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Abstract

Purpose of Review The purpose of this review is to highlight
the recent advances in food desensitization in children with
food allergy.

Recent Findings Recent advancements in epicutaneous, sub-
lingual, and oral immunotherapy for food allergy in the future
may offer children with food allergy and their families a viable
option to reduce risk or severity of anaphylaxis with phase III
trials ongoing for two of these treatment modalities.
Summary Food allergy prevalence in children is estimated to
be up to 8%. These children are at risk of significant allergic
reactions and anaphylaxis. Food avoidance and use of antihis-
tamines or epinephrine has been the standard of care for these
patients. This approach also has a significant socioeconomic
effects on patients and their families. Recent advancements in
understanding food allergy have allowed for exploring new
methods of treatment. There is an increasing interest in oral
immunotherapy, epicutaneous immunotherapy, or sublingual
immunotherapy for food allergy. There have been also inno-
vative approaches to immunotherapy by modification of food
allergens (to make them less allergenic while maintain their
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immunogenicity) or adding adjunctive treatments (probiotics,
anti-IgE, etc.) to increase efficacy or safety.
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Introduction

The prevalence of food allergy among children in the USA is
rightfully a topic of much interest in epidemiology that pre-
cedes any discussion of food allergy treatments. A recent
study that surveyed over 38,000 children [1] has estimated
the prevalence of food allergy in children to be about 8%,
which is higher than previously reported [2]. It is not just an
issue of increasing number of children with food allergy but
also that children are taking a longer time to outgrow their
allergies than was previously thought [3]. The natural history
of food allergy in children varies between different allergens
with high percentage of children outgrowing milk and egg
allergy but much fewer percentage outgrowing peanut and
tree nut allergy [3]. This finding was the driving force behind
efforts to try to find novel treatments for food allergy other
than avoidance that have always been, and still are, the stan-
dard of care. Some approaches were extrapolated from suc-
cess that clinicians have had in desensitizing patients with
environmental or venom allergy while others are novel in their
approach. Although most researchers have been focusing on
developing allergen specific immunotherapy, others attempted
a nonspecific approach with the aim to downregulate the al-
lergic response in general.

Food desensitization can be defined as temporary unre-
sponsiveness to food allergen or the ability to consume more
of the allergen prior to having an allergic reaction. This status
of “desensitization” is dependent on continuous taking of the
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Fig. 1 Desensitization in
immunotherapy

Dose

treatment. Once the patient stops the treatment, he or she is
more likely to lose this “unresponsive” state over time. That
period of time during which the patient is still “desensitized”
to a certain amount of an allergen while not taking the treat-
ment is known as “sustained unresponsiveness” and is very
different from natural tolerance to a food allergen. The time-
line and frequency of exposure between sustained unrespon-
siveness and tolerance continue to be a matter of debate. In
this review, we will focus on methods used to achieve desen-
sitization with or without sustained unresponsiveness.

Allergen Specific Immunotherapy

The aim of allergen specific immunotherapy is to desensitize
an allergic patient to a specific allergen by using exposure to
the same allergen as a treatment by administering these aller-
gens in increasing amounts until a maintenance dose is
reached then the dosing is given periodically. This is usually
described in two main phases: dose escalation phase followed
by a maintenance phase. During the maintenance phase, the
patient continues to take a specific allergen dose periodically
(mostly on a daily basis) to maintain a desensitized state.
Many studies have assessed sustained unresponsiveness by
holding the allergen (avoidance) for a certain period of time
before testing for tolerance with a food challenge (Fig. 1).
Allergen specific immunotherapy has been done using differ-
ent pathways: oral (OIT), epicutaneous (EPIT), sublingual
(SLIT), and subcutaneous (SCIT).

It is important to recognize the heterogeneity of all the trials
that were done for food desensitization. This was described in
an excellent article by Yee and Rachid [4¢] with regards to
OIT. The duration of up-dosing, build up, maintenance, and
avoidance phases are variable. Also the dosing for each phase
and specifically for the maintenance dose is variable. The
primary end point for most studies depended on the dose of
the challenge at the end of treatment or after avoidance which
was different between different trials. Despite these limita-
tions, there is a promising evidence that the methods used to
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induce desensitization to food allergens in OIT, SLIT, or EPIT
may be effective at least for protection against accidental ex-
posure. Several trials are needed to be done before finding out
the appropriate dosing range that may provide protection
against accidental exposures or lower the severity of allergic
reactions while having an acceptable safety profile.

