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Our aim was to develop guidance for general paediatricians
and primary care physicians in diagnosing and managing
cow’s milk protein allergy in infants. The guidelines were
developed by discussion based on existing national
recommendations and standards, clinical experience and,
whenever possible, evidence from the literature. Separate
algorithms cover breast-fed and formula-fed infants. The
recommendations emphasise the importance of comprehensive
history taking and careful physical examination. Patients with
severe symptoms need to be referred to a specialist. Elimination
of cow’s milk protein from the infant’s or mother’s diet and
challenges are the gold standard for diagnosis. This guidance is
intended as a basis for local discussion, implementation and
prospective evaluation. The algorithms should be regularly
assessed using clinical audit standards. Once validated, the
diagnostic framework could provide a standardised approach
in epidemiological and therapeutic studies.
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etween 5% and 15% of infants show symptoms suggesting adverse reactions to cow’s
milk protein (CMP),1 while estimates of the
prevalence of cow’s milk protein allergy (CMPA)
vary from 2% to 7.5%.2 Differences in diagnostic
criteria and study design contribute to the wide
range of prevalence estimates and underline the
importance of an accurate diagnosis, which will
reduce the number of infants on inappropriate
elimination diets. CMPA is easily missed in
primary care settings and needs to be considered
as a cause of infant distress and diverse clinical
symptoms.3 Accurate diagnosis and management
will reassure parents. CMPA can develop in
exclusively and partially breast-fed infants, and
when CMP is introduced into the feeding regimen.
Early diagnosis and adequate treatment decrease
the risk of impaired growth.4
CMPA results from an immunological reaction
to one or more milk proteins.2 This immunological
basis distinguishes CMP allergy from other adverse
reactions to CMP such as lactose intolerance.5
CMPA may be immunoglobulin E (IgE) or nonIgE associated.6 In IgE-associated cases, CMPA
may be a manifestation of the atopic diathesis. In
170 unselected infants with a mean age of
7 months (range 2–11 months) with CMPA diagnosed by means of double-blind, placebo-controlled challenge, 58% showed an early reaction
within 2 h after the last challenge dose. These

early reactions usually manifest as urticaria, angiooedema, vomiting or an acute flare of atopic
dermatitis. The remaining 42% showed a later
reaction, typically of atopic dermatitis or the
gastrointestinal tract. Infants with early reaction
were more likely to have a positive skin prick test
(SPT; wheal size >3 mm) or test positive for
specific IgE than those with later reactions.7 The
amount of cow’s milk that elicited the immediate
reactions varied from one drop to 161 ml.8
In a selected group of 100 children with CMPA
(mean age of 16 months), Hill et al reported that
27% developed symptoms, mainly urticaria and
angio-oedema, within 45 min after ingesting cow’s
milk. This represents the IgE-associated reaction.
About half the children in this cohort showed
pallor and gastrointestinal symptoms (vomiting
and diarrhoea) between 45 min and 20 h after
ingestion.2 The final 20% developed atopic dermatitis, respiratory symptoms or diarrhoea after more
than 20 h and up to several days after the
ingestion of cow’s milk. The proportion of children
with early and late reactions, or positive or
negative for specific IgE depends on how the
patients were selected.2
CMPA persists in only a minority of children.
The prognosis (ie, the likelihood of becoming
tolerant to CMP) depends on the patient’s age
and titre of specific IgE at the time of diagnosis.9 In
the experience of the taskforce members, children
with proven CMPA who are radioallergosorbent
test (RAST) or SPT negative become tolerant to
CMP much earlier than atopic children with
positive test results. Furthermore, patients with a
history of IgE-positive CMPA are at increased risk
of developing atopic diseases, such as asthma,
atopic dermatitis and rhinoconjunctivitis, than
those who were IgE-negative. Children with
negative tests are less likely to develop multiple
food allergy.10 Therefore, it is preferable to test for
specific IgE (if not performed during the diagnostic work-up) in children with CMPA proven on
challenge.
There are guidelines for the use of dietary
products for the prevention and treatment of
CMPA.11 12 However, there are currently no guidelines that specifically assist primary care physicians
and general paediatricians in the accurate diagnosis
and management of CMPA. This document aims to
Abbreviations: AAF, amino acid formula; CMP, cow’s milk
protein; CMPA, cow’s milk protein allergy; eHF, extensively
hydrolysed formula; GORD, gastro-oesophageal reflux
disease; IgE, immunoglobulin E; RAST, radioallergosorbent
test; SPT, skin prick test
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symptoms of CMPA.22 CMPA has also been related to infantile
colic. However, colic has numerous aetiologies which should be
considered during the differential diagnosis. However, there is a
subgroup of about 10% of colicky formula-fed infants in whom
the colic episodes are a manifestation of CMPA.23
While in some young infants there is a strong association
between atopic dermatitis and CMPA, many cases of atopic
dermatitis are not related. The strength of the association
depends on the age and severity of the atopic dermatitis: the
younger the infant and/or the more severe the atopic dermatitis,
the stronger the association.18
Reactions to other foods, especially egg and soy, but also
wheat, fish, peanut and other foods depending on the regional
dietary intake, may occur in combination with CMPA.24
Therefore, complementary feeding and, preferentially, all
supplementary feeding should be avoided during the diagnostic
elimination diet.

EVALUATION OF AN INFANT WITH SUSPECTED CMPA

ALGORITHM FOR THE DIAGNOSIS AND
MANAGEMENT OF CMPA IN EXCLUSIVELY BREASTFED INFANTS

A comprehensive history (including a family history of atopy)
and careful physical examination form the foundation of both
algorithms. The risk of atopy increases if a parent or sibling has
atopic disease (20–40% and 25–35%, respectively), and is higher
still if both parents are atopic (40–60%).16 In comparison to
cow’s milk formula-fed infants, exclusive breast feeding during
the first 4–6 months of life reduces the risk for CMPA and most
severe allergic manifestations during early infancy.17 The
distinction between breast-fed (fig 1) and formula-fed infants
(fig 2) reflects the importance of ensuring an adequate duration
of breast feeding. Management principles also differ. The
management of breast-fed infants depends on reducing the
maternal allergen load and strict avoidance of CMP in
supplementary feeding. It is recommended that exclusive or
partial breast feeding is continued, unless alarm symptoms
(table 1) require a different management.18 The earlier CMPA
develops, the greater the risk of growth retardation.19
Unfortunately, there is not one symptom that is pathognomonic for CMPA. The most frequent symptoms of CMPA are
listed in table 2. The timing and pattern of these symptoms aid
the differential diagnosis. Symptoms of CMPA occur often, but
not always, within the first weeks after the introduction of
CMP. Many children with CMPA develop symptoms in at least
two of the following organ systems: gastrointestinal (50–60%),
skin (50–60%) and respiratory tract (20–30%).1 The symptoms
associated with CMPA can range from mild to moderate to
severe, although this stratification is by its nature subjective. In
this guidance, symptoms that put the child at an immediate
life-threatening risk (such as anaphylaxis or laryngeal oedema)
or may interfere with the child’s normal development (such as
‘‘failure to thrive’’ or ‘‘growth faltering’’) differentiate severe
from mild-to-moderate CMPA.
Differential diagnoses include, among others: metabolic
disorders, anatomical abnormalities, coeliac disease and other
(rare) enteropathies, pancreatic insufficiency (such as in cystic
fibrosis), non-immunological adverse reactions to food (such as
fructose malabsorption or secondary lactose intolerance, mostly
with an onset in older children), allergic reactions to other food
allergens (such as hen’s eggs, soy, wheat, etc) or other
substances (such as animal dander, moulds, dust), malignancy,
and infections (particularly gastrointestinal and urinary tract
infections) and sepsis. A role for allergy in recurrent otitis
media has been heavily discussed in some of the literature.20 21
The clinician should also assess whether the child suffers
from concurrent conditions. For example, 15–21% of children
with suggested or proven gastro-oesophageal reflux disease
(GORD) or CMPA suffer from both conditions. Furthermore,
16–42% of children with a history of GORD show signs or

