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verse reactions and may be of benefit in food allergy treatment. More studies are needed to demonstrate long-term
safety and treatment benefits in a larger patient cohort.
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Introduction

The prevalence rates of food allergy have increased in
recent decades. The standard therapeutic approach to
food allergy is the identification of causative foods and
allergen avoidance [1] along with nutritional counseling.
However, accidental exposure to causative food is quite
common [2], and rapid medical treatment for accidental
exposure is necessary. This leads to a poor quality of life
for patients as well as their families because of the difficulty in avoiding the food to which they are allergic and
the potential for unexpected sudden and life-threatening
reactions [3].
The first report of oral immunotherapy (OIT) was
described in 1908. One hundred years later, OIT to
cow’s milk revealed effective desensitization [4, 5].
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Abstract
Oral immunotherapy (OIT) is a significant focus of treatment
of food allergy. OIT appears to be effective in inducing desensitization, however, patients receiving OIT frequently developmild/moderate symptoms during the therapy. It has
not been clearly established whether the clinical tolerance
induced by OIT resembles natural tolerance. According to
our data, the efficacy of OIT is different among food antigens,
and it is comparatively difficult to achieve the clinical tolerance in milk OIT. Moreover, the definitive evidence of efficacy and safety with long-term therapy is limited. Further
studies need to be offered to patients in clinical practice. Recently, novel treatments for food allergy, sublingual and epicutaneous immunotherapy, and combination treatment
with an anti-IgE monoclonal antibody (omalizumab), have
been examined in some studies. OIT combined with omalizumab increased the threshold doses of food without ad-

Table 1. Summary of OIT trials for food allergy

Study
(published year)

Subjects

Symptoms/therapy

Clinical outcomes 1

Clinical outcomes 2

2–10 years
OIT: 29

Initial day: 92% of the subjects
At home: 3.7% of the OIT doses
Adrenaline given 4 times for OIT

OIT: threshold dose ↑

Desensitization: 69%
Dropout: 25%

Blumchen
et al. [10]
(2010)

3–14 years
OIT: 23

Rush phase: 7.9% of the OIT doses
At home: 2.6% of the OIT doses
No adrenaline given

OIT: threshold dose ↑

Desensitization: 61%
Dropout: 35%

Varshney
et al. [17]
(2011)

2–10 years
OIT: 19
Control: 9

Initial day: 47% of the subjects
At home: no data
Adrenaline given 2 times for OIT

OIT: threshold dose ↑
Control: no change

Desensitization: 84%
Dropout: 16%

Longo et al. [12]
(2008)

5–17 years
OIT: 30
Control: 30

Rush phase: 100% of the subjects
At home: 57% of the subjects
Adrenaline given 4 times for OIT

OIT: threshold dose ↑
Control: no change

Desensitization: 36%
Dropout: 10%

Skripak et al. [6]
(2008)

6–17 years
OIT: 13
Control: 7

45.4% of the OIT doses
Adrenaline given 4 times for OIT

OIT: threshold dose ↑
Control: no change

Desensitization: 46%
Dropout: 8%

Pajno et al. [16]
(2010)

4–13 years
OIT: 15
Control: 15

80% of the subjects
Adrenaline given 2 times for OIT

OIT: threshold dose ↑
Control: no change

Desensitization: 67%
Dropout: 10%

Burks et al. [15]
(2012)

5–11 years
OIT: 40
Control: 15

Initial day: 27.4% of the OIT doses
At home: 24.2% of the OIT doses
No adrenaline given

OIT: threshold dose ↑
Control: no change

Desensitization: 55%
Tolerance: 28%
Dropout: 13%

Peanut Jones et al. [8]
(2009)

Milk

Egg

These early reports led researchers to pursue OIT as a
promising approach to treat food allergy. Recently, OIT
has been investigated as a novel therapeutic approach
for food allergy [6–14], and numerous clinical trials, including randomized controlled trials, have been completed. In this review, we will summarize the clinical
trials of OIT and the progress in developing OIT for
food allergy management.

