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Purpose of review

Cow’s milk allergy (CMA) is common in children and may lead to severe systemic reactions. Avoidance of
the ingestion of cow milk is the only effective approach, but this does not exclude the inadvertent or
accidental ingestion, or the assumption of milk hidden in other foods. As no pharmacological treatment is
available, specific desensitization has been considered an attractive strategy.

Recent findings

In the last years, several trials of oral desensitization to cow milk, with different protocols, were published.
Overall the results were favourable and demonstrated the achievement of a full tolerance in a high
percentage of children. Mild side effects that can be easily managed by slowing the desensitization were
reported frequently. The discontinuation of the procedure was necessary in less than 20% of children, on
average, due to severe side effects.

Summary

Oral immunotherapy (oral desensitization) seems to be a promising treatment strategy for cow milk allergy
in children that can be applied also to other foods such as eggs or peanuts.
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INTRODUCTION

Cow’s milk allergy (CMA) is the most common food
allergy [immunoglobulin (Ig)E-mediated] in infants
and young children, affecting, when objectively
diagnosed, 1–3% of the general population [1–4].
Allergic reactions to cow’s milk proteins can range
from immediate, potentially life-threatening reac-
tions to chronic or long-lasting diseases, thus
seriously impacting the quality of life of patients
and of their parents. The underlying mechanism of
CMA allergy is generally IgE-mediated, and IgE can
be directed towards one or more components of
milk, including caseins (Bos d 8), alpha lactalbumin
(Bos d 4), beta-lactoglobulin (Bos d 5) and bovine
serum albumin (Bos d 6) [5,6]. The IgE mediated
reactions to cow’s milk usually occurs within 2 h of
exposure, causing a variety of manifestations involv-
ing skin, respiratory, gastrointestinal, or cardiovas-
cular systems. In another subset of cases the adverse
reactions are cell-mediated or sustained by both IgE
and nonIgE mechanisms. Cell-mediated reactions to
cow’s milk include food proteins induced entero-
colitis syndrome (FPIES) and proctocolitis. Atopic
dermatitis and eosinophilic gastrointestinal dis-
orders are triggered by a combination of IgE and
cell-mediated processes [7].
illiams & Wilkins. Unaut
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Several studies have shown that the prognosis of
CMA is favourable, as the majority of patients seem
to outgrow their allergy by age 3 years [1–3]. None-
theless, retrospective reports indicated that a longer
time is needed to outgrow milk allergy and that, on
average, tolerance develops in adolescence rather
than in early school age as previously thought
[8,9]. In addition, infants without detectable specific
IgE levels to cow’s milk have a higher spontaneous
recovery rate than those with IgE-mediated CMA
[9–11].

Avoidance of CM and derivates is still con-
sidered the first choice approach in the manage-
ment of CMA in all children, wherein formulas or
other mammalian milks can be used [12

&&

]. Apart
from the nutritional aspects, this approach does not
horized reproduction of this article is prohibited.
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KEY POINTS

� Cow’s milk allergy is frequent in children and the only
effective treatment is avoidance of the food, but rarely
this can be complete. Thus, the induction of tolerance
by giving gradually increasing amounts of milk is an
attractive approach.

� Independently of the protocol used, a full tolerance to
milk can be achieved in about 80% of children, with
only mild side effects.

� What still needs to be clarified is whether the induced
tolerance is permanent or transient and which
mechanisms are involved. Investigations on those
aspects would allow making cow milk immunotherapy
even more effective and safe.

Food allergy
exclude the risk of the accidental ingestion of milk,
or of the unaware ingestion of foods containing
milk or milk-derivatives. In addition, the indica-
tions on how long milk should be avoided before
its re-introduction in diet are variable [12

&&

,13,14],
and usually children should be reassessed each year
to ascertain whether their allergy has been out-
grown.

