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	 Resumen

Introducción: El huevo y la leche de vaca son la causa más frecuente de alergia alimentaria en los primeros años de vida. Como alternativa 
terapéutica a la dieta de eliminación  se han investigado otras formas de tratamiento como la inmunoterapia oral (ITO). Actualmente no 
existen guías  de práctica clínica para el manejo de la ITO con leche y huevo.
Objetivos: Elaborar una guía clínica para el tratamiento con ITO basada en la evidencia científica disponible y en la opinión de expertos. 
Métodos: Revisión de estudios publicados desde el año 1984 hasta junio de 2016, tesis doctorales publicadas en España, resúmenes de 
comunicaciones en congresos (SEAIC, SEICAP, EAACI, AAAAI) y consenso de opinión de un grupo de expertos de las sociedades científicas 
SEICAP y SEAIC.
Resultados: Se establecen recomendaciones acerca de la indicación, requerimientos, aspectos prácticos del tratamiento en las diferentes 
fases de la ITO, y pautas especiales para pacientes de alto riesgo de reacciones adversas.
Conclusiones: Se presenta una guía con las directrices para el  manejo en la práctica clínica de la ITO con leche y huevo que aúna la 
opinión consensuada de expertos españoles.
Palabras clave: Guía. Inmunoterapia oral. Desensibilización . Inducción de tolerancia oral específica. Alergia a leche. Alergia a huevo. 
Omalizumab. Inmunoterapia sublingual.

	 Abstract

Introduction: Cow milk and egg are the most frequent causes of food allergy in the first years of life. Oral immunotherapy (OIT) has 
been investigated as an alternative to avoidance diets. No clinical practice guidelines on the management of OIT with milk and egg are 
currently available.
Objectives: To develop clinical guidelines for OIT based on available scientific evidence and the opinions of experts. 
Methods: A review was made of studies published between 1984 and June 2016, doctoral theses published in Spain, summaries of 
communications at scientific meetings (SEAIC, SEICAP, EAACI, and AAAAI), and the consensus of opinion established by a group of experts 
from the scientific societies SEICAP and SEAIC.
Results: Recommendations were established regarding the indications, requirements and practical aspects of the different phases of OIT, 
as well as special protocols for patients at high risk of adverse reactions.
Conclusions: Clinical practice guidelines based on the consensus reached between Spanish experts are presented for the management 
of OIT with milk and egg.
Key words: Guide. Oral immunotherapy. Desensitization. Specific oral tolerance induction. Milk allergy. Egg allergy. Omalizumab. Sublingual 
immunotherapy.
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5. Maintenance Phase of Cow Milk and 
Egg Oral Immunotherapy

The maintenance phase of OIT follows the build-up phase. 
Its length has not been defined, although it may cover months 
to several years. 

5.1. Food Forms to Be Used

5.1.1. Cow Milk

The CM used during this phase is the same liquid 
pasteurized or UHT milk, with or without lactose, as that used 
in the build-up phase. Other dairy products can be used, taking 
into account their respective protein concentrations, in order to 
ensure that the dose administered is equivalent to that afforded 
by liquid milk (see Part I, Supplementary Material, Table 2).

5.1.2. Egg

Once the product for the build-up phase has been chosen, 
it should also be used during the maintenance phase, except 
in cases of poor tolerance or patient rejection. Such situations 
should be duly evaluated, and a change of product should be 
considered.

Maintenance therapy can be provided with the maximum 
tolerated dose and with the same allergen source (raw or cooked) 
as used in the build-up phase or with an equivalent source.

If pasteurized or dehydrated egg white is used during the 
build-up phase, regular intake of egg in its usual presentations 
(eg, omelet, fried, scrambled, and boiled) must be ensured 
before replacing the egg product during maintenance.

The use of cooked egg during the maintenance phase of 
OIT can be useful in patients with severe egg allergy or in 
those cases where OIT with raw egg or raw egg products has 
failed. If cooked egg is chosen for the maintenance phase, 
it is important to note that reactions may result from the 
intake of foods containing raw egg (eg, sauces, creams, and 
ice cream) [1,2]. However, this strategy may suffice from a 
practical point of view, by making it possible to open the diet 
to those foods that contain egg in its usual presentations (see 
Part 1, section D.4.2). If this option is chosen, tolerance of 
raw egg white must be periodically assessed. On the other 
hand, if an undercooked form of the food is chosen, possible 
aversion or rejection and a decrease in regular intake of the 
food, particularly during the first year of treatment, appear to 
be the factors most closely associated with loss of sensitization 
or failure of OIT.

Conclusions

–	The CM used during this phase is liquid pasteurized or 
UHT milk, with or without lactose.

–	In the case of dairy products (yogurts or cheeses made 
from CM) administered in the maintenance phase, the 
possible differences in allergenicity and protein contents 
with respect to CM must be taken into account. 

–	Maintenance therapy in OIT with egg can be provided 
with the same allergen source (raw or cooked) as used 
in the build-up phase or with an equivalent source.

–	Data are contradictory as to whether the use of cooked 
egg during the maintenance phase is able or not to 

maintain the desensitization achieved with raw egg white 
in quantities similar to those tolerated at the end of the 
build-up phase.

–	Patient aversion to or rejection of egg must be assessed, 
and the clinician must decide whether or not to replace 
these forms with the regular administration of egg 
products (pasteurized or dehydrated).

(Level of evidence V. Grade of recommendation D: expert 
opinion).

5.2. Dosing Schedules

5.2.1. Cow Milk

5.2.1.1. What are the proposed doses in the maintenance 
phase of milk OIT? Equivalent to a full serving of milk or 
smaller doses?

–	In patients who reach the maximum dose of 200 mL 
during the build-up phase, a daily dose of 200 mL of 
milk is advised during the maintenance phase [3-6].

–		  Patients who reach a dose of 200 mL during the 
build-up phase can consume milk or dairy products 
up to that amount or the equivalent, in addition to the 
scheduled maintenance dose. However, patients are to 
be instructed not to consume these foods during the 2 
hours before and after administration of the established 
maintenance dose. The aim of this measure is to avoid 
a high cumulative dose, which could cause a reaction.

(Level of evidence V. Grade of recommendation D: expert 
opinion)

5.2.1.2. In the case of lower doses than a full serving of 
milk, should periodic challenge testing be considered for 
assessment of possible changes in the threshold?

–	When the patient is unable to reach a dose equivalent to 
a full serving of milk, maintenance therapy should be 
administered with the maximum dose reached during the 
build-up phase. The regular intake of lower doses than a 
full serving of milk helps to increase the threshold [7]. 
In this case, the increase in threshold should be checked 
periodically by means of oral food challenges.

(Level of evidence V. Grade of recommendation D: expert 
opinion).

5.2.1.3. What is the recommended frequency of food 
intake in the maintenance phase of milk OIT? What is 
the best time of day to administer doses? Should the milk 
be administered under fasting conditions or with other 
foods?

–	In practically all studies of milk OIT, daily doses are 
administered during the maintenance phase. There 
is no evidence to recommend less frequent dosing. 
Lesser dosing frequencies may result in a loss of the 
desensitization effect. 

–	No differences in the frequency of adverse reactions 
(ARs) have been observed on comparing dosing 
schedules comprising daily doses versus dosing 
schedules involving 2 weekly doses [8].

–	A decrease in dosing frequency, or a lack of adherence 
to therapy, could result in an increased number of 
ARs [9]. If reducing the dosing frequency or temporarily 
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suspending treatment is intended, the following dose 
should be administered under medical supervision owing 
to the risk of an allergic reaction.

