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Abstract
Background: Children with cow’s milk allergy (CMA) need a cow’s milk protein (CMP) free diet to prevent allergic
reactions. For this, reliable allergy-information on the label of food products is essential to avoid products
containing the allergen. On the other hand, both overzealous labeling and misdiagnosis that result in unnecessary
elimination diets, can lead to potentially hazardous health situations. Our objective was to evaluate if excluding
CMA by double-blind placebo-controlled food challenge (DBPCFC) prevents unnecessary elimination diets in the
long term. Secondly, to determine the minimum eliciting dose (MED) for an acute allergic reaction to CMP in
DBPCFC positive children.
Methods: All children with suspected CMA under our care (Oct’05 - Jun’09) were prospectively enrolled in a
DBPCFC. Placebo and verum feedings were administered on two randomly assigned separate days. The MED was
determined by noting the ‘lowest observed adverse effect level’ (LOAEL) in DBPCFC-positive children. Based on the
outcomes of the DBPCFC a dietary advice was given. Parents were contacted by phone several months later about
the diet of their child.
Results: 116 children were available for analysis. In 76 children CMA was rejected. In 60 of them CMP was successfully
reintroduced, in 2 the parents refused introduction, in another 3 the parents stopped reintroduction. In 9 children CMA
symptoms reappeared. In 40 children CMA was confirmed. Infants aged ≤ 12 months in our study group have a higher
cumulative distribution of MED than older children.
Conclusions: Excluding CMA by DBPCFC successfully stopped unnecessary elimination diets in the long term in most
children. The MEDs form potential useful information for offering dietary advice to patients and their caretakers.
Keywords: Cow’s milk allergy, Cow’s milk protein, Double-blind placebo-controlled provocation, Milk hypersensitivity,
Minimum eliciting dose

Background
The symptoms and signs of cow’s milk protein allergy
(CMA) are diverse, non-specific and also characteristic
of many other childhood diseases. Therefore, it is difficult
to correctly identify an adverse reaction to cow’s milk
protein (CMP) [1-4]. Children with CMA need a CMPfree diet to prevent allergic reactions. For this, reliable
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allergy-information on the label of food products is essential to avoid products containing the allergen. On the
other hand, both overzealous labeling and misdiagnosis
that result in unnecessary elimination diets, can lead to
potentially hazardous health situations [2,5-7].
The real prevalence of CMA is only approximately 2-3%
in young children, although between 5 and 15% of infants
show symptoms suggestive of CMA [8-11]. Allergic
reactions to CMP can be IgE-mediated with an acute
(within 45 minutes) appearance of symptoms, or non-IgEmediated, with an intermediate (within several hours) or
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late (after 24–72 hours) appearance of symptoms [5,12].
Parentally perceived adverse reactions to milk are very
common and are the cause of milk-free diets in a substantial number of patients [2,4,7,13-16]. They can cause nutritional inadequacy, growth retardation, eating disorders and
psychosocial problems [4,6,7,17]. Excluding CMA in those
children who do not have it using a double-blind placebocontrolled food challenge (DBPCFC), the golden standard
for the diagnosis of CMA, is important to prevent adverse
effects associated with an unnecessary elimination diet.
The DBPCFC outcome should also take into account
delayed reactions to food. Ignoring these could lead to unjust rejection of the diagnosis of CMA by the physician or
persisting conviction in the parents that these late reactions
are a reaction to CMP.
In children who do have DBPCFC-proven CMA, a
CMP-free diet should be prescribed, irrespective of the
underlying immunological mechanism. Reliable allergyinformation on the label of food products supports
parents to realize this, especially for processed food
products because these may (intentionally or unintentionally) contain CMP. To prevent unnecessary labeling of products that contain only trace amounts of
CMP to which CMA-patients do not react, knowledge of
the minimum eliciting dose (MED) of CMP is required.
The MED is defined as the minimal amount of allergen
at which an allergic reaction occurs. The MED can be
used to quantify the effects of specific amounts of allergens in products, leading to accurate risk assessment and
clinically relevant product labeling. This is especially important for children with an acute IgE mediated allergic
reaction to cow’s milk, since these reactions are potentially life-threatening. MED data in the youngest age
group are hardly available in the literature, whereas these
form the largest number of CMA patients.
The primary goal of our study was to evaluate if excluding CMA by a DBPCFC that includes assessment of
late reactions prevents unnecessary elimination diets in
the long term. Our secondary goal was to determine the
MEDs for CMP in children with an acute reaction to
CMP (within 2 hours after ingestion), to aid in clinically
relevant labeling of food products.
Patients and methods

