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Abstract
Food allergies are caused by immune responses to food proteins and represent a breakdown of oral
tolerance. They can range from mild pruritis to life-threatening anaphylaxis. The only current
consensus for treatment is food avoidance, which is fraught with compliance issues. For this reason,
there has been recent interest in immunotherapy, which may induce desensitization and possibly even
tolerance. Through these effects, immunotherapy may decrease the potential for adverse serious
reactions with accidental ingestions while potentially leading to an overall health benefit. In this
review, we discuss the mechanisms of food allergy and give an overview of the various
immunotherapeutic options and current supporting evidence, as well as look towards the future of
potential novel therapeutic modalities.
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Food allergy: epidemiology
Food hypersensitivity reactions have become an increasingly burdensome issue over the last
few decades; not only does the prevalence appear to have risen, but the impact on healthcare
systems has also become more substantial [1,2]. Data taken from the National Electronic Injury
Surveillance System (NEISS) using data from US emergency rooms indicate that there are an
estimated 121,000 emergency department visits per year for food allergy-related symptoms,
with approximately 3100 hospitalizations. It has been suggested that only slightly over half of
the patients with probable anaphylaxis may be correctly coded when entering the hospital,
implying that food allergy may be even more common than currently thought [3].

Food allergy affects 3.9% of children in the USA, with an approximate 18% increase in the
past 10 years [1]. A population-based study using a US FDA questionnaire estimated the
prevalence of self-reported food allergy in adults as 9.1%, with 5.3% having a doctor-diagnosed
allergy [4]. While in some emergency room studies shellfish has been described as the most
common allergen involved in food hypersensitivity in patients over 6 years of age, another
meta-analysis noted that milk, egg, peanuts and nuts were more common in the general
population [3]. Reactions to food allergens cover a wide clinical spectrum, from mild pruritis
to life-threatening anaphylaxis. Although it is true that some types of hypersensitivity fade
when children move to adulthood (commonly seen in cases of hen's egg and cow's milk
allergies) peanut allergies tend to be persistent and are more commonly life-threatening.
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To date, the major therapeutic modality of food allergy has been strict avoidance of the allergen
and constant access to self-injectable adrenaline. This has been demonstrated to cause a
significant strain on patient quality of life since the fear of anaphylaxis is eminent owing to the
potential for accidental ingestions [5]. Studies have reported that the accidental ingestion of
allergens can occur in 40–75% of patients, even in those who participate in strict avoidance,
highlighting the reason for patient concern and the need for other therapeutic modalities [5–
7].

Mechanisms of reactivity
A major concept underlying our views of food allergy is that it occurs owing to a defect in oral
tolerance. This is the natural immunoregulatory process that generates active suppression
immunity to antigens experienced via the intestinal tract [8]. The mechanisms underlying oral
tolerance are being revealed to be increasingly complex, with evidence for anergy (a state of
unresponsiveness induced by overstimulation) or death in reactive T cells, both natural
regulatory CD4+ T cells (thymus-derived FoxP3+ cells), inducible regulatory CD4+ T cells
(peripherally derived) and TGF-β-secreting Th3 cells, as well as more novel regulatory cell
subsets, such as IL-10-producing B cells and regulatory CD8+ T cells. TGF-β has been defined
as a critical regulator of this entire process [9], and other cells that are capable of TGF-β
production, such as macrophages, may also contribute. We have demonstrated that food allergy
is associated with a loss of TGF-β and FoxP3 expression within the intestine using a murine
model that utilizes oral antigen exposure [10]. Children with food allergies have also been
found to exhibit reduced numbers of circulating IL-10-producing cells and TGF-β-producing
T cells within their intestinal mucosa [11,12]. In a murine model, oral administration of TGF-
β enhanced oral tolerance and reduced antigen-specific IgE levels [13]. CD103, an integrin
that is highly expressed at intestinal mucosal sites, is expressed on a subset of dendritic cells
that have a potent capacity to induce FoxP3+ regulatory CD4+ T cells [14,15], suggesting that
the intestinal mucosal is a specialized environment for promoting regulatory control over the
immune system. Despite this wealth of knowledge, there is still debate regarding whether food
allergy is the consequence of oral/intestinal antigen exposure and subsequent failure in oral
tolerance, or if other routes of sensitization are important. In particular, the skin has been
proposed as a potential site of food allergen sensitization [16]. In a murine model, epicutaneous
exposure to peanut proteins was able to promote specific IgE and IL-4 responses [17], as well
as preventing the ability to mount subsequent oral tolerance responses. However, while skin
exposure to food allergens (e.g., protein contamination of peanut oils used in skin creams) may
explain the increase in some allergies seen across many countries, studies on the diversity of
food allergies would appear to reflect an influence of regional diets. For example, in a study
of 107 cases of severe anaphylaxis in 2002, there were five cases of anaphylaxis to snail: the
study was performed in Paris, France [18]. Consequently, it is likely that, while topical
exposure to food allergens may explain certain food allergies, others may reflect a true failure
in oral tolerance mechanisms.

