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B S T R A C T

ackground: Oral desensitization in children allergic to cow’s milk proteins is not risk free. The analysis of
ctors that may influence the outcome is of utmost importance.
bjective: To analyze the efficacy and safety of the oral desensitization according to specific IgE (sIgE) level
nd adverse events during the maintenance phase.

Methods: Thirty-six patients allergic to cow’s milk (mean age, 7 years) were included in an oral desensiti-
zation protocol. Patients were grouped according to sIgE levels (ImmunoCAP) into groups 1 (sIgE <3.5 kU/L),
2 (3.5-17 kU/L), and 3 (>17-50 kU/L). Nineteen childrenwere included as a control group. Serum sIgE levels to
cow’s milk and its proteins were determined at inclusion and 6 and 12 months after finishing the desensi-
tization protocol.
Results: Thirty-three of 36 patients were successfully desensitized (200 mL): 100% of group 1 and 88% of
groups 2 and 3. Desensitization was achieved in a median of 3 months (range, 1-12 months); 90% of the
patients in group 1, 50% of the patients in group 2, and 30% of the patients in group 3 achieved tolerance in less
than 3 months (P ¼ .04). In the control group only 1 child tolerated milk in oral food challenge after 1 year.
During the induction phase, there were 53 adverse events in 27 patients (75%). Patients of groups 2 and 3 had
more severe adverse events compared with group 1. During the maintenance phase, 20 of 33 patients (60%)
had an adverse event.
Conclusion: Oral desensitization is efficacious. Tolerance is achieved earlier when sIgE is lower. Severe
adverse events are frequent, especially in patients with higher sIgE levels.
Trial Registration: clinicaltrials.gov Identifier: NCT01641731
� 2013 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction

Cow’s milk allergy (CMA) tends to resolve by 5 years of age in up
to 80% of patients.1e3 Reaching the age of 4 to 5 years without
having achieved tolerance is a poor prognosis factor in its evolu-
tion.4 In recent years, some studies5e12 have dealt with oral
desensitization, also referred as specific oral tolerance induction
(SOTI). These procedures have led to restored tolerance to complete
or partial amounts of the food, thus preventing unintentional
reactions on ingestion of minimal amounts of the offending food.13

The protocols used are not risk free because the patient is subjected
to undesirable reactions. This is why, before starting the protocol, it
is important to thoroughly consider which patients are to be
included.

The level of serum specific IgE (sIgE) is a relevant determinant in
the result of oral food challenge.14e17 For this study, we planned to
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classify patients by their serum levels of sIgE to clarify whether this
parameter influences the outcome of oral desensitization to cow’s
milk. The aim of the study is to evaluate the efficacy of oral
desensitization according to the level of sIgE and to evaluate
adverse events in the induction and follow-up phases of oral
desensitization.

Patients and Methods

Patients

A total of 55 children with CMA (36 boys [63%]; median age, 7
years; range, 4-14 years) were included in the study. They were
diagnosed as having CMA during the first year of life and have
attended periodic follow-up visits to our allergy clinic at Hospital La
Paz (Madrid, Spain). Clinical data on personal history of asthma,
allergy to other foods, and positive reactions on cow’s milk inges-
tion along with their evolution from initial diagnosis were
recorded.

Before inclusion in the oral desensitization protocol, determi-
nation of serum sIgE to cow’s milk, a-lactalbumin, b-lactoglobulin,
Immunology. Published by Elsevier Inc. All rights reserved.
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and casein (ImmunoCAP, Phadia, Uppsala, Sweden) was performed,
and current clinical status was confirmed by oral food challenge
(OFC) with cow’s milk. An open OFCwith cow’s milk (3 g of proteins
per 100 mL) was performed starting at a dose of 0.005 mL. Doses
were doubled until objective clinical reactivity was achieved.

Thirty-six children with CMA (24 boys [67%]; age, �4 years;
median age, 7 years; range, 4-13 years) who agreed to participate in
the oral desensitization protocol were included as the SOTI group.
Determination of serum sIgE to cow’s milk and its proteins was
performed at the 6- and 12-month follow-up visits.