Breast feeding is the gold standard for milk feeding in infant
nutrition and is recommended exclusively for the first
4 months of life at least.25 The incidence of CMPA is lower in
exclusively breast-fed infants compared to formula-fed or
mixed-fed infants. Indeed, only about 0.5% of exclusively
breast-fed infants show reproducible clinical reactions to CMP
and most of these are mild to moderate. This might be related
to the fact that the level of CMP present in breast milk is
100 000 times lower than that in cow’s milk.26 In addition,
immunomodulators present in breast milk and differences in
the gut flora in breast-fed and formula-fed infants may
contribute to the prevalence of CMPA in breast-fed compared
to formula-fed infants. The most frequent symptoms of CMPA
in exclusively breast-fed babies are listed in table 2 and include
general dermatological and gastrointestinal manifestations.
Severe forms of CMPA (table 1) are very rare in exclusively
breast-fed infants. The occasional cases that occur are usually
severe atopic dermatitis with protein losses and failure to
thrive. Other rare conditions suggesting severe CMPA include
anaemia due to colitis with rectal bleeding and protein-losing
enteropathy. In these cases, introducing CMP into the infant’s
diet (eg, supplementary feeding) may exacerbate the symptoms. Cases with alarm symptoms should be referred to a
paediatric specialist for further diagnostic work-up and
management. In these infants, diagnoses other than CMPA
are much more likely, and identifying the correct diagnosis
should not be delayed.
Breast feeding should be promoted for the primary prevention of allergy, but breast-fed infants with proven CMPA should
be treated by allergen avoidance.18 There is evidence that food
proteins from milk, egg, peanut and wheat are excreted in
breast milk and may cause adverse reactions during exclusive
breast feeding in sensitised infants. Due to the many benefits of
breast feeding to the infant and the mother, clinicians should
advise mothers to continue breast feeding but avoid the causal
foods in their own diet. Egg avoidance studies indicate the
foetus may be exposed to maternally-derived egg antigens
despite maternal dietary avoidance measures.27 In infants with
atopic dermatitis, the risk of being sensitised to milk was four
times higher, and to egg eight times higher, than in infants
without atopic dermatitis.28 Age at first introduction of solid
food and diversity of solid food showed no effect on atopic
dermatitis incidence.28 However, there are no data on additional
systematic elimination of hen’s egg in symptomatic infants.
Therefore, as fig 1 shows, if the infant develops symptoms of
allergy, a maternal exclusion diet avoiding food containing
www.archdischild.com
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meet this need. However, these recommendations may need
adaptation to reflect local situations and, because they are not
evidence based, need to be prospectively validated and revised in
the future. Despite these caveats, the authors believe application
of these recommendations will improve the diagnostic and
therapeutic skills of physicians in primary care.
The corresponding author recruited a task force to develop an
algorithm for the diagnosis and treatment of CMPA. SHS/
Nutricia donated a grant to enable the authors to meet and
discuss the development of the algorithms. The recommendations developed were based on existing national recommendations and standards, present in Germany,13 the Netherlands14
and Finland,15 and personal experience of the authors. The
manuscript is based on a consensus that was reached following
a review of the literature and whenever possible evidence-based
data were used to strengthen the proposals. Separate algorithms were developed for breast-fed and formula-fed infants.
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CMP and hen’s eggs is advised by the task force although the
evidence for CMP is more exhaustive than for hen’s egg. In a
subgroup of children with severe atopic dermatitis, peanut
could as well be eliminated from the mother’s diet since peanut
allergy is more likely in children with atopic dermatitis. When
deciding which foods with a high allergenic potential to suggest
avoiding (hen’s eggs rather than, for example, wheat and fish),
the taskforce considered evidence that in most geographical
regions egg proteins are the most common cause of allergy after
CMPA in infants and young children. The evidence that peanut
allergy can cause severe symptoms has been well established,
but not in exclusively breast-fed infants. In contrast to milk and
egg, peanut consumption is common in only parts of the world
such as the USA, UK and some other European countries. In
primary prevention, which is not the topic of this manuscript, it
has been shown that peanut is secreted into breast milk
following maternal ingestion.29 Since peanuts are not an
essential nutritional part of a normal diversified diet, they are
easy to avoid, and since infant sensitisation through breast
feeding has been suggested, the task force suggests eliminating
peanut as well from the mother’s diet (although the evidence
for peanut is much weaker than for cow’s milk and egg). The
task force recognised the difficulties in implementing such
widespread dietary recommendations. Further studies are
required to test the feasibility of such programmes and whether
they are effective if implemented on a large scale.
Furthermore, a diet that also excludes fish, wheat and other
gluten-containing grain products is very demanding for the
www.archdischild.com

mother and may increase the mother’s risk of consuming an
unbalanced diet. Therefore, the relative risk associated with an
extensive, first-line exclusion diet may be greater than the
potential benefit. In a secondary approach, the additional
elimination of wheat and fish will require the advice of an
experienced dietician in order to ensure that an adequate
nutritional intake is maintained. If the mother has a certain
suspicion that another food elicits the symptoms in her child, the
elimination diet should be adapted accordingly. In some very rare
cases, such as in infants with severe atopic dermatitis with
impaired growth, breast feeding should be stopped.18 However,
the authors strongly propose that these infants should be referred
to a specialist before breast feeding is discontinued.
The elimination diet should be continued for a minimum of
at least 2 weeks, and up to 4 weeks in cases of atopic dermatitis
or allergic colitis. The mother will require calcium supplements
(1000 mg per day divided into several doses) during the
elimination diet. If the elimination diet fails to improve the
symptoms, the mother should resume her normal diet and a
referral to a specialist should be considered, depending on the
type and severity of the infant’s symptoms.
If symptoms improve substantially or disappear during the
elimination diet, one food per week can be reintroduced to the
mother’s diet. If symptoms do not re-appear on reintroduction
of a particular food to the mother’s diet, the elimination of that
specific food can be discontinued.
If symptoms re-appear, the food responsible should be
eliminated from the mother’s diet as long as she is breast
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Figure 1 Algorithm for the diagnosis and management of cow’s milk protein allergy (CMPA) in exclusively breast-fed infants. eHF, extensively hydrolysed
formula.
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feeding. If solid foods are introduced into the infant’s diet, care
should be taken to ensure solids are free from the food proteins
that the infant is allergic to. If CMP is the responsible allergen,
the mother should continue to receive calcium supplementation
during the elimination diet. If the mother is on a CMPelimination diet for a long period, appropriate nutritional
counselling is required. When the mother wants to wean her
infant, the child should receive an extensively hydrolysed
formula (eHF) with demonstrated clinical efficacy.

ALGORITHM FOR THE DIAGNOSIS AND
MANAGEMENT OF CMPA IN FORMULA-FED INFANTS
Patients with life-threatening, particularly respiratory symptoms or anaphylaxis, conditions need to be referred immediately to an emergency department experienced in the treatment
of this condition. In all the other situations, the initial step in
the diagnostic work-up for CMPA is clinical assessment
accompanied by history taking, including establishing whether
there is a family history of atopic disease (fig 2).
The algorithm differs according to the severity of symptoms
(fig 2). If the infant does not present alarm symptoms (as listed
in table 1), the case is considered as mild-to-moderate
suspected CMPA, and a diagnostic elimination diet should be
initiated. Infants presenting with symptoms such as angiooedema of lips and/or eyes, urticaria and immediate vomiting
are likely to have IgE-mediated allergy. In the case of IgEmediated allergy, improvement (and normalisation) offers a
safety net before challenge. A positive SPT increases the

likelihood of a positive food challenge but not the severity of
the reaction. In the study from Celik-Bilgili and coworkers, 60%
of the patients with a RAST class 1, 50% in class 2, 30% in class
3 and even 20% in class 4 had a negative food challenge.30

DIAGNOSTIC WORK-UP IN SYMPTOMATIC INFANTS
WITH NO ALARM SYMPTOMS (MILD-TO-MODERATE
MANIFESTATIONS)
In a case of suspected mild-to-moderate CMPA, CMP elimination
should start with a therapeutic formula for CMPA. The guidelines
define a therapeutic formula as one that is tolerated by at least
90% (with 95% confidence) of CMPA infants.31 These criteria are
met by some eHFs based on whey, casein or another protein
source, and by amino acid-based formulae (AAF). Preferentially,
all supplementary food should be stopped during the diagnostic
elimination diet. If this is not possible in infants beyond
6 months, only a few supplementary foods should be allowed
with dietary counselling. Nevertheless, the diet should not
contain CMP or hen’s eggs, soy protein or peanut. Referral to a
paediatric specialist and dietary counselling may be needed for
patients who do not improve. In such cases, further elimination
of other allergenic proteins such as fish and wheat may be
appropriate. In most cases, the therapeutic elimination diet
should be given for at least 2 weeks, although this may need to be
increased to up to 4 weeks in gastrointestinal manifestations and
atopic dermatitis before deciding that the intervention has failed.
eHFs that meet the definition of a therapeutic formula are
the first choice. An AAF is indicated: if the child refuses to
www.archdischild.com
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Figure 2 Algorithm for the diagnosis and management of cow’s milk protein allergy (CMPA) in formula-fed infants.
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Organ involvement

Symptoms and findings

Gastrointestinal tract

Failure to thrive due to chronic diarrhoea
and/or refusal to feed and/or vomiting
Iron deficiency anaemia due to occult or
macroscopic blood loss
Hypoalbuminaemia
Endoscopic/histologically confirmed
enteropathy or severe colitis
Exudative or severe atopic dermatitis with
hypoalbuminaemia or failure to thrive or
iron deficiency anaemia
Acute laryngoedema or bronchial
obstruction with difficulty breathing
Anaphylaxis

Skin

Respiratory tract
(unrelated to infection)
General

drink the eHF, but accepts the AAF (eHF has a more bitter taste
than AAF), if the symptoms do not improve on the eHF after 2–
4 weeks, or if the cost–benefit ratio favours the AAF over the
eHF. The cost–benefit ratio of AAF versus eHF is difficult to
elaborate in this global overview since health care cost differs
substantially from country to country, as does the cost of the
eHF and the AAF, which in some countries is (partially)
reimbursed by national or private health insurance. The risk of
failure of eHF is up to 10% of children with CMPA.4 In the latter
case, clinicians should refer to a specialist for further diagnostic
work-up.
Children may react to residual allergens in eHF, which may be
one reason for the failure. The residual allergens in eHFs seem to
be more likely to produce gastrointestinal and other non-IgEassociated manifestations compared to AAFs.4 6 32 However, IgErelated reactions have also been reported with eHF.6 In such
cases, clinicians should consider an AAF which has been proven
to be safe and nutritionally adequate to promote weight gain and
growth.4 6 In some situations, the infant may be initially switched
to an AAF, especially if they experience multiple food allergies,
specific gastrointestinal manifestations or both. In these
instances, the potential benefits of an AAF may outweigh its
higher cost. If symptoms do not disappear on the AAF, another
diagnosis should be considered.
The role of in vitro and in vivo testing for CMPA
None of the available diagnostic tests prove or disprove that the
child suffers from CMPA.8 Because of these limitations, allergen
Table 2 Most frequent symptoms of CMPA*
Organ involvement