–	The attending physician should be informed if the patient 
stops consuming milk for more than 3 consecutive days 
in order to decide whether the next dose should be 
administered under supervision.

–	The family should choose a time of day when caregivers 
can supervise the patient and subsequent intense physical 
exercise is avoided [10].

–	Although there are no data on the effect of fasting on the 
safety of OIT with CM, most studies recommend against 
administration of the dose after fasting, as this may result 
in rapid allergen absorption and an increased risk of 
allergic reactions. While this strategy seems reasonable, 
there is no clear evidence of the impact of fasting on the 
safety of OIT [10].

(Level of evidence V. Grade of recommendation D: expert 
opinion).

5.2.2. Egg

5.2.2.1.What are the proposed doses in the maintenance 
phase of egg OIT? Equivalent to a full serving dose or 
lower doses? In the case of doses that are lower than 
a full serving of egg, should periodic challenge testing 
be considered for assessment of possible changes in the 
threshold?

–	The egg dose during the maintenance phase should be 
the maximum dose reached in the build-up phase and 
using an egg product of similar allergenicity.

–	When the dose administered during the maintenance 
phase is lower than a full serving dose equivalent to 1 
egg—whether raw or cooked—the tolerance of doses 
equivalent to 1 egg should be checked by an oral food 
challenge.

(Level of evidence IV. Grade of recommendation C)

5.2.2.2. What is the recommended frequency of food 
intake in the maintenance phase of egg OIT? What is the 
best time of day to administer the doses? Should the egg 
be administered under fasting conditions or with other 
foods?

–	Between 71% and 90% of all patients in the maintenance 
phase of OIT with egg retain desensitization after 1-6 
years of follow-up [11-15]. Maintenance therapy in OIT 
with egg can be carried out in the form of daily intake 
of the food or dosing at least 3 times a week.

–	More frequent egg consumption during the maintenance 
phase favors the maintenance of desensitization [14].

–	The egg dosing frequency during the maintenance phase 
should be reduced under medical supervision, since 
allergic reactions may occur [10,14].

–	Discontinuous egg intake (less than 3 times a week) 
following the build-up phase may be a cause of allergic 
reactions during maintenance [10].

–	The attending physician should be informed if the patient 
stops consuming egg for more than 6 consecutive days 
in order to decide whether the next dose should be 
administered under adequate supervision.

–	There is no evidence that a specific time of day is best 
for administering the egg dose. 

–	Although there are no data on the effect of fasting on the 
safety of OIT with egg, it is advisable to avoid fasting, 
since it may increase the risk of allergic reactions.

(Level of evidence V. Grade of recommendation D: expert 
opinion).

5.3. Control and Management of Adverse Reactions 
During Oral Immunotherapy 

5.3.1. How should ARs be managed during the 
maintenance phase of OIT? What cofactors or 
triggering factors should be controlled or avoided 
during the maintenance phase?

The treatment of AR during the maintenance phase is 
the same as during the build-up phase and is based on the 
corresponding management guidelines [15].

Reactions during this phase may be related to poor 
adherence to therapy [9,14,16] or to the action of cofactors. 
Risk factors for systemic reactions during the maintenance 
phase of OIT include physical activity following intake of the 
food [9,17-20], infectious processes [9,21], and uncontrolled 
asthma. Nonsteroidal anti-inflammatory drugs may act as 
cofactors in certain patients. Other cofactors such as stress, 
menstruation, or allergic rhinitis caused by aeroallergens 
have also been described [9,14]. In any case, some of the 
reactions observed during the maintenance phase may prove 
unpredictable, with no relation to cofactors.

Conclusions

–	Patients and their caregivers must be trained to 
adequately recognize and deal with the reactions that 
may develop during OIT (see Part 1, section 4.1.). 

–	Reactions during the maintenance phase of OIT may be 
related to poor adherence to therapy or to the action of 
cofactors, although in some cases, no triggering factors 
are identified.

–	Risk factors for systemic reactions during OIT include 
physical exercise following intake of the food, infectious 
processes, uncontrolled asthma, nonsteroidal anti-
inflammatory drugs, stress, menstruation, and allergic 
rhinitis caused by aeroallergens.

–	Any associated allergic disorders such as rhinitis, asthma, 
and/or atopic dermatitis must be controlled in order to 
reduce the risk of exacerbation of such problems after 
administration of the OIT doses. Periodic evaluation of 
the need for medication or dose adjustment to control such 
disorders is required, according to the needs of each patient.

(Level of evidence IV. Grade of recommendation C).

5.3.2. What are the criteria for modifying the 
maintenance dose in the event of ARs during the OIT 
maintenance phase?

Some publications [10,14,23] describe the steps taken in 
the event of ARs during the build-up phase and which are 
extendable to the maintenance phase.

–	Mild reactions: OIT can continue when the patient is 
asymptomatic, with repetition of the same dose the 
following day.
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at the end of OIT. The data obtained to date from studies on 
permanent tolerance after OIT are not fully satisfactory.

Keet et al [24] found that 27% of the patients initially 
included in their study (8/30 individuals) reached permanent 
tolerance to CM after a post-OIT avoidance period of 6 
weeks [24].

In the study by Staden et al [20], 75% of responders (9/12 
individuals) who had successfully completed milk or egg OIT 
exhibited permanent tolerance (2 months of avoidance diet) 
after 18-24 months.

Studies on egg OIT that examined the achievement of 
permanent tolerance report incidences of permanent tolerance 
after OIT of 28%-75%, with very long maintenance periods 
of 3-36 months [26-30]. Aspects such as the duration of the 
maintenance phase, the optimum food dose for that phase, 
and baseline egg sIgE appear to condition the achievement 
of permanent tolerance and could account for the different 
frequencies reported [31].

5.5.2. How long should the patient maintain the 
avoidance diet before performing the oral food 
challenge?

Most studies report avoidance periods of 1-2 months 
[9,10,32,33], and in 2 reports the period was extended to 
3-4 months [34,35]. However, it is not clear whether longer 
avoidance periods guarantee tolerance of the food. In this 
regard, a study of peanut OIT found that 50% of patients (3/6 
individuals) who passed a first challenge test after 3 months of 
avoidance diet following successful completion of OIT had a 
positive second challenge test after the avoidance period was 
extended for another 3 months [36].

5.5.3. Can sIgE in the course of maintenance therapy 
act as a marker of permanent tolerance?

High baseline sIgE at the initiation of OIT has been 
correlated with serious ARs and a low frequency of 
desensitization in children, in both the build-up phase and 
the maintenance phase [37], whereas low baseline egg and 
ovomucoid sIgE have been associated with the development of 
permanent tolerance [38]. sIgE tends to decrease very slowly, 
remaining stable or increasing on reaching the maximum 
tolerated amount of food, followed by a decrease during the 
subsequent 12-18 months [34,39].	

The decrease in milk or egg sIgE is correlated with 
the success of desensitization [33] and the achievement of 
permanent tolerance [9], whereas constant or increasing 
sIgE levels are predictive of persistent allergy throughout 
OIT [31]. Some studies have found that sIgE levels decrease 
during OIT  [4,10,29,30,40,41], whereas others recorded 
no changes  [8,42-44]. Nevertheless, these immunological 
variables were not correlated with permanent tolerance in 
other publications [25].

