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The year in food allergy

") Check for updates

Corinne A. Keet, MD, PhD,? and M. Cecilia Berin, PhD®

Research into food allergy continues to rapidly evolve,
accompanying and driving real changes in the clinical approach
to these diseases. The past year has seen the rollout of the first
treatment approved for active management of food allergy, more
data on alternative methods of treatment, the continued evolution
of strategies for prevention of food allergy, a renewed interest in
phenotyping food allergy subtypes, and, importantly, key new
insights into the pathophysiology of food allergy. We expect that
in the coming years, the therapies that are in preclinical or early
clinical evaluation now will make their way to the clinic, finally
allowing the possibility of safe and effective treatments for food
allergy. (J Allergy Clin Immunol 2022;149:867-73.)
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In developed countries, an estimated 5% to 10% of the popula-
tion of developed countries has food allergy, causing significant
burden to quality of life." Food allergy most commonly presents in
childhood, although there is a growing recognition that adults may
frequently present with new-onset food allergy.” Although many
questions remain about the pathophysiology of food allergy,
including the genetic basis of susceptibility,4 the location and
mechanisms of sensitization,” the environmental factors that
contribute to allergy,”’ and how allergy can resolve, our under-
standing of the disease has vastly improved in the past decade.
Research into food allergy continues to rapidly evolve, accompa-
nying and driving real changes in the clinical approach to these dis-
eases. Over the past year, important advances in the prevention,
treatment, epidemiology, and pathophysiology of food allergy
have been published in this journal and others. Here, we highlight
important recent publications in the field, with the goal of identi-
fying important breakthroughs and trends over that past year.
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PREVENTION OF FOOD ALLERGY

Now 6 years out from the Learning Early About Peanut Allergy
(LEAP) study,” it remains clear that early introduction of peanut
and other foods is a powerful tool to prevent food allergy.” Indeed,
early introduction may also prevent other diseases; in the Enquir-
ing About Tolerance study, which was primarily designed to un-
derstand whether introduction of multiple foods, including wheat,
before age 6 months prevented food allergy, researchers also
noted a marked reduction in celiac disease among those infants
who had been randomized to the early introduction of multiple
foods.'"

There are even hints that this approach may be working on a
population level to prevent food allergy. In Finland, a whole
society approach to reducing allergy had very promising results.
The Finnish Allergy Program, which was launched in 2008 and
had many elements targeting all citizens in the country, included,
among other strategies, support for introduction of solid foods
between age 4 and 6 months, discouragement of allergen
avoidance unless necessary, increased contact with the natural
environment, discouragement of unnecessary antibiotics, and
promotion of oral immunotherapy (OIT) for food allergy. Among
other encouraging trends, this program appeared to result in a
50% drop in food allergy diets in daycare."'

Despite the evidence for early introduction, strategies for
implementation are still being ironed out. In a survey of
allergists/immunologists who are members of the American
Academy of Allergy, Asthma & Immunology, 97% of those
who responded were aware of guidelines developed by the
National Institute of Allergy and Infectious Diseases that were
published in 2016,'” but only 65% of those were fully implement-
ing the guidelines."® The most common deviations were consid-
ering family history as a risk factor and conducting skin testing
in non-high-risk infants. Who to screen, if anyone, before early
introduction has continued to be a controversial topic. Consensus
recommendations about the approach to primary prevention of
food allergy through nutrition from a Canadian-American group
endorsed by the American Academy of Allergy, Asthma & Immu-
nology, the American College of Allergy, Asthma and Immu-
nology, and the Canadian Society for Allergy and Clinical
Immunology recommend introduction of egg and peanut around
6 age months without screening except by parental preference,14
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in contrast to the aforementioned National Institute of Allergy and
Infectious Diseases guidelines. In an attempt to provide some data
to inform these decisions, our group conducted a prospective
study at Johns Hopkins and Massachusetts General Hospital
that enrolled infants with various risk factors (moderate to severe
eczema, food allergy except peanut allergy, and family history of
peanut allergy) who had never ingested peanut and evaluated
them for peanut allergy. Among those with at least moderate
eczema, we found a very high rate of peanut allergy (nearly
20%), rising with each month of age and with increased severity
of the eczema, suggesting that there may be some value in
screening infants who are at very high risk of peanut allergy. In
contrast, we found a very low risk of peanut allergy (1%) among
those with family history as the sole risk factor, supporting guide-
lines that do not recommend screening this risk category.'” In
addition, we found that Ara h-2 specific IgE performed best as
a screening tool, and suggest that screening with Ara h-2 specific
IgE only may be best if screening in infancy is needed.'®

Early introduction has not been without some unintended
consequences, including a report in 1 center of a trebling in the
rate of peanut or tree nut aspiration among infants after
recommendations for early introduction of peanut,'’ and an
apparent increase in peanut-related food protein—-induced entero-
colitis syndrome.'® More research is needed as these public health
programs roll out to optimize the approach.

Clearly, early peanut introduction is not going to prevent all
food allergy, because it is allergen specific and does not even
prevent all cases of peanut allergy. Other approaches are needed,
including evaluating the efficacy of early introduction of other
foods for preventing food allergy. Sakihara et al'’ randomized
491 newborns in Japan to either ingest at least 10 mL of cow’s
milk formula daily or avoid cow’s milk between age 1 and 2
months, with the outcome assessed by oral food challenge at
age 6 months . They found an 88% reduction in cow’s milk al-
lergy, which corresponded to a 6% absolute risk reduction, a
result similar to what has been found for peanut.

It is ever more apparent that dysfunctional skin barrier is part of
the pathogenesis of food allergy.z‘) Even without clinical atopic
dermatitis, patients with peanut allergy have barrier dysfunction
evidenced by transepidermal water loss and skin-tape stripping.”’
Given the central role of skin barrier dysfunction in the pathogen-
esis of food allergy, approaches that address the skin barrier
directly are an intuitive approach to prevention. Unfortunately, af-
ter a few early promising results, a Cochrane systematic review of
emollient use found that they do not prevent atopic dermatitis (7
trials) or food allergy (1 trial).?” In fact, in the Enquiring About
Tolerance cohort, frequency of moisturizer use at 3 months was
associated with subsequent development of food allergy,” poten-
tially because of the facilitation of exposure to food allergens at
the epidermis. Various different approaches to improve skin bar-
rier function to prevent food allergy are currently being evaluated.