On the other hand, no effective pharmaco-
logical treatment is available to cure (or to provide
long-term remission from) CMA. Thus, a safe, cheap
and affordable therapeutic approach would be
needed, to be offered at least to patients who are
at risk of severe adverse reactions. In this sense,
allergen-specific specific immunotherapy (SIT), or
allergen desensitization, is capable of modifying the
IgE-mediated immune response and of achieving a
long-term protection, as happens in respiratory or
hymenoptera venom allergy [15

&

]. For this reason,
the immunotherapy approach was regarded as an
attractive strategy to treat food allergy starting from
the early 1980s, but the first attempts made with
subcutaneous peanut extracts led to an unaccept-
able rate of severe adverse events [16,17]. Thus, the
oral administration of foods to achieve a tolerance
or desensitization was proposed, and this seemed to
be particularly suitable for CMA. Several clinical
studies on the argument are available and other
trials are currently under way to better define indica-
tions, contraindications and practical aspects. Of
note, there is no specific study for non IgE-mediated
food allergy.
IMMUNOTHERAPY OR TOLERANCE
INDUCTION?

In a strict sense, allergen immunotherapy describes
the administration of gradually increasing doses of
pyright © Lippincott Williams & Wilkins. Unautho
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the allergen that reduces symptoms due to natural
allergen exposure, induces measurable immuno-
logical changes (e.g. IgE, IgG4, Th1/Th2 balance,
T regulatory cells) and possibly maintains the toler-
ant status with periodical delayed administrations
of the offending allergens [18]. According to this,
in the case of CMA a ‘permanent’ tolerance should
be expected, which implies that the food can be
ingested without the appearance of allergic symp-
toms despite periods of withdrawal. On the con-
trary, tolerance induction is generally intended as
the administration of the offending substance, until
a ‘natural occurring dose’ is tolerated. This is com-
monly done with aspirin or other drugs [19]. In the
latter case, usually the patient has to regularly and
continuously assume the substance to maintain the
tolerant status, as when ingestion is interrupted or
discontinued, the protective effect may be lost or
significantly decreased. In the case of CMA, there are
not sufficient data to ascribe the desensitization
procedures to one or the other type of approach.
[20,21,22

&&

]. In fact, in the available literature (see
below), although usually patients have ascertained
IgE-mediated CMA, the immunological changes
were investigated less in depth than for aeroallergen
immunotherapy, the induction protocols were
largely variable, and long-term data are few. More-
over, it is still unclear whether oral desensitization is
only the first step toward permanent desensitization
or it induces only a transient tolerance [20]. On
the other hand, in westernized countries and in real
life, the continuous or frequent ingestion of foods,
such as cow’s milk or hen’s egg, after the achieve-
ment of desensitization is per se easy to do by
patients. Therefore, active specific therapy could
be successful for some food allergens, even without
the induction of a true permanent tolerance.

As to the question of whether the oral/sublin-
gual treatment of CMA is a true specific immuno-
therapy, or a tolerance induction is still unresolved,
we will use subsequently the conventional term of
oral immunotherapy (OIT) to designate all those
approaches that imply the administration of
increasing doses of cow’s milk via enteric routes
to achieve a symptom reduction.
ORAL IMMUNOTHERAPY FOR CMA: THE
LITERATURE

Apart from the very early and pioneeristic attempts,
mainly described as case reports [23–26], the liter-
ature concerning OIT for CMA is currently not
negligible, although the quality of the clinical trials
is far from being optimal (see Table 1) [27–35,
36,37

&&

,38,39
&

]. One of the first controlled trials
(although open and not randomized) [27] reported
rized reproduction of this article is prohibited.
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Table 1. Clinical trials of oral desensitization for Cow milk allergy

Author
(reference) Design Number of patients Age range

Duration of
induction Main results

Patriarca et al. [27] Open controlled nonrandomized 6 OIT 10 avoidance 3–14 12 months Tolerance obtained in all patients.

Patriarca et al. [28] Open controlled, nonrandomized 29 OIT 16 no treatment 13 adult 16 child 4 months 5 dropout; 5 discontinued for severe side effects.
19 patients achieved tolerance. Significant
increase in IgG4.

Meglio et al. [29] Prospective not controlled 21 6–10 6 months 15/21 full tolerance; 3/21 partial tolerance;
3 discontinued for side effects. No change
in specific IgE.

Staden et al. [30] Randomized open controlled 14 OIT 10 avoidance 1–13 67 days Results not reported separately for cow’s milk
and egg. Overall 48% tolerant, 16% partly
tolerant; 16% failure.