Between October 2005 and June 2009, all children with
suspected CMA under our regional hospital care who
had been using a cow’s milk free diet for at least 4 weeks
were prospectively enrolled in a DBPCFC if informed
consent was given. Concomitant diseases e.g. atopic
dermatitis were no exclusion criterion. Also, no selection
was made based on the severity of CMA. At enrollment,
symptoms and signs that had led to the suspicion of
CMA were obtained from the parents and medical files.
Because it is important to prevent unnecessary and to
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prescribe necessary elimination diets irrespective of the
underlying immunological mechanism, and because a
positive specific IgE does not prove CMA, the Dutch national protocol for the diagnosis of CMA does not advise
specific IgE or skin prick test in the diagnostic evaluation of suspected CMA. Therefore, these were not performed. This study was approved by the medical ethical
committee of the Jeroen Bosch Hospital.
The DBPCFC protocol (Table 1) was performed in
our pediatric day care ward on two separate days
with at least 1 week in between using placebo feeding A and verum feeding B on randomly assigned
days. For placebo feeding A the child’s own commercially available hydrolyzed infant formula was used
with which the child was symptom free. This formula
consisted of either Nutramigen (Mead Johnson,
Woerden, the Netherlands), Nutrilon Pepti (Nutricia,
Zoetermeer, the Netherlands) or Neocate (Nutricia,
Zoetermeer, the Netherlands). Feeding B contained a
quantity of cow's milk protein equal to regular infant
feedings (1.8 gram per 100 ml); it consisted of the
hydrolyzed infant formula used for feeding A and
Protifar (Nutricia, Zoetermeer, the Netherlands) in a
proportion of 11:3 [18]. Placebo and verum feedings
were equal in taste, color and smell. The feedings were
packed in identical blinded bottles. The randomization
code was packed in sealed, non-transparent envelopes
that remained closed until at least one week after the
second test day when the reactions had been assessed.
The parents, nursing staff, doctors and investigators
were unaware of the administered formula’s nature.
Acute reactions (within 2 hours after the test) were immediately checked by the physician. Parents noted
reactions (within 72 hours after the test) in a home
diary. At home, patients continued their CMP free diet
until their visit to the outpatient clinic at least one
week after the second test day. There, the test was
interpreted according to the DBPCFC protocol and a
dietary advice was given (Table 1). Parents were contacted by phone several months later about the symptoms and diet of their child.
Statistical analysis was performed using SPSS 19.0.
Two-sided chi-square tests with continuity correction
were performed for every single presenting symptom.
P-values <0,05 were considered significant.
For determination of the MED, only children with a
positive DBPCFC with symptoms within 2 hours after
ingestion of CMP were analyzed. The highest dose of
CMP at which no symptoms occur (‘no observed adverse effect level’; NOAEL) and the dose of the first reaction (‘lowest observed adverse effect level’; LOAEL)
were determined. Individual NOAELs and LOAELs
were used to fit a cumulative distribution using the
LIFEREG procedure of the SAS system (version 9.1)
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Table 1 The DBPCFC study algorithm
Part 1 The test (performed on two separate days with a 1 week
interval)
- No feedings from midnight onwards
- Admittance to pediatric day care ward at 8 AM.
- Physical examination by physician
- DBPCFC schedule
Step

Time
(in minutes)

Amount
(in ml)

Amount
(in mg CMP)

1

0

1

18

2

20

10

180

3

40

20

360

4

60

30

540

5

80

40

720

6

100

60

1080

7

120

90

1620

- Physical examination by physician in case of suspected reaction;
if confirmed the test is stopped

populations of variable size possible. The result is a cumulative distribution of the MEDs in which the probability (between 0 and 100%) of the allergic response is
presented that occurs at a certain dose (amount of protein intake) less than or equal to this certain dose. For
comparison, data from the literature [5,22-24] were fitted using the same method. In determining the individual MED, we used the discrete dose at which the
symptoms occur instead of the cumulative dose for several reasons. The interval time between the steps of the
protocol is 20 minutes. However, when there is a subjective or mild objective symptom, the next dose is
awaited until the symptoms have disappeared. Thereafter, the previous dose is repeated before the next dose
is given. This makes the contribution of previous doses
to the development of symptoms unclear. Secondly, in
a risk assessment a worst case scenario is preferred.
Therefore, we assume the discrete dosage is the eliciting dose for the individual patient.

- Physical examination by physician 20 minutes after last dose
- Clinical observation continued until 1 hour after last dose
- Parents are instructed about home symptoms’ diary
Part 2 Interpretation of test results

Results
Patients

One-hundred-and-twenty-four patients were eligible, of
which 51 (41%) were girls. Age at DBPCFC varied from

- Visit at outpatient department at least one week after
completing DBPCFC with assessment of reactions
- Envelope with randomization code is opened

Table 2 Presenting symptoms of all 124 eligible children

- Diagnosis CMA is confirmed if symptoms appeared during or
within 72 hours after verum feeding and not during or within
72 hours after placebo feeding. These symptoms have to be
either identical to the presenting symptoms or severe
objective symptoms.