TREATMENT OF FOOD ALLERGY

In 2020, Palforzia became the first treatment for food allergy to
be approved by the Food and Drug Administration.”” Leonard
et al”* provided practical recommendations for implementing
immunotherapy for food allergy into clinical practice, including
suggestions for evaluating whether offering OIT is right for a
given practice. As OIT becomes a real clinical option, what to
do after the initial period of OIT has been an open question. In
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a series of randomized-controlled studies comparing daily to non-
daily dosing after the first year of dosing with Palforzia peanut
OIT, both treatment groups showed frequent, mostly mild,
dose-related allergic reactions, but these appeared to be more
common, and accompanied by less desensitization to peanut,
among those randomized to less-than-daily dosing regimens.2>

A major barrier to OIT is the occurrence of adverse events with
dosing. Omalizumab may facilitate OIT, and has typically been
administered in the context of OIT in doses based on what is
recommended for asthma: total IgE and weight. Azzano et al*° re-
ported on a retrospective analysis of 181 patients treated with
omalizumab-facilitated OIT and found that omalizumab dose
per weight was more associated with success than traditional
dosing, suggesting that basing omalizumab dose on weight alone,
in this context, might be more successful.

Epicutanous immunotherapy (EPIT) may be safer, albeit less
effective, than OIT. This year, 2 reports conflicted about whether
longer-term therapy with EPIT may improve outcomes. Scurlock
etal’’ found no statistically significant increase in desensitization
after 130 weeks of EPIT for peanut compared with 52 weeks of
therapy, while in a larger study, Fleischer et al*® found that after
36 months of therapy, 52% of patients treated with EPIT reacted
to a dose of 1000 mg or more of peanut protein, compared with
40% at 12 months. In the later study, and in another reported by
Brown-Whitehorn et al,”® up to about 10% of treated patients
are able to sustain desensitization after 2 months off therapy.
EPIT may be another option in the clinic in the coming years.

For milk and egg allergy, the recognition that most children with
milk or egg allergy can tolerate extensively heated, or baked, forms
of these foods has changed pediatric allergy practice. However,
whether this accelerates desensitization, and how it may compare
to OIT with unheated forms of the foods, was previously unknown.
In a randomized trial of 50 patients with egg allergy who were able
to tolerate baked egg, unbaked egg OIT was generally associated
with better outcomes than OIT with baked egg, including more
sustained unresponsiveness (44% vs 11%) and less withdrawal
(13% vs 30%), with a similar profile of side effects.’

Because the microbiome has been shown to be altered in food
allergy, manipulating it to hasten resolution may be a promising
approach.’’ Unfortunately, a strategy of adding synbiotics to an
amino acid-based formula did not improve resolution of IgE-
mediated cow’s milk allergy in a randomized-controlled study
of 169 infants conducted in multiple countries.’”

CLASSIFYING FOOD ALLERGY SEVERITY
Understanding the prevalence of severe or protracted anaphy-
laxis to foods is important for decisions about how best to manage
food allergy reactions. Patel et al’~ conducted a systematic review
of 86 studies published between 1946 and 2020 that reported 10 or
more anaphylaxis events due to food or venom. Of the more than
36,000 events captured, 7.7% were treated with multiple does of
epinephrine, suggesting that this outcome was relatively rare.
From the same group, Ruiz-Garcia et al** studied 57 adults who
had objective symptoms to a peanut challenge. Reactions were
associated with significant increases in heart rate and peripheral
blood volume, and with decreases in cardiac stroke volume. These
changes were reversed with intravenous fluids, suggesting that
more attention to cardiovascular complications of anaphylaxis
may be needed. Limitations of this study included a population
that was all adults and a lack of comparison between intravenous
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fluids and epinephrine. Interestingly, cardiovascular changes
were independent of apparent severity of the anaphylaxis symp-
toms, suggesting limitations in our ability to classify anaphylaxis
severity.

In an attempt to standardize classification of severity of acute
allergic reactions, a 21-member multidisciplinary panel of allergy
and emergency room experts was convened to create a severity
grading system.” They came to agreement on a grading system,
which they published in this journal, but emphasize that it should
be validated and refined on the basis of both wider expert opinion
and in prospective cohorts. A key use of such a grading system
would be to develop biomarkers of severity.’

In addition to the severity of individual reactions, there is a
need to define food allergy phenotypes and understand whether
management decisions can be tailored to patient disease severity.
A systematic review published in the World Allergy Organization
Journal concluded that no consensus on food allergy severity ex-
ists.’” A key question underlying opportunities to define severity
phenotypes and differentiate management approaches is how sta-
ble individual reaction thresholds are across time. Patel et al’®
conducted a systematic analysis of eliciting doses among 3151
participants, of whom 534 underwent repeated challenge, and
found low heterogeneity in reaction threshold at the lowest doses;
71% of participants were limited to %2 log change or less vari-
ability between repeated food challenges. This suggests that pa-
tients with food allergy may be able to be classified according
to reaction threshold, with avoidance strategies tailored to their
thresholds.”

PATHOPHYSIOLOGY OF FOOD ALLERGY
Novel models

Food-allergic reactions are triggered by cross-linking of
allergen-specific IgE by allergens. A novel mouse model of
pollen food allergy syndrome was reported in which mice
sensitized to birch pollen develop IgE-dependent oral allergy
symptoms in response to challenge with cross-reactive apple
extract.®*” Heating of the apple extract abolished symptoms. This
mouse model could be used to test novel therapeutics, as well as
in vivo cross-reactivity between pollens and foods.