Oral Immunotherapy

Despite the aforementioned limitations of studies that were done
for food OIT, there is growing evidence that OIT may be effec-
tive in desensitizing allergic children to several common food
allergens. Also these studies showed that it did improve quality
of life for families who have children with food allergy [5].

During OIT, most of the time, the dose must be taken daily but
several researchers are assessing whether less frequent dosing
may be just as effective [6]. This innovative approach in dosing
OIT less frequently than daily may help to increase compliance
but further studies are needed to ensure safety and retained effi-
cacy. After achieving maintenance dose of OIT, many patients
are asked to continue an equivalent amount of the food allergen
in their diet. Follow-up studies on children who underwent OIT
in a previous trial showed that these children continued to tolerate
a food equivalent in their diet safely [7, 8].

Novel methods in presenting food antigens to the immune
system have been proposed in clinical trials to induce desen-
sitization. In a multisite study [9] of AR101, a pharmaceutical
formulation of defatted peanut flour was shown to be effective
comparing to placebo (79 vs.19%: passed 443 mg cumulative
peanut protein). Current phase III international multicenter
trials are being conducted to further evaluate this product
and possibly prepare it to be available to physicians treating
patients with peanut allergy (clinicaltrials.gov).

Multiple Food OIT

Although food immunotherapy studies have been focusing on
treating patients with peanut or milk allergy, other studies have
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been done in wheat allergy [10], egg allergy, [11] or other less
common allergens. Most food immunotherapy trials have
been dealing with one food allergen only. However, we know
that about 30% of children with food allergy are allergic to
more than one food. Nadeau et al. treated 25 peanut allergic
children with other food allergy (tree nuts, sesame, dairy, or
egg) with multiple OIT. They showed that OIT using multiple
food allergens simultaneously is feasible and relatively safe
[12]. Additional larger trials are needed to further assess the
safety and efficacy of multi-OIT.

Different adjuvant therapies have been tried in OIT with
goals to achieve desensitization faster, desensitize to a higher
dose, or lower adverse events during treatment.

Adjuvant Therapy with OIT

Omalizumab

Many allergists have used anti-IgE therapy (omalizumab) to
help starting environmental immunotherapy treatment in pa-
tients with asthma and allergic rhinitis. Omalizumab inhibits
binding of IgE to its high affinity receptor on mast cells and
basophils. In food allergy, Nadeau et al. [13] did the first trial
on using omalizumab in rapid OIT in 11 patients with cow’s
milk allergy. Omalizumab was started 9 weeks prior to rapid
up-dosing and continued for 16 weeks into OIT treatment.
Nine subjects were able to tolerate 2 g of milk protein within
7—-11 weeks of OIT. In another study, Hensen et al. [14] en-
rolled six peanut allergic patients in a trial where omalizumab
was given 4 months prior to OIT followed by a modified rush
build up while continuing omalizumab for 1 month after
reaching maintenance. The patients tolerated a higher start
dose after rush desensitization (100400 mg). In a multiple
food allergy desensitization study by Begin et al. [15], 25
patients took omalizumab for § weeks before OIT and 8 weeks
after initiation of rush OIT achieving fast desensitization
(4000 mg per allergen at median of 18 weeks). Schneider
et al. pretreated 13 peanut allergic children with omalizumab
before rapid oral desensitization to peanut allowing all of them
to reach a cumulative dose of 992 mg requiring minimal or no
rescue therapy on day 1 [16].

The aforementioned trials were phase I or pilot studies.
Then in the first randomized control trial of using omalizumab
during dose escalation in OIT (cow’s milk) by Wood et al.
[17¢], there was significant decrease in adverse events and in
number of doses required to reach maintenance in those who
received omalizumab vs. those who received placebo.
However, there was no statistically significant difference in
efficacy. These trials suggest strongly that there could be a
role for omalizumab in achieving rapid desensitization when
treating patients with OIT. What is unknown though is wheth-
er omalizumab pretreatment will decrease the significant GI
allergic side effects of OIT. This may be particularly important
for those who could not tolerate the regular up-dosing well.