Clinical Trials of OIT

The OIT method generally includes an initial rapid
dose escalation phase, followed by a slower buildup phase
to reach the maintenance dose. Treatment effectiveness is
evaluated by an oral food challenge (OFC) following allergen avoidance for a certain period of time. Many studies have shown that the main outcome of OIT is desensitization and that allergen exposure continuously increases the threshold of clinical reactivity to food, although
allergic reactions, mainly mild to moderate, occur during
OIT [6, 7, 10, 12, 13, 15] (table 1). On the other hand, it is
2
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unknown whether clinical tolerance, which is defined as
the ability to consume a food without having an allergic
reaction, induced by OIT resembles the natural tolerance
that has spontaneously arisen for food allergy patients.
Efficacy of OIT
Open-label pilot studies show that OIT increases the
threshold of reactivity to causative food. Jones et al. [8]
reported a study of peanut OIT in 29 subjects with peanut
allergy. After therapy, 27 of the 29 subjects (93%) were
able to ingest 3.9 g of peanut protein, whereas the remaining 2 subjects stopped at doses lower or equal to 2.1 g of
peanut protein. Another peanut OIT study that enrolled
23 patients with peanut allergy provided similar results:
14 patients were fully desensitized, tolerating a peanut
dose of 0.5–2 g, while 1 patient was partially desensitized.
The remaining 8 patients dropped out of the study due to
adverse reactions and compliance issues [10].
Several controlled studies involved patients with peanut, milk and egg allergy. These studies found significant
differences between those who underwent OIT and those
who were on an elimination diet [6, 12, 16]. Longo et al.
Sato et al.
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Fig. 1. Efficacy of OIT at the 2-year follow-up. Black boxes show

After rush
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(n = 31)

1
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(n = 15)

(n = 6)

Time on OIT (years)

‘clinical tolerance’ that passed OFC after a 2-week allergen avoidance at the end of therapy. Dark gray boxes represent ‘desensitiza-

tion,’ where allergen exposure continuously increases the threshold of clinical reactivity to the food. Light gray boxes demonstrate
‘partial responders’ who cannot achieve the maintenance dose.

[12] enrolled 60 patients with severe milk allergy with
milk-specific IgE levels >85 kUA/l. One group underwent
OIT to cow’s milk; another group was kept on a milk-free
diet (control group). After 1 year, 11 (36%) of 30 children
in the OIT group were successfully desensitized (daily intake of ≥150 ml), 16 (54%) were partially desensitized
(daily intake of 5–150 ml), and 3 (10%) could not complete the protocol because of allergic side effects. None of
the subjects in the control group could tolerate 5 ml of
cow’s milk. Another peanut OIT multicenter study demonstrated that 16 (87%) of the 19 patients in the OIT
group were desensitized, whereas placebo-treated patients could not ingest 5 g of peanuts [17].
More recently, the results from a double-blind, randomized, placebo-controlled study of OIT in 55 children
with egg allergy were published [15]. After 10 months of
therapy, none of the children in the placebo group and
55% of those who received OIT passed the OFC and were
considered to be desensitized. Twenty-two months after
the therapy, 75% of children in the OIT group were desensitized. Furthermore, after a 2-month complete egg
avoidance, in the OIT group, 28% (11 of 40 children)
passed the OFC at 24 months and were considered to have
sustained unresponsiveness to the allergen. At 30 and 36
months, all children who had passed the OFC at 24
months were consuming egg without any problems [15].

These studies mostly excluded patients with foodinduced anaphylaxis. However, these patients need effective interventions to avoid life-threatening accidents.
Since 2008, we have been performing OIT for patients
with egg, cow’s milk and wheat anaphylaxis [18]. We
enrolled 227 patients with food-induced anaphylaxis
defined by double-blind, placebo-controlled, food challenge (DBPCFC). Our OIT protocol consists of three
steps: (1) an initial buildup phase in the hospital; (2) a
slow buildup phase at home, and (3) a maintenance
phase. The patients undergo OFC after 2 weeks of allergen avoidance to confirm clinical tolerance. Fifteen
patients withdrew from the study early because of allergic side effects or difficulty with the food intake. After 2 years, 92.2% of the patients receiving egg OIT (daily intake of 1 heated whole egg), 75.0% of the milk OIT
patients (daily intake of 200 ml milk), and 100% of the
wheat OIT patients (daily intake of 5.2 g wheat powder)
were successfully desensitized (fig. 1). Moreover, the
percentages of patients who passed OFC at the end of
the therapy were 61.5% for egg OIT, 27.1% for milk
OIT and 83.3% for wheat OIT; these patients might
achieve clinical tolerance. Our data suggest that the
efficacy of OIT is different among food antigens, and
clinical tolerance is difficult to achieve in milk OIT
patients.