Martorell et al. [31] Prospective not controlled 4 2–5 5 days Full tolerance in all patients (200 ml), maintained
at 3 years. Decrease in IgE and cutaneous reaction.

Morrisset et al. [33] Randomized, open, controlled 30 OIT 27 avoidance 1.5–6.5 6 months SBPCFC positive after 6 months in 11% of OIT
patients and 50% of avoidance patients.

Staden et al. [32] Prospective not controlled 9 3–10 3–7 days 6/9 full tolerance (120 ml); 3/9 partial tolerance
limited by side effects.

Longo et al. [34] Randomized, open, controlled 30 OIT 30 avoidance 5–17 10 days (hospital)þ
3 months (home)

11/30 full tolerance (150 ml); 16/30 partial
tolerance (5–150 ml); 3 discontinued for
persistent side effects. Significant difference
between groups at the DBPCFC.

Skripak et al. [35] Randomized, DBPC 13 OIT 7 placebo 6–21 23 weeks Significant increase in the threshold dose of cow’s
milk protein (40 vs. 8,140 mg) after OIT.
No change in placebo group. Increase in IgG4.

Zapatero et al. [36] Prospective 18 4–8 10–32 weeks 16/18 full tolerance (200 ml); 1 /18 partial
tolerance; 1 dropout. Decrease cutaneous reaction.

Pajno et al. [37&&] Randomized, SB controlled 15 OIT 15 soy milk 4–10 18 weeks 2/15 dropout; 2/13 failed for side effects;
1/15 partial tolerance; 10/15 full tolerance.
Significant increase in IgG4.

Kaneko et al. [38] Prospective not controlled 10 4–14 200 days 8/10 full tolerance (250 ml), 2 stopped due to
side effects.

Martorell et al. [39&] Randomized, open controlled 30 OIT 30 avoidance 2–3 1 year Full tolerance in 90% OIT patients vs. 23% in
controls. Significant decrease IgE.

DBPCFC, double blind placebo controlled food challenge; DBPC, double blind placebo controlled; OIT, oral immunotherapy; SDBPCFC, single double blind placebo controlled food challenge.
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Food allergy
a successful tolerance to milk in all the six patients
enrolled. The same researchers [28], using OIT pro-
tocols for various foods, induced an effective desen-
sitization in 75% of participants. The most common
food allergy was milk, followed by egg and fish. In
comparison with age-matched food allergic con-
trols, individuals receiving OIT experienced a sig-
nificant decrease in food-specific IgE and an increase
in specific IgG4.

Meglio et al. [29] with a 6-month OIT protocol
successfully desensitized 15/21 children with pro-
ven IgE-mediated CMA, and partially desensitized
three children. Staden et al. [30] compared oral
desensitization and elimination diet in 47 children
allergic to cow’s milk (34 patients) or hen’s egg. The
patients were randomly assigned to OIT or elimin-
ation diet as a control group. Re-evaluation of
clinically relevant food allergy was performed by
food challenge after a median of 21 months.
Interestingly, after OIT, children were placed on
elimination diet for 2 months before repeating
the double-blinded placebo-controlled food chal-
lenge (DBPCFC) in order to evaluate any persistence
of the induced tolerance. An equal percentage (35%)
of children in both active and control groups dis-
played tolerance at the DBPCFC, but also ‘partial
responders’ to OIT were described, and the global
(totalþpartial tolerance) rate of responses was 64%
in the active group. The patients who achieved full
tolerance were able to discontinue the intake of the
culprit foods without further appearance of allergic
symptoms. Two small prospective trials [31,32]
reported a successful tolerance induction using a
very short protocol (3–5 days), with a relatively
small proportion of side effects, but those studies
were limited to 13 patients only and without any
control. Morisset et al. [33] studied in a randomized
open fashion a total of 57 children and found a
significant increase in the food challenge (single
blind) in a significantly higher proportion of OIT
patients. Longo et al. [34] studied 60 children, 5 years
of age or older with a history of severe allergic
reactions to milk ingestion. Approximately 80% of
participants in this study had milk-specific IgE levels
greater than 100 kU/l with a mean skin prick test
wheal size of 11–12 mm. One half received immu-
notherapy for 1 year, and the second half were
observed with conventional elimination diet. The
OIT was carried out for 10 days in the hospital and
continued until a dose of 20 ml of pure cow’s milk
was reached. In the OIT group, 36% were able to
tolerate a single feeding of 150 ml, 54% could ingest
5–50 ml and 10% interrupted the study because of
serious unwanted effects. Conversely, most children
in the observation group had no change in their
milk reaction threshold, and none was able to
pyright © Lippincott Williams & Wilkins. Unautho
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tolerate 5 ml. Almost all children in the OIT group
experienced allergic symptoms during the protocol,
mainly urticaria and angioedema.

