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Purpose of review

To review current evidence on food oral immunotherapy (OIT).

Recent findings

Desensitized state, defined as the ingestion of a substantial amount of food in the home

diet that protects from severe reactions to accidental exposures, can be achieved by

approximately 50–75% of the children treated with OIT. The rate of permanent

tolerance is unknown; the longer duration of OIT may result in permanent tolerance. Side

effects are common both during the initial dose escalation and during home dosing.

Most reactions are mild (oral pruritus, abdominal discomfort, and rashes) and decrease

in frequency with the longer duration of OIT. Severe reactions treated with epinephrine

have been reported during home dosing. Factors associated with increased risk of

reactions to previously tolerated doses during home dosing include exercise, viral

infection, dosing on empty stomach, menses, and asthma exacerbation.

Summary

These preliminary data on OIT are encouraging. Additional studies must answer multiple

questions including optimal dose, ideal duration of oral/sublingual immunotherapy,

degree of protection, efficacy for different ages, severity and type of food allergy

responsive to treatment and need for patient protection during home administration.

Until these questions are answered in rigorous multicenter randomized and placebo-

controlled trials, OIT remains an experimental approach with not sufficiently well

established risk-to-benefit ratio.
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Introduction

Food allergy prevalence is increasing worldwide. In the

US, the Centers for Disease Control (CDC) reported an

increase by 18% in the past two decades [1]. The pre-

valence of peanut allergy doubled in the recent years and

now reaches 1–2% in young children in the US, UK,

Canada, and Australia [2]. In parallel, food-induced ana-

phylaxis is also increasing [3]. Currently the only treat-

ment for food allergy is strict dietary avoidance and thus

therapies for food allergy are urgently needed. The

promising therapies under investigation are both aller-

gen-specific and nonspecific [4]. Not surprisingly, these

therapies focus on the foods most frequently inducing

severe anaphylactic reactions (peanut, tree nuts,

shellfish) and the most common food allergens such as

cow’s milk and egg. Nonspecific therapies for food-

induced anaphylaxis include monoclonal anti-IgE anti-

body, which increased the threshold dose for peanut in

peanut-allergic individuals and Chinese herbal medi-

cations, which prevented peanut anaphylaxis in an animal

model, for which human studies are ongoing. Allergen-
opyright © Lippincott Williams & Wilkins. Unautho
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specific therapies include oral, sublingual, and cutaneous

immunotherapy (desensitization), mutated recombinant

proteins, which are deficient in their IgE-binding activity,

co-administered with heat-killed Escherichia coli to gen-

erate maximum immune response. Table 1 summarizes

the therapies other than OIT that are being currently

investigated in the human trials [5–9].

An approach that attracts a significant interest of the public

and media as well as scientific community, is the food oral

immunotherapy (OIT) [10�]. A successful OIT was first

reported in the early 20th century in a boy with severe

anaphylactic allergy to egg [11]. At present, OIT to food is a

subject of many ongoing studies. As food allergy most

likely results from the failure of development or the

breakdown of normal oral tolerance (such as following a

gastrointestinal infection or sensitization to the cross-reac-

tive allergen via inhalation), the oral route of adminis-

tration takes advantage of the cells and immune pathways

involved in the induction of oral tolerance. Animal studies

suggest that the high-dose feeding of an antigen results in

the state of nonresponsiveness due to anergy or deletion of
rized reproduction of this article is prohibited.
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antigen-specific T lymphocytes, whereas continuous low-

dose ingestion may induce protective suppressive

responses from regulatory T cells [12]. In contrast, inter-

mittent feedings or nonoral exposures (e.g. cutaneous or

inhalational) may induce IgE sensitization and allergic

symptom upon food ingestion [13].
Desensitization versus permanent oral
tolerance
A distinction should be made between approaches that

induce ‘desensitization’ versus permanent oral tolerance.

In a desensitized state the protective effect depends on

the daily, uninterrupted ingestion of the food allergen;

however, when the dosing is interrupted, the protective

effect may be lost or significantly decreased. In addition,

any factors that increase intestinal permeability such as

exercise, viral gastroenteritis, stress or menses may cause

loss of protection to the previously tolerated dose, even

when the maintenance dose has been achieved. Possible

mechanisms of oral desensitization include increased

food-specific IgG4 and decreased food-specific IgE anti-

bodies, and decreased activation of mast cells and baso-

phils. In contrast, when permanent oral tolerance is

established, the food may be ingested without allergy

symptoms despite periods of abstinence. The mechanism

of persistent tolerance likely involves development of

regulatory T cells and immunologic deviation away from

the pro-allergic Th2 response. The permanence of pro-

tection is tested with intentional interruption of dosing

for at least 4 weeks followed by a supervised oral food

challenge [14]. At this time it is unclear whether perma-

nent tolerance is a function of the duration of OIT and

may be achieved in any allergic individual if the OIT is

continued long enough or whether some allergic indivi-

duals will never become truly tolerant.
Oral immunotherapy trials
During OIT, the concentrated food is mixed in a vehicle

and ingested in gradually increasing doses. The dose

escalation occurs in a controlled setting; regular ingestion

of a maximal tolerated dose (maintenance) occurs at

home. Early studies were limited to case series and

uncontrolled trials; nevertheless they provided evidence

that at least a subset of food-allergic patients could be

‘desensitized’ to a variety of foods, including milk, egg,

fish, fruit, peanut, and celery. These studies did not

distinguish the effects of oral desensitization versus

the natural resolution of food allergy and did not evaluate

the permanency of the desensitized state. In some

patients who ultimately tolerated a maintenance dose,

even for a significant period of time, allergic symptoms

re-developed if the food was not ingested on a regular

basis, highlighting a concern that permanent tolerance

was not achieved [14]. The review of the largest
orized reproduction of this article is prohibited.
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published OIT studies is included in Table 2 [15–21,