Detection and biology of IgE

Food-specific IgE or allergen-specific IgE levels are not highly
predictive of clinical reactivity when present at low levels, leading
to the question of what factors beyond abundance of IgE might
contribute to food allergy. Shade et al*! identified glycosylation of
IgE, specifically sialic acid content on IgE, as a key factor that con-
tributes to effector cell degranulation and anaphylaxis. Under-
standing the mechanism by which IgE is sialylated may lead to
interventions that could reduce clinical reactivity in sensitized in-
dividuals. Alternatively, incorporation of glycosylation into mea-
sures of IgE could improve prediction of clinical reactivity.
Increased resolution of antibody specificity through measurement
of IgE to linear epitopes also improves the prediction performance
of food allergen-specific IgE. Measurement of epitope-specific IgE
in children enrolled in the LEAP study revealed differences be-
tween sensitized and allergic children, whereas peanut-specific
IgE did not discriminate between these 2 groups.*” This suggests
that the IgE detectable in sensitized children is targeted to confor-
mational epitopes, whereas IgE in allergic children is targeted to
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linear epitopes. This technology is now being offered as a diag-
nostic test by Allergenis. A role for IgE beyond traditional food al-
lergy was reported by Aguilera-Lizarraga et al,”” who showed that
patients with irritable bowel syndrome have local hypersensitivity
reactions to gluten, wheat, soy, and milk, which may underlie post-
meal abdominal pain. They showed in mice that infection could
lead to local mucosal production of food-specific IgE that was un-
detectable in serum, and antigen reexposure led to visceral
hypersensitivity.

T-cell subsets

CD4" Ty cells orchestrate the generation of immune tolerance or
allergy through the production of cytokines and interaction with B
cells and other cell types. Regulatory T (Treg) cells are essential for
the prevention of food allergy, and Turner et al** demonstrated that
the level of TGF-3 expression on Treg cells determined susceptibil-
ity to allergy or tolerance in mice, and latency associated peptide (a
component of the surface TGF-3 complex) was less abundant in hu-
mans with food allergy. Downregulation of TGF-f3 was mediated
by IL-4 signaling through signal transducer and activator of tran-
scription 6, whereas upregulation of TGF-[3 was mediated by a con-
sortium of Clostridiales species. The finding that Clostridiales
species can enhance the regulatory function of Treg cells through
this mechanism suggests their potential utility as a microbial
therapeutic.

IL-4—producing T cells have traditionally been lumped together
as Ty2, despite a great deal of heterogeneity within the type 2 T-
cell response. Gowthaman et al® identified a novel CD4" T-cell
subset that produced IL-4 as well as IL-13, but importantly was
part of the T follicular helper (Tth) subset identified by expression
of the B-cell follicle-homing marker CXCRS5 and expression of the
Tth transcription factor Bcl6. IL-13 derived specifically from this
cell type (termed Tth13 cells) was necessary for the generation of
high-affinity IgE that could support anaphylaxis, and these cells
could be identified in atopic humans. A protocol to identify
Tfh13 cells in mice and humans was subsequently published.*®
The importance of type 2 cytokines in maintenance of IgE was
demonstrated by Bruton et .':11,47 who used a human in vitro restim-
ulation approach to identify factors necessary for IgE production
on allergen exposure. Blockade of IL-4Ra, which is shared be-
tween IL-4 and IL-13 signaling, suppressed the generation of
IgE after peanut stimulation of PBMCs from individuals with pea-
nut allergy. This suggests that the use of dupilumab in peanut al-
lergy could reduce the production of peanut-specific IgE.
Ongoing trials will soon answer that question.

IL-4 was additionally shown to contribute to food allergy by
promoting the differentiation of mucosal mast cell (MMC)9s, an
MMC subset producing IL-9.** Tomar et al*® developed an
in vitro culture method to derive MMC9s in response to stem
cell factor, IL-3, IL-4, and IL-33, and showed that IL-4 was
essential for MMC9 generation dependent on the transcription
factor basic leucine zipper ATF-like transcription factor
(BATF). MMC9s are required for the expansion of mature
granulated mast cells in the intestinal mucosa that directly drive
symptoms after activation via IgE. T-cell-mast cell interactions
have also been shown to contribute to the response to OIT.
Mast cells desensitized by OIT in mice were uniquely able to
promote the generation of Treg cells, which were reproduced
by desensitization of mast cells in vitro followed by coculture
with T cells.”’
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FIG 1. Selected advances in pathophysiology of food allergy. Schematic showing factors contributing to
food allergy (blue shaded) or tolerance. Circled numbers indicate references associated with each
mechanism. Recent advances include a greater understanding of factors contributing to IgE pathogenicity
such as sialylation of IgE, the role of antigen uptake and barrier function in food allergy, and a greater
understanding of the source and impact of type 2 cytokines on innate cells, antigen presentation, and B-cell
class-switching. MC, Mast cell; RALDH, retinaldehyde dehydrogenase; SAP, secretory cell-associated pas-

sage; SCFA, short-chain fatty acid.

Epithelial barrier function

The intestinal epithelial barrier is a key area of regulation in
food allergy, as recently reviewed by Newberry and Hogan.”® The
cytokine IL-13 was identified as a factor contributing to antigen
uptake across the epithelium via secretory cell-associated pas-
sages, which are channels that can rapidly transport intact food al-
lergens across epithelial barriers.”’ Previously described across
goblet cells, this article shows that all secretory epithelial cells
including goblet cells, Paneth cells, and enteroendocrine cells
can form channels in response to IL-13. The delivery of intact an-
tigen across these secretory cell-associated passages delivers an-
tigens to mast cells below the level of the epithelium.
Permeability of antigens across the gastrointestinal epithelium
was described as a susceptibility factor to anaphylaxis when
comparing C57BL/6 (resistant) and C3H/HeJ (susceptible)
mice.”” This association of susceptibility with gastrointestinal
permeability was also found with another genetically susceptible
mouse strain, the CC027/GeniUnc strain generated by the Collab-
orative Cross initiative.”” After allergen exposure in a sensitized
mouse, further epithelial dysfunction was noted. Epithelial chlo-
ride secretion through cystic fibrosis transmembrane conductance
regulator, and increased paracellular leak of macromolecules, un-
derlies the fluid secretion and diarrhea that can occur after
allergen exposure.”* There have not yet been therapies developed
that specifically promote gastrointestinal barrier function, but the
use of dupilumab to target IL-4/IL-13 or microbial therapeutics

producing barrier-promoting metabolites could potentially treat
food allergy through an impact on gastrointestinal barrier.