Changes in the titers of egg sIgE in the course of OIT can 
be used as a predictor of permanent tolerance. In this regard, 
cut-off points for egg sIgE have been identified—7.1 kUA/L 
for egg white and 1.7 kUA/L for ovomucoid—to predict the 
challenge test outcome after OIT and an avoidance period of 
1 month. The probability of a positive challenge test in the 

–	Moderate reactions: OIT can continue the following day 
with a lower dose.

–	Severe reactions: The interruption of OIT or dose 
reduction should be considered.

(Level of evidence IV. Grade of recommendation C)

5.4. Duration of Maintenance Treatment

What is the minimum duration of the CM and egg OIT 
maintenance phase?

There are few studies on the long-term outcome of OIT, 
and no evidence has been published on the minimum duration 
of the maintenance phase.

In milk OIT, the duration of follow-up reported in the 
literature ranges from 3 to 5.8 years. Desensitization to a full 
serving dose of CM equivalent to 200 mL is maintained in a 
broad range of between 31% and 100% of patients [6,21,24,25]. 
Published data indicate that the long-term outcomes of OIT 
are heterogeneous: some patients lose desensitization status 
in the long term, while others can continue to consume doses 
equivalent to a full serving or lower doses without developing 
symptoms [24]. A number of factors have been associated with 
favorable long-term outcomes, as follows: serum baseline 
milk sIgE, onset of gastrointestinal and respiratory symptoms 
during OIT, the threshold dose in challenge testing performed 
after 3 months of maintenance therapy, the amount of milk 
recommended each day, and the outcome of the milk skin prick 
tests performed during the course of the maintenance phase.

Two studies on egg OIT evaluated the efficacy of treatment 
during the maintenance phase [1,2]. In both cases, the efficacy 
of OIT in inducing desensitization to raw egg was found to 
decrease with respect to the build-up phase to 54% and 50% 
after 6 and 9 months of maintenance, respectively [1,2]. This 
decrease in efficacy could be attributable to the use of cooked 
egg during this phase, in place of the raw egg regularly 
administered during the build-up phase. In contrast, other 
studies have found that after completion of the build-up phase 
of egg OIT, up to 90% of patients can consume the food without 
restrictions after 3-6 years of follow-up [11].

Conclusions

–	No evidence has been published on the required 
minimum duration of the maintenance phase of OIT. 

–	With respect to the minimum duration of the maintenance 
phase, and taking into account the lack of further data, 
the criteria established for immunotherapy with venoms 
and aeroallergens can be followed, with prolongation for 
at least 5 years, provided there have been no ARs in the 
last 2 years. 

(Level of evidence V. Grade of recommendation D: expert 
opinion).

5.5. Assessment of Permanent Tolerance or 
Sustained Unresponsiveness

5.5.1. Should a minimum length of the maintenance 
phase be considered to study permanent tolerance in 
a patient receiving CM and egg OIT?

Some studies have evaluated permanent tolerance status 
based on an oral food challenge following an avoidance diet 
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presence of titers above the cut-off point was found to be 90% 
and 73%, respectively [33].  

Conclusions

–	Results obtained to date for the achievement of permanent 
tolerance or sustained unresponsiveness after OIT followed 
by a food avoidance phase are not fully satisfactory.

–	Further studies are needed to define the duration of the 
maintenance phase and the optimum food doses in order 
to ensure permanent tolerance, with the identification of 
predictors to establish the best moment for assessing the 
achievement of this state through changes in sIgE levels 
over the course of OIT.

–	Evaluation of the development of permanent tolerance 
implies the need for a strict exclusion diet over a period 
of 1-4 months, followed by oral food challenge under 
medical supervision. It is not clear whether avoidance 
periods of more than 4 months affect permanent tolerance.

–	Knowing whether a patient has achieved permanent 
tolerance can have important practical consequences; the 
patient and his/her family should therefore be informed 
about the advantages and disadvantages of performing 
this evaluation. 

(Level of evidence IV. Grade of recommendation C)

5.6. Long-Term Follow-Up: Required Duration

How long must follow-up be maintained in patients 
receiving maintenance treatment in the context of CM and 
egg OIT?

As indicated in the section on duration of treatment, 
few studies are available on the long-term outcome of 
OIT, and the follow-up periods range between 1 and 
6 years [1,2,6,11,36,38,45]. In the long term, desensitization 
status at a dose equivalent to a full serving of food is maintained 
in a variable percentage of individuals. Some patients lose 
desensitization over the long term, and others can continue 
to consume lower doses without developing symptoms [37].

Since ARs are more frequent during the first months of the 
maintenance phase [23], closer monitoring during that period 
would therefore be advisable.

Conclusions

–	Long-term, and even indefinite, patient follow-up is 
needed in order to assess the safety of treatment.

–	Follow-up should continue until the patient has lost 
sensitization to the food, as confirmed by negative skin 
prick test and specific IgE results, or at least until permanent 
tolerance has been confirmed after a food avoidance period 
of at least 4 weeks. Achievement of permanent tolerance 
will be confirmed when considered opportune by the 
supervising physician, after assessing the risks and benefits 
in agreement with the patient and caregivers.

(Level of evidence V. Grade of recommendation D: expert 
opinion).

5.7. Clinical and Immunological Controls

What clinical and immunological controls are required 
in patients receiving CM and egg OIT, and how often should 
they be performed?

Patients must be evaluated periodically after OIT. In this 
regard, most studies conduct follow-up determinations every 
6 months during the first 18 months [30] or the first 3 years. 
In clinical practice, most authors perform controls with skin 
prick tests and determination of CM and egg sIgE and/or their 
proteins, as well as IgG4 at each control [1,6,21,30,43].

In the course of clinical follow-up, it is essential to monitor 
regular food intake and acceptance of the recommended food doses.

sIgE levels may prove useful for assessing progression 
towards permanent tolerance [33].

(Level of evidence V. Grade of recommendation D: expert 
opinion).

Conclusions

–	During the follow-up of patients undergoing OIT, clinical 
assessment is required 1 month after completing OIT, 
and then every 6 months during the first year and every 
12 months from the second year onwards.

–	Skin prick tests and measurement of serum total and 
specific IgE levels to CM and/or egg are recommended at 
the end of the build-up phase and then every 12 months. In 
those centers where the required techniques are available, 
periodic measurements of specific IgG4 toCM and/or egg 
are indicated throughout the follow-up period.

(Level of evidence V. Grade of recommendation D: expert 
opinion).

6. Special Dosing Schedules in Milk and 
Egg OIT

6.1. Identification of Patients at Risk of ARs and 
Failure of OIT 

6.1.1. What clinical criteria enable identification of 
patients at risk of AR and failure of OIT?

6.1.1.1.Previous anaphylactic reactions to the food

Most studies indicate that patients with previous anaphylactic 
reactions will experience more reactions during OIT and will 
have a greater probability of treatment failure [39,46,47].

6.1.1.2. Coexistence with asthma

In anaphylaxis, the coexistence of asthma is a risk factor 
associated with fatal anaphylactic reactions, particularly in 
severe and uncontrolled asthma [15].  

Asthma is the most important risk factor interfering with 
the development of OIT, causing more severe and persistent 
ARs during treatment, particularly in cases of moderate-severe 
asthma [10,17,22,31,46,48-52].

6.1.1.3. Adolescence

The peculiar characteristics of adolescence (poor adherence 
to therapy, scant awareness of the risks of OIT) are risk factors 
for severe reactions. 