Symptom

Number of patients (%)

Gastrointestinal tract

Part 3 Dietary advice

Vomiting

30 (24.2%)

Diarrhea

17 (13.7%)

Constipation

14 (11.3%)

- CMA: continue a diet free of CMP and repeat challenge in future

Colic

24 (19.4%)

- No CMA: reintroduction of CMP over a 4 week period

Bloody stool

17 (13.7%)

Week

Amount of CMP in feeding

Abdominal pain

3 (2.4%)

1

¼ cow’s milk containing feeding and ¾ hydrolyzed
formula

Feeding problems

15 (12.1%)†

2

1/3 cow’s milk containing feeding and 2/3 hydrolyzed
formula

3

2/3 cows milk containing feeding and 1/3 hydrolyzed
formula

4

Exclusively cow’s milk containing feeding

Respiratory tract
Dyspnea and wheezing

Part 4 Long term follow up
- Interview by telephone about the child’s diet and symptoms
CMA, cow’s milk allergy; CMP, cow’s milk protein; DBPCFC, double-blinded
placebo- controlled food challenge.

and applying interval censoring of the data (explained
in Taylor et al., 2009) [19-21]. Interval censoring is used
when the exact dose that provokes a reaction in an individual is not known, but is known to fall into a particular interval. Using a cumulative distribution makes
direct comparison of the distribution of MEDs in

13 (10.5%)

Skin manifestations
Eczema

50 (40.3%)

Swelling

5 (4.0%)‡

Urticaria

3 (2.4%)

Erythematous exanthema

10 (8.1%)

Excessive crying

59 (47.6%)

Positive family history

8 (6.5%)*

Other

†

Feeding problems were significantly more often present in the DBPCFCnegative group (p=0.046).
‡ Swelling was significantly more often present in the DBPCFC-positive
group (p=0.023).
*In these 8 children the positive family history was one of the reasons for
performing the double-blind placebo-controlled food challenge. In total 65
children (52.4%) had a positive family history.
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2.5 months to 134 months (median 7.5 months). In 6
children the DBPCFC was not completed. In 5 of these
children, this was because they refused to drink the test
feedings. In one child the DBPCFC failed because of an
intercurrent infection. One child didn’t meet the inclusion criterion of a CMP free diet for at least 4 weeks.
Therefore 116 children are available for further analysis.

The presenting symptoms of the 124 eligible children
are listed in Table 2. Feeding problems were significantly
more often present in the DBPCFC-negative group
(p=0.046). Swelling was significantly more often present
in the DBPCFC-positive group (p=0.023), all four tested
patients with this presenting symptom had a positive
DBPCFC. The remaining presenting symptoms were not
significantly more often present in the DBPCFC-positive
or in the DBPCFC-negative children. The number of
presenting symptoms was also not significantly different
between the two groups. None of the patients presented
with an anaphylactic reaction.

confirmed (n= 27 <1 year, n= 7 1–3 years, n=4 >3 years
of age). Details about the MED and the type of reactions
at this dose are listed in Table 4. In 12 of these 38 children (32%) an acute reaction occurred. In 15 of the 38
children (39%) there was a late reaction, and 11 (29%)
showed both an acute and a late reaction. In two children
an objective acute reaction to placebo feeding alone was
observed. The first of these two children (nr 74) developed an acute itching rash on the arms and face after the
first dose (18 mg), the second child (nr 118) developed
itching eyes and swelling of the mouth after the second
dose (180 mg). Although reactions to placebo have been
described in the literature, these children were interpreted as having CMA with accidentally exchanged placebo and verum feedings by their treating physician and
parents were advised to continue the CMP free diet.
They were excluded from further analysis of the MED. In
17 of the 76 children (22%) with a negative DBPCFC a
reaction occurred on placebo feeding alone (an acute reaction in 1 child (vomiting), a late reaction in 14 and an
acute plus late reaction in 2).

Results of DBPCFC

Reintroduction of cow’s milk

Test results were interpreted according to the type and
timing of reactions (Table 3). In 76 children (66%) the
diagnosis of CMA was rejected (n=56 <1 year, n=20
1–3 years of age). In 38 (33%) the diagnosis was

Follow-up was performed by contacting parents by telephone several months after the reintroduction. When
we were unable to reach parents by telephone, information was gathered from the medical file. Information on

Presenting symptoms

Table 3 The 116 successful tests
Reaction
No reaction to both feedings

Children
Number

Percentage

55

47

Conclusion

Reintroduction

No CMA

A: 49
B: 2
C: 2
D: 1
E: 1

Comparable reaction after both feedings

4

3

No CMA

A: 2
C: 1
D: 1

Acute reaction after placebo feeding (vomiting)

1

1

No CMA

A: 1

Late reaction after placebo feeding

14

12

No CMA

A: 8
D: 5
E: 1

Acute and late reaction after placebo feeding

2

2

No CMA

Objective acute reaction after placebo feeding alone

2

2

CMA; interpreted as accidentally exchanged placebo
and verum feedings by treating physician

Acute reaction after verum feeding

12

10

CMA

Late reaction after verum feeding

15

13

CMA

Acute and late reaction after verum feeding

11

10

CMA

D: 2

CMA, cow’s milk allergy; A, successful reintroduction; B, parents refused to reintroduce cow’s milk; C, reintroduction stopped without medical advice; D,
reintroduction stopped with medical advice; E: no information available on reintroduction.
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Table 4 LOAEL symptoms of the DBPCFC-positive children
Patient Age (months) Sex Amount of CMP (mg)

Symptoms

Acute reactions
29

7,5

F

?

ery

30

134

M

?