Focus on prevention
Given the limitations in current food allergy treatment, prevention has become a major focal
point, especially with regard to pregnant women and neonates. The prevailing theory had been
that food avoidance in infants was a cornerstone in preventing the development of food allergy
and this was then extrapolated to pregnant women. Recently, however, this stance has been
reversed. In January 2008, the American Academy of Pediatrics (AAP) reversed its stance on
delaying the introduction of dairy, eggs and nuts (after 4–6 months of age, when other solid
foods are introduced), stating that there was “no current convincing evidence that delaying
their introduction has significant protective effect on the development of atopic disease” [19].
Studies in other countries where certain allergenic foods are introduced early have had disparate
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results. In Germany, infants that were randomized to extensively hydrolyzed milk formulas
versus cow's milk had a lower incidence of atopic disease at 6 years compared with those given
cow's milk [20]. However, in Israel, the incidence of peanut allergy is markedly lower (0.04%)
than in other Western countries (1%) [21]. One theory behind this is that children are introduced
to peanut products much earlier in Israel than in other Western countries, and this may cause
a form of high-dose tolerance [22–24]. However, alternate explanations for this low rate of
peanut allergy include different formulations of peanut products and low ingestion rates of
peanuts in Israel [21,25]. In the USA and the UK since the 1980s, the practice of food avoidance
at an early age has been widely adopted as a protective measure against atopy and food allergy
development. The observations in Israel have prompted further investigation into whether early
and regular exposure, particularly in high-risk individuals such as those with a positive family
history, may decrease the risk for food allergy. This is currently being explored in the Learning
Early About Peanuts (LEAP) study, a randomized control trial to explore whether early peanut
protein exposure in high-risk children may be more efficacious than avoidance [101]. Similarly,
a large multidisciplinary project, EuroPrevall, funded by the EU and involving 24 countries,
has also been investigating the patterns of food allergy in various countries and how different
practices affect prevalence [26]. The results of such studies will be interesting with regard to
avoidance practices and preventative strategies towards food allergies.

Mechanisms of immunotherapy
Despite the relative successes of immunotherapy approaches for allergic rhinitis and asthma,
the precise mechanisms of action remain poorly defined. However, the majority of studies
focus on three main outcomes: the generation of ‘protective’ antibody responses, reduction in
the responsiveness of effector cells and changes in the T-cell cytokine balance.

The concept of ‘blocking’ antibodies that could reduce IgE-mediated allergic responses had
been proposed previously [27,28], but it was not until 1968 that they were identified as IgG
type [29]. In this study, Lichtenstein et al. demonstrated that the success of immunotherapy
appeared to depend on the induction of an IgG response. As research focused more onto the
specific IgG isotypes, it has emerged that IgG4 may play an important role in immunotherapy.
While IgG1 appears within the early phases of immunotherapy, IgG4 is produced in significant
amounts after long-term treatment [30,31]. However, it is important to consider the results of
studies on immunotherapy for bee venom. Here, it has been demonstrated that immunotherapy
can actually increase the specific IgE response, as well as the IgG4 response [32]. As a result,
the ratio of IgE to IgG4 may be more important that absolute numbers.

Desensitization of the effector cells in allergy is another mechanism through which
immunotherapy might function. After IgE-mediated stimulation, mast cells and basophils can
undergo desensitization that leaves them refractory to subsequent stimulation [33]. The initial,
low-dose exposures administered in immunotherapy may promote a local desensitization that
facilitates control during the increased doses. Notably, recent mechanistic studies have
demonstrated that pharmacological inhibition of spleen tyrosine kinase (Syk), critical in IgE-
mediated degranulation, did not alter the desensitization of either mast cells or basophils
[34]. As such, desensitization may be achieved while degranulation is prevented. The clinical
significance of this approach remains to be established.