Symptoms

Gastrointestinal tract

Frequent regurgitation
Vomiting
Diarrhoea
Constipation (with/without perianal rash)
Blood in stool
Iron deficiency anaemia
Atopic dermatitis
Swelling of lips or eye lids (angio-oedema)
Urticaria unrelated to acute infections, drug
intake or other causes
Runny nose (otitis media)20 21
Chronic cough
Wheezing
Persistent distress or colic (wailing/irritable
for >3 h per day) at least 3 days/week
over a period of .3 weeks

Skin

Respiratory tract
(unrelated to infection)
General

*Infants with CMPA in general show one or more of the listed symptoms.

www.archdischild.com

elimination diets and challenge procedures remain the gold
standard for the diagnosis of mild-to-moderate CMPA in
formula-fed infants. Clinicians can consider performing SPT
(with fresh cow’s milk or whole CMP extracts33) or determining
specific IgE against whole milk or single individual CMPs. SPTs
with fresh cow’s milk resulted in larger wheal diameters than
with commercial extracts, although the difference was not
significant.33 Conversely, wheal diameters were significantly
larger with fresh foods for the other food allergens.33 The overall
concordance between a positive prick test and positive
challenge was 58.8% with commercial extracts and 91.7% with
fresh foods.33 These results indicate that fresh foods may be
more effective for detecting sensitivity to food allergens. Fresh
foods should be used for primary testing for egg, peanut and
cow’s milk sensitivity.33
The results of these tests may guide optimal management:
SPTs and RAST are especially helpful in predicting the prognosis
and the time interval until the next challenge. Infants with
negative RAST and/or SPT at time of diagnosis become tolerant to
the offending protein at a much younger age than those with
positive reactions. In addition, a negative SPT and RAST result
reduces the risk of a severe acute reaction during challenge. On
the other hand, infants presenting with early-onset symptoms
such as angio-oedema or swelling of the lips and/or eyelids,
urticaria and immediate vomiting are likely to have IgE-mediated
allergy. If these infants have a SPT with a reaction with a large
diameter (.7 mm) or very high titres in the RAST test, the
likelihood is over 90% that the child will have a positive food
challenge.30 In these highly atopic infants, the confirmatory CMP
challenge can be postponed until the child shows a reduced
reaction in the tests for CMP-specific IgE. However, an open
challenge under medical supervision can be performed after
taking a complete history in infants with mild-to-moderate
reactions without any prior blood sampling or SPTs.
Patch testing in the investigation of CMPA is still a subject of
on-going research and can aid the diagnosis of non-IgEassociated reactions. Patch tests may contribute to the diagnosis
of food allergy, even when SPT and RAST were negative.34
However, the patch test method needs to be standardised.

Diagnostic challenge procedures
If the symptoms substantially improve or disappear after 2–
4 weeks on an elimination diet, an open challenge with a
formula based on whole CMP should be performed. While the
challenge needs to be performed under medical supervision, the
test can be done, in most cases, in non-hospital settings.35
Primary care physicians should be aware that the severity of a
past reaction might not predict the severity of a challenge
reaction, particularly after a period of dietary exclusion.36 37
Previous mild reactions may be followed by anaphylactic
reactions in some infants with CMPA. For this reason, open
challenges should preferentially be performed in a setting
where safety facilities (eg, resuscitation) are available. Mild-tomoderate reactions clearly exclude infants with severe reactions
in their medical history, such as systemic anaphylactic
symptoms, respiratory symptoms with breathing problems,
and severe enteropathy with failure to thrive. In these cases of
severe manifestations, the challenge should be performed
according to the protocol of the hospital, with or without an
intravenous line, in a setting that offers experience of
immediate adequate treatment. Infants with severe manifestations can be followed with SPT or specific IgE measurements,
and if these are supportive of the diagnosis, a strict exclusion
diet should be maintained until a resolution or improvement of
the allergy tests occurs. In a case of previous anaphylaxis, a
challenge is contraindicated unless SPTs and/or specific IgE
measurement show improvement. In these cases, the challenge
should always be performed in a hospital setting.

Arch Dis Child: first published as 10.1136/adc.2006.110999 on 25 September 2007. Downloaded from http://adc.bmj.com/ on July 7, 2022 by guest. Protected by copyright.

Table 1 Alarm symptoms and findings (can be found
alone or in combination with items listed in table 2),
indicating severe CMPA as the possible cause
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Positive challenge: CMPA confirmed
If symptoms of CMPA re-appear, the suspected diagnosis of
CMPA is confirmed and the infant should be maintained on an
elimination diet using eHF or AAF until the child is between 9
and 12 months of age, but for at least 6 months, whichever
occurs first. The challenge is then repeated. If it is possible to
follow the infant with IgE-mediated allergy with SPTs and/or
specific IgE determination, normalisation or improvement of
these tests would help in choosing the time point of challenge.
Supplementary feeding should be introduced carefully to avoid
accidental intake of CMP. Nutritional counselling must ensure
a sufficient intake of the therapeutic formula (eHF or AAF) to
guarantee adequate calcium intake.
Negative challenge: no CMPA
Children who do not develop symptoms on the cow’s milk
formula during challenge and up to 1 week after follow-up can
resume their normal diet, although they should be monitored.
Clinicians should advise parents to be attentive for delayed
reactions, which may evolve over several days following the
challenge.2

DIAGNOSTIC WORK-UP IN INFANTS WITH SEVERE
MANIFESTATIONS
Formula-fed infants suspected of suffering from severe CMPA
should be referred to a paediatric specialist. In the meantime,
an elimination diet should be started and the child should
preferably receive an AAF. AAF is recommended because
infants in this group fail to thrive, suffer from macronutrient
deficiencies or have pain. In these cases, AAF minimises the
risk of failure on an eHF and further weight loss. Many of these
children may need further diagnostic work-up to rule out other
diagnoses. However, the recommendation to use AAF as a first
choice is based on clinical experience, not on evidence. This
approach should be prospectively validated.
The decision concerning allergen challenge in cases with
severe CMPA should always be made by a specialist and
performed in a hospital setting. In cases with a history of a lifethreatening reaction, a food challenge may be contraindicated.

DISCUSSION
These recommendations have been developed as guidance for
general paediatricians and primary care physicians to assist
with the diagnosis and management of CMPA in breast-fed and
formula-fed infants. They emphasise the importance of breast
feeding, which is the preferred method of feeding healthy
infants. The recommendations also underscore the importance
of a comprehensive history taking (including a family history of
atopy) and a careful physical examination to exclude other
causes, identify any concurrent conditions and classify the
condition as mild-to-moderate or severe CMPA. The algorithms
differ according to the method of feeding (breast-fed or
formula-fed infants) and according to the severity of symptoms. Blood-stained stool in an infant is alarming for the
mother, although recent evidence suggests this is a benign and
self-limiting phenomenon, mostly occurring in exclusively

breast-fed infants. CMA in these patients is less common than
previously believed, and an association with viruses can be
observed in some patients. CM challenge is thus essential in
infants who become symptom-free during a CMP-free diet to
reduce the number of false-positive diagnoses of CMPA.38 In
cases with recurrence of symptoms after reintroduction of dairy
products in the mother’s diet, the algorithm recommends eHF if
the mother wants to start weaning the infant and if the child is
younger than 9–12 months. However, one could speculate that
since the infant reacted to the (very) small amounts of proteins
present in its mother’s milk, it might be preferable to
recommend AAF. Unfortunately, no data are available on this
topic. Patients with severe symptoms need to be referred to a
specialist experienced in managing childhood allergies.
In formula-fed infants, clinicians should consider whether
SPTs, patch tests and determination of specific IgE would aid
the diagnostic work-up and guide management. However,
elimination diets and challenges are the gold standard for
diagnosing CMPA in formula-fed infants.35 For simplicity and
for socio-economic reasons, an open challenge is recommended
by the taskforce. In the case of a doubtful outcome, a doubleblind placebo-control challenge is helpful. If a reduction in the
cost of diagnostic testing is important, RAST, SPT or both can
be limited to those infants responding to an elimination diet to
guide the challenge or after a positive challenge to predict the
prognosis more accurately.
Infants with mild-to-moderate symptoms should receive eHFs,
or AAF if the infant refuses to drink eHF or if the cost–benefit
ratio favours AAF, for at least 2–4 weeks. Children who show a
substantial improvement or disappearance of symptoms should
undergo a challenge under medical supervision. If symptoms of
CMPA emerge upon food challenge, the child should be
maintained on eHF or AAF for at least 6 months or until 9–
12 months of age. If symptoms do not improve on eHF, primary
care physicians and general paediatricians should consider an
elimination diet with AAF, other differential diagnoses or both for
the symptoms and/or refer the patient to a paediatric specialist.
If the clinician suspects severe CMPA in a formula-fed infant,
the patient should receive AAF and be referred to a paediatric
specialist experienced in managing infant allergies. Food
challenges in infants with severe symptoms should be performed
only in a setting with personnel experienced in treating
anaphylaxis.35 The clinician should be aware that severe reactions
may also occur in patients with previously mild-to-moderate
reactions after a period of dietary elimination.37
The use of unmodified mammalian milk protein, including
unmodified cow’s, sheep, buffalo, horse or goats’ milk, or
unmodified soy or rice milk, is not recommended for infants.
These milks are not adequately nutritious to provide the sole
food source for infants. Furthermore, the risk of possible
allergenic cross-reactivity means that these milks or formulas
based on other mammalian milk protein are not recommended
for infants with suspected or proven CMPA.38–40
Soy protein, for example, is not hypo-allergenic. The incidence
of soy allergy in soy formula-fed infants is comparable to that of
CMPA in cow’s milk formula-fed babies.41 Adverse reactions to
soy have been reported in 10–35% of infants with CMPA,
regardless of whether or not they were positive or negative for
specific IgE antibodies for CMP.7 In particularly, infants with
multiple food allergies and eosinophilic enterocolitis syndrome
react to formulas which include soy protein.42
Although soy formulations are significantly cheaper and have a
better acceptance than eHF and AAF, the risk that the child will
develop soy allergy in addition to CMPA, particularly in infants
below 6 months of age, was considered by the authors to be too
high for it to be recommended as the first choice. Soy may be
considered in infants refusing to drink eHF and/or AAF, especially
www.archdischild.com
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During oral provocation the dose of formula should be
titrated as follows. After a physical examination of the
undressed infant, with inspection of the skin, a drop of the
formula is put on the lips. If no reaction occurs after 15 min,
the formula is given orally and the dose is increased stepwise
(0.5, 1.0, 3.0, 10, 30, 50 to 100 ml) every 30 min. Thereafter, the
infant is observed for 2 h and examined for cutaneous and
respiratory reactions before going home. If no reaction occurs,
the child should receive at least 250 ml of cow’s milk-based
formula each day for the next week and the parents told to
observe the child for late reactions.
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beyond the age of 6 months.41 Moreover, soy formulations contain
high concentration of phytate, aluminium and phyto-oestrogens
(isoflavones), which may have undesired effects.18 41
These recommendations are intended as a basis for local
discussion, implementation and prospective evaluation.
National or regional organisations should ensure that education
is provided for families regarding a milk avoidance diet. Health
care providers should be instructed about rescue medications
such as antihistamine use and adrenaline in case of accidental
exposure to the offending antigen(s), especially in infants with
IgE-mediated allergy. The algorithms are based as much as
possible on existing evidence, but should be assessed using
clinical audit standards, such as the number of children with
symptoms, growth and developmental milestones, and percentiles for height and weight. Any local versions of this guidance
should be regularly re-audited to ensure that best practice is
followed. Once validated, we hope the diagnostic framework
could provide a standardised approach in prospective epidemiological and therapeutic studies.