To evaluate the influence of the level of sensitization in the result
of oral desensitization protocol, patients were classified into 3
groups according to the level of sIgE for cow’s milk and/or
its proteins: group 1, 0.35 to 3.5 kU/L); group 2, greater than 3.5 to
17 kU/L; and group 3, greater than 17 to 50 kU/L. The highest sIgE
level against any of the cow’s milk or its proteins determined the
group of inclusion.

The control group was composed of 19 children who refused to
undergo oral desensitization after the OFC. These children (12 boys;
median age, 8.2 years; age range, 4-14 years), with similar levels of
sIgE, were included to evaluate the natural evolution to tolerance of
CMA. Six patients with sIgE levels of 0.35 to 3.5 kU/L, 6 patients
with sIgE levels greater than 3.5-17 kU/L, and 7 patients with sIgE
levels greater than 17 to 50 kU/Lwere included. Theywere followed
for one year, after which clinical reactivity with OFC was again
confirmed.

Parents or legal representatives gave written informed consent,
which was approved by the local ethics committee. Protocol was
registered at clinicaltrials.gov (NCT01641731).
Induction Phase

The initial dose for oral desensitization was the previous dose
that elicited symptoms in the OFC. Until a dose of 1 mL was ach-
ieved, doses were increased at the hospital setting in a daily basis.
From there on, doses were increased weekly at the hospital, and
patients maintained this dose twice daily at home (Table 1).
Achieving an intake of 200 mL of milk (6 g of proteins) twice a day,
which is the usual amount for patients of that age, was considered
successful desensitization.

Reactions occurring during the induction phase at the hospital
were treated according to the severity of symptoms. If patients
presented with mild nonobjective symptoms, the same dose was
repeated. If the reaction was objective and limited to local symp-
toms, the previous dose was given after the resolution of symp-
toms. If the reaction was generalized, involving 2 organ systems,
the protocol was continued with a dose that was 2 doses previous
to the one that elicited symptoms. If the reaction involved 3 organ
systems, the next dose administered was reduced 3 steps in the
dosage protocol. Written instructions were given to parents
regarding how to treat possible adverse reactions at home.

After the inductionphase, patients continued to consume200mL
milk twice daily and a free diet was allowed. In the maintenance
phase, follow-up visits were scheduled at 1 month, 6 months, and
Table 1
Dosing schedule in the induction phase of the desensitization protocol

Group 1 Groups 2-3

Frequency
of increases

Amount increased Frequency
of increases

Amount increased

Weekly 2 mL until 10 mL Daily Doubling dose until 1 mL
10 mL until 50 mL Weekly 2 mL until 20 mL
20 mL until 100 mL 5 mL until 50 mL
30 mL until 200 mL 10 mL until 100 mL

20 mL until 200 mL
1 year after finishing the induction phase. Adverse events on cow’s
milk ingestion were recorded.

Statistical Analyses

The patients’ characteristics and the percentage of patients who
reached tolerance (200 mL) after the induction phase were evalu-
ated and compared with the percentage of patients who reached
tolerance following their natural evolution in the control group.
Comparisons between qualitative variables were performed using
the c2 test. The evolution of serum sIgE levels at the time of
inclusion, at 6 months, and at 1 year after finishing the induction
phase was analyzed, and comparisons were performed using the
Wilcoxon test. The Mann-Whitney U test was used to compare
differences in serum sIgE values between control and treatment
groups. The statistical analysis was performed with SPSS statistical
software for Windows, version 15.0 (SPSS Inc, Chicago, Illinois).

Results

Patient characteristics are listed in Table 2.

Oral Food Challenge

In the patient group, the median dose that elicited symptoms in
the OFC was 27.5 mL (range, 0.4-150 mL). Sixteen patients experi-
enced symptoms in only one organ system (3 of whom presented
with bronchospasm), 18 patients in 2 organ systems, and 2 patients
in 3 organ systems. Table 2 gives the results in the 3 groups.