Clinical Studies in Oral Immunotherapy
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gist in the home-dosing phase, in case a previously tolerated dose causes a reaction when the immune system
is compromised.
Issues of OIT for Clinical Practice
The results of previous studies indicate that OIT for
food allergy is effective in increasing the amount of food
tolerated in ≥50% of treated patients [6, 8, 10, 12, 15, 16].
However, many patients continue to be resistant to desensitization or achieve only partial desensitization. Additionally, numerous unanswered questions surrounding
OIT remain, such as the increased risk of allergic reactions to OIT compared with food elimination and issues
related to the treatment protocol, patient selection, management after desensitization, allocation of clinical resources and costs.
Currently, OIT protocols use different dosing schedules and varying durations of therapy. The optimal dose
and length of therapy is also unclear. Previous studies on
OIT have used a variety of doses [6, 13, 16, 25] and protocols are heterogeneous, making comparisons among
them difficult. In 2012, Keet et al. [11] demonstrated that
sublingual immunotherapy (SLIT) followed by OIT was
much more effective for desensitization than SLIT alone.
They also examined 2 OIT maintenance doses (1,000 vs.
2,000 mg), and no significant difference in either the overall rate of reaction or efficacy between these regimens was
found. The results of the studies cited above point to the
need for more studies with longer intervention periods
and larger numbers of patients to resolve these questions.
How long would it take before the lack of a continued
allergen intake would result in a loss of desensitization?
Previous studies suggest that desensitization by OIT does
not quickly lead to tolerance. Therefore, it is possible that
a longer period of daily maintenance treatment may be
required for most patients to develop tolerance or it may
at least be similar to the maintenance period for inhaledallergen subcutaneous immunotherapy.
Moreover, even in those who passed the OFC without
receiving therapy, it is not yet clear whether they can be
considered to have permanent tolerance or if they instead
have transient desensitization. Desensitization and tolerance must be addressed. Desensitization is defined as ‘a
change in the threshold dose of an ingested food allergen
necessary to cause allergic reactions’ that can be short
term or prolonged with ongoing therapy [26]. On the other hand, tolerance is defined as a permanent loss of reactivity correlated with the ability to ingest food without
symptoms and without ongoing therapy [27]. There are
little data available on whether OIT for food allergy inSato et al.
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Safety of OIT
The issue of patient safety is critical for OIT to be successful. Adverse reactions were frequent with OIT but
mainly mild to moderate; severe adverse reactions requiring adrenaline injection were less common [6, 7, 10,
12, 13, 15] (table 1). The majority of these reactions occurred during the dose escalation phase in hospital, but,
importantly, reactions to a previously tolerated dose of
OIT during home dosing were common [19, 20]. Additionally, there have also been reports of eosinophilic gastrointestinal disorders developing in patients with OIT
[21].
The overall risk associated with the allergen exposure
varies with the population characteristics of the children
enrolled. Unfortunately, most studies excluded patients
with a history of severe reactions or anaphylaxis. In case
of severe cow’s milk allergy, the patients reported by Longo et al. [12] experienced more adverse reactions than
those observed in other studies. In our trial of OIT patients with food-induced anaphylaxis, concerning the frequency of moderate and severe reactions, milk OIT patients showed the highest rate, followed by egg and wheat
OIT patients. The patients requiring adrenaline injection
were at 0.4% of the total OIT dose at home. Further OIT
trials with severe food-induced anaphylaxis are needed to
investigate the safety of OIT.
Patients with food allergy are at risk of an allergic reaction even on an elimination diet because of accidental exposure and with the rise in the consumption of processed
food. Although OIT was associated with an increased risk
of allergic reactions requiring adrenaline injection or systemic corticosteroids compared to those on an elimination diet in a systematic review of cow’s milk OIT [22], its
review reveals that those studies had a small number of
patients enrolled. Therefore, it might be necessary to
compare the risk of treatment with OIT and its side effects
with an elimination diet.
The most common triggers for reactions to a previously tolerated dose are infection and exercise [6, 20,
23]. In food-allergic patients, viral or bacterial infections are generally known to affect symptom severity,
especially in case of gastrointestinal infections. Exercise
within 2 h after dosing, taking a dose on an empty stomach, poorly controlled bronchial asthma [20] and pollen
allergy [23] are important triggers for a lower threshold
reaction to OIT. Other factors may be associated with
increased reactions to allergen, nonsteroidal anti-inflammatory drugs [24], physical exertion after dosing
and dosing during menses [20]. Therefore, patients
should be regularly monitored by an experienced aller-
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Fig. 2. Mechanisms of immunotherapy. DC = Dendritic cell.