A major component of immunotherapy appears to be the alteration of the T-cell responses to
the allergen, via either skewing of the proallergic Th2 response towards a Th1 or via the
induction of regulatory T cells (Tregs). Tregs can be thymically derived (natural) or antigen
specific (inducible). Both can exert potent suppression of immune responses via a diverse range
of mechanisms that have become increasingly diverse [35]. The secretion of cytokines with
suppressive functions is one major mechanism, and they include IL-10 and TGF-β, which have

Kamdar and Bryce Page 3

Immunotherapy. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



been found to be important in food allergy [11,12]. TGF-β also provides a link between induced
Tregs and Th17 cells as both require TGF-β for differentiation. Th17 cells are found mostly at
barrier surfaces and function as protection against microorganisms, as well as performing a
regulatory function against effector cells [36]. IL-35 is a newer Treg-derived cytokine with a
suppressive function that has not yet been investigated, although early reports have suggested
that human Tregs may not express IL-35 [37]. Other mechanisms include sequestering of IL-2,
which is important for effector T-cell proliferation, and more direct mechanisms, such as
granzyme-mediated cytolysis, or alteration of dendritic cell functions via CTLA-4-CD80/
CD86 engagement, LAG-3/MHC class II engagement or CD39-mediated inactivation of
extracellular ATP [35].

Early history of allergen-specific immunotherapy for food allergy
Native Americans explored this modality in the 1800s for suppressing immune reactions, as
certain populations ate poison ivy leaves to prevent contact hypersensitivity reactions [38]. In
the 1900s, this was further explored in a laboratory setting with guinea pigs and subcutaneous
injection of egg protein [39]. Immunotherapy was primarily studied with regard to respiratory
allergy treatment and food allergy immunotherapy was relatively ignored until the middle of
last century. In 1930, a young child with fish allergy was successfully desensitized [40]. In
1977, one of the first multipatient studies for subcutaneous immunotherapy was conducted,
with some benefit but a high rate of adverse reactions [41].

The first well-documented study of immunotherapy was carried out a few decades later, and
remains a cornerstone of further investigation. Nelson et al. conducted a double-blind, placebo-
controlled trial with the injection of aqueous peanut extract in peanut-allergic patients, using
a rush protocol with maintenance doses for approximately 1 year [42]. Patients in the treatment
group were able to tolerate higher amounts of peanuts at the 1-year food challenge, but only
three out of six remained tolerant of the maintenance dose. In addition, systemic reactions were
common and the safety profile was intolerable. Owing to the severe adverse reactions seen in
food allergen immunotherapy via the subcutaneous route, this therapeutic modality has been
dropped and within the last few decades there has been a more dedicated approach to studying
immunotherapy delivered by other means [42,43].

Sublingual immunotherapy
Given the systemic reactions associated with injection immunotherapy, sublingual
immunotherapy (SLIT) was developed. The majority of literature focuses on SLIT for
environmental allergens, with markedly positive results. One of the first SLIT studies using
food was performed by Enrique et al. in a double-blind placebo-controlled trial of hazelnut
allergy [44]. A total of 23 adults were evaluated and divided into active treatments (n = 12)
and placebo (n = 11). The active treatment group received a 4-day build-up in clinic, followed
by 3 months of home administration of hazelnut extract via a sublingual technique. Systemic
reactions occurred in 0.2% only during the rapid build-up phase and solely required oral
antihistamine for treatment. After 3 months of therapy, there was repeat double-blind food
challenge in which the mean quantity causing any type of reaction increased from 2.3 g
(pretreatment) to 11.56 g (post-treatment) in the hazelnut extract group (p = 0.02). IgG4 and
IL-10 levels also increased in the active group after treatment. In the placebo group, there was
no significant increase in quantity of peanut tolerated (3.5 g pretreatment to 4.1 g post-
treatment). Approximately 50% of patients that underwent hazelnut SLIT were able to tolerate
the highest dose of 20 g (15–20 hazelnuts), which may be sufficient to confer protection against
accidental ingestions.