os, nau

35

115

M

18

sw

63

4

M

18

ery

108

42,5

F

18

os, vom, sw

34

10

M

180

ery

90

26

F

360

ery, ur

42

14,5

M

540

ur

93

3

M

540

col

reintroduction was available in 74 of the 76 DBPCFC
negative children (Table 3) with a mean follow-up of
12 months (range 1–31 months). In 60 of the 74 children (81%) in whom the diagnosis of CMA was
rejected, cow’s milk was successfully reintroduced permanently. In 9 children (12%) symptoms reappeared
upon reintroduction of cow’s milk. Symptoms included
crying, worsening of eczema and diarrhea. The symptoms disappeared with re-elimination of cow’s milk
from the diet. Therefore, they were interpreted by the
treating physician as an allergic reaction to cow’s milk,
with a false negative DBPCFC, probably due to reactions that only become apparent upon prolonged feeding with high doses of CMP. In 7 of these 9 children
a reaction to placebo feeding alone had been observed
that was equal to the presenting symptoms. These
reactions consisted of colic, diarrhea, vomiting, eczema, erythema, itching, crying and sleeping problems.
In one there was a comparable reaction to both feedings (diarrhea, colic), the other child had no reaction
to either of the feedings. In 5 of the 74 children (7%)
parents refused or stopped reintroduction.

6

3,5

M

720

ery

107

7

M

720

cry, vom

14

5,5

M

1080

ery, ur

85

5

M

1080

dia

104

119

M

1080

ap, nau

47

11

M

1620

ery, vom, dysp, whe

54

8,5

F

1620

vom

59

7,5

M

1620

ery

66

24

F

1620

ery

MED

87

7

F

1620

ec

23 children showed a positive DBPCFC with an acute
reaction within 2 hours after ingestion of CMP. This
excludes the two children with an acute reaction to placebo feeding who were interpreted as having CMA by
their treating physician. Information on NOAEL and
LOAEL was unavailable for 2 children due to incomplete medical files. Therefore, 21 children were available
for determining the MEDs. Figure 1 shows the number
of allergic responders at each MED in this population
of 21 children (the Jeroen Bosch Hospital population;
JBH population). For comparison between age groups,
the total population was divided in two subgroups
according to age (0–12 months, n=14; >12 months,
n=7). To enable comparison of the two populations the
individual MED are presented as a cumulative probability distribution (Figure 2). Data from the literature
derived from the study populations of Flinterman et al.
(n=11) [5], Baehler et al. (n=16) [22], Caminiti et al.
(n=13) [23] and Patriarca et al. (n=8) [24] are represented in the same figure. Detailed information on the
populations represented in Figure 2 is shown in Table 5.
Figure 2 shows that the highest cumulative distribution
of MEDs was in our study subgroup of children aged 0 –
12 months. The cumulative MED distribution of our
population of children aged > 12 months group is comparable to the patient groups described in the literature.

95

6

M

1620

cry, dia

114

11

F

1620

dia, ery, cry, agi

121

17

M

1620

ery, ur

123

4

F

1620

agi, fp

9

7,5

F

1620

dia, cry

19

12,5

M

1620

sp, ery

21

6

M

1620

ec, con

27

5,5

M

1620

dysp

32

5,5

M

1620

ec, cry

37

2,5

F

1620

agi

39

5

F

1620

cry

62

13

F

1620

col, cry, con

65

7

F

1620

con

73

7

M

1620

agi, cry, dia

76

15,5

F

1620

cry, sp

79

7,5

F

1620

vom, cry

Late reactions

86

5

F

1620

dia

103

4

M

1620

agi

111

4,5

F

1620

con

DBPCFC, double-blinded placebo-controlled food challenge; LOAEL, lowest
observed adverse effect level; agi, agitation; ap, abdominal pain; col, colic; con,
constipation; cry, crying; dia, diarrhea; dysp, dyspnea; ec, worsening eczema; ery,
erythema; fp, feeding problems; itch, itching; nau, nausea; os, oropharyngeal
symptoms; sw, swelling; ur, urticaria; vom, vomiting; whe, wheezing; sp, sleeping
problems. Amounts of 18, 180, 360, 540, 720, 1080 and 1620 mg CMP correspond
with 1, 10, 20, 30, 40, 60 and 90 ml test feeding respectively.

Discussion
An accurate diagnosis of CMA is important to reduce
the number of children on inappropriate diets. Many
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8

number of allergic responders

7
JBH infants
JBH children

6
5
4
3
2
1
0
18

180

540
720
dose of CMP (mg protein)

1080

1620

Figure 1 Responders with an acute reaction at each dose. The number of cow’s milk allergic children with an acute reaction of the Jeroen
Bosch Hospital at each dose of cow’s milk (expressed as CMP). Amounts of 18, 180, 360, 540, 720, 1080 and 1620 mg CMP correspond with 1, 10,
20, 30, 40, 60 and 90 ml test feeding respectively. JBH_children is the patient selection of DBPCFC-positive children older than 12 months.
JBH_infants consists of DBPCFC-positive children aged 0 – 12 months. See Table 4 for details on each individual.

studies using DBPCFC with CMP to evaluate the incidence of CMA have been retrospective [3], and/or did
not include late reactions [25]. None included longterm follow up to assess if parents continued to follow the medical advice based on the DBPCFC. In our

study DBPCFC led to the long-term use of an appropriate diet based on the presence or absence of CMA
in 100 (88%) of 114 children tested (intention-to-treat
analysis; information on long term diet was unavailable in 2 children).