Vandenplas, Brueton, Dupont, et al

PostScript

neurophysiology’’. They emphasise that ‘‘neurophysiologic studies provide an important
extension to the clinical evaluation and are
predicated on a careful history and examination’’, rather than being tests to interpret in
isolation. They asked the contributors ‘‘to
provide succinct descriptions of clinical disorders where neurophysiologic testing is a
useful adjunct’’. This pragmatic marriage of
technical and clinical considerations shines
through much of the text, and I feel that the
editors have succeeded in their aims.
The 46 contributors are predominantly
from North America, but there are four from
Europe and two from Australasia. For the
most part, the information is generic and,
the chapter on the diagnosis of brain death,
for example, has an orientation towards
legal and practical issues pertaining to North
America.
The book covers electroencephalography
(EEG), evoked potentials (somatosensory,
brainstem auditory and visual) and the
clinical neurophysiology of the motor unit
(electromyography and nerve conduction
studies). It is divided into four sections: basic
principles and maturational change; disorders
of cerebral function; neuromuscular disorders;
and other neurophysiological techniques.
This last section is relatively brief but covers
magnetoencephalography (MEG), transcranial magnetic stimulation (TMS) and the
assessment of sphincter dysfunction.
The first part of the book contains
chapters describing the normal features of
EEG in the neonatal and paediatric age
groups. Separate chapters, divided into age
periods, outline an approach to the visual
analysis of EEG with clear and didactic
suggestions about extracting essential features. This works well.
The second part of the book is devoted to
the investigation of disorders of cerebral
function. Having read chapters 2 and 3,
which cover the features of the normal
neonatal EEG and suggest an ordered
approach to its visual analysis, one is faced
with chapter 13, which describes the abnormal features of the neonatal EEG. This
presents information in a logical, progressive
and user-friendly manner, with clear reviews
of normality and age-dependent changes
that are separated from details of abnormal
conditions and findings. It also includes
information on abnormalities in the various
forms of evoked potentials, and a chapter on
their use in intra-operative monitoring.
There are excellent chapters on childhood
sleep-wake disorders, drug effects, infectious
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diseases, trauma, and metabolic, toxic and
degenerative diseases.
The chapter on EEG in the evaluation of
children for epilepsy surgery is very brief at a
mere seven pages. However, epilepsy surgery
is an immense area and, on balance, I think
that the editorial decision to substantially
restrict this section is reasonable.
The third part of the book again takes a
usefully clinically oriented approach, with
chapters on the floppy infant, facial and
bulbar weakness, disorders of the anterior
horn cell, plexopathies and radiculopathies,
and focal neuropathies. There are substantial chapters on autonomic testing in various
conditions, including Guillain-Barré syndrome, chronic autonomic neuropathies,
diabetes mellitus and neuromuscular transmission defects. A whole chapter is devoted
to the relationship between DNA analysis
and neurophysiological aspects of neuromuscular disorders. Given the relative frequency of exposure to neurophysiological
examinations in these age groups, the book
is weighted heavily towards discussion of
neuromuscular disorders, but then this is a
broad field with a large number of rare
diseases that merit some coverage.
Unsurprisingly, it is possible to find minor
points of imperfection that might be
addressed in a second edition, for example
inconsistent headings within a table on
classification and a figure on scalp electrode
positions that is poorly reproduced.
The book is well produced to a standard
typical of Elsevier products. The text and
pictures are generally black and white,
although there are five colour plates. The
index is large and comprehensive but is not
divided into separate author and subject
indices, and omits, for example, some important scoring systems mentioned in the text.
The book is competitively priced but,
because of its specialist nature, it is unlikely
to reside high on the wish list of any but the
most enthusiastic general paediatrician.
However, it is an excellent text for paediatric neurologists and neurophysiologists,
particularly those in training. The orientation towards young people and the coverage,
in one volume, of EEG, peripheral neurophysiological and other techniques makes it
an efficient and very useful learning and
reference text. It is an essential element of
the clinical neurophysiology departmental
library in any centre that performs these
investigations in young people.
Andrew L Lux

Corrections
doi:10.1136/adc.2007.116608
E Fitzpatrick, B Bourke, B Drumm, et al.
Outcome for children with cyclical vomiting
syndrome (Arch Dis Child 2007;92:1001–4). In
table 2 of this paper row ‘‘Medication prescribed’’/column ‘‘Resolved’’ should read 8/25
(32%) (not 16/8/25 (32%)). In addition, row
‘‘Trigger factor identified’’/ column ‘‘Resolved’’
should read 16/25 (64%) (not 25 (64%)).
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In figure 2 of this article the arrow pointing to
the right from the box ‘‘Open challenge; Cow’s
milk formula under clinical observation’’
should actually point to the box ‘‘CMPA
symptoms; Maintain CMP elimination diet
until 9–12 months of age, and for at least 6
months’’ and not to the box ‘‘No CMPA
symptoms; Resume CMP in diet and monitor’’
as published.
In addition, in figure 2 the box ‘‘Elimination
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Therapeutic Extensive Hydrolysed Formula
(eHF) for 2 to 4 weeks (*).
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double blind, placebo controlled, crossover
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The first word of the third paragraph
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Abstract

Objective: To develop guidance to general paediatricians and primary care physicians to
diagnose and manage cows’ milk protein allergy in infants.

Method: These consensus guidelines were developed by discussion based on existing national
recommendations and standards, clinical experience and, whenever possible, evidence from
the literature. Separate algorithms cover breast-fed and formula-fed infants.

Outcome: The recommendations emphasise the importance of comprehensive history taking
and careful physical examination to exclude other causes, identify concurrent conditions and
stratify according to severity. Patients with severe symptoms need to be referred to a
specialist.

Elimination of cow’s milk protein from the infant’s diet or in the case of breast feeding from
the mother’s diet, and challenges are the gold standard for diagnosis. In formula-fed infants,
clinicians should consider whether skin prick tests, patch tests and radioallergosorbent test
would aid diagnosis, and management or better define prognosis.

Infants with mild-to-moderate symptoms suggesting cow milk allergy should receive
extensively hydrolysed formula or amino acid formula in case the infant refuses to drink eHF,
for at least two to four weeks. A regular or partially hydrolysed infant formula, or formula or
a milk based on soy, rice or any animal’s milk (goat, sheep, horse, etc.) is not recommended.
Children that show a substantial improvement or in whom the symptoms disappear should
undergo challenge under medical supervision. If symptoms of cow's milk allergy re-emerge,
the child should be maintained on extensive hydrolysate or amino acid formula until 9-12
months of age before re-challenge, but for at least 6 months. If symptoms do not improve with
an extensive hydrolysate, consider an elimination diet with an amino acid formula, other
differential diagnoses or both and/or refer to a paediatric specialist. If the clinician diagnoses
severe cow milk protein allergy in a formula-fed infant, the patient should receive an amino
acid formula and be referred to a paediatric specialist experienced in managing childhood
allergies.
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This guidance is intended as a basis for local discussion, implementation and prospective
evaluation. The algorithms should be regularly assessed using clinical audit standards. Once
validated, the diagnostic framework could act as standardised approach in epidemiological
and therapeutic studies.

"What is already known on this topic?"
•

Between 5% and 15% of infants show symptoms suggesting adverse reactions to
cows’ milk protein (CMP). Estimates of the prevalence of CMPA vary from 2% to
7.5%. Differences in diagnostic criteria and study design contribute to the wide range.

•

Accurate and early diagnosis will reduce the number of infants on inappropriate
elimination diets and decrease the risk of complications such as impaired growth.
There are guidelines for the diagnosis of food allergy. However, there are currently no
guidelines that specifically assist primary care physicians and general paediatricians in
the diagnosis and management of CMPA.

"What this study adds"
•

This guidance is intended to assist general paediatricians and primary care physicians
to recognise, diagnose and manage CMPA. Separate algorithms were developed for
breast-fed and formula-fed infants.

