thrive
Inconsolable crying

12 (46.2)
3 (11.5)

11 (42.3)

15 (60)
1 (4)

15 (60)

Symptoms from two or more organ systems, n (%)
Skin and gastrointestinal symptoms
Skin and respiratory symptoms
Gastrointestinal and respiratory symptoms
Skin, gastrointestinal and respiratory symptoms

16 (61.5)
15 (57.7)
3 (11.5)
2 (7.7)
2 (7.7)

10 (40)
7 (28)
3 (12)
4 (16)
2 (8)

Elevated CMP-specific IgE levels (> 0.35 kU/L), n (%) 8 (30.8) 1 (4)

CMP specific IgE < 0.35 KU/L, n (%)
CMP specific IgE 0.35-0.7 KU/L, n (%)
CMP specific IgE 0.7-3.5 KU/L, n (%)
CMP specific IgE 3.5-17.5 KU/L, n (%)
CMP specific IgE >17.5 KU/L, n (%)

18 (69.2)
2 (7.7)
1 (3.8)

4 (15.4)
1 (3.8)

24 (96)
1 (4)
0 (0)
0 (0)
0 (0)

Maternal history of allergy, n (%) 13 (50) 10 (40)

Paternal history of allergy, n (%) 7 (26.9) 9 (36)

Single parental history of allergy, n (%) 16 (61.5) 16 (64)

Double parental history of allergy, n (%) 4 (15.4) 3 (12)
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PBMCs
PBMCs to study the T cell mediated immune response as described in Chapter 
III were isolated from heparinised peripheral blood before challenge during the 
initial diagnostic procedure and yearly during follow-up. 

RESULTS
Seventy (42 boys, 28 girls) children were included in the study. Nineteen children 
(27%) were excluded from participation to the study because the symptoms 
suspected of CMA did not improve during the elimination phase. In 73% (n=51) of 
the children the symptoms suspected of CMA did improve during the elimination 
phase. Twenty-six (17 boys, 9 girls) children were diagnosed with CMA (mean 
age at diagnosis 5.5 months, range 2.6-10.2 months). In twenty-five (15 boys, 
10 girls) children the diagnosis CMA was rejected after completing the diagnostic 
procedure (mean age at diagnosis 4.5 months, range 3.2-7.4 months). No statistical 
differences in mean age and symptoms at presentation between the two groups 
were observed. Serum CMP-specific IgE levels were determined during the initial 
diagnostic procedure and during yearly follow-up. CMP-specific IgE-levels were 
detectable in 30.8% (n=8) of CMA-infants and in 4% (n=1) of non-allergic (NA)-
infants. In table 2 the baseline characteristics of the group of children in which the 
symptoms of CMA improved during the elimination phase are shown, subdivided 
in the group of children diagnosed with CMA and the group of children in whom 
the diagnosis CMA was rejected. The results of the follow-up period at age one 
year and two years are discussed in Chapter III. 
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