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Advances in food allergy diagnosis, management, prevention, and
therapeutic interventions have been significant over the past

2 decades. Evidence-based national and international guidelines
have streamlined food allergy diagnosis and management, whereas
paradigm-shifting work in primary prevention of peanut allergy
has resulted in significant modifications in the approach to early
food introduction in infants and toddlers. Innovative investigation
of food allergy epidemiology, systems biology, effect, and
management has provided important insights. Although active
therapeutic approaches to food allergy remain experimental,
progress toward licensed therapies has been substantial.
Mechanistic understanding of the immunologic processes
underlying food allergy and immunotherapy will inform the future
design of therapeutic approaches targeting the food-induced
allergic response. Global strategies to mitigate the substantial
medical, economic, and psychosocial burden of food allergy in
affected subjects and families will require engagement of
stakeholders across multiple sectors in research, health care, public
health, government, educational institutions, and industry.
However, the relationship between the well-informed allergy care
provider and the patient and family remains fundamental for
optimizing the care of the patient with food allergy. (J Allergy Clin
Immunol 2018;141:2002-14.)
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Abbreviations used
AE: Adverse event
BAT: Basophil activation test
CM: Cow’s milk
CoFAR: Consortium of Food Allergy Research
ED: Eliciting dose
EHR: Electronic health record
EoE: Eosinophilic esophagitis
EPIT: Epicutaneous immunotherapy
EW: Egg white
Foxp3: Forkhead box protein 3
NASEM: National Academies of Sciences, Engineering, and
Medicine
OFC: Oral food challenge
OIT: Oral immunotherapy
QoL: Quality of life
sIgE: Specific IgE
SLIT: Sublingual immunotherapy
SPT: Skin prick test
SU: Sustained unresponsiveness
Treg: Regulatory T
TSLP: Thymic stromal lymphopoietin

Food allergy is a significant health concern that has adverse
medical, psychosocial, and economic effects on affected
subjects and families. "2 Advances in diagnostic and therapeu-
tic approaches, including implementation and revision of
evidence-based guidelines,'”** along with enhanced insights
into early intervention and prevention have shifted paradigms
and improved the care of patients with food allergy.’ Further-
more, progress toward active therapeutic options to mitigate
the life-altering effects of food allergy has been substantial,
ushering in a new era in food allergy, with licensed active ther-
apeutic interventions on the horizon.® Collectively, these ad-
vances have shifted existing paradigms in the approach to the
patient with food allergy. However, the therapeutic relation-
ship between the allergist and the patient with food allergy
and family remains of central importance. An informed and
up-to-date allergy provider is critical in establishing the correct
diagnosis and developing an integrated management plan
that empowers patients with food allergy to safely engage
in educational and extracurricular activities, as well as
promoting broader inclusion and awareness within the
community (Fig 1).

The following article integrates findings from recently published
advances in food allergy epidemiology, diagnosis, management,
prevention, and therapy with established evidence-based guidelines
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FIG 1. An integrated model for patient and family-centered care of the patient with food allergy. CRD,

Component resolved diagnostics; SPT, skin prick test.

to provide a state-of-the-art approach to optimizing outcomes for
patients with IgE-mediated food allergy.

EPIDEMIOLOGY OF FOOD ALLERGY

Although it appears to be increasing, the true prevalence of
food allergy is difficult to assess. Indeed, the recently published
National Academies of Sciences, Engineering, and Medicine
(NASEM) report titled “Finding a path to safety in food allergy:
assessment of the global burden, causes, prevention, management
and public policy” (hereafter referred to as the NASEM report)
highlighted this conundrum, noting that the self-reported preva-
lence of food allergy in adults approaches 15%, whereas in studies
using more stringently defined criteria, the estimated prevalence
is 4% of children and 1% of adults.'*"*

The prevalence of challenge-confirmed food allergy in Austra-
lian preschoolers participating in the HealthNuts population-
based cohort study was 3.8% at age 4 years (1.9% for peanut
allergy 1.2% for egg allergy), whereas the overall food allergy
prevalence rate in this same cohort at age 1 year was previously
reported to be 11%, which was the highest reported international
prevalence of challenge confirmed food allergy in this age group.’
This same group of investigators surveyed Australian parents and
students aged 10 to 14 years and then performed detailed clinical
evaluation in adolescents suspected to have current food allergy.
The prevalence of clinically defined food allergy based on history,
sensitization, and oral food challenge (OFC) was 4.5% (95% ClI,
3.9% to 5.1%) in this defined cohort compared with a self-
reported prevalence of 5.5% (95% CI, 4.9% to 6.2%) in the subset
who completed surveys but did not have parental responses or
clinical evaluation, with peanuts and tree nuts the most commonly
identified allergens in both groups.'’

In the EuroPrevall birth cohort study, investigators followed
823 infants until age 2 years; suspected food reactions were
evaluated further based on specific IgE (sIgE) levels and skin
prick test (SPT) responses, and food hypersensitivity was defined
as a positive double-blind, placebo-controlled food challenge
with symptoms up to 48 hours after the challenge.'" Investigators
observed a 2.6% cumulative incidence of IgE-mediated food al-
lergy by age 2 years, with 2.1% reacting to hen’s egg. The cumu-
lative incidence of IgE- and non—IgE-mediated allergy was 5%,
with almost half of infants with challenge-confirmed reactions
having negative food sIgE values, suggesting different food al-
lergy phenotypes.

Differences in food allergy phenotype related to racial and
ethnic differences were also observed in a retrospective cohort
study of 817 children with food allergy (age, 0-17 years; 35%
African American, 12% Hispanic, 53% non-Hispanic white) at
2 urban tertiary care centers.'” When compared with non-
Hispanic white children, African American and Hispanic chil-
dren had significantly greater odds of comorbid asthma,
eczema, or both; allergy to less well-recognized food aller-
gens, such as wheat, soy, corn, fish, and shellfish; and
increased rates of food-induced anaphylaxis and emergency
department use, factors that place them at greater risk of
adverse food allergy outcomes. Enhanced understanding of
different food allergy phenotypes is an important step toward
subsequent identification of potential disease endotypes
(defined as phenotypic subclasses associated with specific
mechanisms underlying the disease) and development of pre-
cision medicine strategies, as highlighted in the PRACTALL
consensus document summarizing the current progress toward
precision medicine approaches in asthma, drug allergy, food
allergy, and anaphylaxis.'’
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In addition to enhanced understanding of overall food allergy
prevalence rates, important work examining the rates of severe
reactions has been published. The European Anaphylaxis Regis-
try characterized severe allergic reactions in children and
adolescents during the period between July 2007 and March
2015, identifying 1970 reports of anaphylaxis in subjects less than
18 years of age, 66% of which were triggered by foods.'* Age-
specific differences in triggering foods were observed, with
cow’s milk (CM) and hen’s egg the most common triggers in chil-
dren younger than 2 years, hazelnut and cashew the most common
in school-aged children, and peanut common in all age groups.
Intensive care unit admissions and fatal reactions occurred in
26 (1.3%) patients and hospital-based emergency management
by using intramuscular epinephrine increased from 12% to 25%
from 2011-2014.