•

The recommendations underscore the importance of comprehensive history taking
(including a family history of atopy) and careful physical examination to exclude other
causes, identify concurrent conditions and stratify according to symptom severity.
These proposals are intended as a basis for local discussion, implementation and
prospective evaluation. The algorithms should be assessed using clinical audit
standards. Once validated, the diagnostic framework could act as standardised
approach in prospective epidemiological and therapeutic studies.
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Amino acid formula (AAF)
Cows’ milk protein (CMP)
Cows’ milk protein allergy (CMPA)
Extensively hydrolysed formula (eHF)
Gastro-oesophageal reflux disease (GORD)
Immunoglobulin E (IgE)
Radioallergosorbent test (RAST)
Skin prick test (SPT)
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Introduction

This manuscript aims to provide guidance for general paediatricians and primary care
physicians to diagnose and manage cows’ milk protein allergy (CMPA) in infants and
children. Wherever possible, evidence was used to strengthen the recommendations and
algorithms proposed.

Between 5% and 15% of infants show symptoms suggesting adverse reactions to cows’ milk
protein (CMP),1 while estimates of the prevalence of CMPA vary from 2% to 7.5%.2
Differences in diagnostic criteria and study design contribute to the wide range of prevalence
estimates and underline the importance of an accurate diagnosis, which will reduce the
number of infants on inappropriate elimination diets. CMPA is easily missed in primary care
settings and needs to be considered as a cause of infant distress and diverse clinical
symptoms.3 Accurate diagnosis and management will reassure parents. CMPA can develop in
exclusively and partially breast fed infants, and when CMP is introduced in the feeding
regimen. Early diagnosis and adequate treatment decreases the risk of impaired growth.4
CMPA results from an immunological reaction to one or more milk proteins.2 This
immunological basis distinguishes CMP-allergy from other adverse reactions to CMP such as
lactose intolerance.5 CMPA may be IgE- or non-IgE associated.6 In IgE associated cases,
CMPA may be a manifestation of the atopic diathesis. In 170 unselected infants with a mean
age of seven months (range 2 – 11 months) with CMPA diagnosed by means of double-blind,
placebo-controlled challenge, 58% showed an early reaction within two hours after the last
challenge dose. These early reactions usually manifest as urticaria, angio-oedema, vomiting or
an acute flare of atopic dermatitis. The remaining 42% showed a later reaction, typically of
atopic dermatitis or the gastrointestinal tract. Infants with early reaction were more likely to
have a positive skin prick test (SPT) (wheal size >3 mm) or test positive for specific IgE than
those with later reactions.7 The amount of cows’ milk that elicited the immediate reactions
varied from one drop to 161 ml.8

In a selected group of 100 children with CMPA (mean age of 16 months), Hill et al reported
that 27% developed symptoms, mainly urticaria and angiooedema, within 45 minutes after
ingesting cows’ milk. This represents the IgE-associated reaction. About half the children in
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this cohort showed pallor and gastrointestinal symptoms (vomiting and diarrhoea) between 45
minutes and 20 hours after ingestion2. The final 20% developed atopic dermatitis, respiratory
symptoms or diarrhoea after more than 20 hours and up to several days after the ingestion of
cows’ milk. The proportion of children with early and late reactions, or positive or negative
for specific IgE depends on how the patients were selected.Error! Bookmark not defined.

CMPA persists in only a minority of children. The prognosis (ie the likelihood of becoming
tolerant to CMP) depends on the patient’s age and titre of specific IgE at the time of
diagnosis.9 In the experience of the taskforce members, children with proven CMPA who are
radioallergosorbent test (RAST) or SPT negative become tolerant to CMP much earlier than
atopic children with positive test results. Furthermore, patients with a history of IgE-positive
CMPA are at increased risk of developing atopic diseases, such as asthma, atopic dermatitis
and rhinoconjunctivitis, than those who were IgE-negative. Children with negative tests are
less likely to develop multiple food allergy10 Therefore, it is preferable to test for specific IgE
(if not performed during the diagnostic work-up), in children with CMPA proven on
challenge.

There are guidelines for the use of dietary products for prevention and treatment of
CMPA.11,12 However, there are currently no guidelines that specifically assist primary care
physicians and general paediatricians in the accurate diagnosis and management of CMPA.
This document aims to meet this need. However these recommendations may need adaptation
to reflect local situations and because they are not evidence based, need to be prospectively
validated and be revised in the future. Despite these caveats, the authors believe application of
these recommendations will improve the diagnostic and therapeutic skills of physicians in
primary care.

The corresponding author recruited a task force to develop an algorithm for the diagnosis and
treatment of CMPA. SHS/Nutricia donated a grant to enable the authors to meet and discuss
the development of the algorithms. The recommendations developed were based on existing
national recommendations and standards, present in Germany,13 The Netherlands,14 Finland15
and personal experience of the authors. The manuscript is based on a consensus that was
reached based on a review of the literature and whenever possible evidence-based data were
used to strengthen the proposals. Separate algorithms were developed for breast-fed and
formula-fed infants.
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Evaluation of an infant with suspected CMPA
A comprehensive history (including family history of atopy) and careful physical examination
form the foundation of both algorithms. The risk of atopy increases if a parent or sibling has
atopic disease (20-40% and 25-35% respectively), and is higher still if both parents are atopic
(40-60).16 In comparison to cows’ milk formula fed infants, exclusive breastfeeding during
the first four to six months of life reduces the risk for CMPA and most severe allergic
manifestations during early infancy.17 The distinction between breast-fed (figure 1) and
formula-fed infants (figure 2) reflects the importance of ensuring an adequate duration of
breast-feeding. Management principles also differ. The management of breast-fed infants
depends on reducing the maternal allergen load and strict avoidance of CMP in
supplementary feeding. It is recommended that exclusive or partial breast-feeding is
continued, unless alarm symptoms (see Table 1) require a different management.18 The earlier
CMPA develops, the greater the risk of growth retardation.19

Table 1. Alarm symptoms and findings (can be found alone or in combination with items
listed in Table 2), indicating severe CMPA as possible cause

Organ involvement

Symptoms and findings

Gastrointestinal tract

Failure to thrive due to chronic diarrhoea
and/or refusal to feed and/or vomiting
Iron deficiency anaemia due to occult or
macroscopic blood loss
Hypoalbuminaemia
Endoscopic/histologically

confirmed

enteropathy or severe colitis
Skin

Exudative or severe atopic dermatitis with
hypoalbuminaemia or failure to thrive or iron
deficiency anaemia

Respiratory tract

Acute layngoedema or bronchial obstruction

(unrelated to infection)

with difficulty in breathing

General

Anaphylaxis
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Unfortunately, there is not one symptom that is pathognomonic for CMPA.

The most

frequent symptoms of CMPA are listed in Table 2. The timing and pattern of these symptoms
aid the differential diagnosis. Symptoms of CMPA occur often, but not always, within the
first weeks after the introduction of CMP. Many children with CMPA develop symptoms in
at least two of the following organ systems: gastrointestinal (50-60%); skin (50-60%); and
respiratory tract (20-30%)1. The symptoms associated with CMPA can range from mild to
moderate to severe, although this stratification is by its nature subjective. In this guidance,
symptoms that put the child at an immediate life threatening risk (such as anaphylaxis or
laryngeal oedema) or may interfere with the child’s normal development (such as “failure to
thrive” or “growth faltering”) differentiate severe from mild to moderate CMPA.

Table 2: Most frequent symptoms of CMPA*

Organ

Symptoms

involvement
Gastrointestinal

frequent regurgitation

Tract

vomiting
diarrhoea
constipation (with/without perianal rash)
blood in stool
iron deficiency anaemia

Skin

atopic dermatitis
swelling of lips or eye lids (angio-oedema)
urticaria unrelated to acute infections, drug intake or other causes

Respiratory tract runny nose, (otitis media)20,21
(unrelated

to chronic cough

infection)

wheezing

General

persistent distress or colic (> 3 hrs per day wailing/irritable) at least
3 days/week over a period of > 3 weeks

* Infants with CMPA in general show one or more of the listed symptoms

Differential diagnosis include, among others: metabolic disorders; anatomical abnormalities;
coeliac disease and other (rare) enteropathies; pancreatic insufficiency (such as in cystic
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fibrosis); non-immunological adverse reactions to food (such as fructose malabsorption or
secondary lactose intolerance (mostly with an onset in older children)); allergic reactions to
other food allergens (such as hen’s eggs, soy, wheat, etc.) or other substances (such as animal
dander, moulds, dust); malignancy; and infections (particularly gastro-intestinal and urinary
tract infections) and sepsis. Although heavily discussed, there is some literature suggesting a
role for allergy in recurrent otitis media.20,21

The clinician should also assess whether the child suffers from concurrent conditions. For
example, 15% to 21% of children with suggested or proven gastro-oesophageal reflux disease
(GORD) or CMPA suffer from both conditions. Furthermore, 16% to 42% of children with a
history of GORD show signs or symptoms of CMPA.22 CMPA has also been related to
infantile colic. However, colic has numerous aetiologies, which should be considered during
the differential diagnosis. However, there is a subgroup of about 10% of colicky formula-fed
infants in whom the colic episodes are a manifestation of CMPA.23

While in some young infants there is a strong association between atopic dermatitis and
CMPA, many cases of atopic dermatitis are not related. The strength of the association
depends on the age and severity of the atopic dermatitis: the younger the infant and/or the
more severe the atopic dermatitis, the stronger the association.18

Reactions to other foods - especially egg and soy, but also wheat, fish, peanut and other food
depending on the regional dietary intake – may occur in combination with CMPA.24
Therefore, complementary feeding and, preferentially, all supplementary feeding should be
avoided during the diagnostic elimination diet.