In the control group the median dose that elicited symptoms in
the OFC was 2 mL (range, 0.05-50 mL). Ten patients presented
symptoms in 1 organ system, whereas 9 experienced symptoms in
2 organ systems. None of them presented with bronchospasm.

Induction Phase

Thirty-three of 36 patients (92%) successfully finished the
induction phase: 10 patients in group 1 (100%), 15 in group 2 (88%),
and 8 in group 3 (88%). Three patients did not reach tolerance. One
patient in group 3 dropped out because of psychological stress, and
2 patients in group 2 dropped out because of repeated digestive
symptoms. In the control group only 1 patient of 19 tolerated cow’s
milk in an OFC performed in the 1-year follow-up visit (sIgE for
cow’s milk at inclusion 1.52 kU/L).

The median initial dose for the induction of tolerance was
13.5 mL (range, 0.05-150mL) in the entire group. Themedian initial
dose of induction was 40 mL (range, 2-100 mL) in group 1, 25 mL
(range, 0.05-100 mL) in group 2, and 5 mL (range, 0.2-150 mL) in
group 3.

The median time of induction was 3 months (range, 1-12
months). In group 1, 9 of 10 (90%) completed induction in less than
3 months, opposed to 7 of 15 (50%) in group 2 and 3 of 8 (30%) in
group 3 (P ¼ .04).

During the induction phase, 27 of 36 (75%) experienced an
adverse event with 1 or more doses. Thus, 53 adverse events were
recorded in 27 patients (Table 3). In the group of patients with
lower sIgE levels, fewer adverse events were recorded: 6 of 10 (60%)
as opposed to 13 of 17 (76%) in group 2 and 8 of 9 (89%) in group 3.

When assessing the severity of symptoms, we observed that
patients with higher sIgE levels had more severe symptoms. One
patient in group 2 developed bronchospasm; associated respiratory
symptoms occurred in 3 patients in group 2 and in 2 patients in
group 3. In all cases the eliciting dosewas higher than 10mL (range,
15-50 mL).

Reactions took place in a hospital setting with increasing doses
or at home with a dose previously tolerated at the hospital.
Seventeen reactions were treated with oral antihistamines, 2 reac-
tionswere treatedwith oral antihistamines and oral corticosteroids,



Table 2
Characteristics of patients and controls

Characteristic No. (%)a P valueb

Controls (n ¼ 19) Patients (n ¼ 36) Group 1 (n ¼ 10) Group 2 (n ¼ 17) Group 3 (n ¼ 9)

Male 12 (63) 24 (67) 5 (50) 11 (64) 8 (80) .51
Age at inclusion, mean (range), y 8 (4-14) 7 (4-13) 6.5 (5-11) 7 (4-13) 4.5 (4-10) .42
Asthma 10 (55) 13 (36) 3 (30) 6 (35) 4 (45) .19
Food allergies 11 (57) 19 (52) 5 (50) 7 (41) 7 (77) .42
Atopic dermatitis 6 (31) 8 (22) 0 7 (41) 1 (11) .29
Unintentional allergic reaction 12 (62) 31 (88) 9 (90) 14 (82) 8 (88) .55
Total IgE, median (range), kU/L 302 (18-2456) 201 (5.4-1401) 148 (24-674) 192 (5.4-1401) 261 (57-1072) .51
Serum sIgE, median (range), kU/L
Cow’s milk 10.8 (0.64-47) 4.7 (0.34-41.1) 1.8 (0.34-3.2) 4.7 (0.34-10.3) 22.5 (11.4-41.1) .10
a-Lactalbumin 2.6 (0.34-43.2) 1.84 (0.34-19.5) 0.7 (0.34-3.3) 3.6 (3.4-7.7) 0.6 (0.34-19.5) .26
b-Lactoglobulin 0.59 (0.34-17.1) 0.61 (0.34-7.5) 0.34 (0.34-1.3) 0.6 (0.34-7.5) 1.9 (0.34-4.1) .46
Casein 5.9 (0.34-49) 2.1 (0.34-42.1) 0.7 (0.34-2.4) 2.3 (0.34-9) 19.7 (3-42) .14
OFC dose, median, mL 2 (0.05-150) 27.5 (0.4-150) 62.5 (5-150) 50 (2-150) 7 (0.4-150) <.001
Symptoms in OFC
1 organ system 10 (53) 16 (44) 4 (40) 4 (24) 8 (89) .57
�2 organ systems 9 (47) 20 (56) 6 (60) 13 (77) 1 (11)