Figure 2 Cumulative MEDs for an acute allergic reaction to cow's milk protein in the JBH population compared to various CMA
studies. Cumulative probability distribution based on individual MEDs for cow’s milk (expressed as CMP) for cow’s milk allergic children of the
Jeroen Bosch Hospital and for populations from the literature [5,22-24]. 100 mg CMP corresponds with 5,6 ml of our test feeding. Two
distributions were compiled for the JBH population. JBH_children is the patient selection of DBPCFC-positive children older than 12 months.
JBH_infants consists of DBPCFC-positive children aged 0 – 12 months. See also Table 5. CMA, cow’s milk allergy; CMP, cow’s milk protein; JBH,
Jeroen Bosch Hospital; MED, minimum eliciting dose. ▲ JBH_children; ■ JBH_infants; □ Flinterman et al. (2006); ▬ Baehler et al. (1996); ♦
Caminiti et al. (2009); ○ Patriarca et al. (2002).
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Table 5 Information on the populations represented in Figure 1
Study population

Hospital

Patient selection

Number of
patients

Mean age in years
(range)

JBH_infants

Regional hospital

All children with suspected CMA aged 0 – 12 months.

14

0,6 (0,3 – 0,9)

JBH_children

Regional hospital

All children with suspected CMA aged > 12 months

7

4,2 (1,2 – 9,9)

Flinterman et al.[5]

Tertiary referral centre

Children sensitized to CMP and with AEDS as reason for
prolonged CM elimination.

11

4,1 (1,8 – 10,3)

Baehler et al.[22]

Tertiary referral centre

Children with suspected CMA. All children with chronic
atopic dermatitis are excluded.

16

3,1 (0,7 – 8,8)

Caminiti et al.[23]

Tertiary referral centre

Children with severe IgE-mediated CMA

13

8 (5 – 10)

Patriarca et al.[24]

Tertiary referral centre

Children with CMA from the outpatient clinic offered an
oral desensitization.

8

9 (5 – 15)

AEDS, atopic eczema dermatitis syndrome; CM, cow’s milk; CMA, cow’s milk allergy; CMP, cow’s milk protein; JBH, Jeroen Bosch Hospital.

Besides acute reactions, we also studied late reactions
which typically develop within 24 to 72 hours after
ingesting CMP. When late reactions are described in the
literature, they form a substantial part of the positive test
results, ranging from 20% to 60% [22,26]. When only
acute reactions are included, as in the study by Schade
et al. [25], a much lower incidence of CMA is found
than mentioned in the literature. In our study population, 37.5% of the 40 children with CMA developed a
late reaction alone. A limitation of our study is, that the
only information we have about late reactions comes
from the parents; it is hardly feasible to hospitalise children for a total of 6 days to perform a DBPCFC. However, only symptoms that were identical to the original
presenting symptoms that occurred after verum feeding
but not after placebo feeding were interpreted as a positive DBPCFC. Systematically ignoring late reactions in
DBPCFC would lead to an unjust rejection of the diagnosis of non-IgE-mediated CMA.
The presenting symptom of swelling was significantly
more often present in the DBPCFC positive group. None
of these children had a negative test. This is not surprising, since swelling is usually an immediate IgE-mediated
hypersensitivity reaction. In these cases, the diagnosis is
more easily made on clinical presentation. However, presenting symptoms of urticaria, erythema, vomiting and
respiratory tract symptoms, which can also be interpreted as IgE-mediated reactions when occurring as an
immediate reaction, were not significantly different between the two groups. This emphasizes the need for a
DBPCFC for diagnosing or excluding CMA.
Reactions to placebo are described in the literature.
Vlieg-Boerstra et al. found them in 12.9% of all their
DBPCFC tests and in 5/43 (11,6%) of their cow’s milk
DBPCFC’s [27]. Hospers et al. describe a reaction to placebo feeding in 24% of their tests [3]. We also found
them in 17 children (22%). The precise cause for this is
not known. We cannot fully exclude the possibility that
placebo and verum feedings were accidentally exchanged
in some of the cases with a reaction to placebo feeding