Another major cofactor in the onset of ARs is the high 
prevalence of respiratory allergic disease in adolescents with 
food allergy. Asthma in these cases is more severe [9,31,24] 
and in some cases poorly controlled because of the above-
mentioned factors and frequent intense physical activity.
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6.1.2. What biological criteria enable identification of 
patients at risk of AR and failure with OIT?

6.1.2.1. Magnitude of the result of baseline skin prick 
testing

The results of studies on milk OIT indicate the following:
–	Skin prick testing with CM diluted to 1/1000 and yielding 

wheals >5 mm constitutes a risk factor for an indolent 
course (OR, 8.3; 95%CI, 1.9-35.5) [53].

–	Patients are at a high risk of recurrent ARs during OIT in 
the presence of 2 or 3 of the following factors: skin prick 
test results with CM yielding wheals >9 mm, IgE levels 
>50 kUA/L, and grade 2, 3, and 4 reactions to challenge 
testing [17].

There have been no studies in egg OIT about the 
relationship between wheal size in skin prick testing with egg 
and the risk of AR.

6.1.2.2. Baseline serum specific IgE levels

The results of milk OIT studies indicate the following:
–	Baseline milk-IgE levels are greater in children in whom 

treatment fails than in those in whom desensitization is 
achieved (P<.05) [38].

–	Patients with baseline milk sIgE >50 kUA/L experienced 
more severe, less predictable, and more persistent 
frequent reactions, or their OIT failed [6].

–	Patients with milk sIgE levels >75 kUA/L have a poorer 
long-term prognosis in terms of treatment failure and 
reductions in tolerated milk dose [8].

–	Milk and casein sIgE levels ≥17.5 kUA/L increased the 
risk of an indolent course with OIT, independently of 
patient age, sex, or comorbidities such as asthma [53].

–	The baseline differences in recognition of IgE by linear 
milk peptides could constitute a marker of risk for AR 
and failure of OIT [40,54].

The results of egg OIT studies indicate the following:
–	Ovomucoid sIgE levels <8.85 kUA/L are predictive of 

successful OIT. Higher titers are associated with a 95% 
probability of more frequent ARs that persist over time 
and of early withdrawal [10].

6.1.2.3. Symptom-triggering dose in milk and egg 
challenge tests before OIT

Patients with poorer OIT outcomes are those with positive 
challenge test results at lower doses, although the doses that 
may be regarded as low have not been established to date [43]. 
The doses related to ARs and failure of milk OIT range 
from 1 mL to 2.5 mL [17,18,22]. As for egg OIT, the dose is 
approximately 1 mL of raw egg white [2,14,47] and a quarter 
of cooked egg white [10].

6.1.2.3. Risk factors for AR and OIT failure. Conclusions

–	Previous and recent clinical manifestations of food-
related anaphylaxis.

	 (Level of evidence II. Grade of recommendation B).
–	Coexistence with moderate or severe asthma. 
	 (Level of evidence II. Grade of recommendation B).
–	High baseline specific IgE levels. Although no cut-off 

points have been established, we recommend reference 
levels of 17.5 kUA/L for casein and 8.8 kUA/L for 

ovomucoid, which could be modified in the future on 
the basis of strong evidence.

	 (Level of evidence V. Grade of recommendation D: 
expert opinion).

–	Low oral food challenge test threshold. Although no 
cut-off points have been established, we recommend 
reference levels of 1 mL of pasteurized egg white or a 
quarter of cooked egg white, and 2.5 mL of milk, which 
could be modified in the future. 

	 (Level of evidence V. Grade of recommendation D: 
expert opinion).

Although adolescence in itself does not constitute a risk 
factor, closer supervision and education measures are required 
in adolescent patients in view of the circumstances that 
characterize this stage in life. (Level of evidence V. Grade of 
recommendation D: expert opinion).

6.2. Improving Safety in Patients at Risk

6.2.1. Would it be advisable to apply OIT with smaller 
dose increments and over a longer period?

Small dose increments in egg OIT [14] and maintenance 
with small doses such as 300 mg of egg white protein [32,34] 
or 15 mL of CM [55] could help to increase the threshold and 
represent an alternative dosing schedule in patients at risk.

6.2.2. Sublingual immunotherapy with CM or egg

6.2.2.1. Is it effective and safe?

Placebo-controlled studies involving sublingual 
immunotherapy (SLIT) in patients with allergy to kiwi [56], 
peanut [57-61], CM [66,67], hazelnut [64], and Pru p 3 
extract from peach [65], as well as other studies [63,66], have 
reported a better safety profile for SLIT than for OIT, albeit 
with comparatively lower efficacy or with no differences in 
comparison with placebo, as shown in a study with peanut [59]. 
No studies have been published on egg SLIT.

6.2.2.2. Should the SLIT dose be spat out or swallowed?

SLIT with food follows the same technique as SLIT with 
allergens.

Swallowing the dose should be avoided until the oral 
threshold exceeds the sublingual dose administered. This is 
particularly important in patients with clinical manifestations 
of anaphylaxis.

6.2.2.3. When to use SLIT: as pretreatment or cotreatment 
with OIT?

It has been suggested that pretreatment with SLIT followed 
by OIT could benefit the safety and efficacy profile of OIT [67]. 
One study examined OIT and previous cotreatment with peanut 
SLIT. This strategy was seen to afford substantially greater 
protection against AR than OIT alone [61].

6.2.2.4. What CM dose should be administered in SLIT?

The SLIT dosing schedules generally include an initial 
build-up phase and a maintenance dose. The doses are small, 
ranging from micrograms to milligramsof CM protein [65], 
generally 1-6 mg/protein/dose/day [58-62,64,66], although 
doses of up to 32 mg (1 mL) have been tolerated [63]. The 
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maximum tolerable volume appears to be 1 mL, ie, the 
maximum amount used in the aforementioned studies.

6.2.3. Treatment with omalizumab during OIT

6.2.3.1. Is omalizumab effective in reducing the number 
and severity of ARs?

Treatment with omalizumab reduces serum free IgE levels, 
resulting in a loss of Fcε receptors in mast cells, basophils, and 
antigen-presenting cells [68]. Omalizumab has been shown to 
increase the threshold in patients with food allergy [69]. For 
this reason, it has been used in combination with OIT in order 
to shorten dosing schedules and reduce the number and severity 
of ARs. Adjuvant omalizumab is effective in improving the 
safety profile of OIT and reducing the number and severity of 
ARs, particularly in highly sensitized patients with a history of 
anaphylaxis, and is effective in patients in whom such therapy 
had previously failed because of ARs [70-80].

6.2.3.2. What doses and frequencies of administration 
should be used?

The omalizumab dosing and administration intervals 
proposed for the treatment of severe allergic asthma are 
calculated based on total IgE levels and patient weight according 
to the Summary of Product Characteristics [71,73,74,76-78,80]. 
If serum IgE levels exceed 700 kUA/L, the dose is calculated 
by applying the formula 0.016 mg/kg/IgE (kUA/L) [76] with a 
maximum dose of 600 mg every 2 weeks [77].

6.2.3.3. What omalizumab administration schedule should 
be used?

Most studies make use of pretreatment dosing schedules, 
administering omalizumab before starting OIT for a period 
ranging from 4 to 18 weeks [72-80].	

Starting omalizumab 9 weeks before OIT [76,81] seems 
sufficient to achieve the maximum effect in terms of free serum 
IgE reduction (7 days) and high-affinity receptors of basophils 
(7 days) and mast cells (70 days) [81].

The use of the drug is therefore not limited to 
pretreatment and cotreatment with OIT. The introduction 
of omalizumab at any time during OIT has been evaluated 
as rescue therapy [78].