Abbreviation: OFC, oral food challenge.
aData are presented as number (percentage) unless otherwise indicated.
bComparisons are made between patient and control groups.
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4 reactions required inhaled bronchodilators, and 1 reaction
required intramuscular epinephrine. Thirteen patients continued
the protocol, repeating the dose that elicited symptoms, and 22
went back to the previous dose.

Maintenance Phase

Thirty-one patients were followed up at the first month visit and
30 patients at the 6-month and the 1-year visit. Eight patients (26%)
had experienced adverse events at the 1-month visit, 6 (20%) at the
6-month visit, and 6 (20%) at the 1-year follow-up visit (Table 4).
Anaphylaxis occurred in 2 patients after milk intake followed by
exercise. In 3 patients reactions followed the ingestion of goat and
sheep cheese. These patients belonged to groups 2 and 3, and after
the reaction they continued intake of cow’s milk.

Nineteen patients who underwent OFC and refused to partici-
pate in the SOTI comprised the control group. After the 1-year
period of follow-up, only 1 patient tolerated cow’s milk. Seven 19
(36%) experienced unintentional allergic reactions, and 1 required
treatment with epinephrine.

Evolution of sIgE Levels

A decrease in levels of sIgE from the beginning to the 1-year
follow-up visit was observed, although it was only statistically
significant for the levels of casein-sIgE (Table 5). In the control
group, no differences were seen in the levels of sIgE from the
beginning to the 1-year follow-up visit.
Table 3
Adverse events during the induction phase of the desensitization protocol

Event Group 1
(n ¼ 10)

Group 2
(n ¼ 17)

Group 3
(n ¼ 9)

No. (%) of patients 6 (60) 13 (76) 8 (89)
No. of adverse events 8 26 19
Cutaneous 6 13 8
Digestive 1 6 7
Respiratory 1 4 2
Rhinoconjunctivitis 1 3 2
Bronchospasm 0 1 0

Associated symptoms 0 3 2
Cutaneous and digestive 0 2 1
Cutaneous and bronchospasm 0 1 0
Digestive and bronchospasm 0 0 1
Discussion

Several studies have been published addressing oral tolerance
induction to cow’s milk.5e14 Their main objective was to develop
methods that let patients achieve tolerance to amounts of cow’s
milk appropriate for their age, without developing allergic symp-
toms. In these studies, the methods and protocols vary, and thus,
the results are not comparable. The main variations include patient
characteristics (age, severity of the reactions, and level of sensiti-
zation) and the methods and protocols used in SOTI.

CMA is a dynamic process that begins in the first year of age,
coinciding with the introduction of these proteins in the diet. The
natural evolution of CMA is to achieve tolerance as the years go by.
Eighty percent1e3 of patients become tolerant by 5 years of age.
Nevertheless, there are other patients who have a poor evolution,
whose sIgE levels continue to increase, and who continue having
unexpected reactions, in some cases presenting with anaphylaxis.
For this reason, when evaluating results, age is an important vari-
able to be taken into account. In the study by Martorell et al,8

performed on children 2 years old, evolution of CMA after SOTI
was good (90% achieved tolerance). However, in this pediatric
population, it is likely that some children developed tolerance
spontaneously. In addition, performing SOTI in children of this age
may have prevented a poorer evolution. As children grow up, there
is an increase in sIgE levels, and sensitization to other foods and
inhalant allergens may play a role. Thus, these patients should be
monitored in their evolution. Most studies related to SOTI include
children 4 years or older.
Table 4
Adverse events during the maintenance phase

Event 1-Month visit 6-Month visit 1-Year visit

No. (%) of adverse events 8/31 (26) 6/30 (20) 6/30 (20)
Symptoms, No.
Oropharynx pruritus 3 2 4
U/AE 1 1 0
Abdominal pain 2 1 1
Anaphylaxis 2 2 1

Offending product
Milk 5 5 4
CM cheese 1 0 0
SM or GM cheese 2 1 2

Abbreviations: CM, cow’s milk; GM, goat’s milk; SM, sheep’s milk; U/AE, urticaria
and/or angioedema.