Another study expanded the scope by applying sublingual immunotherapy to various food
hypersensitivities – cow's milk, whole egg, albumin, apple, beans, wheat and cod [45]. A total

Kamdar and Bryce Page 4

Immunotherapy. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



of 42 children were in the experimental group and ten children were in the control group. A
double-blind, placebo-controlled food challenge was first administered, after which the
treatment group underwent a sublingual–swallow desensitization protocol. In this method, the
allergen was initially placed under the tongue and held there for a few minutes, then swallowed.
After completion, all patients were asked to eat the allergenic food at least twice a week to
maintain tolerance. The protocol was somewhat standardized, as it was based on the
investigators’ prior studies [45–47], but involved very small numbers of patients for certain
foods (one patient each for apple and beans). In addition, by its design, this study included both
sublingual and oral exposures. However, the treatment was performed for a variable time of
5–10 months, and results demonstrated an improvement in skin prick tests, decreases in specific
IgE and increases in specific IgG4 compared with controls. More importantly, double-blind,
placebo-controlled food challenge was negative in all patients who successively completed the
desensitization protocol and was positive in all controls. However, patients with severe allergic
reactions were excluded from the study, thereby minimizing those patients who may have
exhibited significant adverse reactions, and there was no long-term follow-up, thus tolerance
could not be assessed. Other case reports have investigated sublingual rush desensiti zation to
cow's milk and sheep's milk with successful results [48].

Oral immunotherapy
Oral immunotherapy (OIT) has a similar mechanism to that of SLIT, except the allergen is
immediately swallowed. The majority of early studies focused on hen's egg and cow's milk
OIT.

Meglio et al. examined children with cow's milk allergy; 18 out of 21 children were at least
partially desensitized to cow's milk after a 6-month OIT protocol [49]. The theory behind these
‘partial responders’ is that desensitization could help with reducing the risk of severe
anaphylactic reactions with accidental ingestion. A decrease in food-specific IgE and an
increase in specific IgG4 was also noted. The concern with some of these studies, especially
in cow's milk hypersensitivity, is that natural tolerance may have played a role in these results,
since it is relatively common for children to outgrow this allergy.

A larger study of 60 children with severe milk allergy randomized them to either treatment
(OIT) or controls (milk-free diet for 1 year) [50]. Both groups initially reacted to a food
challenge in order to qualify and had an elevated milk-specific IgE. The treatment group
underwent an in-patient rush phase and then continued a dose-escalating maintenance phase
over 1 year, which was personalized to each patient. A total of 36% were able to tolerate the
goal dose (150 ml) at 1 year, while 54% could tolerate at least 5 ml and 10% could not tolerate
any amount owing to their symptoms. Every member of the control group had a positive food
challenge at the end of 1 year. The treatment group did achieve statistical significance.
However, the concern was the large number of adverse reactions, including four children who
needed epinephrine. In addition, there was no long-term follow-up to assess tolerance
induction.

Oral immunotherapy for hen's egg allergy was assessed in a study of seven children who
underwent a rush protocol with the goal of desensitization in order to prevent severe reactions
with accidental ingestions [51]. All patients underwent a doubling dose of hen's egg protein
approximately every 30 min until the highest tolerated dose was determined. A maintenance
phase was then continued for 24 months. Three out of seven subjects tolerated accidental
ingestions while all patients were able to ingest more egg protein at the study's conclusion
compared with at its beginning. Another more recent study of hen's egg OIT involved a rush
protocol of six children; at the study conclusion all subjects could ingest one whole egg without
adverse reaction [52]. There was a decrease in egg-specific IgE with an increase in TGF-β1,
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but rather surprisingly – given its role in tolerance and immunosuppression – a decrease in
IL-10.

Peanut allergy OIT has become a more recent focus, especially since very severe reactions can
occur with peanut hypersensitivity, making accidental ingestions more worrisome. One case
report discusses a 38-year-old woman with peanut allergy who underwent oral desensitization
[53]. At the end of a 7-day rush phase, she underwent a maintenance phase for 6 months. She
has continued to eat 40 g of peanuts three-times a week daily for an indefinite period of time;
moreover, she was able to tolerate peanut-containing products without issues. Another case
study of a young girl with severe peanut allergy who had several severe reactions with
accidental ingestions underwent OIT with similar results [54].