The multicenter prevalence of anaphylaxis during open OFCs
in non-research-based clinical settings provided important safety
insights into the largest national survey of outcomes in nonaca-
demic centers in the United States.'> Analysis of 6377 clinic-
based OFCs (peanut and egg being most common allergens)
indicated a pooled anaphylaxis estimate of 2% (95% CI 1-3%),
a rate of allergic reactions of 14% (range 13-33%), and more
frequent reactions in male patients.

Using retrospective chart review from the electronic health
record (EHR), investigators evaluated 35,328 children in a
subspecialty care network to characterize patients with eosino-
philic esophagitis (EoE) and IgE-mediated food allergy.'® The
prevalence of EoE in pediatric patients with IgE-mediated food
allergy was greater than in the general population (4.7% vs
0.04%), and IgE-mediated allergy to egg, milk, or shellfish was
associated significantly with a diagnosis of EoE.

The utility of EHRs as a tool for clinical and epidemiologic
research was further highlighted by Acker et al.'” Using the EHR
allergy module, these investigators examined the prevalence of
food allergies, food intolerances, and severe reactions over the
period from 2000-2013 and correlated their results with sIgE
data, where available. Among 2.7 million patients, 97,482
(3.6%) reported 1 or more food allergies or intolerances, with
103,659 adverse food reactions identified. The most commonly
identified food triggers were milk, peanut, shellfish, and fruit.
Refinement and standardization of clinical evaluation tools to
better define and differentiate the spectrum of IgE-mediated vs
non—-IgE-mediated food allergy will be critical for accurate future
analysis and definition of clinical phenotypes and endotypes.

ETIOLOGY (SYSTEMS BIOLOGY/GENETICS/
MICROBIOME)

Although epidemiologic data suggest an increase in food
allergy prevalence, factors contributing to the apparent increase
have been speculative to date. Accumulating evidence supports
potential gene-environment interactions and early-life gastroin-
testinal microbiota along with the enduring hygiene hypothesis as
proposed explanations for the increase in allergic disease. In a
cross-sectional family-based study that included 1359 children,
832 (61.2%) with food allergy and 406 (30%) with asthma,
investigators examined the association of hygiene factors (eg,
number of siblings, antibiotic use, infection history, pet exposure,
child care exposure, and maternal-child factors) with childhood
food allergy.'® Increased prevalence of food allergy was associ-
ated with skin infection or eczema, whereas a larger number of
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siblings was associated with decreased prevalence of both food al-
lergy and asthma.

The contribution of genetic variants in the development of
food allergy was another important area of study over the past
year. Australian investigators identified associations between a
variant in serine peptidase inhibitor Kazal type 5 (SPINKS) and
challenge-proved IgE-mediated food allergy in 12-month-old
infants, further supporting a role for defects in skin barrier
function in the development of food allergy.'” In this same
cohort genetic variation in the /L/3 gene was also associated
with challenge-proved food allergy.”’ A genome-wide associa-
tion study comparing 73 infants with challenge-proved IgE-
mediated peanut allergy and 148 nonallergic infants (age
approximately 1 year) reproduced findings demonstrating ge-
netic determinants for challenge-confirmed peanut allergy in al-
leles at the HLA-DRBI locus.”’ The first epigenome-wide
association study of CM allergy in US children identified sig-
nificant differentially methylated regions in specific gene loci,
including genes involved in Ty1-Ty2 regulation and cellular
signaling.”” Although further study is needed, identification
of genetic and epigenetic alterations associated with food al-
lergy is important to advance our understanding of the gene-
environment interactions that underlie the development of
food allergy.

The role of the gastrointestinal microbiome in both the
development and resolution of food allergy, as well as
recognition of the potential therapeutic strategies to manipulate
the microbiome, are areas of significant interest and ongoing
investigation.23 2 Recognition of the potential role of the micro-
biota in modulating asthma, atopic dermatitis, and food allergy
culminated in publication of the 2017 PRACTALL consensus
report from the American Academy of Allergy, Asthma &
Immunology and European Academy of Allergy and Clinical
Immunology, which summarizes the current understanding, ex-
isting knowledge gaps, and future strategies to harness the
potentially beneficial immunomodulatory effects of the micro-
biome to intervene in the progression of allergic disease.”
The association between the early-life gut microbiota and reso-
lution of CM allergy was examined in the Consortium of Food
Allergy Research (CoFAR) observational cohort, which
included 226 children with milk allergy; in the 128 (56.6%)
children whose milk allergy was outgrown, enrichment of the
gut microbiome with Clostridia and Firmicutes at age 3 to
6 months was associated with resolution of milk allergy by
age 8 years.”® The potentially causal role of the microbiome
in development of food allergy was examined in a prospective
microbiome-wide association study in early childhood, high-
lighting differences in microbial genera in children with food al-
lergy and those with food sensitization.”’

A novel hypothesis for the increased incidence of food allergy
in developed countries was proposed by investigators in the
United States and Australia, indicating a potential role for high
levels of dietary advanced glycation end-products derived from
cooked meats, oils, and cheese in the presence of high sugar
concentrations.”® These dietary advanced glycation end-products
subsequently mimic alarmins, endogenous molecules secreted
from cells undergoing nonprogrammed cell death that signal tis-
sue and cell damage, and promote proallergic innate immune re-
sponses. This “false-alarm” hypothesis is another possible
explanation theorized to account for the increase in food allergy
in westernized societies, although further study is needed.
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PREVENTION/EARLY INTERVENTION

One of the most significant paradigm shifts in the management
of food allergy is the transition from recommending delayed
introduction of allergenic foods, such as peanut, into the diets of
infants and toddlers, to the current consensus recommendations for
early peanut introduction to prevent peanut allergy.” This shift was
inspired by the seminal randomized, controlled Learning Early
About Peanut study and associated long-term follow-up studies,
which hypothesized that regular consumption of peanut-
containing products starting in infancy would promote a protective
immune response and dietary tolerance to peanut.’’ More than
600 children (age, 4-11 months) at high risk for peanut allergy
were randomized to either avoid or consume peanut at least 3 times
weekly until age 5 years. The rate of peanut allergy by age 5 years
was only 3% among children eating peanuts compared with 17% in
those who avoided peanuts. Overall, sustained consumption of pea-
nut beginning in the first 11 months of life was highly effective in
preventing the development of peanut allergy.