Data on the best time to stop omalizumab after reaching 
the maximum OIT dose vary considerably (1-19 months) 
[74,76,77,80,82], although in most studies the drug is 
discontinued 1-2 months after concluding OIT [74,76,82].

6.2.3.4. Does suspending omalizumab after OIT increase 
the risk of serious ARs?

Immediate tolerance after suspension of omalizumab is 
variable. In one study, 100% of patients who reached the 
maintenance dose were able to continue to consume milk after 
suspension [76]. In the case of peanut, the percentage was 
90% [72], and patients seemed able to continue to take the 
food with no symptoms or only mild and tolerable symptoms 
following suspension [73,74,82]. However, a proportion of the 
patients (33%-60%) experienced a relapse, with a drop in the 
clinical responsiveness threshold 2-4 months after suspending 
omalizumab [80,83]. The difference may lie in the degree of 
clinical responsiveness and sensitization of the patients.

Furthermore, studies in which the length of follow-up is 
prolonged have documented a relapse in terms of reappearance 
of symptoms with the food over time without omalizumab. 
Between 6 and 8 months after suspension of omalizumab, 
reactions appear in up to 50% of patients. Most of these 
reactions are mild, although some patients experience severe 
reactions requiring epinephrine [76]. These observations 
suggest that it is necessary to increase the duration of 
maintenance treatment with omalizumab and point to the 
need for further studies to help define the adequate length of 
such therapy.

Treatment with omalizumab does not alter progression 
towards persistent or sustained tolerance, as evidenced by 
the results of a recent randomized, double-blind, placebo-
controlled study. The suspension of omalizumab, followed by 
a milk avoidance diet for 8 weeks, did not result in significant 
differences in the development of sustained tolerance (48.1% 
in the active treatment group with omalizumab vs 35.7% in 
the case of placebo) [78].

Therapeutic strategies for increasing safety 
Conclusions

–	Smaller dose increments
The dose increments should be optimized, ie, reduced 

to minimize the possible adverse effects of treatment and 
increase efficacy.

(Level of evidence III. Grade of recommendation C).
–	Previous cotreatment with sublingual immunotherapy
SLIT is accepted as a potential treatment for favoring 

desensitization to some foods. Benefits in terms of both 
immunological parameters and efficacy have been documented, 
although to a lesser extent than with OIT. In contrast, SLIT is 
associated with a lower incidence of systemic adverse effects 
than OIT. 

(Level of evidence II. Grade of recommendation B).
Although SLIT alone is not more effective than OIT, it 

should be considered a coadjuvant to OIT. 
(Level of evidence V. Grade of recommendation D: expert 

opinion).
Pretreatment with SLIT should last at least 6 weeks before 

initiation of OIT, although it may subsequently be maintained 
as cotreatment with OIT. 

(Level of evidence V. Grade of recommendation D: expert 
opinion).

The recommended maximum dose would be 1 mL 
of CM and 1 mL of the 1/10 dilution, starting with lower 
doses and gradually increasing the dose in patients who are 
highly sensitized and/or present clinical manifestations of 
anaphylaxis. 

(Level of evidence V. Grade of recommendation D: expert 
opinion).

Omalizumab as an adjunct to OIT
There is evidence of the usefulness of omalizumab in 

reducing ARs and their severity (Level of evidence I. Grade of 
recommendation A). The drug would therefore be particularly 
indicated in patients who are highly sensitized, with clinical 
manifestations of anaphylaxis, and in whom previous OIT 
has failed.

The recommendation is to use the omalizumab dose and 
administration interval corresponding to the total IgE levels 
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and weight of the patient according to the Summary of Product 
Characteristics for the treatment of severe allergic asthma. 
Alternatively, the formula 0.016 mg/kg/IgE (kUA/L) can be 
applied, with a maximum dose of 600 mg every 2weeks. (Level 
of evidence V. Grade of recommendation D: expert opinion).

Omalizumab should first be administered as pretreatment 
for no less than 4 weeks before the start of OIT, the 
recommendation being 9 weeks before the start of omalizumab 
(Level of evidence V. Grade of recommendation D: expert 
opinion).

On the basis of the available data, no recommendations 
can be made regarding dose reduction or the interruption of 
omalizumab in patients receiving the drug as an adjuvant to 
OIT. Further studies are needed to define the duration of such 
treatment.

7. Models of Dosing Schedules for 
CM and Egg OIT

(see Supplementary Material: Appendix 2). 

Funding

The authors declare that no funding was received for the 
present study.

Conflicts of Interest 

The authors declare that they have no conflicts of interest.

References

	 1.		 Fuentes-Aparicio V, Alvarez-Perea A, Infante S, Zapatero L, 
D'Oleo A, Alonso-Lebrero E. Specific oral tolerance induction 
in paediatric patients with persistent egg-allergy. Allergol 
Immunopathol (Madr) 2013;41:143-50.

	 2.	 Itoh N, Itagaki Y, Kurihara K. Rush specific oral tolerance 
induction in school-age children with severe egg-allergy: one 
year follow-up. Allergol Int 2010;59:43-51. 

	 3.	 Sánchez-García S, Rodríguez del Río P, Escudero C, García-
Fernández C, Ramírez A, Ibáñez MD. Efficacy of oral 
immunotherapy protocol for specific oral tolerance induction in 
children with cow's milk allergy. Isr Med Assoc J 2012;14:43-7. 

	 4.	 Martorell A, De la Hoz B, Ibáñez MD, Boné J, Terrados MS, 
Michavila A, et al. Oral desensitization as a useful treatment 
in 2-year-old children with cow's milk allergy. Clin Exp Allergy 
2011;41:1297-304.  

	 5.	 Caminiti L, Passalacqua G, Barberi S, Vita D, Barberio G, 
De Luca R, et al. A new protocol for specific oral tolerance 
induction in children with IgE-mediated cow's milk allergy. 
Allergy Asthma Proc 2009;30:443-8.

	 6.	 Martorell Aragonés A, Félix Toledo R, Cerdá Mir JC, Martorell 
Calatayud A. Oral rush desensitization to cow milk. Following 
of desensitized patients during three years. Allergol 
Immunopathol (Madr) 2007;35:174-6. 

	 7.	 Skripak JM, Nash SD, Rowley H, Brereton NH, Oh S, Hamilton 
RG, et al. A randomized, double-blind, placebo-controlled 
study of milk oral immunotherapy for cow milk allergy. J 
Allergy Clin Immunol 2008;122:1154-60. 

	 8.	 Pajno GB, Caminiti L, Salzano G, Crisafulli G, Aversa T, Messina 
MF, et al. Comparison between two maintenance feeding 
regimens after successful cow's milk oral desensitization. 
Pediatr Allergy Immunol 2013;24:376-81. 

	 9.	 Staden U, Rolinck-Werninghaus C, Brewe F, Wahn U, 
Niggemann B, Beyer K. Specific oral tolerance induction 
in food allergy in children: efficacy and clinical patterns of 
reaction. Allergy 2007;62:1261-9.

	 10.	 Vazquez-Ortiz M, Alvaro M, Piquer M, Dominguez O, 
Machinena A, Martín-Mateos MA, et al. Baseline specific IgE 
levels are useful to predict safety of oral immunotherapy in 
egg-allergic children. Clin Exp Allergy 2014;44:130-41.