In the first randomized DBPC trial of OIT,
20 children with IgE-mediated CMA were random-
ized to milk or placebo OIT [35]. The desensitization
involved three phases: 1 day of build-up in-office
(initial dose 0.4 mg of milk protein, final dose
50 mg), a 8-week in-office dose increase to a maxi-
mum of 500 mg and, finally a daily maintenance
dose at home for 3–4 months. Nineteen patients,
6–17 years of age, completed the treatment, 12 in
the active group and seven in the placebo group. The
median milk threshold dose in both groups was
40 mg at the baseline DBPCFC. After OIT, the
median threshold dose in the active treatment
group was 5240 mg (range 2540–8140), whereas
all patients in the placebo group only tolerated
40 mg (P¼0.0003). All children in the active treat-
ment group experienced mild to moderate adverse
reactions. Milk-specific IgE did not change signifi-
cantly in the active group, whereas IgG4 increased
significantly. The patients previously on placebo
were then switched to OIT, and showed at the
follow-up the acquisition of tolerance to cow’s milk
[40]. Results similar to those of previous trials were
also reported by Zapatero et al. [36] in 18 children, of
which 16 achieved a full tolerance. Pajno et al. [37

&&

]
evaluated the safety and efficacy of OIT with a
modified protocol, using a single blind design with
soy milk as control. The protocol involved weekly
outpatient-increasing dose comprising 28 visits over
4 months. Thirty children with confirmed CMA via
DBPCFC were randomized to receive active therapy
or soy milk. The primary outcome was the reduction
in clinical sensitivity, as demonstrated by a change
in threshold dose via DBPCFC. The secondary out-
come was the immunologic changes. OIT was effec-
tive, with 10 of 13 individuals tolerating 200 ml
cow’s milk, and one with partial tolerance. Two
children had to stop the OIT because of severe
reactions. No change was seen in specific IgE levels,
as in other trials [29,33,38] but in the actively
treated group, there was a significant increase in
specific IgG4. Recently, an interesting case-control
study [39

&

] showed a high rate of desensitization
(90%) in patients suffering from CMA. However,
this trial was carried out in toddlers aged 2 years
without waiting for the spontaneous resolution of
symptoms that is quite common before the age of
4 or 8 years. Finally, there is also an uncontrolled
pilot study of sublingual immunotherapy (SLIT),
performed in eight children with CMA [41]. Milk
was kept in the mouth for 2 min and then spat out.
Seven children completed the protocol, and one
child withdrew because of persistent oral symptoms.
rized reproduction of this article is prohibited.
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Table 2. Side effects in the published oral immunotherapy studies

Author (Reference) Number of patients OIT discontinued for side effects Total occurrence of side effects

Patriarca et al. [27] 6 OIT 10 avoidance None None reported

Patriarca et al. [28] 29 OIT 16 no treatment 5/29 (17%) 51%

Meglio et al. [29] 21 OIT 3/21 (14%) 62%

Staden et al. [30] 14 OIT 10 avoidance 9/25 (overall, not specified for
cow’s milk separately)

100%

Martorell et al. [31] 4 OIT 0/4 100%

Morrisset et al. [33] 30 OIT 27 avoidance 3/30 (10%) Not specified

Staden et al. [32] 9 OIT 1/9 (11%) 100%

Longo et al. [34] 30 OIT 30 avoidance 3/30 (10%) 100%

Skripak et al. [35] 13 OIT 7 placebo 0/13 47%

Zapatero et al. [36] 18 OIT 2/18 (11%) 68%

Pajno et al. [37&&] 15 OIT 15 soy milk 2/13 (15%) 77%

Kaneko et al. [38] 10 2/10 (20%) Not described

Martorell et al. [39&] 30 OIT 30 avoidance 1/30 (3%) 80% (47% moderate, 33% mild)

OIT, oral immunotherapy.