Based on these results, new dietary guidelines recommend the
introduction of peanuts in the first 4 to 6 months of life based on
classifying infants into 3 risk categories.” For the highest-risk in-
fants, who are defined as those with severe eczema, egg allergy, or
both, allergy testing should be performed, and then, if appro-
priate, peanut should be introduced as early as 4 to 6 months of
age. Infants with mild-to-moderate eczema require no testing
and should undergo peanut introduction around 6 months of age
to decrease their risk of having peanut allergy. In low-risk infants
without eczema or food allergy, guidelines recommend ad libitum
dietary peanut introduction together with other complementary
foods.

The same investigators conducted a randomized trial of early
introduction (the Enquiring About Tolerance study) of 6 aller-
genic foods (CM, cooked egg, peanut, sesame, whitefish, and
wheat) versus a standard feeding pattern in 1303 exclusively
breast-fed infants beginning at 3 months of age.”” In the intention-
to-treat analysis, no differences were noted, but the per-protocol
analysis revealed significant reductions in allergy to peanut and
egg at the time of analysis between ages 1 and 3 years. Consump-
tion of greater amounts of the food protein (2 g/wk) was associ-
ated with lower prevalence of peanut and egg allergy. The
report also highlighted the difficulty in achieving early introduc-
tion of all foods that might have negatively affected the results.

In a 2017 editorial, Drs Turner and Campbell highlighted
practical considerations for implementation of peanut allergy
primary prevention at a population level.”' While recognizing the
compelling evidence for early peanut introduction in high-risk
infants, the authors expressed concern that the complex risk strat-
ification, resource-intensive screening process, and narrow 4- to
6-month window for introduction can hinder broad implementa-
tion, uptake, and ultimate success of the recommendations and
recommended that perhaps at a population level the advice should
be simplified. Furthermore, they highlighted a possible unin-
tended consequence of the new guidelines, “screening creep,”
in which infants who are not in a high-risk category undergo
screening because of parental anxiety or overdiagnosis of eczema,
leading to delays in introduction while navigating the screening
and challenge process.

Other primary prevention studies published this year focused
predominantly on affecting the development of egg allergy. The
Prevention of Egg Allergy with Tiny Amount Intake (PETIT)
Study, which was conducted in Japan, is a randomized, placebo-
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controlled trial conducted in 218 infants 4 to 5 months of age with
eczema.’” Participants received aggressive treatment for eczema
and were randomized to either placebo or egg powder; those in the
egg group consumed 50 mg of heated egg power daily from 6 to
9 months of age and 250 mg/d thereafter until age 12 months.
Open food challenges were performed at age 12 months to assess
for egg allergy. The trial was terminated early because of signif-
icant results at the interim analysis of the first 100 infants that
showed 9% of those in the egg group compared with 38% of in-
fants in the placebo group demonstrating egg allergy (P =.0012).

There were 2 other randomized, placebo-controlled trials of
hen’s egg consumption in 4- to 6-month-old infants, neither of
which found evidence that hen’s egg consumption at age 4 to
6 months prevented egg allergy. In fact, both studies highlighted
that some 4- to 6-month-olds already had egg allergy or had
reactions with consumption.”***

In a meta-analysis regarding food allergy prevention published
in 2016, studies supported early introduction of both peanut and
heated egg protein to prevent food allergy to specific allergens.*

In another prevention approach, investigators performed a
randomized, parallel, single-blind, controlled trial of twice-daily
application of a new ceramide dominant emollient (EpiCeram;
PuraCap Pharmaceuticals, Piscataway Township, NJ) as lipid
barrier replacement in the PEBBLES pilot study.’® Infants who
were treated with EpiCeram during the first 6 months of life ex-
hibited a trend toward reduced atopic dermatitis and food sensiti-
zation at 12 months. However, whether the use of emollients
prevents atopic dermatitis beyond the treatment period or whether
this intervention reduced long-term allergic sensitization requires
further study.

Evidence-based guidelines

The 2010 “Guidelines for the diagnosis and management of
food allergy in the United States” provided evidence-based
recommendations that have guided the approach to food
allergy over the past 7 years." After publication of findings
from the Learning Early About Peanut study and related
follow-up studies in the United Kingdom, ”’ updated dietary
recommendations for peanut allergy prevention were published
as an addendum to the original guidelines.4 European guide-
lines were also published in 2014 addressing recommendations
for primary prevention.” The NASEM convened an ad hoc
expert committee to examine critical issues in food allergy,
generating a landmark report.” Six major action steps involving
multiple stakeholders were proposed, including (1) improved
collection of prevalence data to better estimate the global
burden, coupled with exploration of risk factors; (2) improved
diagnostics and evidence-based care; (3) evidence-based pre-
vention strategies; (4) enhanced education and training for
recognition, management, and prevention of acute allergic re-
actions; (5) development of policies and practices to prevent
and treat severe allergic reactions; and (6) addressing key ques-
tions related to diagnostics, mechanisms, risk determinants,
and management, with a goal of identifying safe and effective
therapies (Table I).

Diagnostic approach to food allergy
The 2010 National Institute of Allergy and Infectious Diseases
guidelines define food allergy as an “adverse health effect arising
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TABLE Il. Current concepts and future directions in the diagnosis, prevention, and management of food allergy

Food allergy issue

Accepted concepts

Future directions

Prevalence

Role of genetics, epigenetics, microbiome

Prevention

OFC in diagnosis and management

Epinephrine as first-line treatment for
anaphylaxis

Emerging therapy for food allergy

Biomarkers/mechanistic predictors of disease
and treatment response

Education for patients, care providers, schools,
and so on

Population prevalence is not fully known but
generally accepted.

Importance is implied by current studies.

Early dietary introduction of peanut and egg is
associated with reductions in allergy.

OFC remains the gold standard for diagnosis and
long-term management.

Epinephrine is widely accepted as first-line
therapy but not widely implemented.

Current strategies under investigation show
promise for active therapeutic intervention.

Limited biomarkers are available that accurately
predict diagnosis and track disease.

Education is critical for appropriate diagnosis,
ongoing management, and prevention of

Understanding food allergy prevalence,
especially in diverse populations, is
important.

Further work is needed to better define the role
of genetics, environment, and the microbiome
in development, prevention and treatment of
food allergy.

Implementation of early implementation
guidelines for peanut is needed in addition to
further information on other major food
allergens. Other strategies for prevention are
needed.

Improved standardization across age groups and
clinical settings is needed.

Strategies are needed to fully implement
epinephrine as first-line therapy and to
develop newer treatment forms for use.

Novel approaches to treatment are needed to
most significantly affect all ages and single-
allergen and multiallergen disease and
provide both safe and effective treatment.

Further work is needed to more fully define
biomarkers and mechanistic factors associated
with food allergy, anaphylaxis, and disease
prognosis and severity.