Table 5
Evolution of serum specific IgE in the study groups

Variable Specific IgE, median (range), kU/L

Desensitization group Control group

T0 T6 T12 P value
(T0-T6)

P value
(T0-T12)

T0 T12 P value
(T0 SOTI-control)

P value
(T12 SOTI-control)

Total IgE 201 (5.4-1401) 266 (21-2185) 375 (18-1389) .005 .004 302 (18-2456) 478.5 (43-1715) .51 .52
sIgE cow’s milk 4.6 (0.34-41.1) 3.6 (0.34-37.5) 3.0 (0.78-41.2) .94 .003 10.8 (0.64-47) 6.3 (0.34-59) .147 .22
sIgE a-lactalbumin 1.8 (0.34-19.5) 2.2 (0.34-12.5) 1.34 (0.34-23.7) .42 .09 2.6 (0.34-43.2) 1.89 (0.34-56.0) .26 .61
sIgE b-lactoglobulin 0.48 (0.34-7.57) 0.6 (0.34-10.5) 0.57 (0.34-13.3) .21 .91 0.59 (0.34-17.1) 1.62 (0.34-90.3) .46 .30
sIgE casein 2.4 (0.34-42.1) 1.4 (0.34-12.4) 1.17 (0.34-9.3) .001 <.001 5.9 (0.34-49) 4.5 (0.34-52.9) .19 .006

Abbreviations: sIgE, specific IgE; SOTI, specific oral tolerance induction; T0, inclusion visit; T6, 6-month visit; T12, 1-year visit.
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Another important variable when evaluating these studies is the
severity of symptoms. In the study by Longo et al,6 only children
with a severe history of allergy to cow’s milk were included. These
patients had higher levels of sensitization. The results of SOTI were
poorer than previously reported8 because complete tolerance was
achieved in just 36% of the children, and partial tolerance was
achieved in 54%.

In our study, we analyzed and controlled the results for the level
of sensitization, and thus we classified patients into 3 groups. In
children with a higher level of sIgE (group 3) asthma was more
prevalent, as was allergy to other foods. The initial dose of oral
desensitization protocol was lower in this group of patients because
they reacted to a lower dose in the OFC. Two different dosing
schedules (Table 1), according to sIgE levels, were used in the
induction phase to shorten the desensitization protocol.

In the induction phase, results were better in patients than in
the control group. In the desensitization group, tolerance was
achieved in 92% of patients, whereas only 1 patient of 19 (5%) in the
control group tolerated CM after 1 year of follow-up. The control
group reacted to a lower dose in the OFC than did patients,
although the symptoms elicited were not more severe, and none of
the individuals in the control group required epinephrine to treat
the reaction. Although sIgE was slightly higher in the control group,
the differences were not statistically significant. The fact that the
eliciting dose in the initial OFC was lower in the control group may
have biased the results, but the difference in the proportion of
individuals who developed tolerance in each group is so high that
the possible bias would not invalidate the results.

An important variable to be considered at the time of initiation
of desensitization protocols is the sIgE level to cow’s milk, which
may determine the outcome of the desensitization protocol.
According to Staden et al,5 children with low or moderate levels of
sIgE will have a better evolution.

Zapatero et al,9 using a protocol that lasted a mean of 14 weeks,
obtained tolerance in 16 of 18 patients (88%) older than 4 years.
They had a median sIgE to cow’s milk of 4.5 kU/L, similar to that
observed in our patients.