Clinical Studies in Oral Immunotherapy

Mechanisms and Immunologic Changes with OIT

OIT has been shown to modulate allergen-specific immune responses and to induce desensitization, however,
the precise mechanisms of OIT remain uncertain. Immunologic responses to OIT in antigen-specific IgE and
IgG4, mast cells, basophils and T cells mirror those seen
with allergen immunotherapy for inhalant allergens and
seem to be similar to the natural development of tolerance
to food allergens [28, 29] (fig. 2).
OIT is most commonly associated with a reduction
in antigen-specific IgE and an increase in antigen-specific IgG4. Jones et al. [8] reported that antigen-specific
IgE levels in patients receiving OIT tended to increase
early in the dose escalation phase and subsequently decrease compared with baseline values at 12 and 18
months. Then, for all subsequent time points, peanutspecific IgE levels tended to significantly decrease. A
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duces permanent tolerance or if the effects represent transient desensitization. Many patients fail desensitization
after stopping OIT according to Buchanan et al. [7] and
Blumchen et al. [10]. In a recently published study by Keet
et al. [11], 6 of the 15 subjects who passed a full milk challenge after 60 weeks of maintenance lost desensitization
within 6 weeks after 1 week off therapy. Therefore, desensitization induced by OIT appeared to have failed after a
short time. Although it seems likely that the state of desensitization requires ongoing exposure to be maintained,
there are no answers regarding how much or how often
allergen patients should ingest foods they were previously allergic to.
OIT is a promising therapy for food allergy, however,
we remain at a state of equipoise with many unanswered
questions to be studied. More studies are needed to address these issues in order to be able to determine whether OIT is appropriate for clinical practice.

Table 2. Immunologic responses to OIT

Humoral changes

Cellular changes

Factors

Immunologic changes

IgE

Specific IgE ↑
Specific IgE ↓

IgG

Specific IgG ↑
Specific IgG returned to baseline level

IgG4

Specific IgG4 ↑
Specific IgG4 increase throughout the OIT

Mast cells

Skin prick test: wheal size to OIT allergen ↓

Basophils

CD63 ↓
CD203c ↓
Spontaneous HR ↓
HR: no change

Lymphocytes and PBMCs

Stimulated release of IL-2, IL-4, IL-5, IL-13 ↓
Stimulated release of IL-10, TGF-β, TNF-α ↑
FoxP3+ T cell ↑
Gene expression of apoptotic pathways ↓

HR = Histamine release; PBMC = peripheral blood mononuclear cells.
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OIT induced basophil suppression at approximately
4–6 months [8, 31]. Therefore, effector cell suppression
is a predominant mechanism through which OIT may
be effective.
OIT-induced changes in cytokine responses have
also been reported. Most studies reported reduced TH2
and increased regulatory T cells (Treg; table 2). Blumchen et al. [10] reported that peanut OIT was associated
with reduced peanut-induced TH2 cytokine production
(IL-4 and IL-5). In contrast, Jones et al. [8] reported increased IL-5 and TNF-α production in patients who underwent peanut OIT. Treg cell numbers were reported to
increase with OIT (table 2). Jones et al. [8] reported
FoxP3-expressing Treg cells increased after OIT, returning to baseline levels by 20 months in peanut-stimulated
cells [8].

Future Treatment for Food Allergy

Current OIT protocols are associated with frequent
adverse reactions, the necessity of providing treatment
for longer periods, and the failure of some patients to respond to the treatment. Therefore, additional therapeutic
approaches to food allergy should be examined to assess
whether the therapy can induce tolerance and to assess its
safety (table 3).
Sato et al.
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significant increase in specific IgG levels started
3 months after therapy initiation, remained high until
24 months and gradually returned to baseline by
33 months. On the other hand, specific IgG4 levels increased initially (with a statistically significant difference at 3 months) and remained elevated until the end
of the study. Although an increase in antigen-specific
IgG4 levels has been universally reported [7, 10, 15, 30],
some studies reported no change in antigen-specific IgE
levels during OIT [6, 7, 15, 16]. These changes in antigen-specific immunoglobulins were seen only in patients receiving OIT; therefore, the effect of OIT on antigen-specific immunoglobulins seems to occur in an
allergen-specific manner [30].
Suppression of the effector cells is a predominant
mechanism through which immunotherapy might
function (table 2). Skin prick test reactivity showed
a significant decrease beginning after several months
and remained decreased throughout the 3-year followup [8]. Additionally, in patients on egg OIT, wheal size
on skin prick testing was decreased compared to placebo-treated patients although there were no differences in egg-specific IgE levels between the two groups
studied by Burks et al. [15]. They also reported that
basophil activation decreased with OIT and that
reduced basophil activation was associated with clinical desensitization. Some early studies reported that

Table 3. Future treatment of food allergy

Treatment

Allergen

Efficacy

Study (published year)

SLIT

Hazelnut

45% of the subjects reached 20 g after 8–12 weeks of study

Enrique et al. [32]
(2005)