New and more comprehensive educational

anaphylaxis.

strategies are needed for patients, care
providers, schools, and other stakeholders to
fully manage disease and increase awareness.

from a specific immune response that occurs reproducibly on
exposure to a given food” and provided an evidence-based
framework for diagnosis of food allergy.’ A multistep approach
to diagnosis of food allergy integrating data from the clinical his-
tory and physical examination with specific laboratory studies
and/or diagnostic food challenges enhances diagnostic accuracy.
Quantification of allergen sIgE and measurements of SPT wheal
diameters are established diagnostic parameters. However,
advanced laboratory approaches, including measurement of
sIgE to allergen components and use of the basophil activation
test (BAT) are increasingly available testing modalities.”” Indeed,
the BAT has superior specificity and comparable sensitivity to
food sIgE measurements and SPTs for the diagnosis of food al-
lergy.3 ¥ The BAT also has use in monitoring resolution of food al-
lergy and clinical response to immunotherapy and potentially
reducing the number of OFCs required to make an accurate diag-
nosis of food allergy.38

OFCs

OFCs are considered the gold standard for confirming a
diagnosis of food allergy or, conversely, evaluating food allergy
resolution.' Because serum food sIgE levels and SPT responses
are insufficient predictors of OFC outcomes, investigators applied
a Standardized Clinical Assessment and Management Plan to
evaluate and adjust sIgE and SPT thresholds to best select patients
for OFC.”” During a 3-year period, 2368 OFCs were performed in
1580 patients in either an outpatient clinic setting (n = 1386

OFCs: 13% reaction rate, 6 requiring epinephrine) or higher-
level infusion center (n = 945 OFCs: 23% reaction rate, 22
requiring epinephrine). Continual refinement of IgE and SPT
thresholds for OFCs using control chart methods allowed for
identification of high- and low-risk OFC categories that allowed
for triage to the most appropriate clinical setting.

In the Australian HealthNuts study investigators characterized
reaction profiles during OFCs to assess potential predictors of
reaction severity.’’ A total of 2047 peanut, egg, or sesame chal-
lenges were performed in 916 children at age 1 year and 357 at
age 4 years. Urticaria was the most common symptom during pos-
itive OFCs at both age 1 year (88.7%) and age 4 years (71.2%);
angioedema was observed more frequently at age 4 years
(40.1%) than at age 1 year (12.9%). Anaphylaxis complicated
2.1% of positive challenges at age 1 year and 2.8% at age 4 years
and was more commonly associated with peanut than egg. Food
sIgE levels of greater than 15 kU/L were associated with
moderate-to-severe reactions for peanut, egg, and sesame at age
1 year but only for peanut by age 4 years.

In a retrospective study investigators reported the outcomes of
84 baked milk OFCs performed in a food allergy referral clinic,
observing that 72% were baked milk tolerant and 12% of all
subjects challenged (42% of reactors) had mild anaphylaxis that
responded to in-office medications and did not require prolonged
monitoring beyond the 2-hour prespecified observation period.*’
Milk sIgE levels were greater in reactive patients, whereas SPT
wheal size was similar in baked milk—tolerant and baked milk—
reactive subjects.
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Interestingly, when assessing the overall rate of food introduc-
tion after a negative OFC result in pediatric patients at this same
referral center, investigators found that 20% of children did not
incorporate the food into their diet regularly, citing fear of a
reaction, disliking the food, or the food not being a routine part of
the family’s diet.”” Peanuts and tree nuts were the most common
allergens (60%) that were not incorporated regularly into the diet
despite a negative OFC result. The effect of allergic reactions on
SPT wheal size and milk, egg, and peanut sIgE concentrations was
investigated in 377 children before and after OFC or accidental
exposure; the authors concluded that allergic reactions during
OFC or accidental exposure were not associated with increased
sensitization. "’

After publication of the addendum guidelines for early peanut
introduction, it is anticipated that allergists will see an increased
demand for OFCs in infants, a unique population that requires
special considerations. The recently published American Acad-
emy of Allergy, Asthma & Immunology Workgroup Report
provides a comprehensive review of the protocols and procedures
necessary to conduct a safe OFC in infants.** Specifically ad-
dressed are OFC standard procedures and stopping criteria in
addition to postchallenge monitoring and instructions and criti-
cally important safety guidelines specific to OFCs in infants.

Significant interest has evolved in identifying threshold elicit-
ing doses (EDs) in patients with food allergy. In the Peanut
Allergy Threshold Study investigators at 3 centers performed
single-dose 1.5-mg (predicted EDys) peanut challenges that re-
sulted in objective symptoms in fewer than the predicted 5% of
patients with peanut allergy.45 This approach was safe and well
tolerated, with improvement in food allergy-related quality of
life (QoL) from baseline to 1 month after challenge, regardless
of the outcome. Although this approach identified a highly
dose-sensitive population not identifiable based on peanut SPT
or sIgE levels, this approach is not validated for individual risk
assessment of patients with peanut allergy. EDs for adults with
walnut allergy were evaluated by using low-dose, double-blind,
placebo-controlled food challenge, and cumulative EDs were
calculated as follows: ED5 (3.1-4.1 mg), ED10 (10.6-14.6 mg),
and ED50 (590-625 mg).*® Defining minimal reaction thresholds
for food allergens has the potential to inform and improve policies
regulating food manufacturing, preparation, and labeling.

MANAGEMENT

The present standard of care for the management of IgE-
mediated food allergy includes strict dietary avoidance of culprit
food allergens with an anaphylaxis management plan that
includes ready access to injectable epinephrine to treat reactions
associated with accidental ingestion/exposure, a plan to seek
emergency medical care if epinephrine is used, and ongoing
follow-up and education.' Despite its recognized benefit as first-
line treatment in preventing fatal anaphylaxis, epinephrine con-
tinues to be vastly underprescribed and underused by health
care providers and patients. In a retrospective survey of epineph-
rine autoinjector prescribing patterns in an urban pediatric popu-
lation (n = 9148), 70% of prescriptions originated in a primary
care office with 90% of diagnoses related to food allergy."’” How-
ever, only approximately 60% of patients were referred for allergy
evaluation, and up to 6.6% of patients were prescribed an inade-
quate dose. Epinephrine underuse was also observed in a survey
of children attending summer camps; among 3055 campers
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attending 179 camps in Michigan, 2.5% (n = 424) had food
allergy (22% multi-food allergic) but only 39.7% brought an
epinephrine autoinjector to camp.’

Ongoing nutritional support and comprehensive education
for patients, families/care providers, schools, and other com-
munity stakeholders are essential components of food allergy
management.' Adolescents and young adults are a particularly
high-risk group for fatal and near-fatal anaphylaxis because of
risk-taking behavior. Warren et al*’ identified factors associated
with teens and young adults being ranked in lower- versus
higher-risk categories, including presence of peanut allergy,
supportive female friends, overprotective mothers, teachers
awareness of the food allergy, history of being bullied, and
an established 504 education plan at school. Those in the
low-risk category also reported positive outcomes from their
food allergy, including greater sense of responsibility, empathy,
and better diet.