In addition to the percentage of patients who achieve tolerance,
in the evaluation of desensitization protocols the occurrence of
adverse events is an important factor. In the group with lower
levels of sIgE against cow’s milk, a lower rate of adverse events was
observed, although no statistical significance was observed.
Adverse reactions in this group were also less severe because none
of them involved 2 or more organs. In the entire group only 3
patients refused to continue with the protocol because of the
symptoms they had experienced. None of these patients belonged
to group 1. Most of these adverse reactions took place in the
hospital setting, when the higher dose was given. Adverse events
that took place at home only required treatment with oral
antihistamines.

Adverse events are not predictable. Depending on the level of
sensitization, the induction protocols need to be adapted at home
in some cases or in hospital settings in others, although this option
is costly for patients who may therefore need more hospital visits.

The higher the sIgE level, the more severe the adverse events
during the induction phase. In our patients, the most severe
adverse events developed with doses between 15 and 50 mL. For
these reasons patientsmust be strictly supervised until the protocol
is completed.

Follow-up

Once tolerance was achieved, in the maintenance phase we
observed some adverse events during the first few months.

There are a few cases of anaphylaxis upon ingestion of cow’s
milk followed by exercise.18,19 In our study, 2 patients in group 1
had anaphylaxis with exercise after the ingestion of milk. One of
these reactions took place 1 month after achieving tolerance and
the other after 3 months of follow-up. In this last reaction, the
pollen season, which has been described as a possible triggering
factor, may have been the eliciting factor.5 This patient went back
on a cow’s milk restricted diet because of a fear of reactions.

Although patients achieve tolerance to cow’s milk, they must be
strictly monitored and should bewarned of this possibility. Exercise
after the ingestion of cow’s milk should be avoided until the
sensitization subsides. Cheese is a common food in our diet. There
are reports of allergic children who tolerated cow’s milk after SOTI
who developed symptoms after ingestion of goat’s milk (GM) and
sheep’s milk (SM) cheese.20 In our study we observed that most
children refused to taste GM or SM cheese, and the few patients
who did try them developed symptoms. Allergenicity of GM or SM
cheese is mainly due to casein. There is a high degree of cross-
reactivity between caseins of different mammals because of the
high gene sequence homology. For this reason, these patients will
have to avoid these products until sensitization is outgrown or until
tolerance to these cheeses is assessed in a hospital setting.

Evolution of sIgE

In the follow-up of sIgE levels, a decrease in sIgE against all
cow’s milk proteins was observed, but it was only significant for
casein. In studies of clinical allergic reactivity, low casein sIgE levels
have been reported to be a marker of progress toward tolerance, so
this decrease could be considered amarker of good evolution in our
series. With this protocol, we could induce tolerance that otherwise
would not have been achieved. In the control group, after the 1-
year follow-up we did not observe a similar decrease in sIgE
levels, and patients developed symptoms on unintentional inges-
tion. Monitoring sIgE levels until they become negative will indi-
cate a good evolution.

Mechanisms underlying the induction of tolerance are not well
known. Some authors believe that a desensitization status is ach-
ieved, as has been reported for subcutaneous immunotherapy with
inhalant allergens, and thus this statusmaybepermanent.However,
it has also been proposed that oral tolerance is due to tachyphylaxis
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and that the tolerance achieved would only be maintained by
continuous exposure to the food. In the study by Staden et al,5 an
OFC was performed after 2 months of a cow’s milkefree diet;
permanent tolerance was confirmed in 36% of the patients, 12%
tolerated the maintenance dose but developed symptoms after the
avoiding period, and 16%were found to be partially tolerant. Skripak
et al7 found that all their patients experienced an increase in the
minimal dose that elicited symptoms after SOTI.

Results in terms of tolerance are better in patients who followed
a desensitization protocol than in those left to their natural
evolution, so we believe that, although not risk free, this treatment
is efficacious. Nevertheless, it is necessary to use similar or stan-
dardized protocols to have comparable results that lead to gener-
alizable conclusions.

To summarize, the level of circulating sIgE is important in the
induction of specific oral tolerance because the results may vary.
Once tolerance is achieved, more severe adverse reactions were
found to appear after exercise and on ingestion of GM and SM
cheese. More studies are needed before oral desensitization can be
recommended as routine clinical practice. Long-term follow-up
studies are needed to confirm persistent tolerance.
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