	 11.	 Fernández Teruel T, Pinto Fernández C, Capataz Ledesma M, 
Fuentes-Aparicio V, Zapatero Remón, Álvarez-Perea A, et al. 
Evolución y grado de satisfacción tras inducción de tolerancia 
oral con huevo. Allergol Immunopathol Proc 2014;1:281.

	 12.	 Martorell C, Marin E, Michavila A, Felix R, Jarque A, Cerda JC, 
et al. Persistencia de la tolerancia adquirida tras tratamiento 
de mantenimiento  de un protocolo de inducción de tolerancia 
oral con dosis máxima de 17 ml de clara pasteurizada. Allergol 
Immunopathol Proc 2013;1:240.

	 13.	 Martín-Muñoz MF, Muñoz C, Fuentes V, Marín AM, Martorell 
A, Plaza AM. Inmunoterapia oral con huevo (ITOH) en 
niños con alergia persistente. Valoración de diferentes 
pautas de mantenimiento. J Investig Allergol Clin Immunol 
2014;24(Suppl. 2):73.

	 14.	 García Rodríguez R, Urra JM, Feo-Brito F, Galindo PA, Borja J, 
Gómez E, et al. Oral rush desensitization to egg: efficacy and 
safety. Clin Exp Allergy 2011;41:1289-96.

	 15.	 Muraro A, Roberts G, Clark A, Eigenmann PA, Halken S, 
Lack G, et al. EAACI Task Force on Anaphylaxis in Children. 
The management of anaphylaxis in childhood: position 
paper of the European Academy of Allergology and Clinical 
Immunology. Allergy 2007;62:857-71.

	 16.	 Patriarca G, Nucera E, Pollastrini E, Roncallo C, De Pasquale T, 
Lombardo C, et al. Oral specific desensitization in food-allergic 
children. Dig Dis Sci 2007;52:1662-72.

	 17.	 Vázquez-Ortiz M, Alvaro-Lozano M, Alsina L, Garcia-Paba MB, 
Piquer-Gibert M, Giner-Muñoz MT, et al. Safety and predictors 
of adverse events during oral immunotherapy for milk allergy: 
severity of reaction at oral challenge, specific IgE and prick 
test. Clin Exp Allergy 2013;43:92-102.

	 18.	 Barbi E, Longo G, Berti I, Matarazzo L, Rubert L, Saccari A, et 
al. Adverse effects during specific oral tolerance induction: in 
home phase. Allergol Immunopathol (Madr) 2012;40:41-50.

	 19.	 Varshney P, Steele PH, Vickery BP, Bird JA, Thyagarajan 
A, Scurlock AM, et al. Adverse reactions during peanut 
oral immunotherapy home dosing. J Allergy Clin Immunol 
2009;124:1351-2.

	 20.	 Calvani M, Sopo SM. Exercise-induced anaphylaxis caused by 
wheat during specific oral tolerance induction. Ann Allergy 
Asthma Immunol 2007;98:98-9.

	 21.	 Meglio P, Giampietro PG, Carello R, Gabriele I, Avitabile S, Galli 
E. Oral food desensitization in children with IgE-mediated 
hen's egg-allergy: a new protocol with raw hen's egg. Pediatr 
Allergy Immunol 2013;24:75-83.

	 22.	 Vázquez-Ortiz M, Alvaro M, Piquer M, Giner MT, Dominguez 
O, Lozano J, et al. Life-threatening anaphylaxis to egg and 
milk oral immunotherapy in asthmatic teenagers. Ann Allergy 
Asthma Immunol 2014;113:482-4.



Martorell A, et al.

J Investig Allergol Clin Immunol 2017; Vol. 27(5): 279-290 © 2017 Esmon Publicidad
doi: 10.18176/jiaci.0178

288

	 23.	 Burks AW, Jones SM, Wood RA, Fleischer DM, Sicherer SH, 
Lindblad RW, et al; Consortium of Food Allergy Research 
(CoFAR). Oral immunotherapy for treatment of egg-allergy in 
children. N Engl J Med 2012;367:233-43.

	 24.	 Keet CA, Seopaul S, Knorr S, Narisety S, Skripak J, Wood RA. 
Long-term follow-up of oral immunotherapy for cow’s milk 
allergy. J Allergy Clin Immunol 2013;132:737-9.

	 25.	 Hernández Suárez HR, Almeida Sanchez Z, Alvarez-Perea A, 
Rubí Ruiz MT, Infante Herrero S, Zapatero Remón L, et al. Long 
term follow up of patients that have received immunotherapy 
with cow’s milk. Allergy 2014;69(Suppl. s99):282.

	 26.	 Benito P, Martorell C, López MI, Ibáñez MD, Sanchez S, Escudero 
C, Eficacia de la inmunoterapia oral en niños alérgicos a huevo 
para inducir tolerancia en la provocación tras un mes de dieta 
de exclusión. J Investig Allergol Clin Immunol 2014;24(Suppl. 
2):75.

	 27.	 Ibáñez MD, Escudero C, Sánchez-García S, Rodríguez del 
Río P. Comprehensive Review of current knowledge on 
egg oral Immunotherapy. J Investig Allergol Clin Immunol 
2015;25:316-28.

	 28.	 Jones SM, Burks AW, Keet C, Vickery BP, Scurlock AM, Wood 
RA, et al. Consortium of Food Allergy Research. Long-term 
treatment with egg oral immunotherapy enhances sustained 
unresponsiveness that persists after cessation of therapy. J 
Allergy Clin Immunol 2016;137:1117-27.

	 29.	 Morisset M, Moneret-Vautrin DA, Guenard L, Cuny JM, Frentz 
P, Hatahet R, et al. Oral desensitization in children with milk 
and egg allergies obtains recovery in a significant proportion 
of cases. A randomized study in 60 children with cow’s milk 
allergy and 90 children with egg-allergy. Eur Ann Allergy Clin 
Immunol 2007;39:12-9.

	 30.	 Patriarca G, Nucera E, Roncallo C, Pollastrini E, Bartolozzi F, De 
Pasquale T, et al. Oral desensitizing treatment in food allergy: 
clinical and immunological results. Aliment Pharmacol Ther 
2003;17:459-65. 

	 31.	 Savilahti EM, Kuitunen M, Savilahti E, Mäkelä MJ. Specific 
antibodies in oral immunotherapy for cow’s milk allergy: 
kinetics and prediction of clinical outcome. Int Arch Allergy 
Immunol 2014;164:32-9.

	 32.	 Vickery BP, Pons L, Kulis M, Steele P, Jones SM, Burks AW. 
Individualized IgE-based dosing of egg oral immunotherapy 
and the development of tolerance. Ann Allergy Asthma 
Immunol 2010;105:444-50.

	 33.	 C Escudero, P Rodríguez del Río, S Sánchez-García,1 Pérez-
Rangel, N Pérez-Farinós, C García-Fernández, et al. Early 
sustained unresponsiveness after short-course egg oral 
immunotherapy: a randomized controlled study in egg-allergic 
children. Clin Exp Allergy 2015;45:1833-43.

	 34.	 Buchanan AD, Green TD, Jones SM, Scurlock AM, Christie 
L, Althage KA, et al. Egg oral immunotherapy in non-
anaphylactic children with egg-allergy. J Allergy Clin Immunol 
2007;119:199-205.

	 35.	 Caminiti L, Pajno GB, Crisafulli G, Chiera F, Collura M, Panasci 
G, et al. Oral immunotherapy for egg-allergy: A double-blind 
placebo-controlled study, with post-desensitization follow-up. 
J Allergy Clin Immunol Pract 2015;3:532-9.