The safety of peanut OIT has been of particular interest, given the intolerable reactions seen
with subcutaneous peanut immunotherapy initially and the higher potential of anaphylaxis
[55]. Adverse reactions and safety profiles were particularly addressed in a recent study of 28
children with peanut allergy [55]. Reactions were most common during the initial escalation
day; four out of 28 required epinephrine during that period and, in total, 78% had some type
of reaction. However, home-dosing was fairly well tolerated, with only 3.5% experiencing
symptoms, generally classified as mild. Asthma was found to correlate with having a higher
risk of respiratory symptom-associated adverse reactions. A total of 93% tolerated the 3900
mg peanut food challenge at the end of the study, while all experienced symptoms in response
to 50 mg at the beginning of the study. While there were a high incidence of reactions overall,
it appears that this number is lower and the reactions less severe than prior peanut
immunotherapy trials and may be tolerable if participants are monitored closely [42,43,55].
Particular triggers, or predisposing factors, were further identified by another group, with the
suggestion that addressing these issues may improve the safety profile of peanut OIT [56].
These potential triggers, identified during home-dosing, were noted to be: concurrent illness,
suboptimally controlled asthma, timing of dose administration after food ingestion, physical
exertion after dosing and dosing during menses. Incorporating these factors within a peanut
OIT protocol may help to diminish adverse reactions; this particular group suggested a set of
recommendations to help attain this goal. Jones et al., in a recent peanut study, evaluated 29
children after an OIT protocol for clinical response and immunologic changes [57]. After 18
months, peanut-specific IgE decreased, IgG4 increased and secretion of IL-10, IL-5, IFN-γ and
TNF-α increased. There were no severe reactions during the protocol and any symptoms were
controlled with diphenhydramine and albuterol alone. However, an oral food challenge was
not conducted immediately following the end of the study; this is planned for after 3 years of
maintenance therapy so that the authors can assess true tolerance.

The rates of success vary between 70 and 80% throughout all the OIT studies, although it is
somewhat difficult to generalize given the inconsistencies in protocol, patient selection and
definition of ‘success’ [49–57]. This is one of the major drawbacks of the various OIT studies,
in that ‘success’ is variably defined, sometimes being referenced to tolerance and other times
to desensitization. ‘Desensitization’ refers to the ability to ingest an allergen without symptoms,
but an amount of the allergen must be ingested daily, while ‘tolerance’ refers to the ability to
ingest an allergen without symptoms after the cessation of daily maintenance ingestion [58].
In general, the rates of success refer to desensitization but do not address the ability to attain
tolerance. There are currently no defined markers of tolerance, which is one difficulty. Another
difficulty is that, in order to truly assess clinical tolerance, studies must be conducted over a
long-term period of time to differentiate between natural tolerance and induced tolerance.
Cow's milk OIT is one specific area in which this is a particular difficulty, as it has been reported
that as few as 20% of children will have cow's milk allergy that persists into adulthood, making
the line between natural tolerance and induced tolerance particularly small [59].

Kamdar and Bryce Page 6

Immunotherapy. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Meglio et al., after their initial study of cow's milk OIT, did a longer-term follow-up 4 years
after the conclusion [49,60]. A total of 15 out of 21 children (71%) after the initial study
tolerated the end goal dose of 200 ml, while three children had to be taken out of the study
owing to intolerable side effects. At the 4-year follow-up, all of the children in the initial
‘success group’ were still tolerant of cow's milk. However, the lack of a control group makes
it difficult to interpret whether this was accomplished through OIT or whether this was a
manifestation of natural tolerance. Staden et al. randomized 45 children to either hen's egg or
cow's milk OIT or to an elimination group [61]. After approximately 21 months of daily
maintenance dosing, children in the treatment group underwent a secondary elimination diet
for 2 months. After the final challenge, nine out of 25 (36%) demonstrated permanent tolerance
while three out of 25 (12%) were tolerant with regular intake but had reoccurrence of symptoms
after 2 months of allergen avoidance. This is compared with the control group that had a 35%
tolerance rate, suggesting that there was no difference after cessation of daily allergen and thus
no achievement of true tolerance. However, there was a total of 64% who were partial or full
responders, and who may benefit from daily ingestion to prevent severe reactions after
accidental ingestions. Whether the strenuous nature of daily treatment is worth that level of
outcome is still unclear, and further studies are needed in order to fully assess this, but may
end up being best made by the parents of an affected child.

