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Objective: The primary objective of this review is to discuss the clinical features, diagnosis, natural history, and prognosis of
cow's milk allergy in early childhood and its relationship to development of inhalant allergies.
Data Sources: A review of 229 PubMed (National Library of Medicine) articles on cow's milk allergy (CMPA) for the years

1967 through 2001 was performed. In addition, references from other review articles have been included. This review represents
a synthesis of these sources and the expert opinion of the author.
Study Selection: The expert opinion of the author was used to select the relevant data for this review.
Results: The diagnosis of reproducible adverse reactions to cow's milk protein (CMP), ie, CMPA, has to be confirmed by

controlled elimination and challenge procedures. The incidence of CMPA in infancy seems to be approximately 2 to 3% in
developed countries. Symptoms suggestive of CMPA may be encountered in approximately 5 to 15% of infants emphasizing the
importance of controlled elimination/milk challenge procedures. Reproducible clinical reactions to CMP in human milk have
been reported in approximately 0.5% of breastfed infants. Most infants with CMPA develop symptoms before I month of age,
often within I week after introduction of CMP-based formula. The majority has two or more symptoms from two or more organ
systems. Approximately 50 to 60% have cutaneous symptoms, 50 to 60% have gastrointestinal symptoms, and approximately 20
to 30% respiratory symptoms. Symptoms may QCcur within I hour after milk intake (immediate reactions) or after I hour (late
reactions). The prognosis of CMPA is good with a remission rate of approximately 45 to 50% at I year, 60 to 75% at 2 years,
and 85 to 90% at 3 years. Associated adverse reactions to other foods develop in up to 50% and allergy against inhalants in 50
to 80% before puberty.
Conclusions: CMPA is the most common food allergy in early childhood with an incidence of 2 to 3% in the first year of life.

The overall prognosis of CMPA in infancy is good with a remission rate of approximately 85 to 90%. In particular,
gastrointestinal symptoms show a good prognosis. An early increased immunoglobulin E-response to CMP is associated with an
increased risk of persistent allergy to CMP, development of adverse reactions to other foods, and development of asthma and
rhinoconjunctivitis later in childhood.
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INTRODUCTION
According to a revised nomenclature for allergy, J reproduc-
ible adverse reactions to foods may be classified as food
hypersensitivity, which may be divided into nonallergic food
hypersensitivity and food allergy when immunologic mech-
anisms have been demonstrated (or strongly suspected). Sim-
ilar to food allergy in general, cow's milk allergy may be
divided into immunoglobulin (Ig)E-mediated food allergy
(most common) and non-IgE-mediated food allergy, mainly
type III (immune-complexes) and type IV (cell-mediated)
reactions.2,3 Most often allergic reactions to cow's milk pro-
teins (CMP) are IgE-mediated, causing symptoms from the
skin, the gastrointestinal tract, or the respiratory tract. The
gastrointestinal manifestations of food allergy may be clas-
sified as a continuum from clearly IgE-mediated to mixed
reactions dominated by eosinophilic granulocytes as effector
cells to clearly non-IgE-mediated reactions.3 However, most
studies on "milk allergy" have not investigated the immuno-
logic basis of the clinical symptoms. Based on clinical symp-
toms alone, the differentiation between IgE-mediated and
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non-IgE-mediated reactions to CMP is not possible. Like-
wise, a diagnosis of lactose intolerance should be suspected
in cases with restricted gastrointestinal symptoms, and this
diagnosis should be confirmed by a lactose tolerance test.
This review will concentrate on the clinical features, diagno-
sis, incidence, and prognosis of CMP allergy (CMPA) in
childhood. Further, possible predictive factors of later inhal-
ant allergies will be elucidated.