	 36.	 Syed A, Garcia MA, Lyu SC, Bucayu R, Kohli A, Ishida S, et 
al. Peanut oral immunotherapy results in increased antigen-
induced regulatory T-cell function and hypomethylation 

of forkhead box protein 3 (FOXP3). J Allergy Clin Immunol 
2014;133:500-10.

	 37.	 García-Ara C, Pedrosa M, Belver MT, Martín-Muñoz MF, 
Quirce S, Boyano-Martínez T. Efficacy and safety of oral 
desensitization in children with cow’s milk allergy according 
to their serum specific IgE level. Ann Allergy Asthma Immunol 
2013;110:290-4.

	 38.	 Wright BL, Kulis M, Orgel KA, Burks AW, Dawson P, Henning 
AK, et al; Consortium of Food Allergy Research. Component-
resolved analysis of IgA, IgE, and IgG4 during egg OIT identifies 
markers associated with sustained unresponsiveness. Allergy 
2016;71:1552-60.

	 39.	 Longo G, Barbi E, Berti I, Meneghetti R, Pittalis A, Ronfani L, et al. 
Specific oral tolerance induction in children with very severe cow’s 
milk-induced reactions. J Allergy Clin Immunol 2008;121:343-7.

	 40.		 Savilahti EM, Kuitunen M, Valori M, Rantanen V, Bardina L, 
Gimenez G, et al. Use of IgE and IgG4 epitope binding to 
predict the outcome of oral immunotherapy in cow’s milk 
allergy. Pediatr Allergy Immunol 2014;25:227-35.

	 41.	 Alvaro M, Giner MT, Vázquez M, Lozano J, Domínguez O, 
Piquer M, et al. Specific oral desensitization in children with 
IgE-mediated cow’s milk allergy. Evolution in one year. Eur J 
Pediatr 2012;171:1389-95.

	 42.	 Pajno GB, Caminiti L, Ruggeri P, De Luca R, Vita D, La Rosa M, 
et al. Oral immunotherapy for cow’s milk allergy with a weekly 
up-dosing regimen: a randomized single-blind controlled 
study. Ann Allergy Asthma Immunol 2010;105:376-81.

	 43.	 Meglio P, Bartone E, Plantamura M, Arabito E, Giampietro 
PG. A protocol for oral desensitization in children with IgE-
mediated cow’s milk allergy. Allergy 2004;59:980-7.

	 44.		 Yeung JP, Kloda LA, McDevitt J, Ben-Shoshan M, Alizadehfar 
R. Oral immunotherapy for milk allergy. Cochrane Database 
Systematic Rev 2012 Nov 14;11:CD009542.

	 45.	 Luyt D, Bravin K, Luyt J. Implementing specific oral tolerance 
induction to milk into routine clinical practice: experience from 
first 50 patients. J Asthma Allergy 2014;7:1-9.

	 46.	 Levy MB, Elizur A, Goldberg MR, Nachshon L, Katz Y. Clinical 
predictors for favorable outcomes in an oral immunotherapy 
program for IgE-mediated cow’s milk allergy. Ann Allergy 
Asthma Immunol 2014;112:58-63. 

	 47.	 Dello Iacono I, Tripodi S, Calvani M, Panetta V, Verga MC, 
Miceli Sopo S.Specific oral tolerance induction with raw hen's 
egg in children with very severe egg-allergy: a randomized 
controlled trial. Pediatr Allergy Immunol 2013;24:66-74.

	 48.	 Wasserman RL, Factor JM, Baker JW, Mansfield LE, Katz 
Y, Hague AR, et al. Oral immunotherapy for peanut allergy: 
Multipractice experience with epinephrine-treated reactions. J 
Allergy Clin Immunol Pract 2014;2:91-6.

	 49.	 Elizur A, Goldberg MR, Levy MB, Nachshon L, Katz Y. Oral 
immunotherapy in cow’s milk allergic patients: course and 
long-term outcome according to asthma status. Ann Allergy 
Asthma Immunol 2015;114:240-4.

	 50.	 Martín-Muñoz F, Rivero D, Godet F, Belver T, Cannaval J, 
Gomez-Traseira C, et al. Inmunoterapia oral (ITOH) en niños 
con anafilaxia por leche de vaca. Indicadores de eficacia y 
seguridad. Allergol Immunopathol Proc 2014;1:14754.

	 51.	 Sola Enrique L, Lizaso Bacaicoa MT, Echechipía Madoz S, 
Álvarez Puebla MJ, Tabar Purroy AI,García Figueroa BE. 
Factores predictivos de tolerancia en la inducción de tolerancia 



Oral Immunotherapy for Food Allergy - Part II

J Investig Allergol Clin Immunol 2017; Vol. 27(5): 279-290© 2017 Esmon Publicidad
doi: 10.18176/jiaci.0178

289

oral (ITO) con clara de huevo. Allergol Immunopathol Proc 
2014;1:183.

	 52.	 Sudo K, Taniuchi S, Takahashi M, Soejima K, Hatano Y, Nakano 
K, et al. Home-based oral immunotherapy (OIT) with an 
intermittent loading protocol in children unlikely to outgrow 
egg-allergy. Allergy Asthma Clin Immunol 2014;26;101.

	 53.	 Alvarez-Perea A, Alonso-Lebrero E, Tomás-Pérez M, Fuentes-
Aparicio V, Infante-Herrero S, Zapatero-Remón L. Variables 
predictoras del curso de la evolución en inducción de tolerancia 
oral a leche. J Investig Allergol Clin Immunol 2011;21( Suppl 
4):143.

	 54.	 Martínez-Botas J, Rodríguez-Álvarez M, Cerecedo I, Vlaicu C, 
Diéguez MC, Gómez-Coronado D, et al. Identification of novel 
peptide biomarkers to predict safety and efficacy of cow’s milk 
oral immunotherapy by peptide microarray. Clin Exp Allergy 
2015;45:1071-84.

	 55.	 Narisety SD, Skripak JM, Steele P, Hamilton RG, Matsui EC, 
Burks AW, et al. Open-label maintenance after milk oral 
immunotherapy (MOIT) for IgE-mediated CM allergy. J Allergy 
Clin Immunol 2009;124:610-2.

	 56.	 Mempel M, Rakosky J, Ring J, Ollert M. Severe anaphylaxis 
to kiwi fruit: immunological changes related to successful 
sublingual allergen immunotherapy J Allergy Clin Immunol 
2003;111:1406-9.

	 57.	 Burks AW, Wood RA, Jones SM, Sicherer SH, Fleischer DM, 
Scurlock AM, et al. Sublingual immunotherapy for peanut 
allergy: Long-term follow-up of a randomized multicenter 
trial. J Allergy Clin Immunol 2015;135:1240-8.e1-3.

	 58.	 Kim EH, Bird JA, Kulis M, Laubach S, Pons L, Sheffler W, et 
al. Sublingual immunotherapy for peanut allergy: clinical 
and immunologic evidence of desensitization. J Allergy Clin 
Immunol 2011;127:640-6.

	 59.	 Fleischer DM, Burks AW, Vickery BP, Scurlock AM, Wood RA, 
Jones SM, et al. Sublingual immunotherapy for peanut allergy: 
a randomized, double-blind, placebo-controlled multicenter 
trial. J Allergy Clin Immunol 2013;131:119-27.