Other issues are still noteworthy for critical appraisal of the current OIT studies. There is no
standardized protocol, which makes it difficult to compare outcomes, as the doses and protocol
time periods have very wide variability. Some authors have focused on outlining specific
protocols, but the majority of studies have their own self-generated protocols [51,56]. In
addition, aside from a few well-conducted trials, most studies do not contain adequate control
groups, leading to difficulties in interpretation. The majority of the studies are in children, who
are known to have a different natural history of their allergenicity; therefore, studies conducted
on adults would be useful to circumvent this issue. The subjective nature of this type of research
must also be addressed; the severity of reactions may be interpreted differently by investigators
as well as within different populations, while some studies chose to eliminate severe responders
while others do not. To date, no objective criteria have been defined for these purposes.

New potential therapeutic directions
■ Heat-denatured proteins

While still involving OIT, this notion involved using extensively heated foods. IgE binding
can include specificity to both sequential and conformational epitopes, which have been well
described. Heat can cause denaturation of the tertiary structure that may disrupt the
conformational epitopes. One group further evaluated this notion in cow's milk, finding that,
of 93 children reactive to milk, 73% tolerated extensively heated milk products [62]. Another
group saw similar results in children with hen's egg allergy being challenged with baked egg
products [63]. This may represent another avenue to explore with regard to OIT. However,
while IgE against conformational epitopes have been demonstrated for egg and milk [64], other
food allergies have been more commonly associated with recognition towards linear epitopes,
such as with peanuts [65]

■ Peptide immunotherapy
One of the major drawbacks of OIT is the potential for severe systemic reactions, since whole
allergens are associated with this risk owing to the presence of B-cell epitopes that can crosslink
IgE. Peptide-based strategies can avoid this by eliminating B-cell epitope sequences and thus
prevent the crosslinking of IgE, while relying heavily on T-cell epitopes. This was initially
studied in cat hyper-sensitivity, with significant clinical improvement in symptoms [66,67].
Studies have yet to reach the clinical trial stage in food allergy, but this may be a future direction.
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However, caution may be needed since, in studies investigating immunotherapy for
autoimmune disease, peptide immuno therapy has the potential to elicit anaphylaxis and death
in mice [68].

■ Mutated allergens
This concept involves engineering antigenic epitope-free proteins through PCR mutagenesis
and, similarly to peptide immunotherapy, allow for an antigen that influences specific T cells
without crosslinking IgE. This has been investigated in peanut allergy, where mutated Ara h
1, 2 and 3 (HKE-MP123) have been engineered to be expressed by Escherichia coli and then
administered rectally in a murine peanut allergy model [69]. The outcome demonstrated a
potential difference between the treated group and sham-treated mice, specifically in histamine
levels and IgE, while also suggesting a shift from a Th2 to Th1 response. Another trial
investigated an apple allergen, Mal d 1, and demonstrated that the mutant allergen caused a
decrease in food challenge reactivity compared with the native allergen [70].

■ Anti-IgE therapy
Anti-IgE is a humanized mouse monoclonal IgG antibody directed against the human IgE
molecule which binds to freely circulating IgE, thereby rendering it unable to bind to its specific
high-affinity receptor (FcεRI) on mast cells and basophils. This works through an ‘allergen
nonspecific’ approach, whereby it can be effective against multiple different allergens. Anti-
IgE has already been studied in asthma and allergic rhinitis, with reductions in multiple areas
of interest, including medication use and allergic symptoms [71]. Given the success of these
studies, humanized monoclonal anti-IgE (TNX-901) has recently been applied to peanut
hypersensitivity in a well-conducted, double-blind, placebo-controlled, dose-ranging clinical
trial, with the conclusion that the subjects receiving the highest dose (450 mg) had increased
tolerance compared with before the trial [72]. However, approximately a quarter had no change
in tolerance after receiving anti-IgE. Other drawbacks include the high price of anti-IgE and
issues with anaphylaxis. Another trial utilizing a different anti-IgE antibody preparation
(omalizumab) was discontinued owing to safety concerns with the protocol [73]. Despite these
concerns, it is intriguing to propose that anti-IgE may be useful as a ‘facilitator’ to inducing
tolerance. For example, by preventing the IgE-mediated anaphylactic reactions, the severity
or frequency of adverse events may be sufficiently controlled to allow SLIT or OIT to be safely
utilized.