Innate immunity and food allergy

The contribution of the innate immune system to development
of food allergy is starting to become appreciated.”” Cells such as
type 2 innate lymphoid cells produce type 2 cytokines that partic-
ipate in the sensitization process and drive allergic inflammation
at mucosal sites, as recently reviewed by Bartemes and Kita.”®
Dendritic cells (DCs) play a key role in differentiation of naive
T cells and generation of a type 2 phenotype. Zhou et al’’ used
an in vitro human PBMC culture to show that IL-4 from
peanut-specific T cells altered the phenotype of DCs (enhanced
CD23 expression on CD11¢* DCs and promoted the differentia-
tion of monocyte-derived DCs), such that they would further pro-
mote the generation of a type 2 T-cell response. This positive
feedback loop was interrupted by OIT for peanut allergy. Yo-
neyama et al’® used a mouse model of food allergy and OIT to
demonstrate a novel role for myeloid-derived suppressor cells
in addition to Treg cells in the generation of sustained unrespon-
siveness to antigen after OIT. Depletion of these cells with an anti-
body against Grl (a surface marker on these cells, but not specific
to these cells), and inhibition of Notch signaling, led to both a
reduction in the myeloid-derived suppressor cell population and
suppression of sustained unresponsiveness in mice after OIT.
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This intriguing role of myeloid-derived suppressor cells needs to
be verified in human cohorts.

Routes of allergen exposure

The dual allergen exposure hypothesis proposes that exposure
to food allergens via the gastrointestinal tract in early life results
in oral tolerance, whereas exposure through inflamed skin leads to
sensitization. Patrick et al’” reveal a mechanism for sensitization
by the epicutaneous route. Exposure to Staphylococcus aureus,
which is associated with atopic dermatitis, induced the production
of IL-36 from keratinocytes. IL-36 together with IL-4 promoted
IgE class-switch by B cells. Smeekens et al®” broaden the dual
allergen exposure hypothesis to show that exposure through the
respiratory tract may also contribute to sensitization to foods.
Respiratory exposure to peanut plus indoor dust samples led to
sensitization of mice to peanut. LPS was able to enhance sensiti-
zation to peanut when administered with peanut, but suppressed
sensitization when administered before peanut exposure. This
demonstrates that a single factor, such as LPS, can promote or pre-
vent food allergy on the basis of timing of exposure relative to
food allergen exposure.

Microbiota

It is now well established that the intestinal microbiota plays a
key role in susceptibility to food allergy. Additional studies
continue to find differences in the fecal microbial composition
of food allergy compared with non—food allergy.®’ Ho et al®?
expanded that finding to the oral mucosa to demonstrate changes
in the oral microbiome associated with peanut allergy.
Reductions in Lactobacillales, Bacteroidales, and Bacillales
were accompanied by reductions in short-chain fatty acids,
and an increase in Neissaria in peanut-allergic individuals was
positively associated with type 2 cytokines secreted into the
saliva. This indicates a panmucosal dysbiosis that affects sites
beyond the large intestine, including sites likely to be involved
in sensitization. Marrs et al®® examined the impact of diet on
microbial development in early life in the Enquiring About
Tolerance study. Inclusion of several allergenic solids into the
diet was associated with an increase in microbial diversity,
and an increase in species associated with maturation.
Therefore, early dietary introduction of solids may contribute
to oral tolerance not only through providing antigens but also
by altering the microbial milieu that could potentially impact
the immune tone of the intestine.

Genetics and genomics

Susceptibility to food allergy is in part mediated by genetics,
and variants in a range of genes including barrier and immune-
related genes have been associated with food allergy.* An HLA
allele (DPB1#02:01:02) was significantly associated with
wheat-dependent exercise-induced anaphylaxis.”* The involve-
ment of HLA genes in manifestations of food allergy is consistent
with the literature on genetics of food allergy. Gabryszewski
et al” studied demographic and genetic features associated
with the atopic march. They found that the progression from
atopic dermatitis to IgE-mediated food allergy was significantly
associated with Asian and Pacific-Islander race, but specific risk
alleles were not identified for this progression to food allergy.
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Epigenetic modification, such as DNA methylation, is one mech-
anism by which genes can be modified by environmental expo-
sures. Zhou et al®® demonstrated that DNA methylation patterns
differ between peanut-allergic and nonallergic individuals. Using
a targeted approach analyzing 125 genomic regions, they identi-
fied 12 genes that were significantly different in methylation
levels, including IL-4 (decreased methylation), IL-12 (increased
methylation), IL-17F (decreased methylation), and a range of
other immune markers.’® Methylation was associated with altered
protein production in response to peanut stimulation. This sug-
gests that environmental exposures resulting in epigenetic alter-
ations contribute to food allergy susceptibility.

Allergenicity

In addition to understanding why some individuals are sus-
ceptible to food allergy, the question of why some food antigens
are potent allergens remains an active area of interest. It has
become apparent that food antigens are potent allergens in part
due to their ability to interact with the innate immune system.
Ruiter et al°” found that peanut protein acts via TLR1/2 hetero-
dimers to induce retinaldehyde dehydrogenase 2, an enzyme
involved in the generation of retinoic acid. Retinoic acid from
DCs in turn generated gut-homing IL-5—producing T cells from
naive T cells. Krause et al®® also identified innate signaling of
monocyte-derived macrophages in response to the peanut protein
Arah 1. Thouvenot et al® published data supporting a novel hy-
pothesis for mechanisms of allergenicity. They found that tran-
scriptional frameshifts, or single-base omissions, occurred at
high prevalence in highly allergenic legumes (peanut, soy, ses-
ame), and furthermore show that in mice these variants can induce
sensitization without adjuvant. The variants have a more cationic
carboxy terminal than the canonical allergens, which is believed
to increase affinity of binding to MHC II. Sensitization to the
variant also results in reactivity to the canonical allergen.