	 60.	 Chin SJ, Vickery BP, Kulis MD, Kim EH, Varshney P, Steele P, et 
al. Sublingual versus oral immunotherapy for peanut-allergic 
children: A retrospective comparison. J Allergy Clin Immunol 
2013;132:476-8.

	 61.	 Narisety SD, Frischmeyer-Guerrerio PA, Keet CA, Gorelik 
M, Schroeder J, Hamilton RG, et al. A randomized, double- 
blind, placebo-controlled pilot study of sublingual versus oral 
immunotherapy for the treatment of peanut allergy. J Allergy 
Clin Immunol 2015;135:1275-82. 

	 62.	 Keet CA, Frischmeyer-Guerrerio PA, Thyagarajan A, Schroeder 
JT, Hamilton RG, Boden S, et al. The safety and efficacy of 
sublingual and oral immunotherapy for milk allergy. J Allergy 
Clin Immunol 2012;129:448-55.

	 63.	 De Boissieu D, Dupont C. Sublingual immunotherapy for cow’s milk 
protein allergy: a preliminary report. Allergy 2006;61:1238-9.

	 64.	 Enrique E, Pineda F, Malek T, Bartra J, Basagana  M, Tella R, 
et al. Sublingual immunotherapy for hazelnut food allergy: 
a randomized, double-blind, placebo- controlled study with 
a standardized hazelnut extract. J Allergy Clin Immunol 
2005;116:1073-9.

	 65.	 Fernandez-Rivas M, Garrido Fernandez S, Nadal JA, Diaz de 
Duana, Garcia BE, Gonzales-Mancebo E, et al. Randomized 
double-blind, placebo-controlled trial of sublingual 

immunotherapy with a Pru p 3 quantified peach extract. 
Allergy 2009;64:876-83.

	 66.	 Nucera E, Schiavino D, Buonomo A, Pollastrini E, Altomonte G, 
Pecora V, et al. Sublingual-oral rush desensitization to mixed 
cow and sheep milk: A case report. J Investig Allergol Clin 
Immunol 2008;18:219-22.

	 67.		 Khoriaty E, Umetsu DT. Oral immunotherapy for food allergy: 
towards a new horizon. Allergy Asthma Immunol Res 
2013;5:3-15.

	 68.	 Prussin CI, Griffith DT, Boesel KM, Lin H, Foster B, Casale 
TB. Omalizumab treatment down regulates dendritic cell 
FcepsilonRI expression. J Allergy Clin Immunol 2003;112:1147-
54. 

	 69.	 Savage JH, Courneya JP, Sterba PM, Macglashan DW, Saini 
SS, Wood RA. Kinetics of mast cell, basophil, and oral food 
challenge responses in omalizumab-treated adults with 
peanut allergy. J Allergy Clin Immunol 2012;130:1123-9.

	 70.	 Fuentes-Aparicio V, Martínez-Lezcano P, Rodríguez-Mazariego 
E, Infante S, Zapatero L, Alonso- Lebrero E. Nuestra experiencia 
en el tratamiento con omalizumab e inducción oral de 
tolerancia concomitante en pacientes pediátricos anafilácticos 
a huevo. Allergol Immunopathol Proc 2013;1:250-1.

	 71.		 González I, Blasco A, Venturini M, Sánchez M, Navarro A, del 
Pozo MD, Lobera T. Desensibilización a huevo con omalizumab. 
Allergol Immunopathol  Proc 2013;1:251. 

	 72.	 Candón Morillo R, Burgos Montero AM, Ruiz León B, Moreno 
Mata E, González Sánchez LA. Inducción de tolerancia oral (ITO) 
a proteínas de leche de vaca con omalizumab en pacientes 
anafilácticos. Allergol Immunopathol Proc 2014;1:275-6.  

	 73.	 Bégin P, Dominguez T, Wilson SP, Bacal L, Mehrotra A, Kausch 
B, et al. Phase 1 results of safety and tolerability in a rush oral 
immunotherapy protocol to multiple foods using Omalizumab. 
Allergy Asthma Clin Immunol 2014;10:7.

	 74.	 Schneider LC, Rachid R, LeBovidge J, Blood E, Mittal M, 
Umetsu DT. A pilot study of omalizumab to facilitate rapid oral 
desensitization in high-risk peanut-allergic patients. J Allergy 
Clin Immunol 2013;132:1368-74.

	 75.	 Bedoret D, Singh AK, Shaw V, Hoyte EG, Hamilton R, DeKruyff 
RH, et al. Changes in antigen-specific T-cell number and 
function during oral desensitization in cow’s milk allergy 
enabled with omalizumab. Mucosal Immunol 2012;5:267-76.

	 76.	 Nadeau KC, Schneider LC, Hoyte L, Borras I, Umetsu DT. Rapid 
oral desensitization in combination with omalizumab therapy 
in patients with cow’s milk allergy. J Allergy Clin Immunol 
2011;127:1622-4.

	 77.	 Martorell Aragonés A, Felix Toledo R, Martorell Calatayud C, 
Cerdá Mir JC, De las Marinas Álvarez MD. Pauta de asociación 
de omalizumab a la induccion de tolerancia oral (ITO) con 
leche de vaca y clara de huevo en pacientes con fracaso de 
ITO. J Investig Allergol Clin Immunol 2013:23(Suppl. 2):7.

	 78.	 Kim JS, Wood RA, Lindblad R, Noone SA, Paterakis MN, Henning 
A, et al. A randomized, double-blind, placebo-controlled trial 
of omalizumab combined with oral immunotherapy in the 
treatment of cow’s milk allergy: Safety of dosing. J Allergy Clin 
Immunol 2014; 33(Suppl.):AB403.

	 79.	 Sánchez Rodríguez N, García Rodríguez RM, Gómez Torrijos 
E, Borja Segade J, Cárdenas Contreras R, De la Roca Pinzón 
F. Omalizumab e inmunoterapia oral con huevo. J Investig 
Allergol Clin Immunol 2012:22(Suppl. 1):234.



Martorell A, et al.

J Investig Allergol Clin Immunol 2017; Vol. 27(5): 279-290 © 2017 Esmon Publicidad
doi: 10.18176/jiaci.0178

290

	 80.	 Martorell-Calatayud C, Michavila-Gómez A, Martorell-
Aragonés A, Molini-Menchón N, Cerdá-Mir JC, Félix-Toledo 
R, et al. Anti-IgE-assisted desensitization to egg and CM 
in patients refractory to conventional oral immunotherapy. 
Pediatr Allergy Immunol 2016;27:544-6.

	 81.	 Beck LA, Marcotte GV, MacGlashan D, Togias A, Saini S. 
Omalizumab induced reductions in mast cell Fcepsilon 
RI expression and function. J Allergy Clin Immunol 
2004;114:527-30.

	 82.		 Takahashi M, Taniuchi S, Soejima K, Hatano Y, Yamanouchi 
S, Kaneko K. Successful desensitization in a boy with severe 
CM allergy by a combination therapy using omalizumab 
and rush oral immunotherapy. Allergy Asthma Clin Immunol 
2015;11:18.

	 83.	 Lafuente I, Mazón A, Nieto M, Uixera S, Pina R, Nieto A. 
Possible recurrence of symptoms after discontinuation of 
omalizumab in anti-IgE-assisted desensitization to egg. 
Pediatr Allergy Immunol 2014;25:717-9.

 Manuscript received February 8, 2017; accepted for 
publication June 7, 2017.

 	 Antonio Martorell 

Av San José de la Montaña 14 - 11ª 
46008 Valencia 
Spain 
E-mail address: drmartorell@hotmail.es