Oral immunotherapy for cows milk allergy Passalacqua et al.
After 6 months of treatment, the threshold dose of
milk increased from a mean of 39 ml to 143 ml
(P<0.01).
SAFETY OF MILK ORAL
IMMUNOTHERAPY

The appearance of adverse reactions during OIT for
CMA is reported frequently. In most studies 100%
of patients experienced adverse reactions during
desensitization (Table 2) [30–35,36,37

&&

,38,39
&

],
but OIT had to be discontinued in less than 20%
of subjects. Severe systemic side effects have been
reported independently of the schedule, that is
either with rush [31,32], weekly [37

&&

], or slow
updosing regimens [35,38]. The frequency of serious
events and the severity of reactions are greater
during the initial phase and tend to decrease in
intensity as the desensitization proceeds and higher
doses of cow’s milk are administered. Mild reactions
such as abdominal pain, throat pruritus, gritty eyes,
watery eyes, transient erythema and sneezing
usually do not require stopping desensitization.
On the contrary, when rhinitis, dyspnoea, asthma,
generalized urticaria and hypotension occur, as a
single symptom or in combination, OIT should be
postponed or, better, stopped. A life-threatening
asthma reaction caused by desensitization to milk
was described by Nieto et al. [42]. Adverse events are
largely unpredictable, and they can occur during
home dosing, and systemic reactions have occurred
with previously tolerated doses in the occasion of
exercise [43], viral illness or sub-optimally con-
trolled asthma [29]. Of note, these reactions are
usually well controlled by antihistamines, steroids
Copyright © Lippincott Williams & Wilkins. Unaut
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or epinephrine. Because desensitization(s) place
patients at risk for systemic reactions, it is not
appropriate to implement OIT in clinical practice
settings at this time. Therefore, OIT can be per-
formed for research purposes for IgE-mediated food
allergy in specialized pediatric centers.
CONCLUSION

CMA represents a promising field of application for
SIT, expecially in its oral (or sublingual) form
[44,45]. The published studies, allowed to perform
a meta-analysis, which confirmed the overall benefit
of the treatment, although not all the studies pro-
vided consistent results [46

&&

]. However, there are
numerous unresolved questions and many aspects
need to be elucidated before recommendations
can be made. On one hand, the procedure is time-
consuming and not devoid of side effects, whereas
we know that many children with CMA develop
tolerance spontaneously, and can be easily managed
with the simple avoidance regimen. Therefore, wait-
ing until at least the age of 3 years before starting
OIT seems to be a reasonable choice. On the con-
trary, the avoidance regimen may be insufficient in
children with severe systemic reactions, because of
the risk of inadvertent cow’s milk intake or of the
assumption of foods containing milk as hidden
allergen. In such patients, an effective tolerance
induction would represent a life-saving treatment.
Thus, more clear indications on the eligible patients
and the predictive factors are urgently needed.
Another aspect that must be clarified is if the toler-
ant status achieved by OIT is permanent or if it needs
to be maintained indefinitely with a regular milk
horized reproduction of this article is prohibited.
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intake. This aspect is strictly dependent on the
knowledge of the mechanisms of action of OIT,
on which there are very few data. Finally, the pro-
posed OIT regimens are largely variable and not
standardized, thus making it difficult to compare
the results of the different studies.

OIT represents an emerging reality that provides
both hope and optimism for patients with CMA and
expands the possibility of an active treatment with
the goal of improving the quality of life for children
and their families. This is reinforced by the recent
encouraging results obtained with other forms of
desensitization, such as the SLIT [47

&&

] and the
epicutaneous ones [48]. At the present time, OIT
cannot be recommended as a routine practice, but
must be limited to a research setting, and performed
only by trained physicians and under strict medical
supervision [12

&&

].
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