Preclinical models of immunotherapy

In addition to mouse models of OIT, several studies focused on
novel approaches to desensitization or tolerance induction.
Khodoun et al’’ used a monovalent antibody against the human
high-affinity IgE receptor FceRI. This reagent did not generate
mast cell activation, but did result in rapid desensitization. Similar
to omalizumab, this approach would result in desensitization
across allergens, but unlike omalizumab, the onset of desensitiza-
tion is rapid because there is no need to displace IgE from the
FceRI. Low-dose IL-2 or IL-2-anti-IL-2 complexes have been
of interest due to the ability to expand Treg cells. Prophylactic
treatment with IL-2 effectively suppressed the generation of
food allergy in mice, but therapeutic administration generated
significant worsening of anaphylaxis through an IFN-
y—dependent pathway.”' Because various forms of IL-2 are being
used in human trials for autoimmune diseases, it would be of in-
terest to leverage those clinical trials to determine whether any
allergic participants had a change in their skin test or basophil
activation test reactivity to foods.

CONCLUSIONS

This past year has seen parallel advances in clinical practice
and mechanistic understanding of food allergy (Fig 1). We expect
that in the coming years, the therapies that are in preclinical or



872 KEET AND BERIN

early clinical evaluation now will make their way to the clinic,
finally allowing the possibility of safe and effective treatments
for food allergy. In particular, we anticipate that ongoing trials
testing immunomodulatory biologics will provide options beyond
or in addition to immunotherapy for treatment, while microbial
therapies may eventually make it to the clinic for treatment or pre-
vention of the disease, despite early failures. As options for treat-
ment expand, the development of biomarkers and standardized
approaches for phenotyping food allergy may lead to individual-
ized approaches to management of this disease.

REFERENCES

1.

Pepper AN, Assa’ad A, Blaiss M, Brown E, Chinthrajah S, Ciaccio C, et al.
Consensus report from the Food Allergy Research & Education (FARE) 2019
Oral Immunotherapy for Food Allergy Summit. J Allergy Clin Immunol 2020;
146:244-9.

. Warren C, Lei D, Sicherer S, Schleimer R, Gupta R. Prevalence and characteristics

of peanut allergy in US adults. J Allergy Clin Immunol 2021;147:2263-70.e5.

. Maleki SJ, Teuber SS, Mustafa SS. Adult peanut allergy: what we know and what

we need to learn. J Allergy Clin Immunol 2021;147:2069-72.

. Kanchan K, Clay S, Irizar H, Bunyavanich S, Mathias RA. Current insights into the

genetics of food allergy. J Allergy Clin Immunol 2021;147:15-28.

. Kulis MD, Smeekens JM, Immormino RM, Moran TP. The airway as a route of

sensitization to peanut: an update to the dual allergen exposure hypothesis.
J Allergy Clin Immunol 2021;148:689-93.

. Soriano VX, Koplin JJ, Forrester M, Peters RL, O’Hely M, Dharmage SC, et al.

Infant pacifier sanitization and risk of challenge-proven food allergy: a cohort
study. J Allergy Clin Immunol 2021;147:1823-9.e11.

. Perkin MR, Logan K, Marrs T, Radulovic S, Craven J, Boyle RJ, et al. Association

of frequent moisturizer use in early infancy with the development of food allergy.
J Allergy Clin Immunol 2021;147:967-76.e1.

. Du Toit G, Roberts G, Sayre PH, Bahnson HT, Radulovic S, Santos AF, et al. Ran-

domized trial of peanut consumption in infants at risk for peanut allergy. N Engl J
Med 2015;372:803-13.

. de Silva D, Halken S, Singh C, Muraro A, Angier E, Arasi S, et al. Preventing food

allergy in infancy and childhood: systematic review of randomised controlled tri-
als. Pediatr Allergy Immunol 2020;31:813-26.

. Lack G, Logan K. Early high-dose gluten intake to prevent celiac disease: data do

not allow conclusions—reply. JAMA Pediatr 2021;175:535-6.

. Haahtela T, Valovirta E, Saarinen K, Jantunen J, Lindstrom I, Kauppi P, et al. The

Finnish Allergy Program 2008-2018: society-wide proactive program for change of
management to mitigate allergy burden. J Allergy Clin Immunol 2021;148:
319-26.e4.

. Togias A, Cooper SF, Acebal ML, Assa’ad A, Baker JR Jr, Beck LA, et al.

Addendum guidelines for the prevention of peanut allergy in the United States:
report of the National Institute of Allergy and Infectious Diseases-sponsored expert
panel. J Allergy Clin Immunol 2017;139:29-44.

. Johnson JL, Gupta RS, Bilaver LA, Hu JW, Martin J, Jiang J, et al. Implementation

of the Addendum Guidelines for Peanut Allergy Prevention by US allergists, a sur-
vey conducted by the NIAID, in collaboration with the AAAAL J Allergy Clin Im-
munol 2020;146:875-83.

. Fleischer DM, Chan ES, Venter C, Spergel JM, Abrams EM, Stukus D, et al. A

consensus approach to the primary prevention of food allergy through nutrition:
guidance from the American Academy of Allergy, Asthma, and Immunology;
American College of Allergy, Asthma, and Immunology; and the Canadian Society
for Allergy and Clinical Immunology. J Allergy Clin Immunol Pract 2021;9:
22-43.e4.

. Keet C, Pistiner M, Plesa M, Szelag D, Shreffler W, Wood R, et al. Age and eczema

severity, but not family history, are major risk factors for peanut allergy in infancy.
J Allergy Clin Immunol 2021;147:984-91.e5.