Phase 11 trials are ongoing to continue to evaluate use of
omalizumab in achieving desensitization in food allergy
(https://clinicaltrials.gov/ct2/show/NCT01781637 ?term=
01781637).

Probiotics and Bacterial Products

There has been increasing interest in the role of probiotics in
preventing food allergy or in induction of desensitization due
partially to their ability to induce Th1 response away from the
Th2 response that is associated with food allergy. Tang et al.
[18<] did the first clinical trial for probiotics with peanut OIT
vs. placebo showing higher chance of sustained unresponsive-
ness at 2—5 weeks after avoidance (82.1% receiving probiotics
with peanut OIT vs. 3.6% receiving placebo). One limitation
was the lack of OIT alone arm in the study, but authors believe
that the percentage of subjects who achieved SU at 2 weeks
(82%) was higher than reported in other studies. Researchers
are interested in looking into using nonpathogenic E. coli ad-
ministration rectally as another method of introducing non-
pathogenic bacteria to modify response to allergens but hu-
man studies are still lacking. Still others are also looking into
using synthetic oligodeoxynucleotides-containing
unmethylated CpG (cytosine and guanine nucleotides) due
to their ability to induce a Th1 response instead of using whole
bacteria [19].

Other Adjunctive Therapies

Investigators are continuing to look at other adjunctive thera-
pies that can be used along with OIT. One retrospective study
found that patient who started with leukotriene receptor antag-
onists (LTRASs) while on OIT, had lower side effects and ad-
verse reactions from OIT [20]. More research is needed before
recommending LTRAs during OIT.

Sublingual Immunotherapy

SLIT has been used for several environmental allergens with
products available in Europe and most recently in the USA.
But this approach is a novel method to approach food allergy
with fewer trials done in the USA. Typically, liquid extract is
given under the tongue on a regular basis to induce desensiti-
zation. In a multicenter RCT using SLIT peanut immunother-
apy, Burks et al. [21] showed that peanut SLIT is very safe
with 98% of doses tolerated without severe adverse events,
and patient achieved most level of desensitization with 10%
achieving sustained unresponsiveness. However, many pa-
tients discontinued therapy before the end of the study. In
another RCT [22] that enrolled 56 patients for 6 months found
that patient who were treated for 6 months with SLIT for
peach extract were able to tolerate higher amount of peach
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(3-9 times) comparing to placebo group. There are currently
active studies to evaluate peanut SLIT (clinicaltrials.gov).

OIT vs. SLIT

Retrospective comparison [23] of OIT and SLIT peanut im-
munotherapy suggested that OIT had a greater change in pea-
nut specific IgE, IgG4, and IgE/IgG4 ratio and basophil acti-
vation. In a randomized controlled trial of peanut OIT vs.
SLIT, peanut OIT was found to be more effective in
desensitizing children to higher doses of peanut protein but
it caused more adverse reactions compared to SLIT [24]. In
the study, all 16 subjects who completed the study reached the
primary outcome of at least tenfold increase in challenge
threshold. However, the chance was significantly greater with
OIT compared with that seen in SLIT (141-fold vs. 22-fold).
These conclusions were similar when both methods of treat-
ment were studied in milk allergy [25].

Epicutaneous Immunotherapy

EPIT is utilized by permeating the allergen into a patch with
adhesives on it and then after placing the patch on the skin,
because of the humidity created by the application, the aller-
gen diffuses in the epidermis. In the epidermis, the allergen is
captured by Langerhans cells that process antigens and pre-
sents them to lymphocytes in nearby lymph nodes. The
epicutaneous method of delivering immunotherapy is clearly
less invasive and thus may lower the risk of systemic reactions
seen with other methods of immunotherapy.

In a pilot study for cow’s milk in children, EPIT was found
to be safe and effective in desensitizing children with CM
allergy [26]. Children who were on treatment for 3 months
had a tolerance of cumulative dose of 23.61 ml comparing to
their baseline at 1.77 ml, while placebo group did not change
from that baseline.