Algorithm for the Diagnosis and Management of CMPA in exclusively breast-fed Infants
Breast-feeding is the gold standard for milk feeding in infant nutrition and is recommended
exclusively for the first four months of life at least.25 The incidence of CMPA is lower in
exclusively breast-fed infants compared to formula-fed or mixed-fed infants. Indeed, only
about 0.5% of exclusively breast-fed infants show reproducible clinical reactions to CMP and
most of these are mild to moderate This might be related to the fact that the level of CMP
present in breast milk is 100,000 times lower than in cows’ milk26 In addition,
immunomodulators present in breast milk and differences in the gut flora in breast and
formula fed infants may contribute to the prevalence of CMPA in breast compared to formula
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fed infants. The most frequent symptoms of CMPA in exclusively breast-fed babies are listed
in Table 2 and include general dermatological and gastrointestinal manifestations.

Severe forms of CMPA (Table 1) are very rare in exclusively breast-fed infants. The
occasional cases that occur are usually severe atopic dermatitis with protein losses and failure
to thrive. Other rare conditions suggesting severe CMPA include anaemia due to colitis with
rectal bleeding and protein-losing enteropathy. In these cases, introducing CMP into the
infant’s diet (e.g. supplementary feeding) may exacerbate the symptoms. Cases with alarm
symptoms should be referred to a paediatric specialist for further diagnostic work-up and
management. In these infants, diagnoses other than CMPA are much more likely, and
identifying the correct diagnosis should not be delayed.

Breast-feeding should be promoted for the primary prevention of allergy, but breast-fed
infants with proven CMPA should be treated by allergen avoidance.18 There is evidence that
food proteins from milk, egg, peanut and wheat are excreted in breast milk and may cause
adverse reactions during exclusive breast-feeding in sensitised infants. Due to the many
benefits of breast-feeding to the infant and the mother, clinicians should advise mothers to
continue breast-feeding, but avoid the causal foods in their own diet. Egg avoidance studies
indicate the foetus may be exposed to maternally derived egg antigens despite maternal
dietary avoidance measures.27 In infants with atopic dermatitis, the risk to be sensitized to
milk was four times higher, and to egg eight times higher, than in infants without atopic
dermatitis.27B. Age at first introduction of solid food and diversity of solid food showed no
effect on atopic dermatitis incidence.27B. However, there are no data on additional systematic
elimination of hen’s egg in symptomatic infants.

Therefore, as Figure 1 shows, if the infant develops symptoms of allergy a maternal exclusion
diet avoiding food containing CMP and hen’s eggs is advised by the task force although the
evidence for CMP is more exhaustive than for hen’s egg. In a subgroup of children with
severe atopic dermatitis, peanut could as well be eliminated from the mother’s diet since
peanut allergy is more likely in children with atopic dermatitis. When deciding which foods
with a high allergenic potential to suggest avoiding (hen’s eggs rather than, for example,
wheat and fish) the taskforce considered evidence that in most geographical regions egg
proteins are the most common cause of allergy after CMPA in infants and young children.
The evidence that peanut allergy can cause severe symptoms has been well established, but
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not in exclusively breast-fed infants. In contrast to milk and egg, peanut consumption is
common in only parts of the world such as the USA, UK and some other European countries.
In primary prevention, which is not the topic of this manuscript, it has been shown that peanut
is secreted into breast milk following maternal ingestion.28 Since peanuts are not an essential
nutritional part of a normal diversified diet, they are easy to avoid, and since infant
sensitisation through breastfeeding has been suggested, the task-force suggests eliminating
peanut as well from the mother’s diet (although the evidence for peanut is much weaker than
for cow milk and egg).The task force recognised the difficulties in implementing such
widespread dietary recommendations.. Further studies are required to test the feasibility of
such programmes and whether they are effective if implemented on a large scale.

Furthermore, a diet that also excludes fish, wheat and other gluten-containing grain products
is very demanding for the mother and may increase the mother’s risk of an unbalanced diet.
Therefore, the relative risk associated with an extensive, first-line exclusion diet may be
greater than the potential benefit. In a secondary approach the additional elimination of wheat
and fish will require the advice of an experienced dietician in order to ensure that an adequate
nutritional intake is maintained. If the mother has a certain suspicion that another food
elucidates the symptoms in her child, the elimination diet should be adapted accordingly. In
some very rare cases, such as in infants with severe atopic dermatitis with impaired growth,
breastfeeding should be stopped.18 However, the authors strongly propose that these infants
should be referred to a specialist before breastfeeding is discontinued.

The elimination diet should be continued for a minimum of at least two weeks, and up to four
weeks in cases of atopic dermatitis or allergic colitis. The mother will require calcium
supplements (1000 mg per day divided into several doses) during the elimination diet. If the
elimination diet fails to improve the symptoms, the mother should resume her normal diet and
a referral to a specialist should be considered, depending on the type and severity of the
infant’s symptoms.

If symptoms improve substantially or disappear during the elimination diet, one food per
week can be reintroduced to the mother’s diet. If symptoms do not re-appear on
reintroduction of a particular food to the mother’s diet, the elimination of that specific food
can be discontinued.
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If symptoms relapse, the food responsible should be eliminated from the mother’s diet as long
as she is breastfeeding. If solid foods are introduced in the infant’s diet, care should be taken
to ensure solids are free from the food proteins that the infant is allergic to. If CMP is the
responsible allergen, the mother should continue to receive calcium supplementation during
the elimination diet. If the mother is on a CMP-elimination diet for a long period, appropriate
nutritional counselling is required. When the mother wants to wean, the infant should receive
an extensive hydrolysed formula (eHF) with demonstrated clinical efficacy.

Algorithm for the Diagnosis and Management of CMPA in Formula-Fed Infants
Patients with life-threatening, particularly respiratory symptoms or anaphylaxis need to be
referred immediately to an emergency department experienced in the treatment of this
condition. In all the other situations, the initial step in the diagnostic work-up for CMPA is
clinical assessment accompanied by history taking, including establishing whether there is a
family history of atopic disease (Figure 2).

The algorithm differs according to the severity of symptoms (Figure 2). If the infant does not
present alarm symptoms (as listed in Table 1) the case is considered as “mild to moderate”
suspected CMPA, and a diagnostic elimination diet should be initiated. Infants presenting
with symptoms such as angio-oedema of lips and/or eyes, urticaria and immediate vomiting
are likely to have IgE mediated allergy. In the case of IgE mediated allergy, improvement
(and normalisation) offers a safety net before challenge. A positive skin prick test increases
the likelihood of a positive food challenge, but not the severity of a reaction. In the study from
Celik and coworkers, 60 % of the patients with a RAST class 1, 50 % in class 2, 30 % in class
3 and even 20 % in Class 4 have a negative food challenge.29

Diagnostic work-up in symptomatic infants with no alarm symptoms (mild to moderate
manifestations)
In a case of suspected mild-to-moderate CMPA, CMP elimination should start with a
therapeutic formula for CMPA. The guidelines define a therapeutic formula as one - that is
tolerated by at least 90% (with 95% confidence) of CMPA infants.30 These criteria are met by
some eHFs based on whey, casein or another protein source, and by amino acid based
formulae (AAF). Preferentially, all supplementary food should be stopped during the
diagnostic elimination diet. If this is not possible in infants beyond six months, only a few
supplementary foods should be allowed with dietary counselling. Nevertheless, the diet
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should not contain CMP or hen’s eggs, soy protein and peanut. Referral to a paediatric
specialist and dietary counselling may be needed in cases that do not improve. In such cases,
further elimination of other allergenic proteins such as fish and wheat may be appropriate. In
most cases, the therapeutic elimination diet should be given for at least two weeks, although
this may need to be increased to up to four weeks in gastrointestinal manifestations and atopic
dermatitis before deciding that the intervention has failed.

Extensively hydrolysed formulas that meet the definition of a therapeutic formula are the first
choice. An AAF is indicated: if the child refuses to drink the eHF, but accepts the AAF (eHF
have a more bitter taste than AAF), if the symptoms do not improve on the eHF after two to
four weeks, or if the cost-benefit ratio favours the AAF over the eHF. Cost/benefit ratio of
AAF versus eHF is difficult to elaborate in this global overview since health care cost differs
substantially from country to country as does the cost of the eHF and the AAF, which in some
countries is (partially) reimbursed by national or private health insurance. The risk of failure
of eHF is up to 10% of children with CMPA.4 In the latter case, clinicians should refer to a
specialist for further diagnostic workup.

Children may react to residual allergens in eHF, which may be one reason for the failure. The
residual allergens in eHFs seem to be more likely to produce gastrointestinal and other nonIgE associated manifestations compared to AAFs.4,6,31 However, IgE-related reactions have
also been reported to eHF.6 In such cases, clinicians should consider an AAF, which has been
proven to be safe and nutritionally adequate to promote weight gain and growth.4,6 In some
situations, the infant may be initially switched to an AAF, especially if they experience
multiple food allergies, specific gastrointestinal manifestations or both. In these instances, the
potential benefits of an AAF may outweigh its higher cost. If symptoms do not disappear on
the AAF, another diagnosis should be considered.