. Keet C, Plesa M, Szelag D, Shreffler W, Wood R, Dunlop J, et al. Ara h 2-specific

IgE is superior to whole peanut extract-based serology or skin prick test for diag-
nosis of peanut allergy in infancy. J Allergy Clin Immunol 2021;147:977-83.e2.

. Leung J, Ainsworth J, Peters R, Mehr S, Smart J, Rose E. Increased rates of peanut

and tree nut aspiration as a possible consequence of allergy prevention by early
introduction. J Allergy Clin Immunol Pract 2021;9:3140-6.e2.

. Lopes JP, Cox AL, Baker MG, Bunyavanich S, Oriel RC, Sicherer SH, et al. Pea-

nut-induced food protein-induced enterocolitis syndrome (FPIES) in infants with
early peanut introduction. J Allergy Clin Immunol Pract 2021;9:2117-9.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

J ALLERGY CLIN IMMUNOL
MARCH 2022

. Sakihara T, Otsuji K, Arakaki Y, Hamada K, Sugiura S, Ito K. Randomized trial of

early infant formula introduction to prevent cow’s milk allergy. J Allergy Clin Im-
munol 2021;147:224-32.e8.

Leung DYM, Berdyshev E, Goleva E. Cutaneous barrier dysfunction in allergic
diseases. J Allergy Clin Immunol 2020;145:1485-97.

Berdyshev E, Goleva E, Bronova I, Bronoff AS, Hoffman BC, Ramirez-Gama MA,
et al. Unique skin abnormality in patients with peanut allergy but no atopic derma-
titis. J Allergy Clin Immunol 2021;147:361-7.el.

Kelleher MM, Cro S, Cornelius V, Lodrup Carlsen KC, Skjerven HO, Rehbinder
EM, et al. Skin care interventions in infants for preventing eczema and food al-
lergy. Cochrane Database Syst Rev 2021;2:CD013534.

Peanut allergen powder (Palforzia). JAMA 2020;324:192-3.

Leonard SA, Laubach S, Wang J. Integrating oral immunotherapy into clinical
practice. J Allergy Clin Immunol 2021;147:1-13.

Vickery BP, Vereda A, Nilsson C, du Toit G, Shreffler WG, Burks AW, et al.
Continuous and daily oral immunotherapy for peanut allergy: results from a 2-
year open-label follow-on study. J Allergy Clin Immunol Pract 2021;9:
1879-89.e14.

Azzano P, Paquin M, Langlois A, Morin C, Parizeault G, Lacombe-Barrios J,
et al. Determinants of omalizumab dose-related efficacy in oral immunotherapy:
evidence from a cohort of 181 patients. J Allergy Clin Immunol 2021;147:
233-43.

Scurlock AM, Burks AW, Sicherer SH, Leung DYM, Kim EH, Henning AK, et al.
Epicutaneous immunotherapy for treatment of peanut allergy: follow-up from the
Consortium for Food Allergy Research. J Allergy Clin Immunol 2021;147:
992-1003.e5.

Fleischer DM, Shreffler WG, Campbell DE, Green TD, Anvari S, Assa’ad A, et al.
Long-term, open-label extension study of the efficacy and safety of epicutaneous
immunotherapy for peanut allergy in children: PEOPLE 3-year results. J Allergy
Clin Immunol 2020;146:863-74.

Brown-Whitehorn TF, de Blay F, Spergel JM, Green TD, Peillon A, Sampson HA,
et al. Sustained unresponsiveness to peanut after long-term peanut epicutaneous
immunotherapy. J Allergy Clin Immunol Pract 2021;9:524-6.

Kim EH, Perry TT, Wood RA, Leung DYM, Berin MC, Burks AW, et al. Induction
of sustained unresponsiveness after egg oral immunotherapy compared to baked
egg therapy in children with egg allergy. J Allergy Clin Immunol 2020;146:
851-62.e10.

Renz H, Skevaki C. Early life microbial exposures and allergy risks: opportunities
for prevention. Nat Rev Immunol 2021;21:177-91.

Chatchatee P, Nowak-Wegrzyn A, Lange L, Benjaponpitak S, Chong KW, Sangsu-
pawanich P, et al. Tolerance development in cow’s milk-allergic infants receiving
amino acid-based formula: a randomized controlled trial [published online ahead
of print July 2, 2021]. J Allergy Clin Immunol. https://doi.org/10.1016/j.jaci.
2021.06.025.

Patel N, Chong KW, Yip AYG, Ierodiakonou D, Bartra J, Boyle RJ, et al. Use of
multiple epinephrine doses in anaphylaxis: a systematic review and meta-analysis.
J Allergy Clin Immunol 2021;148:1307-15.

Ruiz-Garcia M, Bartra J, Alvarez O, Lakhani A, Patel S, Tang A, et al. Cardiovas-
cular changes during peanut-induced allergic reactions in human subjects.
J Allergy Clin Immunol 2021;147:633-42.

Dribin TE, Schnadower D, Spergel JM, Campbell RL, Shaker M, Neuman MI,
et al. Severity grading system for acute allergic reactions: a multidisciplinary Del-
phi study. J Allergy Clin Immunol 2021;148:173-81.

Hogan SP. Severity grading system for acute allergic reactions—time for
validation and assessment of best practices. J Allergy Clin Immunol 2021;148:
86-8.

Arasi S, Nurmatov U, Dunn-Galvin A, Daher S, Roberts G, Turner PJ, et al.
Consensus on DEfinition of Food Allergy SEverity (DEFASE): an integrated mixed
methods systematic review. World Allergy Organ J 2021;14:100503.

Patel N, Adelman DC, Anagnostou K, Baumert JL, Blom WM, Campbell DE, et al.
Using data from food challenges to inform management of consumers with food
allergy: a systematic review with individual participant data meta-analysis.
J Allergy Clin Immunol 2021;147:2249-62.¢7.

Sicherer SH, Abrams EM, Nowak-Wegrzyn A, Hourihane JO. Managing
food allergy when the patient is not highly allergic [published online ahead of print
July 5, 2021]. J Allergy Clin Immunol Pract. https://doi.org/10.1016/j.jaip.2021.05.
021.