Ross et al’” assessed Internet patterns using an anonymous sur-
vey in 530 patients with food allergy from the Mount Sinai Jaffe
Food Allergy Institute e-mail list to determine the type of infor-
mation they are seeking and their use of that information. Online
resources and social media were used by 91% of respondents,
with 85% reporting that they followed the advice received on
these platforms. These findings emphasize the need to provide
high-quality, evidence-based, user-friendly resources that are
easily accessible for patients and families.

Several studies have been conducted with the overall aim of
improving education for patients and caregivers and also for the
development of validated assessment tools for knowledge,
training, and needs assessment for the management of food
allergy. Shemesh et al’' conducted a randomized controlled study
of supervised injection of medication-free epinephrine autoinjec-
tors in 60 adolescent/parent pairs. Self-injection was associated
with immediate increase in comfort levels for administration
and improvements in QoL and reductions in anxiety in more
than 50% of participants at the 1-month, postintervention
follow-up.

In a dual-center study investigators developed a tool, the Food
Allergy Management Perceptions Questionnaire, for adolescents
and young adults (n = 19; age, 13-21 years) to measure barriers
and facilitators for food allergy management.”” They found that
those who adhered to dietary avoidance and epinephrine access
had high facilitator scores, whereas those with poor adherence
had higher barrier scores. Other centers have partnered to develop
a food allergy assessment and training curriculum for child care
center workers; a significant lack of food allergy knowledge
was observed in the 73 childcare providers during initial surveys
with improved food allergy knowledge observed after curriculum
implementation.”

Ongoing work continues to expand our knowledge of epineph-
rine administration and training of school workers in the school
environment. Tsuang et al’* performed an anonymous survey of
Colorado school nurses and nonnursing staff members. Up to
19% of those surveyed reported epinephrine administration at
least once during each school year between 2013 and 2015 by
nonnurse staff members, with higher percentages reported in
schools with the highest student/school nurse ration. Addition-
ally, nonnursing staff reported only minimal training, very low
confidence in their ability to recognize and treat anaphylaxis,
and an average of 72% correct answers on knowledge-based
questions.
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In another retrospective survey conducted among Massachu-
setts public school nurses, investigators sought to determine the
effect of peanut-restrictive school policies on anaphylaxis and
epinephrine administration.”> When rates of epinephrine admin-
istration for allergic reaction were compared between schools
with and without peanut-free school policies, no differences in
epinephrine administration were found. However, schools with
peanut-free tables compared with those without had lower rates
of epinephrine administration (incidence rate per 10,000
students = 0.2 and 0.6, respectively; P = .009). These findings
highlight the need for further school-based studies to address
practical management of food allergy and anaphylaxis in schools.
The US Centers for Disease Control and Prevention Voluntary
Guidelines for Managing Food Allergy in Schools, published in
2013 (www.cdc.gov/Healthy Youth/foodallergies) is an excellent
resource for schools, parents, and other stakeholders in defining
best practice for school-based management of food allergies.

Lastly, the Section on Allergy and Immunology of the
American Academy of Pediatrics published 2 educational articles
targeting pediatricians: one on epinephrine as first-aid manage-
ment for anaphylaxis and the other focused on guidance for
completing a written allergy and anaphylaxis emergency
plan.’®" Addressing the psychological, behavioral, and educa-
tional components of food allergy management directly affects
patients and families and establishes an evidence-based founda-
tion for development of further innovative approaches.

THERAPEUTIC APPROACHES TO IgE-MEDIATED
FOOD ALLERGY

A growing body of literature is available evaluating emerging
and novel therapies for IgE-mediated food allergy. To date,
clinical trials have focused predominantly on studies using oral
immunotherapy (OIT), sublingual immunotherapy (SLIT), and
epicutaneous immunotherapy (EPIT) alone or in combination
with monoclonal IgE; however, other immunomodulatory ap-
proaches are also under investigation. Despite ongoing advances
in the field, the current therapeutic approaches remain experi-
mental because none of these approaches have FDA or other
regulatory approval for use in patients.”

A recent meta-analysis and systematic review of food allergen
immunotherapy summarized evidence that treatment in children
raises the threshold of reactivity to a variety of foods, whereas
receiving therapy and after discontinuation of therapy was
associated with a modest increase in the risk of serious systemic
adverse reactions and a substantial increase in minor local adverse
reactions.”

oIiT

OIT has been studied most extensively in the form of single-
allergen therapy, primarily milk, egg, and peanut, whereas the
capacity of multiallergen OIT to induce desensitization is an area
of ongoing investigation.® OIT results in successful desensitiza-
tion (reduced reactivity while receiving therapy) in a majority
of treated subjects, but sustained unresponsiveness (SU), which
was defined as reduced clinical reactivity after a period of cessa-
tion of therapy, has been achieved in only a subset.

In a long-term egg OIT trial in children and adolescents,
CoFAR investigators reported progressive benefit of continued
therapy, with 50% of participants achieving SU by year 4
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compared with only 28% by year 2. Furthermore, 100% of those
achieving SU were able to consume both baked and concentrated
egg products ad libitum during a 4-year follow-up period.

In a provocative report of home-based peanut immunotherapy,
Garvey et al® clinically treated (without institutional review
board protocol) 16 children (age, 6-13 years) with a low-dose
tolerant/high-dose mild reaction profile by using a strategy that
included weekly home build-up doses of 1 to 4 peanuts consumed
3 to 7 d/wk through 6 months of therapy, followed by an open
OFC. Of the 10 patients with evaluable OFC data, 63% were de-
sensitized at the 6-month OFC, and 50% achieved SU (after a 6-
week period of OIT cessation) to a dose of 8 peanuts (roughly
equivalent to 2400 mg of peanut); no safety events were reported.
In all OIT trials to date, dosing is hampered by side effects, with
gastrointestinal side effects occurring most commonly in approx-
imately 20% of those receiving active therapy and associated with
an increased risk for induction or activation of EoE in up to 2% of
study participants. In addition, participants treated with OIT are at
higher risk for allergic reactions associated with dosing.