DIAGNOSTIC CRITERIA
As no single laboratory test or combination of tests are
diagnostic of CMPA, the diagnosis of CMPA still has to be
based on strict, well defined food elimination and challenge
procedures including double-blind, placebo-controlled food
challenges (DBPCFC) in children older than I to 2 years.4,s In
young infants, open controlled challenges have been shown
to be reliable when performed under professional observation
in a hospital setting.6.7 To avoid overdiagnosis the following
minimum diagnostic criteria should be noted: I) disappear-
ance of symptoms after each of two dietary eliminations of
cow's milk and cow's milk products; 2) recurrence of iden-
tical symptoms after one challenge; and 3) exclusion of
lactose intolerance and coincidental infection (especially ex-
pected in case of monosymptomatic gastrointestinal symptoms).
In solely breastfed infants, elimination and challenge pro-

cedures should be performed via regulation of the mother's
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intake of cow's milk. A well defined, standardized challenge
schedule should be followed, including description of time
intervals between increasing amounts of cow's milk and total
amount of cow's milk before reaction.7 In unusual or not so
well known manifestations of CMPA such as allergic eosin-
ophilic esophagitis and allergic proctitis (inflammation of the
rectum) with constipation, the challenge schedule may have
to be modified to register the relevant symptoms. In older
children and adults, DBPCFC will often be necessary to
exclude psychologic or other reactions.4.6 However, in pa-
tients with delayed reactions, DBPCFC will often not be
practical. Therefore, a negative DBPCFC should always be
followed by an open, controlled challenge including normal
amounts of intake of cow's milk. For practical purposes, the
challenge recommendations given by Niggemann et al6
are useful.

importance of proper diagnostic procedure to avoid overdi-
agnosis and overtreatment.

CLINICAL FEATURES
Most infants with CMPA develop symptoms before I month
of age, often within I week after introduction of cow's
milk-based formula. The majority have two or more symp-
toms with symptoms from two or more organ systems. Ap-
proximately 50 to 70% have cutaneous symptoms, 50 to 60%
gastrointestinal symptoms, and 20 to 30% have respiratory
symptoms.7 In exclusively breastfed infants with CMPA,
severe atopic eczema is a predominant symptom. The onset
of CMPA after I year is extremely rare.7.13Clinical features
of CMP A in children are listed in Table 2.
Symptoms may occur within a few minutes to 1 hour after

milk exposure (immediate reactions; mostly 19B-mediated) or
after 1 hour (late reactions), and in some cases after several

Table 1. Incidence of Cow's Milk Allergy during the First Year of
Life-Prospective Studies

INCIDENCE
Before 1950 the incidence of CMP A during the first year of
life was reported to be low, approximately 0.1 to 0.3%0.8
Since then, varying estimates of the incidence (1.8 to 7.5%)
have been reported, mainly reflecting differences in diagnos-
tic criteria and study design9-15 (Table 1). Symptoms sugges-
tive of CMPA have been reported in 5 to 15% of infants.7.13.14
However, when controlled elimination/challenge procedures
were used, a diagnosis of CMPA was only confirmed in
approximately 1 of 3 of the infants resulting in an incidence
of CMPA of approximately 2 to 5%. Reproducible clinical
reactions to CMP in human milk have been reported in
approximately 0.5% of breastfed infants.11.l4 CMPA is the
most common confirmed food protein allergy in early infancy
with an incidence in the first year of life of approximately 2
to 3% in well conducted prospective studies compared with
an incidence of 0.8% of allergy to peanut, 0.8% to soy, 0.6%
to egg, and an incidence of 0.2% to wheat.13 Similarly,
adverse reactions to cow's milk is the most frequent paren-
tally perceived adverse reaction to food reported with a point
prevalence of 7.5% at 12 months, 5.0% at 24 months, and a
cumulative incidence of 11.6% in a large Norwegian birth
cohort of 3,623 infants followed from 0 to 2 years by ques-
tionnaires at 6-month intervals.16 Such figures emphasize the

Authors, year

Halpern et ai, 19739

Gerrard et ai, 197310

Jakobsson & Lindberg, 197911

Hide & Guyer, 198312

Bock, 198713

H0st et ai, 198814

Schrander et ai, 199315

* Diagnosed by DBPCFC.
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Incidence

20/1,084 (1.8%)
59/787 (7.5%)

10/1,079 (1.9%)
15/609 (2.5%)
25/480 (5.2%)
11/480 (2.2%)*

39/1,749 (2.2%)
25/1,158 (2.3%)

Table 2. Clinical Features of Cow's Milk Allergy in Children

Cutaneous reactions
IgE-mediated:
Atopic derrnatitis
Urticaria, acute, or chronic (rare)
Angioederna

Non-lgE-mediated:
Contact rash
Atopic dermatitis (some forrns?)