Kato Y, Morikawa T, Kato E, Yoshida K, Imoto Y, Sakashita M, et al. Involvement
of activation of mast cells via IgE signaling and epithelial cell-derived cytokines in
the pathogenesis of pollen food allergy syndrome in a murine model. J Immunol
2021;206:2791-802.

Shade KC, Conroy ME, Washburn N, Kitaoka M, Huynh DJ, Laprise E, et al. Sia-
lylation of immunoglobulin E is a determinant of allergic pathogenicity. Nature
2020;582:265-70.


http://refhub.elsevier.com/S0091-6749(22)00003-3/sref1
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref1
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref1
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref1
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref2
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref2
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref3
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref3
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref4
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref4
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref5
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref5
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref5
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref6
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref6
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref6
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref7
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref7
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref7
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref8
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref8
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref8
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref9
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref9
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref9
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref10
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref10
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref11
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref11
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref11
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref11
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref12
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref12
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref12
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref12
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref13
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref13
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref13
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref13
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref14
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref14
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref14
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref14
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref14
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref14
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref15
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref15
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref15
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref16
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref16
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref16
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref17
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref17
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref17
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref18
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref18
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref18
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref19
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref19
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref19
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref20
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref20
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref21
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref21
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref21
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref22
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref22
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref22
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref23
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref24
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref24
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref25
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref25
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref25
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref25
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref26
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref26
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref26
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref26
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref27
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref27
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref27
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref27
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref28
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref28
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref28
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref28
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref29
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref29
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref29
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref30
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref30
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref30
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref30
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref31
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref31
https://doi.org/10.1016/j.jaci.2021.06.025
https://doi.org/10.1016/j.jaci.2021.06.025
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref33
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref33
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref33
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref34
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref34
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref34
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref35
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref35
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref35
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref36
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref36
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref36
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref37
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref37
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref37
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref38
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref38
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref38
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref38
https://doi.org/10.1016/j.jaip.2021.05.021
https://doi.org/10.1016/j.jaip.2021.05.021
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref40
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref40
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref40
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref40
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref41
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref41
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref41

J ALLERGY CLIN IMMUNOL
VOLUME 149, NUMBER 3

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

Suarez-Farinas M, Suprun M, Bahnson HT, Raghunathan R, Getts R, duToit G,
et al. Evolution of epitope-specific IgE and IgG4 antibodies in children enrolled
in the LEAP trial. J Allergy Clin Immunol 2021;148:835-42.

Aguilera-Lizarraga J, Florens MV, Viola MF, Jain P, Decraecker L, Appeltans I,
et al. Local immune response to food antigens drives meal-induced abdominal
pain. Nature 2021;590:151-6.

Turner JA, Stephen-Victor E, Wang S, Rivas MN, Abdel-Gadir A, Harb H, et al.
Regulatory T cell-derived TGF-betal controls multiple checkpoints governing al-
lergy and autoimmunity. Immunity 2020;53:1202-14.e6.

Gowthaman U, Chen JS, Zhang B, Flynn WFE, Lu Y, Song W, et al. Identification of
a T follicular helper cell subset that drives anaphylactic IgE. Science 2019;365:
eaaw6433.

Chen JS, Grassmann JDS, Gowthaman U, Olyha SJ, Simoneau T, Berin MC, et al.
Flow cytometric identification of Tfh13 cells in mouse and human. J Allergy Clin
Immunol 2021;147:470-83.

Bruton K, Spill P, Vohra S, Baribeau O, Manzoor S, Gadkar S, et al. Interrupting
reactivation of immunologic memory diverts the allergic response and prevents
anaphylaxis. J Allergy Clin Immunol 2021;147:1381-92.

Tomar S, Ganesan V, Sharma A, Zeng C, Waggoner L, Smith A, et al. IL-4-BATF
signaling directly modulates IL-9 producing mucosal mast cell (MMC9) function
in experimental food allergy. J Allergy Clin Immunol 2021;147:280-95.

Takasato Y, Kurashima Y, Kiuchi M, Hirahara K, Murasaki S, Arai F, et al. Orally
desensitized mast cells form a regulatory network with Treg cells for the control of
food allergy. Mucosal Immunol 2021;14:640-51.

Newberry RD, Hogan SP. Intestinal epithelial cells in tolerance and allergy to di-
etary antigens. J Allergy Clin Immunol 2021;147:45-8.

Noah TK, Knoop KA, McDonald KG, Gustafsson JK, Waggoner L, Vanoni S, et al.
IL-13-induced intestinal secretory epithelial cell antigen passages are required for IgE-
mediated food-induced anaphylaxis. J Allergy Clin Immunol 2019;144:1058-73.e3.
Gertie JA, Zhang B, Liu EG, Hoyt LR, Yin X, Xu L, et al. Oral anaphylaxis to pea-
nut in a mouse model is associated with gut permeability but not with Tlr4 or
Dock8 mutations [published online ahead of print May 27, 2021]. J Allergy Clin
Immunol. https://doi.org/10.1016/j.jaci.2021.05.015.

Smeekens JM, Johnson-Weaver BT, Hinton AL, Azcarate-Peril MA, Moran TP,
Immormino RM, et al. Fecal IgA, antigen absorption, and gut microbiome compo-
sition are associated with food antigen sensitization in genetically susceptible mice.
Front Immunol 2020;11:599637.

Yamani A, Wu D, Ahrens R, Waggoner L, Noah TK, Garcia-Hernandez V, et al.
Dysregulation of intestinal epithelial CFTR-dependent C1(—) ion transport and par-
acellular barrier function drives gastrointestinal symptoms of food-induced
anaphylaxis in mice. Mucosal Immunol 2021;14:135-43.