alone, because 7 DBPCFC negative children in our study
group who had developed a reaction after placebo feeding alone were later interpreted as having CMA based
on recurrence of symptoms after the reintroduction of
CMP. However, a reaction to placebo feeding alone occurred in 9 additional DBPCFC negative children in
whom CMP was successfully reintroduced.
A possible explanation for a false negative result is
the possibility that the threshold to respond is higher
than the dose achieved during the challenge, i.e. larger
quantities of allergen are needed to produce a reaction.
Sicherer et al. [28] studied the quantity of food that
elicited a reaction during DBPCFC in children with
atopic dermatitis. Of 117 children (median age 5 years
9 months) with positive reactions to CMP, in 12% the reaction occurred after the final test dose of 2 to 2,5 grams
or during open challenge. These children received a total
of 8 to 10 grams of CMP. In our study the final dose consisted of 1,6 grams and a total of 4,5 grams of CMP was
ingested during the test. So, it could be that some children in our study did not receive a high enough dose to
produce a reaction.
Unfortunately, the data represented by Sicherer
et al. is not detailed enough for us to determine a cumulative distribution of the MEDs of their study
group for comparison with our study group. Recent
research has explored the importance of having adequate MED-data available for population risk assessment purposes which makes optimal use of all
available information, including the dose distribution
of MEDs within the allergic population [29,30]. However studies that are developed to determine MEDs
often only describe the lowest MED within the population encountered, whereas a distribution of MEDs
within that population is not established [31]. Flinterman et al. [5], Baehler et al. [22], Caminiti et al. [23]
and Patriarca et al. [24] however, do represent data in
their studies describing allergic reactions to CMP
which can be used for determining the cumulative
distribution of MEDs in their population.
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It is striking that our subgroup of infants aged
≤ 12 months has a higher cumulative MED distribution
than the children aged > 12 months. This suggests that
infants have a higher MED than older children, and
therefore will react only to higher amounts of CMP.
This is supported by the studies from the literature used
for comparison. The cumulative MED distributions
based on these studies are also lower than the cumulative
MED distribution of our infant group. As can be seen in
Table 5, the age distribution of the children described in
the literature is comparable to our subgroup of children
aged > 12 months. However, there are some important
differences between our study and the studies in the literature, which makes comparison difficult. At first, we
performed our study in a regional hospital. All the studies from the literature were performed in a tertiary referral centre, which can lead to a different patient selection.
Patients visiting a tertiary referral centre may have a
more severe CMA, and therefore a lower MED. Secondly, our study is the only study that included all children with suspected CMA, without selection based on
the presence or absence of atopic dermatitis. Also no selection was made based on the severity of CMA.
The population of Flinterman et al. [5] is most similar
to our subgroup of children considering the age distribution. However, they included only children with atopic
dermatitis. The children described by Baehler et al. [22]
are somewhat younger, however they excluded all children with co-existing atopic dermatitis. The children in
the study groups of Caminiti et al. [23] and Patriarca
et al. [24] are not only older than our population, but
also consist of a selected patient group. These two studies were performed to investigate the effect of oral
desensitization, and children with a ‘severe’ CMA were
selected. It is not surprising that these children have a
lower MED distribution. Therefore, our study seems
more representative for the general population of children with CMA compared to the other studies mentioned above. Our study is the only one that included
enough infants to allow a separate distribution for children aged ≤ 12 months. With the possible exception of
the study by Baehler et al., in which the age distribution
is not clearly described, none of the studies included
children under the age of 12 months.
A recent paper by Brand et al. [32] states that the individual MED remains fairly constant over time, however
we found no other studies in the literature to confirm
this statement. They also state that 75% of infants with
CMA are cow’s milk tolerant by the age of 1 year. 90%
are cow’s milk tolerant by the age of 4 years. A study by
Host et al. [33] in 2002 investigated the natural history
of CMA. They found a recovery of CMA in 56% of
patients at 1 year, 77% at 2 years, 87% at 3 years, 92% at
5 and 10 years and 97% at 15 years of age. In our study
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group, older children have a lower cumulative distribution of MED than the infants aged 0 – 12 months. An
interesting discussion point is whether this means that
the infants with a higher MED will become cow’s milk
tolerant and infants with a lower MED will remain allergic to cow’s milk. Another hypothesis is that there is
some kind of selection bias. Infants in general consume
more milk than older children. Therefore both infants
with a relatively high MED and a low MED might seek
medical attention in contrast to older children who
would just start consuming less cow’s milk products and
don’t seek medical advice unless they have a lower MED.
Further follow-up studies are needed to confirm these
hypotheses and to investigate whether the individual
MED remains constant over time. At this point, the cumulative distribution of the MED in a population can
only be used for population risk assessment purposes.

Conclusion
By excluding CMA by DBPCFC most parents are convinced the symptoms of their child are not caused by
CMP and are willing to permanently stop an unnecessary elimination diet. This study shows that it is important to include late reactions to CMP in the DBPCFC
test. By ignoring these late reactions the diagnosis of
CMA would have been rejected unjustly in 37,5% of the
children in our study. Also, by ignoring late symptoms
parents could remain convinced that these symptoms
are attributable to CMP and therefore would unnecessarily continue an elimination diet.
When CMA is proven, the DBPCFC can be used to determine the MED and the cumulative MED distribution.
The MEDs form potential useful information for offering
dietary advice to patients and their caretakers and for
population risk assessment purposes. Our study shows that
older children have a lower cumulative MED distribution
than the infants in our study group, and thus react to smaller amounts of CMP. Further studies are needed to investigate if the individual MED can also be used to predict the
chance of an infant becoming cow’s milk tolerant.
Abbreviations
CMA: Cow’s milk allergy; CMP: Cow’s milk protein; DBPCFC: Double-blind
placebo-controlled food challenge; LOAEL: Lowest observed adverse effect
level; MED: Minimum eliciting dose; NOAEL: No observed adverse effect
level.
Competing interests
There are no conflicts of interests.
Authors’ contributions
WD participated in the acquisition, analysis and interpretation of data and
drafted the manuscript. EK participated in the design of the study, the
acquisition of data, and helped to draft the manuscript. WB and GH
participated in the design and analysis of the data concerning the minimum
eliciting dose. EV conceived of the study and participated in its design and
coordination and helped to draft the manuscript. All authors read and
approved the final manuscript.