The role of in vitro and in vivo testing for CMPA
None of the available diagnostic tests prove or disprove that the child suffers from CMPA8.
Because of these limitations, allergen elimination diets and challenge procedures remain the
gold standard for the diagnosis of mild-to-moderate CMPA in formula-fed infants. Clinicians
can consider performing SPT (with fresh cows’ milk or whole CMP extracts32) or
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determination of specific IgE against whole milk or single different cows’ milk proteins. Skin
prick tests with fresh cow's milk results in larger wheal diameters than with commercial
extracts, although the difference was not significant.32 Conversely, wheal diameters were
significantly larger with fresh foods for the other food allergens.32 The overall concordance
between a positive prick test and positive challenge was 58.8% with commercial extracts and
91.7% with fresh foods.32 These results indicate that fresh foods may be more effective for
detecting the sensitivity to food allergens. Fresh foods should be used for primary testing for
egg, peanut, and cow's milk sensitivity. 32

The results of these tests may guide optimal management: SPTs and RAST are especially
helpful in predicting the prognosis and the time interval until the next challenge. Infants with
negative RAST and/or SPT at time of diagnosis become tolerant to the offending protein at a
much younger age than those with positive reactions. In addition, a negative SPT and RAST
result reduces the risk of a severe acute reaction during challenge. On the other hand, infants
presenting with early onset symptoms such as angio-oedema or swelling of the lips and/or
eyelids, urticaria and immediate vomiting are likely to have IgE mediated allergy. If these
infants have a SPT with a reaction with a large diameter (> 7 mm) or very high titres in the
RAST test, the likelihood is over 90 % that the child will have a positive food challenge.29 In
these highly atopic infants, the confirmatory CMP-challenge can be postponed until the child
shows a reduced reaction in the tests for CMP specific IgE. However, an open challenge
under medical supervision can be performed after a complete history in infants with mild-tomoderate reactions without any prior blood sampling or SPTs.

Patch testing in the investigation of CMPA is still a subject of on-going research, they can aid
the diagnosis of non-IgE associated reactions. Patch tests may contribute to the diagnosis of
food allergy, even when SPT and RAST were negative.33 However, the patch-test method
needs to be standardised.

Diagnostic challenge procedures
If the symptoms substantially improve or disappear after two to four weeks on an elimination
diet, an open challenge with a formula based on whole cows’ milk protein should be
performed. While the challenge needs to be performed under medical supervision, the test can
be done, in most cases, in non-hospital settings.34 Primary care physicians should be aware
that the severity of a past reaction might not predict the severity of a challenge reaction,
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particularly after a period of dietary exclusion.35,36 Previous mild reactions may be followed
by anaphylactic reactions in some infants with CMPA. For this reason, open challenges
should preferentially be performed in a setting where safety facilities (e.g. resuscitation) are
available. Mild-to-moderate reactions clearly exclude infants with severe reactions in their
medical history, such as: systemic anaphylactic symptoms; respiratory symptoms with
breathing problems; and severe enteropathy with failure to thrive. In these cases of severe
manifestations, the challenge should be performed according to the protocol of the hospital,
with or without i.v. line, in a setting that offers experience of immediate adequate treatment.
Infants with severe manifestations can be followed with skin prick test or specific IgE
measurements, and if these are supportive of the diagnosis a strict exclusion diet should be
maintained until a resolution or improvement of the allergy tests occurs. In a case of previous
anaphylaxis, a challenge is contraindicated, unless skin prick tests and/or specific IgE
measurement show improvement. In these cases, the challenge should always be performed in
a hospital setting.

During oral provocation the dose of formula should be titrated as follows. After a physical
examination of the undressed infant, with inspection of the skin, a drop of the formula is put
on the lips. If no reaction occurs after 15 minutes, the formula is given orally and the dose is
increased stepwise (0.5, 1.0, 3.0, 10, 30, 50 to 100 ml) every 30 minutes. Thereafter, the
infant is observed for two hours and examined for cutaneous and respiratory reactions before
going home. If no reaction occurs, the child should receive at least 250 ml of cows’ milk
based formula each day for the next week and the parents told to observe the child for late
reactions.

Positive challenge: CMPA confirmed
If symptoms of CMPA relapse, the suspected diagnosis of CMPA is confirmed and the infant
should be maintained on an elimination diet using eHF or AAF until the child is between 9 to
12 months of age, but for at least six months, whichever occurs first. The challenge is then
repeated. If the possibility exists to follow the infant with IgE mediated allergy with skin
prick tests and/or specific IgE determination, normalization or improvement of these tests
would help to choose the timepoint of challenge. Supplementary feeding should be introduced
carefully to avoid accidental intake of CMP. Nutritional counselling must ensure a sufficient
intake of the therapeutic formula (eHF or AAF) to guarantee sufficient calcium intake.
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Negative challenge: no CMPA
Children who do not develop symptoms on the cows’ milk formula during challenge and up
to one week after follow-up can resume their normal diet, although they should be monitored.
Clinicians should advise parents to be attentive for delayed reactions, which may evolve over
several days following the challenge.2

Diagnostic work-up in infants with severe manifestations
Formula-fed infants suspected to suffer from severe CMPA should be referred to a paediatric
specialist. In the meantime, an elimination diet should be started and the child should
preferably receive an AAF. AAF is recommended because infants in this group show “failure
to thrive”, suffer from macronutrient deficiencies, or have pain. In these cases, AAF
minimises the risk of failure on an eHF and further weight loss. Many of these children may
need further diagnostic work-up to rule out other diagnoses. However, the recommendation to
use AAF as first choice is based on clinical experience, not on evidence. This approach
should be prospectively validated.

The decision upon allergen challenge in cases with severe CMPA should always be made by a
specialist and performed in a hospital setting. In cases with a history of a life-threatening
reaction, a food challenge may be contraindicated.

Discussion
These recommendations have been developed as guidance for general paediatricians and
primary care physicians to assist with the diagnosis and management of CMPA in breast and
formula-fed infants. They emphasise the importance of breast-feeding, which is the preferred
method of feeding healthy infants. The recommendations also underscore the importance of a
comprehensive history taking (including a family history of atopy) and a careful physical
examination to exclude other causes, identify any concurrent conditions and stratify into mild
or moderate or severe CMPA. The algorithms differ according to the method of feeding
(breast- or formula-fed infants) and according to severity of symptoms. Blood stained stool in
an infant is are alarming for the mother, although recent evidence suggests this is a benign
and self-limiting phenomenon, mostly occurring in exclusively breastfed infants. CMA
amongst these patients is less common than previously believed, and an association with
viruses can be observed in some patients. CM challenge is thus essential in infants who
become symptom-free during a CMP-free diet to reduce the number of false-positive
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diagnoses of CMPA.37 In cases with recurrence of symptoms after reintroduction of dairy
products in the mother’s diet, the algorithm recommends eHF if the mother wants to start
weaning and if the infant is younger than 9 to 12 months. However, one could speculate that
since the infant reacted to the (very) small amounts of proteins present in mother’s milk, it
might be preferable to recommend AAF. Unfortunately, no data are available on this topic.
Patients with severe symptoms need to be referred to a specialist experienced in managing
childhood allergies.

In formula-fed infants, clinicians should consider whether skin prick tests, patch tests and
determination of specific IgE would aid the diagnostic work up and guide management.
However, elimination diets and challenges are the gold standard for diagnosing CMPA in
formula-fed infants.34 For simplicity and for socio-economic reasons, an open challenge is
recommended by the taskforce. In the case of a doubtful outcome, a double-blind placebocontrol challenge is helpful. If a reduction in the cost of diagnostic testing is important,
RAST, SPT or both can be limited to those infants responding to an elimination diet to guide
the challenge or after a positive challenge to predict the prognosis more accurately.

Infants with mild-to-moderate symptoms should receive eHFs, or AAF if the infant refuses to
drink eHF or if the cost/benefit favours AAF, for at least two to four weeks. Children who
show a substantial improvement or disappearance of symptoms should undergo a challenge
under medical supervision. If symptoms of CMPA emerge upon food challenge, the child
should be maintained on eHF or AAF for at least six months or until 9-12 months of age. If
symptoms do not improve on eHF, primary care physicians and general paediatricians should
consider an elimination diet with AAF, other differential diagnoses or both for the symptoms
and/or refer the patient to a paediatric specialist.

If the clinician suspects severe CMPA in a formula-fed infant, the patient should receive AAF
and be referred to a paediatric specialist experienced in managing infant allergies. Food
challenges in infants with severe symptoms should be performed only in a setting with
experience in treating anaphylaxis.34 The clinician should be aware that severe reactions may
also occur in patients with previously mild to moderate reactions after a period of dietary
elimination.36
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The use of unmodified mammalian milk protein, including unmodified cows’, sheep, buffalo,
horse or goats’ milk, or unmodified soy or rice milk, is not recommended for infants. These
milks are not adequately nutritious to provide the sole food source for infants. Furthermore,
the risk of possible allergenic cross-reactivity means that these milks or formulas based on
other mammalian milk protein are not recommended for infants with suspected or proven
CMPA.37-39

Soy protein, for example, is not hypo-allergenic. The incidence of soy allergy in soy formulafed infants is comparable to that of CMPA in cows’ milk formula-fed babies.40 Adverse
reactions to soy have been reported in 10 to 35% of infants with CMPA, regardless of
whether or not they were positive or negative for specific IgE antibodies for CMP.7 In
particularly, infants with multiple food allergies and eosinophilic enterocolitis syndrome react
to formulas which include soy protein.41

Although soy formulations are significantly cheaper and have a better acceptance than eHF
and AAF, the risk that the child will develop soy allergy in addition to CMPA, particularly in
infants below 6 months of age, was considered by the authors to be too high for it to be
recommended as the first choice. Soy may be considered in infants refusing to drink eHF
and/or AAF, especially beyond the age of six months.40 Moreover, soy formulations contain
high concentration of phytate, aluminum and phytooestrogens (isoflavones), which may have
undesired effects.18,40

These recommendations are intended as a basis for local discussion, implementation and
prospective evaluation. National or regional organisations should ensure that education is
provided for families regarding a milk avoidance diet. Health care providers should be
instructed about rescue medications such as antihistamine use and adrenaline in case of
accidental exposure to the offending antigen(s), especially in infants with IgE mediated
allergy. The algorithms are based as much as possible on existing evidence, but should be
assessed using clinical audit standards, such as the number of children with symptoms,
growth and developmental milestones, and percentiles for height and weight. Any local
versions of this guidance should be regularly re-audited to ensure that best practice is
followed. Once validated, we hope the diagnostic framework could act as a standardised
approach in prospective epidemiological and therapeutic studies.
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Figure 2.
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WORKING DOCUMENT: 04.10.06