New studies incorporating omalizumab pretreatment for 12 to
16 weeks before milk or peanut OIT have demonstrated enhanced
safety with reduced side effect profiles, shortened time to
maintenance therapy, and higher tolerated OIT dose but no
significant change in clinical efficacy outcomes.®"®> When milk
OIT and omalizumab were combined, investigators found that a
baseline basophil activity threshold of less than 40% was associ-
ated with lower clinical symptoms during OIT, and those with
higher basophil reactivity at baseline had less symptoms when
omalizumab was combined with milk OIT.% Furthermore, a com-
bination of lower baseline basophil reactivity and lower sIgE ra-
tios were associated with attainment of SU after treatment,
indicating that early biomarkers can predict OIT outcomes. EoE
has been associated with peanut OIT despite treatment with
omalizumab.®*

Virkud et al® provided additional insight into risk factors pre-
dicting side effects associated with peanut OIT by evaluating
adverse events (AEs) in 104 participants in 3 peanut OIT trials.
The authors reported that 80% of participants experienced AEs,
with 42% having systemic symptoms and 49% having gastroin-
testinal symptoms; 20% dropped out during the study, half
because of gastrointestinal symptoms. Asthma and allergic
rhinitis predicted systemic symptoms, and higher SPT wheal
size was predictive of gastrointestinal AEs.

Perhaps the most intriguing OIT trial in the last year attempted
to harness the potential immunologic plasticity of younger
children to enhance the therapeutic efficacy of peanut OIT.
Vickery et al°® reported the safety, efficacy, and feasibility of early
peanut OIT in 37 children (age, 9-36 months) randomized to
either low-dose (300 mg/d) or high-dose (3000 mg/d) mainte-
nance therapy. The primary end point, SU 4 weeks after OIT
cessation, was achieved in 29 (78%) of 37 in the intent-to-treat
analysis (300-mg arm, 17/20 [85%]; 3000-mg arm, 12/17
[71%]) and in 29 (91%) of 32 in the per-protocol analysis over
amedian of 29 months. Additionally, peanut OIT-treated children
were 19 times more likely to successfully integrate peanut
into their diets when compared with matched control subjects
with peanut allergy receiving standard care. Although further
study is needed, this foundational study supports both the value
of early OIT to maximize response to therapy, as well as the effi-
cacy of lower maintenance doses to achieve similar therapeutic
response.
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Additional work in peanut OIT has focused on analyzing the
specific allergen profiles of peanut foods, diagnostic reagents, and
therapeutic allergen-based products.°7’°8 Results indicate the
presence of all major peanut allergens in the preparations but sig-
nificant variability of allergen and peanut component content of
the tested products, thus highlighting the need for well-
characterized and standardized products, particularly for
therapeutics.

Using a highly characterized and purified peanut OIT product
(AR101; Aimmune Therapeutics, Brisbane, Calif), investigators
recently reported initial results of their first randomized, placebo-
controlled, multicenter trial.®” In this phase 2 study from 8 cen-
ters, 55 subjects (age, 4-26 years) were enrolled based on
screening criteria and positive OFC results to 143 mg of cumula-
tive peanut protein or less and then randomized to treatment with
peanut OIT (AR101) to 300 mg or placebo OIT. The primary end
point, the proportion of subjects in each arm able to tolerate
443 mg of cumulative peanut protein or greater at exit blinded
OFC, was measured after 20 to 34 weeks of OIT dosing based
on OIT protocol dosing (median, 22 weeks). In the intention-to-
treat analysis, 79% of AR101 subjects tolerated 443 mg or greater
and 62% tolerated 1043 mg of peanut protein compared with 19%
and 0% of placebo-treated subjects, respectively (P <.0001). The
ARI101 subjects had less severe symptoms at exit OFC compared
with those receiving placebo. There were more treatment-
emergent AEs in the AR101 group compared with the placebo
group, with a rate of 35.9 events per year of exposure in the
AR101 group compared with 12.1 events per year in the placebo
group (predominantly mild in both groups). Gastrointestinal
symptoms were the most common AEs reported in 66% of the
AR101 group and 27% of the placebo group, respectively, result-
ing in withdrawal of 21% of AR101-treated subjects. These re-
sults indicate induction of desensitization after AR101
treatment.®” Peanut OIT with AR101 is currently in phase 3 clin-
ical trials to assess this highly characterized peanut OIT product
for efficacy and safety for the induction of clinical desensitization
in peanut allergic children, with results anticipated in the next 1 to
2 years.

SLIT

SLIT for IgE-mediated food allergy has focused predominantly
on treatment for patients allergic to milk, peanuts, tree nuts (eg,
hazelnut), and fresh fruits (eg, peach and kiwi). These studies
have shown clinical efficacy with moderate allergen-specific
desensitization and a low side effect profile limited predominantly
to oral mucosal symptoms. As with other forms of SLIT,
interpretation of outcomes in food allergy studies has been
limited by reduced participant adherence to therapy over time.”"

To better predict response to peanut SLIT from a cohort of 33
children previously treated for 1 year and assessed by using
OFCs, Burk et al’' evaluated the ability of peanut components to
predict treatment outcome. The authors reported an association of
lower baseline peanut (Ara h 2 and Ara h 3) sIgE with successful
desensitization. In a recent Austrian study of SLIT using recom-
binant allergen to treat birch pollen—related apple allergy, investi-
gators compared SLIT with the major birch pollen allergen (Bet v
1) to SLIT with the major apple allergy allergen (Mal d 1).”?
Among 60 adults (age, 18-65 years) treated during 4 months of
therapy, both extracts resulted in minor oral mucosal symptoms,
but only SLIT with recombinant Mal d 1 reduced symptoms
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significantly and enhanced IgGu/IgE ratios. The benefits of
SLIT for food allergy and pollen-food allergy syndrome include
a moderate treatment response and low AE rates, but additional
studies in various age groups among participants with enhanced
adherence and with new formulations, potentially using adjuvants
to enhance response rates, are necessary to realize full utility in
clinical care.

EPIT

EPIT has been investigated for the treatment of peanut and milk
allergy and involves daily application of an allergen patch to the
back or upper arm.

A significant number of preclinical studies in murine models of
food allergy have reported the clinical and immunologic effect of
treatment; however, only 2 clinical trials have been published
using EPIT for the treatment of peanut allergy. The first was a
phase 1 safety trial of the Viaskin Peanut patch (DBV Technol-
ogies, Bagneux, France), which showed high adherence rates and
low side effect proﬁles.73 More recently, a multicenter, random-
ized controlled trial was published by CoFAR investigators eval-
uating the safety and efficacy of the Viaskin Peanut patch in
children and young adults aged 4 to 25 years.”* After 52 weeks
of treatment, peanut EPIT was associated with modest desensiti-
zation and immunologic changes when the 100- and 250-p.g
doses were compared with placebo EPIT (P = .003), with the
greatest response noted in younger children aged 4 to 11 years
compared with those older than 11 years (P = .003). Peanut
EPIT was well tolerated; adherence to therapy approached 97%,
with the majority reporting only mild skin irritation at the patch
site and no systemic allergic reactions to date.