■ Chinese remedies
Using traditional Chinese medicine, there has been the development of two food allergy herbal
formulas – FAHF-1 (which contains extracts of 11 traditional Chinese herbs) and FAHF-2
(which contains extracts of nine herbs). These studies have used a murine model that mimics
peanut allergy and demonstrate that FAHF-2 blocked anaphylaxis both early (during the
development of peanut hypersensitivity) and late (after peanut hypersensitivity was fully
established), primarily through the suppression of histamine release and Th2 responses [74].
In these mice, anaphylactic reactions were actually prevented by FAHF-2 after multiple peanut
challenges for multiple months, although the doses of FAHF-2 needed are relatively large (30–
60 mg/kg). Despite this, FAHF-2 is now being explored in human food allergy – a Phase I
open-label study is currently under review [75].

Executive summary

Epidemiology of food allergy

■ Food allergy affects approximately 4% of children and 5% of adults in the USA.
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■ Food allergy is responsible for approximately 121,000 emergency department visits per
year in the USA.

■ Accidental ingestions can occur in 40–75% of patients.

■ Current therapeutic strategies include food elimination and strict avoidance.

Mechanisms of reactivity

■ Oral tolerance typically controls immune responses to foods.

■ Route of allergen exposure may vary.

Focus on prevention

■ There is no role for delaying the introduction of potentially allergenic foods according to
the American Academy of Pediatrics.

■ Some recent interest in the concept of early food introduction to prevent food
hypersensitivity.

Mechanisms of immunotherapy

■ Antibody balance between IgE and IgG4 may be important.

■ Desensitization of effector cells may prevent reactivity.

■ Promoting regulatory T cells may restore unresponsiveness to foods.

Concept of immunotherapy

■ The mechanism of immunotherapy is probably via a shift from primarily Th2 to Th1
dominant response.

■ The goal is to induce a clinical tolerance, which may be similar to natural tolerance in
nonallergenic individuals.

■ Immunotherapy protocols, including rush protocol, are varied in their conditions.

History of early immunotherapy

■ Immunotherapy was first explored in the 19th and early 20th Centuries.

■ Subcutaneous immunotherapy was evaluated with peanuts; however, the side-effect
profile was intolerable.

Sublingual immunotherapy

■ There have been favorable studies in environmental allergens in the past.

■ A hazelnut sublingual immunotherapy study demonstrated that this method may confer
a benefit against accidental ingestion.

■ Another trial with various food allergens had negative food challenges in all treatment
groups at the end of the study.

Oral immunotherapy

■ The oral immunotherapy protocol involves immediately swallowing allergen.

■ Meglio et al. found a decrease in allergen-specific IgE and an increase in specific IgG4
with this protocol.

■ Another large RCT did achieve statistical significance, but with a large number of adverse
reactions.
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■ Peanut allergy oral immunotherapy (OIT) is a more recent development, with the safety
profile being the primary focus.

■ Recent safety studies have concluded that peanut OIT is probably better tolerated than
peanut subcutaneous immunotherapy.

■ A set of recommendations and predisposing risk factors has been constructed to help
improve the safety of peanut OIT.

■ A major issue with OIT is whether true clinical tolerance or merely desensitization is the
outcome. The results of a few longitudinal studies are discussed.

■ Other areas that have still not been fully addressed within OIT are standardized protocols,
age of patients and lack of control groups.

New potential therapeutic directions

■ Various alternatives to OIT include heat-denatured proteins, peptide immunotherapy and
mutated allergens.

■ Allergen-nonspecific therapies include anti-IgE, FAHF-2 and worm-egg therapy. In
particular, use of Chinese medicine may be an interesting future treatment for food allergy.

■ Worm eggs
Studies investigating Schistosoma japonicum egg antigens can induce the productions of
CD4+/CD25+ Tregs in asthma, causing a decrease in airway inflammation and probably
inhibiting asthma development in murine models [76]. This has not been formally studied in
food hypersensitivity, but is another potential future direction and is being considered for
effectiveness in food allergy models.

Conclusion & future perspective
There have been a growing number of studies in food allergy and immunotherapy within the
last few decades, but only a few well-controlled, random ized trials demonstrate some benefit
of this type of intervention. Further studies are needed in order to address some of the issues
raised in this review, but OIT has overall promise to help prevent severe allergic reactions.
Other therapeutic modalities on the horizon include peptide immunotherapy, anti-IgE and
Chinese complementary medicines. Combining ‘facilitator’ compounds to inhibit severe
reactions with ‘inducer’ approaches to promote desensitization or tolerance may prove
beneficial, particularly for patient safety. The exploration of these techniques will be exciting
developments in the future of food allergy.
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