Page 21 of 23

References
1. Host A. Frequency of cow’s milk allergy in childhood. Ann Allergy Immunol. 2002;89(Suppl 1):33-7
2. Hill DJ, Firer MA, Shelton MJ, Hosking CS. Manifestations of milk allergy in infancy: clinical and immunologic
finding. J Pediatr. 1986:109:270-206
3. Ewing WM, Allen PJ. The diagnosis and management of cow milk protein intolerance in the primary

care setting. Pediatr Nurs 2005;31:486-93
4. de Boissieu D, Dupont C. Allergy to extensively hydrolysed cows’ milk proteins in infants: safety and duration of
amino acid-based formula. J Pediatr 2002;141:271-3
5. Bahna SL. Cows’ milk allergy versus cow milk intolerance. Ann Allergy Asthma Immunol 2002;89(suppl 1):5660
6. Sicherer SH, Noone SA, Koerner CB, Christie L, Burks AW, Sampson HA. Hypoallergenicity and efficacy of an
amino acid-based formula in children with cows’ milk and multiple food hypersensitivities. J Pediatr 2001;138:68893
7. Klemola T, Vanto T, Juntunen-Backman K, Kalimo K, Korpela R, Varjonen E. Allergy to soy formula and to
extensively hydrolyzed whey formula in infants with cows’ milk allergy: a prospective, randomized study with a
follow-up to the age of 2 years. J Pediatr 2002;140:219-224
8. Vanto T, Juntunen-Backman K, Kalimo K, Klemola T, Koivikko A, Koskinen P et al. The patch test, skin prick
test, and serum milk-specific IgE as diagnostic tools in cows’ milk allergy in infants. Allergy 1999;54:837-842
9. Shek LP, Soderstrom L, Ahlstedt S, Beyer K, Sampson HA. Determination of food specific IgE levels over time
can predict the development of tolerance in cows’ milk and hen’s egg allergy. J Allergy Clin Immunol
2004;114:387-91
10. Saarinen KM, Pelkonen AS, Makela MJ, Savilahti E. Clinical course and prognosis of cows’ milk allergy are
dependent on milk-specific IgE status. J Allergy Clin Immunol 2005;116:869-75
11. Host A, Koletzko B, Dreborg S, Muraro A, Wahn U, Aggett P, Bresson JL, Hernell O, Lafeber H, Michaelsen
KF, Micheli JL, Rigo J, Weaver L, Heymans H, Strobel S, Vandenplas Y. Dietary products used in infants for
treatment and prevention of food allergy. Joint Statement of the European Society for Paediatric Allergology and
Clinical Immunology (ESPACI) Committee on Hypoallergenic Formulas and the European Society for Paediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN) Committee on Nutrition. Arch Dis Child 1999;81:80-4
12. American Academy of Pediatrics. Committee on Nutrition. Hypoallergenic infant formulas. Pediatrics
2000;106:346-9
13. Niggemann B, Friedrichs F, Koletzko B, Koletzko S. Positionspapier. Das Vorgehen bei Säuglingen mit
Verdacht auf Kuhmilchproteinallergie. Pädiatrische Allergologie 2005;4:14-8
14. Kneepkens CMF, Van Drongelen KI, Aarsen C. Landelijke standaard voedselallergie bij zuigelingen [National
standard for food allergy in infants]. 5th ed. Den Haag: Voedingscentrum, 2005 (80 pp).
15. Finnish Paediatric Society. Food allergy in children. Duodecim 2004;120:1524-38
16. Björksten B. Genetic and environmental risk factors for the development of food allergy. Curr Opin Allergy Clin
Immunol 2005;5:249-53
17. Saarinen UM, Kajosaari M. Breastfeeding as prophylaxis against atopic disease: prospective follow-up study
until 17 years old. Lancet 1995;346(8982):1065-9
18. Isolauri E, Tahvanainen A, Peltola T, Arvola T. Breast-feeding of allergic infants. J Pediatr 1999;134:27-32
19. Isolauri E, Sutas Y, Salo MK, Isosomppi R, Kaila M. Elimination diet in cows’ milk allergy: risk for impaired
growth in young children. J Pediatr 1998;132:1004-9
20. Juntti H, Tikkanen S, Kokkonen J, Alho OP, Niinimaki A. Cow’s milk allergy is asosiated with recurrent otitis
media during childhood. Acta Otolaryngol 1999;119:867-73

WORKING DOCUMENT: 04.10.06

Page 22 of 23

21. Doner F, Yariktas M, Demirci M. The role of allergy in recurrent otitis media with effusions. J Investig Allergol
Clin Immunol 2004;14:514-8
22. Vandenplas Y, Salvatore S, Hauser B. Symptoms, diagnosis and management of colicky infants with
regurgitations. International Seminars Paed Gastroenterol Nut 2002;11:1-7
23. Jakobsson I, Lindberg T. Cow’s milk proteins cause infantile colic in breast-fed infants:a double-blind
crossover study. Pediatrics 1983;71:268-71
24. Wood RA. The natural history of food allergy. Pediatrics 2003;111(Supplement):1631-7
25. Friedman NJ, Zeiger RS. The role of breast-feeding in the development of allergies and asthma. J Allergy Clin
Immunol 2005;115:1238-48
26. Host A, Husby S, Hansen LG, Osterballe O. Bovine beta-lactoglobulin in human milk from atopic and nonatopic mothers. Relationship to maternal intake of homogenized and unhomogenized milk. Clin Exp Allergy.
1990;20:383-7
27. Vance GH, Lewis SA, Grimshaw KE, Wood PJ, Briggs RA, Thornton CA, Warner JO. Exposure of the fetus
and infant to hens' egg ovalbumin via the placenta and breast milk in relation to maternal intake of dietary egg.
Clin Exp Allergy 2005;35:1318-26
27B. Schoetzau A, Filipiak-Pittroff B, Franke K, Koletzko S, Von Berg A, Gruebl A, Bauer CP, Berdel D, Reinhardt
D, Wichmann HE; German Infant Nutritional Intervention Study Group. Effect of exclusive breast-feeding and
early solid food avoidance on the incidence of atopic dermatitis in high-risk infants at 1 year of age. Pediatr
Allergy Immunol. 2002;13:234-42
28. Warner JO. Food allergy in fully breast-fed infants. Clin Allergy 1980;10:133-6
29. Celik-Bilgili S, Mehl A, Verstege A, Staden U, Nocon M, Beyer K, Niggemann B. The predictive value of
specific immunoglobulin E levels in serum for the outcome of oral food challenges. Clin Exp Allergy. 2005;35:26873
30. Giampietro PG, Kjellman NIM, Oldaeus g, Wouters-Wesseling W, Businco L. Hypoallergenicity of an
extensively hydrolyzed whey formula. Pediatr Allergy Immunol 2001;12:83-6
31. Vanderhoof JA, Murray ND, Kaufman SS, Mack DR, Antonson DL, Corkins MR, Perry D, Kruger R.
Intolerance to protein hydrolysate infant formulas: an underrecognized cause of gastrointestinal symptoms in
infants. J Pediatr. 1997;131:658-60
32. Rance F, Juchet A, Bremont F, Dufau G. Comparison between skin prick tests with commercial extracts and
fresh foods, specific IgE and food challenges. Allergy 1997;52:1031-5
33. Turjanmaa K. "Atopy patch tests" in the diagnosis of delayed food hypersensitivity. Allerg Immunol
2002;34:95-7
34. Bock SA, Sampson HA, Atkins FM, Zeiger RS, Lehrer S, Sachs M, Bush RK, Metcalfe DD. Double-blind,
placebo-controlled food challenge (DBPCFC) as an office procedure: a manual. J Allergy Clin Immunol
1988;82:986-97
35. Barbi E, Gerarduzzi T, Longo G, Ventura A. Fatal allergy as a possible consequence of long-term elimination
diet. Allergy 2004;59:668-9
36. Flinterman AE, Knulst AC, Meijer Y, Bruijnzeel-Koomen CA, Pasmans SG. Acute allergic reactions in children
with AEDS after prolonged cows’ milk elimination diets. Allergy 2006;61:370-4
37. Restani P, Gaiaschi A, Plebani A, Beretta B, Cavagni G, Fiocchi A, Poiesi C, Velona T, Ugazio AG, Galli CL.
Cross-reactivity between milk proteins from different animal species.Clin Exp Allergy 1999;29:997-1004
38. Restani P, Beretta B, Fiocchi A, Ballabio C, Galli CL.Cross-reactivity between mammalian proteins. Ann
Allergy Asthma Immunol. 2002;89(Suppl 1):11-5
39. Spuergin P, Walter M, Schiltz E, Deichmann K, Forster J, Mueller H. Allergenicity of alpha-caseins from cow,
sheep, and goat. Allergy. 1997;52:293-8

WORKING DOCUMENT: 04.10.06

Page 23 of 23

40. ESPGHAN Committee on Nutrition; Agostoni C, Axelsson I, Goulet O, Koletzko B, Michaelsen KF, Puntis J,
Rieu D, Rigo J, Shamir R, Szajewska H, Turck D. Soy protein infant formulae and follow-on formulae: a
commentary by the ESPGHAN Committee on Nutrition. J Pediatr Gastroenterol Nutr. 2006;42:352-61
41. Nowak-Wegrzyn A, Sampson HA, Wood RA, Sicherer SH. Food protein-induced enterocolitis syndrome
caused by solid food proteins. Pediatrics 2003;111:829-35