Most recently, results of the largest phase 2 trial of peanut EPIT
using the Viaskin Peanut patch were published.” In this study 221
subjects (age, 6-55 years) were enrolled from 22 centers based on
enrollment criteria, including a positive blinded OFC result with
an ED of 300 mg or less of cumulative peanut protein. Subjects
were then randomized to one of 3 doses of Viaskin Peanut (50,
100, or 250 wg/d) versus placebo Viaskin for 12 months of ther-
apy, followed by 2 years of open label treatment. The primary
end point, the percentage of treatment responders (defined as
and ED >10 times increase from baseline OFC and/or reaching
>1000 mg of peanut protein) in each treatment group, was
measured at 12 months through follow-up blinded OFCs. In the
intention-to-treat analysis the primary end point was reached in
the 250-pg patch group compared with the placebo group (50%
vs 25%, P = .01) but not in other groups. Interaction by age group
was significant only for the 250-pwg Viaskin Peanut patch
(P = .04), with significance reached in the 6- to 11-year-old age
group (P = .008) compared to placebo and no differences noted
in the adolescent/adult age group. The mean cumulative reactive
dose at month 12 was greater for the 250-.g Viaskin Peanut patch
(1117.8 mg) compared with placebo (469.3 mg). Treatment-
emergent AEs were noted in each Viaskin Peanut group (range,
98.2% to 100%) and placebo group (92.9%), with predominantly
mild reactions at the patch site; overall adherence was 97.6% after
12 months. At 12 months, 171 subjects were all continued on
250-pg Viaskin Peanut open-label dosing, followed by OFCs at
12 and 24 months, with response rates of 59.7% and 64.5% noted,
respectively. Findings indicate safety of Viaskin Peanut dosing
and some level of desensitization noted in younger subjects.75
Ongoing phase 2 and phase 3 studies are in progress for both
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peanut and milk allergy, with results forthcoming in the next 1 to
2 years.

Other forms of therapy for food allergy

Novel investigation of innovative strategies to target food
allergy is critical for development of new therapies, refinement of
existing approaches, and continued progress toward active in-
terventions for food allergy. Recently, investigators conducted a
pilot study of dietary supplementation with isoflavones without
significant changes in clinical outcomes but with reduction in
basophil reactivity in vitro, yet this type of novel investigation is
an example of innovative investigation that helps to propel the
field forward.’® Likewise, investigative teams continue to use pre-
clinical mouse models to explore novel immunotherapeutic ap-
proaches. Srivastava et al’’ from the Jaffe Food Allergy
Institute at Mount Sinai investigated the efficacy and safety of
peanut OIT by using CpG-coated polynanoparticles containing
peanut extract to treat mice with peanut allergy. Mice treated
with CpG-peanut by means of gavage were significantly protected
from anaphylaxis when compared with untreated control mice
with lower symptoms scores and plasma histamine levels after
challenge; sustained reductions in peanut sIgE and IgG;, Ty2
cytokine, and increased specific IgG, and IFN-y levels were
observed.

This same group of investigators combined a Chinese herbal
therapy product (B-FAHF-2) with peanut OIT to treat mice with
peanut allergy.”® Findings indicated a significant improvement in
clinical and immunologic outcomes in mice treated with both
products compared with those treated with peanut OIT alone.

Pagovich et al’® evaluated a different approach using anti-
humanized IgE gene therapy to treat peanut allergy in a novel pre-
clinical study. First, investigators developed a new humanized
murine model of peanut allergy that mimics human anaphylaxis
to peanuts by transferring mononuclear cells from donors with
peanut allergy to NOD-Scid mice followed by sensitization
with peanut extract. Investigators then tested an adeno-
associated vector coding for a full-length, high-affinity, anti-
hIgE antibody derived from the Fab fragment of omalizumab
(AAVrh.10anti-hIgE) for its ability to modulate the allergic
response to peanut. A single administration of AAVrh.10anti-
hIgE either before sensitization or after induction of peanut al-
lergy blocked anaphylaxis scores and death from anaphylaxis,
minimized peanut-induced histamine release, and reduced total,
peanut-specific, and free IgE levels. These results were noted to
a lesser degree in omalizumab-treated control mice not treated
with AAVrh.10anti-higE, with results sustainable only in those
mice receiving gene therapy.

MECHANISMS OF FOOD ALLERGY AND
IMMUNOTHERAPY

As highlighted in the NASEM report, enhanced understanding
of the immunologic mechanisms underlying food allergy is
important for the strategic design of therapeutic approaches
targeting food allergy.” Tordesillas et al*” summarized the exist-
ing evidence for multiple immunologic mechanisms underlying
the food-induced allergic response, including innate, adaptive,
and effector cell responses.

An expanding role for the pro-Ty2 cytokines thymic stromal
lymphopoietin (TSLP), IL-25, and IL-33 in the genesis of food
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allergy was identified over the past year.”' In a BALB/c mouse
model of experimental egg allergy induced by means of oral
gavage with a combination of medium-chain triglycerides plus
egg white (EW), injection of mAD to either IL-25, IL-33 receptor,
or TSLP robustly inhibited development of food allergy in this
model, whereas suppression of established food allergy required
treatment with a combination of all 3 pro-Tyx2 cytokines for
optimal suppression because no single mAb to TSLP, IL-33, or
IL-25 could reverse established food allergy.

Another group of investigators highlighted the importance of
the TSLP-basophil-IL-4 axis in epicutaneous sensitization to
food antigens and downstream development of IgE-mediated
food allergy mediated through IL-4.*> Examination of Notch-2—
mediated signaling in the differentiation and recruitment of
mast cells to the intestinal mucosa indicated pharmacologic inhi-
bition of Notch signaling—suppressed mucosal mast cell hyper-
plasia and reduced symptoms of diarthea and systemic
anaphylaxis in challenged mice.*’

Burton et al®** examined the role of allergen-specific IgG in
both the prevention of IgE-mediated food allergy and treatment
of established disease in IL4raF709 allergy-prone mice. Coad-
ministration of specific IgG during initial food antigen exposure
prevented sensitization through effects on IgE and T2 responses,
resulting in reduced anaphylactic responses during challenge,
whereas coadministration of IgG-specific antibody during oral
desensitization promoted tolerogenic responses mediated by
expansion of forkhead box protein 3 (Foxp3)—positive regulatory
T (Treg) cells and suppression of established Ty2 and IgE
responses.

This same group also reported breakthrough work in develop-
ment of a humanized mouse model that exhibited robust human
T- and B-cell engraftment, with significant numbers of human
mast cells identified in mouse tissues, providing an important tool
for advancing knowledge of immune mechanisms in patients with
food allergy.® Investigation of the mechanisms underlying life-
long and persistent peanut allergy across the 18- to 20-month
mouse lifespan provided insight into B-cell memory responses,
suggesting that clinically relevant IgE responses were conferred
by allergen-specific long-lived memory B cells that replenish
the IgE™ plasma cell compartment.*°

In a model of EPIT, C3H/HelJ mice were sensitized to
ovalbumin either orally or epicutaneously and treated with
OVA-—Viaskin patches or OIT, and antigen-specific Treg cell
induction was assessed.®’ Treatment with EPIT promoted a
gastrointestinal ~ tract-homing latency-associated peptide
(LAP)"Foxp3™~ Treg cell population mediated through TGF-B—
dependent Treg cell inhibition of mast cells.