Two RCT were completed to study peanut EPIT using the
patch delivery system described above. Both concluded that
EPIT was safe, effective, and well tolerated with high adher-
ence rate. Sampson et al. [27] randomized 221 6-55-year-old
patients to placebo or 50,100,250 micrograms peanut protein
patches for 52 weeks. All three treatment groups met their
primary endpoints with largest effect noted in 250 pg group
(cumulative dose +1121 mg). Jones et al. [28] randomized
patients to placebo or 100 or 250 pg peanut protein patches
for 52 weeks. The study met its primary endpoints with me-
dian change in tolerated cumulative dose at 43 mg for 100 pg
patch and 130 mg for 250 pg patch.

Phase III trials are ongoing to study EPIT for peanut im-
munotherapy (clinicaltrials.gov). There are no studies to
compare EPIT to SLIT or OIT directly, but the average
cumulative tolerated dose after SLIT or OIT is higher than
that achieved by EPIT. That is not to say that one method of
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immunotherapy is superior to another as it is unknown how
much a food allergic patient needs to be desensitized to. It is
important to note that in next era of personalized medicine, a
personalized approach to immunotherapy that takes patient’s
preference, goals of therapy, compliance, and potential side
effects, or adverse reactions to accidental exposure may be
the best approach by clinicians who may find several
methods of immunotherapy available in near future in the
USA.

Subcutaneous Immunotherapy

SCIT is the oldest known method of immunotherapy in envi-
ronmental allergens and venom allergy. This method was test-
ed in food allergy as well, and showed subcutaneous delivery
of peanut protein to be effective in inducing desensitization in
patients with peanut allergy [29] [30]. However, injections
resulted in systemic adverse reactions during build up and
maintenance phases. Since then, there have been significant
efforts in to create food allergens molecules that are hypoal-
lergenic yet retain their immunogenicity. This will potentially
decrease the likelihood of systemic reactions while retain ef-
fectiveness of the vaccine in subcutaneous administration.
Zuidmeer-Jongejan et al. in the Netherlands were successful
in developing a hypoallergenic recombinant parvalbumin to
be used in SCIT for fish allergy [31]. A similar approach that
uses modified peanut protein is ongoing to reevaluate SCIT in
inducing desensitization (clinicaltrials.gov) in patients with
peanut allergy. HAL-MPEI] is a chemically modified alumi-
num hydroxide adsorbed peanut extract that is being studied
in phase I trials for subcutaneous administration in patients
with peanut allergy http://www.jacionline.org/article/S0091-
6749(16)32141-8/abstract. It is premature to draw any
conclusions about the safety or the efficacy of this method in
food desensitization in children until further studies are done.

Peptide Immunotherapy

Innovative approach in processing food allergens is looking
into delivering linear peptides of 10-20 amino acids that con-
tain the allergic epitopes of a protein so they have the potential
of inducing desensitization by inducing T cell unresponsive-
ness while not causing mast cell degranulation because they
cannot cross link IgE. This method showed to be successful in
preclinical trials on mice [32]. Preclinical and clinical studies
in humans are clearly needed before making any conclusions
about the promising effects of peptide immunotherapy.

Recombinant Protein Immunotherapy
Recombinant protein immunotherapy is a technique that relies

on modifying food allergens to make them less allergenic but
retain their immunogenicity. Introducing point mutations to
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allergenic epitopes in a protein is one method that showed to
be successful in preclinical studies in mice with peanut and
fish allergens. Clinical trials using SCIT as method of treating
fish allergy are ongoing in Europe https://www.
clinicaltrialsregister.eu/ctr-search/trial/2015-000276-10/1S.
This technique was tested for peanut allergy in a phase I trial
of rectally administered recombinant Ara hl, 2, and 3
encapsulated in heat killed E. coli. Five out of ten patients
had adverse reactions severe enough that they did not
complete dosing, and two patients had anaphylaxis [33].

Modified Food Proteins in OIT

Although several attempts have been ongoing to intentionally
modify food allergens, frequently common physical alter-
ations to food allergens also may have an impact on the aller-
genicity and immunogenicity of food allergens. For example,
egg OIT trials have used a variety of treatments [34] including
raw egg [35], pasteurized egg, dehydrated whole egg,
dehydrated egg white or cooked egg, scrambled egg or ome-
let, or egg powder. Although direct comparison between these
treatments may be challenging due to different treatment pro-
tocols, using boiled eggs seems to be the least effective in
inducing desensitization to raw eggs. Further studies are need-
ed to identify the ideal product for egg OIT.