Gastrointestinal reactions
IgE-mediated:
Oral allergy syndrome (local reactions)
Nausea/vomiting
Colic
Diarrhoea

Non-lgE-mediated:
Enterocolitis syndrome
Colitis
Eosinophilic gastroenteritis
Transient enteropathy (mimicking celiac disease)
Protein-loosing enteropathy

Respiratory reactions
IgE-mediated:
Rhinoconjunctivitis
Asthma (wheeze, cough)
Laryngeal edema
Otitis media with effusion (secondary to allergic rhinitis and
eustachian tube dysfunction or an allergic reaction in the
middle ear)?

Non-lgE-mediated:
Pulmonary hemosiderosis (Heiners syndrome, rare)

Other reactions
Systemic anaphylaxis
Food-dependent, exercise-induced asthma/anaphylaxis

Unknown mechanisms:
Anemia (not attributable to colitis)
Arthritis (rare)
Henoch SchOnlein purpura (type III ?, rare)
Irritabi Iity lsi eepl ess ness?
Migraine (rare)
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Table 3. Prognosis of Cow's Milk Allergy in Prospective Unselected Series

Study Number Recovery Other FAIl Inhalant allergy

Jakobsson et ai, 1979
Bock, 1987
H0st et ai, 1990
H0st et ai, 1996

FAIl, food allergy/intolerance.

20
25
39
39

60% at 2 y
84% at 3 y
87% at 3 y
92%at10y

60%

54%
18%

28%
48%

days. Most often, the late reactions are non-IgE-mediated.
Anaphylaxis attributable to CMP was reported in 9% of
infants with CMPA in one study.l? Based on clinical and
immunologic types of reactions, some authors have classified
patients into three groups: immediate onset reactors, interme-
diate reactors, and late reactors.IR-21 However, patterns of
reactivity may vary because of different exposure levels and
different time intervals between exposures. Recently, organ-
specific manifestations of cow's milk allergy such as gastro-
esophageal reflux, allergic eosinophilic gastroenteritis, and
constipation as a manifestation of allergic eosinophilic proc-
titis have become of increased scientific interest.3.22.23There is
some controversy on the underlying mechanism for consti-
pation caused by CMPA,20 but in selected patients with
CMPA, allergic eosinophilic colitis has been demonstrated.23
Gastrointestinal hypersensitivity to foods including cow's

milk represents a pattern depending on the age of the indi-
vidual (infants to children), the anatomical sites (esophagus,
ventricle, small intestine, colon, and rectum), and the contin-
uum of reactivity from IgE-mediated reactions to non-IgE-
mediated reactions.2.3 It is beyond the scope of this review to
discuss these gastrointestinal reactions to CMP in further
detail. There is some evidence that otitis media with effusion
in a subset of patients may be caused by allergy in the middle
ear because of CMPA.24

PROGNOSIS
Only a few reports have focused on the clinical course in
prospective observational studies of primarily unselected in-
fants.II•13•25 In these studies the overall prognosis of CMPA
was good with a total recovery of 45 to 56% at 1 year, 60 to