Dambacher et al. Nutrition Journal 2013, 12:22
http://www.nutritionj.com/content/12/1/22

Acknowledgements
Part of this study was conducted within the framework of the Food Safety
Knowledge Development program of TNO, with financial support of the
Dutch Ministry of Health.

Page 9 of 9

19.

Author details
1
Department Pediatrics, Jeroen Bosch Hospital, P.O. Box 90153, 5200 ME,
`s-Hertogenbosch, The Netherlands. 2TNO, Zeist, The Netherlands.

20.

Received: 13 September 2012 Accepted: 9 January 2013
Published: 8 February 2013

21.

References
1. de Monchy JG: [Consensus food hypersensitivity]. Ned Tijdschr Geneeskd
1991, 135(34):1538–41.
2. Eggesbo M, Halvorsen R, Tambs K, Botten G: Prevalence of parentally
perceived adverse reactions to food in young children. Pediatr Allergy
Immunol 1999, 10(2):122–32.
3. Hospers IC, de Vries-Vrolijk K, Brand PL: [Double-blind, placebo-controlled
cow's milk challenge in children with alleged cow's milk allergies,
performed in a general hospital: diagnosis rejected in two-thirds of the
children]. Ned Tijdschr Geneeskd 2006, 150(23):1292–7.
4. Bouman DE, Kneepkens CM: [Growth retardation as a result of a
presumption of multiple food hypersensitivity]. Ned Tijdschr Geneeskd
2000, 144(48):2314–7.
5. Flinterman AE, Knulst AC, Meijer Y, Bruijnzeel-Koomen CA, Pasmans SG:
Acute allergic reactions in children with AEDS after prolonged cow's
milk elimination diets. Allergy 2006, 61(3):370–4.
6. Smits-Wintjens VE, Zwart P, Brand PL: [Underlying cow's milk protein
intolerance in excessively crying infants; desirable and undesirable
effects of an elimination diet]. Ned Tijdschr Geneeskd 2000, 144(48):2285–7.
7. Boyce JA, Assa'ad A, Burks AW, Jones SM, Sampson HA, Wood RA, Plaut M,
Cooper SF, Fenton MJ, Arshad SH, Bahna SL, Beck LA, Byrd-Bredbenner C,
Camargo CA Jr, Eichenfield L, Furuta GT, Hanifin JM, Jones C, Kraft M, Levy BD,
Lieberman P, Luccioli S, McCall KM, Schneider LC, Simon RA, Simons FE,
Teach SJ, Yawn BP, Schwaninger JM: Guidelines for the diagnosis and
management of food allergy in the United States: report of the NIAIDsponsored expert panel. J Allergy Clin Immunol 2010, 126(6 Suppl):S1–58.
8. Host A: Frequency of cow's milk allergy in childhood. Ann Allergy Asthma
Immunol 2002, 89(6 Suppl 1):33–7.
9. Gupta RS, Springston EE, Warrier MR, Smith B, Kumar R, Pongracic J, Holl JL:
The prevalence, severity, and distribution of childhood food allergy in
the United States. Pediatrics 2011, 128(1):e9–17.
10. Rona RJ, Keil T, Summers C, Gislason D, Zuidmeer L, Sodergren E,
Sigurdardottir ST, Lindner T, Goldhahn K, Dahlstrom J, McBride D, Madsen C:
The prevalence of food allergy: a meta-analysis. J Allergy Clin Immunol
2007, 120(3):638–46.
11. Schrander JJ, van den Bogart JP, Forget PP, Schrander-Stumpel CT, Kuijten RH,
Kester AD: Cow's milk protein intolerance in infants under 1 year of age: a
prospective epidemiological study. Eur J Pediatr 1993, 152(8):640–4.
12. Bishop JM, Hill DJ, Hosking CS: Natural history of cow milk allergy: clinical
outcome. J Pediatr 1990, 116(6):862–7.
13. Brand PL: [Adverse effects of a liberal diagnosis of 'food intolerance'].
Ned Tijdschr Geneeskd 2000, 144(48):2290–2.
14. van Bockel-Geelkerken M, Meulmeester JF: [Prevalence of putative food
hypersensitivity in young children]. Ned Tijdschr Geneeskd 1992,
136(28):1351–6.
15. Steinke M, Fiocchi A, Kirchlechner V, Ballmer-Weber B, Brockow K,
Hischenhuber C, Dutta M, Ring J, Urbanek R, Terracciano L, Wezel R, REDALL
study consortium: Perceived food allergy in children in 10 European
nations. A randomised telephone survey. Int Arch Allergy Immunol 2007,
143(4):290–5.
16. Brugman E, Meulmeester JF, Spee-van der Wekke A, Beuker RJ, Radder JJ:
Verloove-Vanhorick SP. Prevalence of self-reported food
hypersensitivity among school children in The Netherlands. Eur J Clin
Nutr 1998, 52(8):577–81.
17. Isolauri E, Sutas Y, Salo MK, Isosomppi R, Kaila M: Elimination diet in cow's
milk allergy: risk for impaired growth in young children. J Pediatr 1998,
132(6):1004–9.
18. Vlieg-Boerstra BJ, Bijleveld CM, van der Heide S, Beusekamp BJ, Wolt-Plompen SA,
Kukler J, Brinkman J, Duiverman EJ, Dubois AE: Development and validation of