Bruton K, Koenig JFE, Phelps A, Jordana M. Perturbations to homeostasis in
experimental models revealed innate pathways driving food allergy. Front Immunol
2020;11:603272.

Bartemes KR, Kita H. Roles of innate lymphoid cells (ILCs) in allergic diseases:
the 10-year anniversary for ILC2s. J Allergy Clin Immunol 2021;147:1531-47.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

KEET AND BERIN 873

Zhou X, Yu W, Lyu SC, Macaubas C, Bunning B, He Z, et al. A positive feedback
loop reinforces the allergic immune response in human peanut allergy. J Exp Med
2021;218:¢20201793.

Yoneyama T, Nakano N, Hara M, Yamada H, Izawa K, Uchida K, et al. Notch
signaling contributes to the establishment of sustained unresponsiveness to food al-
lergens by oral immunotherapy. J Allergy Clin Immunol 2021;147:1063-76.€9.
Patrick GJ, Liu H, Alphonse MP, Dikeman DA, Youn C, Otterson JC, et al. Epicu-
taneous Staphylococcus aureus induces IL-36 to enhance IgE production and
ensuing allergic disease. J Clin Invest 2021;131:e143334.

Smeekens JM, Immormino RM, Kulis MD, Moran TP. Timing of exposure to envi-
ronmental adjuvants is critical to mitigate peanut allergy. J Allergy Clin Immunol
2021;147:387-90.e4.

Lee KH, Guo J, Song Y, Ariff A, O’Sullivan M, Hales B, et al. Dysfunctional gut
microbiome networks in childhood IgE-mediated food allergy. Int J Mol Sci 2021;
22:2079.

Ho HE, Chun Y, Jeong S, Jumreornvong O, Sicherer SH, Bunyavanich S. Multidi-
mensional study of the oral microbiome, metabolite, and immunologic environ-
ment in peanut allergy. J Allergy Clin Immunol 2021;148:627-32.e3.

Marrs T, Jo JH, Perkin MR, Rivett DW, Witney AA, Bruce KD, et al. Gut micro-
biota development during infancy: impact of introducing allergenic foods.
J Allergy Clin Immunol 2021;147:613-21.e9.

Fukunaga K, Chinuki Y, Hamada Y, Fukutomi Y, Sugiyama A, Kishikawa R, et al.
Genome-wide association study reveals an association between the HLA-DPB1( *)
02:01:02 allele and wheat-dependent exercise-induced anaphylaxis. Am J Hum
Genet 2021;108:1540-8.

Gabryszewski SJ, Chang X, Dudley JW, Mentch F, March M, Holmes JH, et al.
Unsupervised modeling and genome-wide association identify novel features of
allergic march trajectories. J Allergy Clin Immunol 2021;147:677-85.e10.

Zhou X, Han X, Lyu SC, Bunning B, Kost L, Chang I, et al. Targeted DNA methyl-
ation profiling reveals epigenetic signatures in peanut allergy. JCI Insight 2021;6:
e143058.

Ruiter B, Smith NP, Fleming E, Patil SU, Hurlburt BK, Maleki SJ, et al. Peanut
protein acts as a TH2 adjuvant by inducing RALDH2 in human antigen-
presenting cells. J Allergy Clin Immunol 2021;148:182-94.e4.

Krause M, Crauwels P, Blanco-Perez F, Globisch M, Wangorsch A, Henle T, et al.
Human monocyte-derived type 1 and 2 macrophages recognize Ara h 1, a major
peanut allergen, by different mechanisms. Sci Rep 2021;11:10141.

Thouvenot B, Roitel O, Tomasina J, Hilselberger B, Richard C, Jacquenet S, et al.
Transcriptional frameshifts contribute to protein allergenicity. J Clin Invest 2020;
130:5477-92.

Khodoun MV, Morris SC, Shao WH, Potter C, Angerman E, Kiselev A, et al. Sup-
pression of IgE-mediated anaphylaxis and food allergy with monovalent anti-
FcepsilonRIalpha mAbs. J Allergy Clin Immunol 2021;147:1838-54.e4.

Link CWM, Rau CN, Udoye CC, Ragab M, Korkmaz RU, Comduhr S, et al. IL-2-
agonist-induced IFN-gamma exacerbates systemic anaphylaxis in food allergen-
sensitized mice. Front Immunol 2020;11:596772.


http://refhub.elsevier.com/S0091-6749(22)00003-3/sref42
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref42
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref42
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref43
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref43
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref43
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref44
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref44
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref44
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref45
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref45
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref45
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref46
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref46
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref46
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref47
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref47
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref47
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref48
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref48
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref48
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref49
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref49
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref49
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref50
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref50
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref51
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref51
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref51
https://doi.org/10.1016/j.jaci.2021.05.015
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref53
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref53
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref53
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref53
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref54
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref54
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref54
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref54
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref54
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref55
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref55
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref55
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref56
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref56
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref57
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref57
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref57
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref58
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref58
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref58
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref59
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref59
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref59
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref60
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref60
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref60
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref61
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref61
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref61
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref62
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref62
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref62
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref63
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref63
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref63
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref64
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref64
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref64
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref64
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref65
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref65
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref65
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref66
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref66
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref66
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref67
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref67
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref67
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref68
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref68
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref68
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref69
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref69
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref69
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref70
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref70
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref70
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref71
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref71
http://refhub.elsevier.com/S0091-6749(22)00003-3/sref71

	The year in food allergy
	Prevention of food allergy
	Treatment of food allergy
	Classifying food allergy severity
	Pathophysiology of food allergy
	Novel models
	Detection and biology of IgE
	T-cell subsets
	Epithelial barrier function
	Innate immunity and food allergy
	Routes of allergen exposure
	Microbiota
	Genetics and genomics
	Allergenicity
	Preclinical models of immunotherapy

	Conclusions
	References