Nonallergen Specific Therapies

Several approaches at treatment have utilized methods that are
not allergen specific and could be used regardless of the food
or number of foods one is allergic to.

Anti-IgE Therapy

Humanized monoclonal anti-IgE antibodies have been
shown to downregulate expression of Fc-epsilon-R1 re-
ceptors on mast cells and bind free IgE. In a trial of
TNX-901 an anti-IgE 1gG1, 84 patients were randomized
to 150, 300, 450 mg or placebo. Those on the 450 mg
dose showed significant increase in the threshold of sen-
sitivity to peanut on oral food challenge 2—4 weeks after
four doses of therapy [36]. Later, a controlled trial that
assessed role of omalizumab in children with peanut al-
lergy was aborted due to safety issues because of severe
anaphylactic reactions [37] but there was a trend toward
higher threshold of sensitivity in patients who reached
their primary end points. Clearly, further studies are likely
needed to assess the safety of anti-IgE as a monotherapy
of treatment of food allergy in children. Anti-IgE therapy
probably provides temporary nonspecific desensitization
and the effect will wane after stopping treatment. As
discussed earlier, investigators have been interested in

using anti-IgE therapy as an adjunctive therapy with food
specific immunotherapy.

Chinese Herbal Medicine

Investigators have tested the efficacy of a Chinese herbal med-
icine FAHF-2 for food allergy but found no significance for
the dose and duration of treatment despite favorable in vitro
effects [38]. This was tested based on animal studies and clin-
ical observations as the proposed mechanisms of actions were
varied.

Personalized Approach to Food Desensitization

There is a great deal of information that needs to be
learned about the characteristics of patients who can tol-
erate certain immunotherapy especially in the coming era
of personalized medicine. For example, in a recent study
[39] for baked milk OIT in 14 patients with baked milk
allergy only three were able to reach and tolerate the
maintenance daily. What makes these three patients re-
sponsive to therapy while others are not in this trial and
many other trials for immunotherapy emphasizes the fact
that certain patients may require different protocols or
methods of immunotherapy to achieve a desired level of
desensitization. In a Cochrane meta analysis that com-
bined 106 patients on cow’s milk OIT, 92% of subjects
had adverse reactions; most of them are mild [40]. There
is a significant number of drop out of studies due to ad-
verse reactions or nonadherence. Developing measures to
better predict those who are more likely to experience
severe adverse reactions or being aware of the potential
life threatening risks of nonadherence is also crucial for
any future therapy for food desensitization. There are cur-
rently efforts to identify such predictive measures [41].
For example, baseline serum specific IgE levels may help
predict the safety of OIT and assess patient’s candidacy
for such treatments [42]. In another study, lower levels of
serum specific and component IgE were associated with
successful desensitization in peanut SLIT as well [43].

Conclusion

There has been a tremendous improvement in our understand-
ing of food allergy and our approach to management of food
allergy in children in the past decade. Several investigators
have evaluated different types of specific and nonspecific im-
munotherapy for treatment. Combining specific immunother-
apy with nonspecific therapies such as anti-IgE antibodies
have shown an improved safety of desensitization, a very
important factor in all trials. Although these advancements
have not necessarily been translated into clinical practice
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yet, it is likely that we will see some of these advancements in
desensitization to food allergens transferred into clinical prac-
tice within the next decade. There are currently phase I1I clin-
ical trials to evaluate OIT and EPIT products with at least two
international companies applying for FDA approval in the
USA (clinicaltrials.gov).

Clinicians who choose to start their patients on any form of
food oral immunotherapy (EPIT is not available for clinicians
outside of clinical studies before FDA approval) should keep
in mind that there is not an FDA approved product yet, there is
variability in the protocols used for OIT among investigators,
and there is a potential risk of anaphylaxis and significant
gastrointestinal side effects. Clinicians must have a detailed
conversation with families clarifying both the risks and bene-
fits of such treatments, both short and long term with the
general understanding that once the treatment is discontinued
the benefits begin to wane.

A personalized approach is likely to be the future of food
allergy treatments where different methods of immunotherapy
may be best for different patients depending on their age,
reaction history, severity of their reactions, compliance, toler-
ability, or other factors. Despite all current advancements,
there is a significant amount of work to be done in the next
few decades to understand if ongoing treatment is the best
option or a cure can be identified that will induce true immu-
nologic tolerance.
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