Use of dendritic cell immunotherapy to reverse established
ovalbumin or peanut allergies was evaluated in a mouse model.*®
Investigators generated mature retinoic acid—skewed tolerogenic
dendritic cells and evaluated their effectiveness in reversing es-
tablished peanut or ovalbumin allergy in mouse models. Reduc-
tion of allergic symptoms was observed in half-maximally
sensitized mice, with immunomodulation of Ty2, IgE, IgGy,
and mast cell responses and promotion of Foxp3™ Treg cells to
promote immunomodulatory effects.

Expansion of our understanding of novel immune mechanisms
underlying the beneficial responses to food allergen immuno-
therapy in human subjects provided important insights into
therapeutic mechanisms. Transcriptional profiling of EW
protein—stimulated PBMCs obtained from children with egg
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allergy defined as being either baked egg reactive or baked egg
tolerant or control subjects not allergic to egg but with food
allergy were examined.” Both the baked egg—reactive and baked
egg—tolerant groups had similar increased expression of genes
associated with proallergic inflammatory pathways, including
IL-5, IL-9, and TNF-a. Component-resolved analysis of IgA,
IgE, and IgG, responses during egg OIT identified predictors
associated with SU, including EW-specific IgGy, IgA, and IgA,,
with lower pretreatment EW sIgE and ovomucoid sIgE associated
with SU.”

In a retrospective analysis of natural tolerance acquisition to
CM, IgE and IgG, binding to sequential epitopes of 5 major CM
proteins were measured by using a peptide microarray—based
immunoassay in sera from 35 children with milk allergy (22
were CM tolerant at a median age of 51 months).”" Children
who acquired natural tolerance to CM had IgE and IgG, anti-
bodies that more often recognized the same epitopes, and when
evaluated from baseline until the time of tolerance development,
both IgE and IgG, binding intensity decreased significantly.

Important studies investigating T-cell phenotype and function
expanded our understanding of T-cell subsets involved in allergic
responses and effective immunotherapy in human subjects,
advancing progress toward development of biomarkers that might
predict therapeutic outcomes. Using allergen-specific T-cell
sorting and single-cell gene expression, investigators monitored
the transcriptional pathway of CD4™ T cells in patients with pea-
nut allergy, discovering that effective immunotherapy shifts
allergen-specific CD4" T cells to an “anergic” Ty2 phenotype
that was not observed before peanut OIT or in healthy control
subjects.””

Wambre et al”® defined a distinct human memory T2 subpop-
ulation specific to atopic subjects, the Ty2A subset, which was
defined phenotypically as terminally differentiated CD4™ T cells
(CD27 CD45RB ) coexpressing chemoattractant-receptor ho-
mologous molecule expressed on Ty2 cells, CD49d, and
CD161. Ty2A cells are functionally distinct from conventional
Tw2 cells, and responses to allergen are initiated through distinct
signaling pathways; elimination of this pathogenic Ty2A subset
was associated with beneficial clinical outcomes induced during
effective immunotherapy. Using PBMCs from patients with pea-
nut allergy and healthy control subjects, investigators were able to
induce regulatory type 1 T (Trl) cells expressing CD49b and
lymphocyte-activation gene 3 at comparable frequencies; howev-
er, the regulatory type 1 T cells induced from patients with peanut
allergy maintained Ty2 cytokine production when restimulated
with peanut protein, supporting functional immunoregulatory
impairment that was independent of oIT.”

EFFECTS OF FOOD ALLERGY

The pervasive effect of food allergy on subjects and families
has been highlighted in important investigations over the past
year. Cross-cultural validation and application of the Food
Allergy Quality of Life Questionnaire—Parent Form in the United
States and 9 other European countries, as well as validation of a
Spanish-language version of this assessment tool, provides an
important tool for assessment and evaluation.”””° Identification
of sex differences in patients with perceived food allergy affect
and severity indicated that female subjects reported increased ef-
fect of food allergy on health-related QoL related specifically to
meal preparation, family social activities, stress/free time, and
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limitations on the affected child’s social life.”””® However, inves-
tigators postulated that differences in the level of involvement in
care might explain the different perceptions because fathers who
more frequently attended medical appointments appreciated a
greater effect on meal preparation than less-involved fathers.”””
Lower peanut threshold dose to elicit reaction, but not reaction
severity, was identified as having a negative effect on food
allergy-related QoL. Parents of young children with food allergy
reported significant mealtime behavioral concerns comparable
with those in parents of children with type 1 diabetes and feeding
disorders; these concerns correlated positively with parental
perception of food allergy-related risk, parenting stress, and
QoL.” Patients with food allergy were more likely to exhibit
attachment avoidance and discomfort, with close relationships
in a cross-sectional European study, highlighting the need to care-
fully balance safety and psychological well-being.'” The effect
of OIT on QoL was examined, and investigators observed that pa-
tients with impaired QoL at baseline improved significantly
despite the burdensome demands of therapy, whereas some pa-
tients with acceptable QoL at baseline had deterioration because
of the demands associated with OIT."""

FUTURE DIRECTIONS

A paradigm-shifting investigation into primary prevention
strategies and active therapies for established food allergy, as
well as publication of evidence-based guidelines for diagnosis
and management, has advanced the approach to patients with food
allergy. The food allergy field is entering an exciting new era with
potential for lasting effect on disease burden. Indeed, in the
pivotal NASEM report the authors identified 2 overarching long-
term goals to “(1) develop safe and effective therapies and (2)
prevent onset of food allergies.” This roadmap to food allergy
safety provides a compelling and unified vision and delineates an
important mission that, with collective action, can continue to
advance and improve the lives of those affected by food allergy.
However, despite great progress, significant gaps in knowledge
must be addressed to refine existing approaches and inform the
development of “next-generation” approaches to food allergy
management. Current immunotherapeutic strategies, such as OIT,
EPIT, and SLIT, are not without associated risk, and further
investigation is critical to address existing knowledge gaps,
including optimal dose, duration, maintenance regimen, long-
term outcomes, predictors of response, cost-effectiveness, and
psychosocial effect that will maximize efficacy, minimize risk,
and develop individualized approaches for future clinical appli-
cation. Improved understanding of the complexities of mucosal
immune regulation and systems biology underlying food allergy,
as well as enhanced understanding of predictors of food allergy
severity, natural history, and response to therapy will further
inform the refinement of existing approaches and development of
personalized therapeutic strategies to positively affect patients
and families affected by food allergy.
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