77% at 2 years, 84 to 87% at 3 years, and approximately 90
to 95% at 5 and 10 years (Table 3). Other investigators have
reported on the prognosis of CMP A in selected groups of
infants (Table 4).26-34A very high recovery rate of 100% in
children with CMP gastroenteropathy under the age of 2
years old has been reported.26 In a long-term followup study
of 206 infants with CMPA, a recovery rate of approximately
98% was found at 15 yearsY In other studies with a shorter
followup period, varying recovery rates between 33 and 87%
have been found. These varying results probably reflect dif-
ferences in composition of the materials, study design, diag-
nostic criteria, age at entry into the studies, and the duration
of followup period. With increasing age at inclusion, a lower
proportion of still intolerant children will develop tolerance to
CMP. Further, some studies have demonstrated that infants
with high IgE levels to CMP have a lower rate of recovery
than infants with non-IgE-mediated reactions.?
Adverse reactions to other foods have been reported in 31

to 75% of children with CMPA (Tables 3 and 4). The most
frequent reactions are against egg, soy, peanut, citrus, fish,
and cereals.? Interestingly, up to 10% of children with CMPA
may also react to bovine protein in bovine meat.35 The vary-
ing frequencies of associated food allergy mainly reflect
different eating habits including age at introduction of certain
foods.
Development of allergy against inhalant allergens occurs

mostly in infants with high levels of specific IgE to CMP. In
these infants, inhalant allergy particularly develops against
substances to which the children have been exposed from
early infancy, ie, house-dust mites, cat, and dog.? In a long-
term followup study,27 inhalant allergy was reported in up to

Table 4. Prognosis of Cow's Milk Allergy in Prospective Selected Series of Infants

Study Number Followup period Recovery

Clein, 1958
Kuitunen et ai, 1975
Hill et ai, 1979
Dannaeus et ai, 1979
Hill et ai, 1989
Bishop et ai, 1990
James et ai, 1992
Hill et ai, 1993
Sprikkelman, 1999

• CMP gastroenteropathy.
FAIl, food allergy/intolerance.
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206
54'
17
47
47
97
29
98
93

0-15 Y
0-2 Y
0-3 Y
0.5-4.7
0.5-3.25 Y
>5 Y
3-6 Y
2-4 Y
0-7 Y

98%
100%
71%
87%
38%
78%
38%
33%

Other FAIl

41%

75%

31%

Inhalant allergy

80%

40% asthma

31 % asthma
19% rhinitis

35



80% of children with CMPA before they had reached the age
of puberty. More recent studies have confirmed these find-
ings.7.25.28 In a Danish prospective study,2J followup investi-
gation at the age of 10 years showed a cumulated incidence of
adverse reactions to other foods in 54%, and 18% were still
intolerant to other foods at 10 years. Asthma and/or rhino-
conjunctivitis had developed in approximately 50%. Only
three children (8%) were still intolerant to CMPA at 5 and 10
years. Children with IgE-mediated reactions had an increased
risk of persisting adverse reactions to other foods, asthma
and rhinoconjunctivitisY-'

CONCLUSION
The incidence of CMPA in infancy seems to be approxi-
mately 2 to 3% in developed countries. Symptoms suggestive
of CMPA are seen in approximately 5 to 15% of infants, but
in approximately 2 of 3 of these instances a cause-effect
relationship between cow's milk and symptoms can be dis-
proven by proper elimination/milk challenge procedures.
CMPA develops in early infancy, rarely after 12 months of
age. The onset of disease is in most cases closely related to the
time of introduction of cow's milk products. The majority have
two or more symptoms from two or more organ systems, 50 to
70% have cutaneous symptoms, 50 to 60% gastrointestinal
symptoms, and approximately 20 to 30% respiratory symptoms.
The gastrointestinal manifestations of food allergy reflect a
continuum from clearly IgE-mediated to mixed reactions dom-
inated by eosinophilic granulocytes as effector cells to clearly
non-IgE-mediated reactions. The overall prognosis of CMP A in
infancy is good with an overall remission rate of approximately
85 to 90% at 3 years and a remission of 100% of gastrointestinal
symptoms. However, an early increased IgE response to CMP is
associated with an increased risk of persisting allergy to CMP,
development of associated reactions to other foods, especially
egg, and development of asthma and rhinoconjunctivitis later
in childhood.
Early development of IgE-mediated CMP is predictive of

subsequent development of allergy to environmental inhalant
allergens and should lead to undertaking preventive measures.
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