Peanut

70% of 20 subjects were able to increase the threshold
doses after 44 weeks of therapy

Fleischer et al. [33]
(2013)

SLIT + OIT

Milk

70% of 20 subjects were able to pass the 8-gram oral challenge
after 80 weeks of therapy

Keet et al. [11]
(2012)

OIT + omalizumab

Milk

9 of 11 subjects reached 2,000 mg, passed the oral
challenge on week 24 of the study

Nadeau et al. [36]
(2012)

EPIT

Milk

90% of 10 subjects tended to increase the threshold doses
at follow-up oral challenge (day 90)

Dupont et al. [37]
(2010)

Anti-IgE Monoclonal Antibodies (Omalizumab) for
Food Allergy
Omalizumab, an anti-IgE monoclonal antibody, is a
recombinant humanized monoclonal IgE-blocking antibody. It acts by decreasing or preventing allergic responsClinical Studies in Oral Immunotherapy

es triggered by IgE molecules. Adjunctive administration
of recombinant monoclonal anti-IgE therapy may be a
promising strategy to address some of the safety concerns
associated with OIT [35, 36].
Nadeau et al. [36] conducted a phase I pilot study by
combining omalizumab treatment with milk OIT. After
a 9-week pretreatment with omalizumab, OIT combined
with omalizumab was followed by maintenance OIT
without omalizumab, and, finally, a DBPCFC at week 24.
Nine of 10 subjects achieved the target dose and passed
the DBPCFC, and the frequency of adverse reactions,
which were mostly mild, was 1.6%. Only 1 subject presented with rhinitis and generalized urticaria and responded to adrenaline at DBPCFC. The use of recombinant monoclonal anti-IgE therapy might be effective in
reducing severe adverse reactions during the escalation
phases of OIT. Randomized controlled trials of milk and
peanut OIT are currently underway.
Epicutaneous Immunotherapy
Epicutaneous immunotherapy (EPIT) may be a novel approach to food allergy. EPIT, which involves the
application of an allergen-loaded patch on intact skin,
was shown to desensitize milk-allergic patients [37]. Patients in the active treatment group tolerated higher
doses of milk on OFC during follow-up visits than patients in the placebo group. Adverse reactions consisted
mostly of local skin reactions at the site of application
and repeated episodes of diarrhea in 1 child, but any severe systemic reactions were not encountered. While
this pilot study suggests that EPIT is safe and well tolerated, additional studies are required to assess its clinical
efficacy.
Int Arch Allergy Immunol 2014;164:1–9
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Sublingual Immunotherapy
In SLIT, doses that are quite small and lower than OIT
doses are placed under the tongue of the patient. In several previous studies, it was demonstrated that SLIT with
hazelnut, milk and peanut can increase the threshold of
tolerated food allergens [11, 32, 33], and that adverse reactions were mostly mild enough to omit oral antihistamine administration. However, an important issue with
the use of SLIT is the limited maximum dose that can be
used sublingually. Keet et al. [11] attempted to directly
compare the efficacy of SLIT and OIT in patients with
cow’s milk allergy. This study involved 30 randomized
children with milk allergy receiving SLIT alone or SLIT
followed by OIT. After an initial SLIT escalation, patients
were randomized to continue either SLIT only or to begin
OIT at two different maintenance doses. Sixty weeks later, only 1 patient in the SLIT group passed the OFC with
8 g of milk, compared to 6 in the lower-dose OIT group
and 8 in the higher-dose OIT groups. Systemic reactions
were more common during OIT than SLIT. In patients
with peanut allergy treated with either peanut OIT or
SLIT, OIT was also more efficacious than SLIT [34].
These results showed that OIT is more effective than SLIT
alone in achieving desensitization. Combination therapy
with SLIT and OIT may benefit from the safety of SLIT
and the potential of achieving higher food doses with
OIT.
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Fig. 3. New therapeutic approaches to food allergy.

Conclusion

OIT may offer a reasonable new intervention for persistent food allergy patients (fig. 3). OIT appears to be effective for food allergy and induces desensitization without major morbidity or mortality. However, the definitive
evidence of efficacy and safety with long-term therapy is
limited, and, in current protocols, entry criteria, and
treatment and maintenance dosages during the optimal
follow-up period await to be standardized. Currently,
OIT cannot be offered to patients in clinical practice.
Some novel treatment, particularly the combination of

OIT with omalizumab, shows that patients can increase
food tolerance without symptoms. The efficacy of OIT
remains to be fully assessed in studies in larger patient
cohorts.
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