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

challenge materials for double-blind, placebo-controlled food challenges in
children. J Allergy Clin Immunol 2004, 113(2):341–6.
Spanjersberg MQ, Kruizinga AG, Rennen MA, Houben GF: Risk assessment
and food allergy: the probabilistic model applied to allergens. Food
Chem Toxicol 2007, 45(1):49–54.
Taylor SL, Crevel RW, Sheffield D, Kabourek J, Baumert J: Threshold dose for
peanut: risk characterization based upon published results from
challenges of peanut-allergic individuals. Food Chem Toxicol 2009,
47(6):1198–204.
Kruizinga AG, Briggs D, Crevel RW, Knulst AC, van den Bosch LM, Houben
GF: Probabilistic risk assessment model for allergens in food: sensitivity
analysis of the minimum eliciting dose and food consumption. Food
Chem Toxicol 2008, 46(5):1437–43.
Baehler P, Chad Z, Gurbindo C, Bonin AP, Bouthillier L, Seidman EG: Distinct
patterns of cow's milk allergy in infancy defined by prolonged, twostage double-blind, placebo-controlled food challenges. Clin Exp Allergy
1996, 26(3):254–61.
Caminiti L, Passalacqua G, Barberi S, Vita D, Barberio G, De LR, Pajno GB: A
new protocol for specific oral tolerance induction in children with IgEmediated cow's milk allergy. Allergy Asthma Proc 2009, 30(4):443–8.
Patriarca G, Buonomo A, Roncallo C, Del NM, Pollastrini E, Milani A, De Pasquale T,
Gasbarrini G, Schaviano D, Nucera E: Oral desensitisation in cow milk allergy:
immunological findings. Int J Immunopathol Pharmacol 2002, 15(1):53–8.
Schade RP, Meijer Y, Pasmans SG, Knulst AC, Kimpen JL, Bruijnzeel-Koomen CA:
[Double blind placebo controlled cow's milk provocation for the diagnosis
of cow's milk allergy in infants and children]. Ned Tijdschr Geneeskd 2002,
146(37):1739–42.
Vandenplas Y, Koletzko S, Isolauri E, Hill D, Oranje AP, Brueton M, Staiano A,
Dupont C: Guidelines for the diagnosis and management of cow's milk
protein allergy in infants. Arch Dis Child 2007, 92(10):902–8.
Vlieg-Boerstra BJ, van der Heide S, Bijleveld CM, Kukler J, Duiverman EJ,
Dubois AE: Placebo reactions in double-blind, placebo-controlled food
challenges in children. Allergy 2007, 62(8):905–12.
Sicherer SH, Morrow EH, Sampson HA: Dose–response in double-blind,
placebo-controlled oral food challenges in children with atopic
dermatitis. J Allergy Clin Immunol 2000, 105(3):582–6.
Madsen CB, Hattersley S, Buck J, Gendel SM, Houben GF, Hourihane JO,
Mackie A, Mills EN, Nørhede P, Taylor SL, Crevel RW: Approaches to risk
assessment in food allergy: report from a workshop ''developing a
framework for assessing the risk from allergenic foods". Food Chem
Toxicol 2009, 47(2):480–9.
Spanjersberg MQ, Knulst AC, Kruizinga AG, Van DG, Houben GF:
Concentrations of undeclared allergens in food products can reach
levels that are relevant for public health. Food Addit Contam Part A Chem
Anal Control Expo Risk Assess 2010, 27(2):169–74.
Morisset M, Moneret-Vautrin DA, Kanny G, Guenard L, Beaudouin E, Flabbee
J, Hatahet R: Thresholds of clinical reactivity to milk, egg, peanut and
sesame in immunoglobulin E-dependent allergies: evaluation by doubleblind or single-blind placebo-controlled oral challenges. Clin Exp Allergy
2003, 33(8):1046–51.
Brand PL, Rijk-van GH: [Cow's milk allergy in infants: new insights].
Ned Tijdschr Geneeskd 2011, 155(27):A3508.
Host A, Halken S, Jacobsen HP, Christensen AE, Herskind AM, Plesner K:
Clinical course of cow's milk protein allergy/intolerance and atopic
diseases in childhood. Pediatr Allergy Immunol 2002, 13(Suppl 15):23–8.

doi:10.1186/1475-2891-12-22
Cite this article as: Dambacher et al.: Double-blind placebo-controlled
food challenges in children with alleged cow’s milk allergy: prevention
of unnecessary elimination diets and determination of eliciting doses.
Nutrition Journal 2013 12:22.