22��,23��]. It appears that a large subset of children, even

those with severe milk allergy, may be desensitized to

tolerate a significant amount of food in the daily diet that

protects them from accidental ingestions and severe

reactions.
Mechanism of oral immunotherapy
A recent study [23��] provided more insight into the

mechanism of peanut OIT, and presumably these findings

might be extended to other foods as well. Of the29 children

with peanut allergy who completed the protocol, 27

ingested 3.9 g peanut protein during the final food chal-

lenge. Most symptoms noted during OIT resolved spon-

taneously or with antihistamines. By 6 months, titrated

skin prick tests and activation of basophils decreased

significantly. Peanut-specific IgE antibody concentrations

decreased by 12–18 months, whereas IgG4 increased

significantly. Serum factors inhibited IgE–peanut com-

plex formation in an IgE-facilitated allergen binding assay.

Secretion of the pro-allergic cytokines IL-10, IL-5, IFN-g,

and TNF-a from peripheral blood mononuclear cells

increased over a period of 6–12 months. Peanut-specific

forkhead box protein-3 (Fox P3) – positive regulatory

T cells increased until 12 months and decreased thereafter.

In addition, T-cell microarrays showed down-regulation of

genes involved in the apoptotic pathways.
Safety of oral immunotherapy home dosing
Among the children who participated in a trial of peanut

OIT, 20 completed all phases of the study [23��]. During

the initial escalation, the risk of mild wheezing was 18%.

The probability of having any symptoms after a build-up

phase dose was 46%, with a risk of 29% for upper

respiratory tract and 24% for skin symptoms. The risk

of reaction with any home dose was 3.5%, upper respir-

atory tract (1.2%) and skin (1.1%) symptoms being most

common. Treatment was given for 0.7% of home doses.

Two patients received epinephrine after one home

dose each. Allergic reactions during home dosing were

more common in the open-label maintenance after milk

OIT, from 2.55 to 96.4% of doses per patient in the

first 3 months compared with 0–79.8% in the subse-

quent 3 months [24]. Local and multisystem reactions

decreased, whereas all other reactions remained

unchanged. Several systemic reactions occurred at pre-

viously tolerated doses in the setting of exercise or viral

illness. As highlighted by a recent study from Jones’ and

Burks’ groups, the risk of an allergic reaction to a pre-

viously tolerated dose of food is associated with physical

exertion after dosing, dosing on empty stomach, dosing

during menses, concurrent febrile illness, and sub-

optimally controlled asthma [25,26]. It is unclear

whether these precautions are necessary only during
orized reproduction of this article is prohibited.
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Table 3 Risks of the food oral immunotherapy

Side effects

Peanut [23��,25,26] Milk [22��,24]
Build-up
Mild wheezing 18%
Maintenance
Upper respiratory symptoms 29%
Cutaneous 24%
Treatment given for 0.7% of home doses, two patients

received one dose of epinephrine
Blinded study
Local (oral pruritus) median 16% doses per child
Gastrointestinal median 2% doses per child
Epinephrine was used in 0.2% of total doses
Open-label home study
2.5–96.4% of doses per patient in the first 3 months, compared

with 0–79% in the subsequent months
% Reactions/total numbers of doses
Local reactions (oral pruritus): 17
Gastrointestinal: 3.7
Respiratory: 0.9
Cutaneous: 0.8%
Multisystem: 5.5%
Epinephrine was used for six reactions (0.2%; four patients)
In one patient, apparent clinical reactivity to milk recurred, primarily

manifesting with gastrointestinal symptoms, suggesting possible
eosinophilic disease

Factors associated with increased risk of
reactions to previously tolerated doses during
home dosinga

Exercise
Viral infection
Dosing on empty stomach
Menses
Asthma exacerbation

Success rate is defined as ability to ingest the significant amount food on a regular basis for at least 6 months¼desensitized state.
a May require dose adjustment; avoid dosing on empty stomach and exercise within 1–2 h following the dose.
the ‘desensitized’ state or whether they would also apply

after the permanent tolerance was established. Table 3

reviews the risks of OIT.
Conclusion
These preliminary data on OIT are encouraging; how-

ever, at this time, these treatments are considered inves-

tigational and additional studies must answer multiple

questions including optimal dose, ideal duration of oral/

sublingual immunotherapy, degree of protection, efficacy

for different ages, severity and type of food allergy

responsive to treatment and need for patient protection

during home administration. In view of the recent studies

of the reactions to the tolerated doses of OIT at home, it

may be necessary to hold doses during acute febrile

illness, avoid exercise within 2 h following dosing, and

take a daily OIT dose with a meal or snack. Rhinitis and

asthma have to be maintained under optimal control.

Finally, as a subset of children with food allergies devel-

ops tolerance spontaneously, the future studies must

address diagnostic tests that would distinguish among

those with transient and persistent food allergies to

identify the patients that will benefit from therapy.

Until these questions are answered in rigorous multi-

center randomized and placebo-controlled trials, OIT
opyright © Lippincott Williams & Wilkins. Unautho
remains an experimental approach with not sufficiently

well established risk-to-benefit ratio.
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