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Key Messages

o Data from random digit dial and other population-based surveys indicate a high burden of food allergy in North America among adults and
a growing burden among adults from other parts of the globe.

o Shellfish seems to be the most common trigger of immunoglobulin E (IgE)-mediated food allergy among adults, followed by peanut and
cow’s milk.

o Adult-onset allergy also seems to be increasingly common, especially to shellfish.

* Not all adult food allergy is IgE-mediated. For example, food protein-induced enterocolitis syndrome is a non—IgE-mediated allergy that
has been estimated to affect a growing number of adults in the United States and Europe. Eosinophilic esophagitis is another condition
that has a non—IgE-mediated component, yet is commonly comorbid among adults with IgE-mediated food allergy.

o Alpha-gal syndrome affects a growing number of adults in the Southern and Midwestern regions of North America, where the lone star
tick resides. This syndrome arises when individuals are sensitized to a glycoprotein commonly found in red meat after being bitten by a
tick. Other tick species are also proven vectors and are responsible for alpha-gal syndrome in other global regions, including Europe, Aus-
tralia, Brazil, Central America, West Africa, and South Africa.

ARTICLE INFO ABSTRACT
AftiCl_e history: o The prevalence and awareness of food allergy (FA) among US adults is arguably at a historical high, both with
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operate through a variety of immunologic mechanisms (eg, pollen-FA syndrome, alpha-gal syndrome, food pro-
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tein-induced enterocolitis syndrome, eosinophilic esophagitis). Worryingly, not only are many adults retaining
childhood-onset food allergies as they age into adulthood, it seems that many adults are experiencing adult-
onset allergies to previously tolerated foods, with correspondingly adverse physical, and psychological health
impacts. Consequently, this review aims to summarize what is currently known about the epidemiology and
population-level burden of FA among adult populations in North America and around the globe. This article also
provides insights into the natural history of these conditions and what we need to know as we look to the future
to support effective care and prevent FA.
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Introduction

Because of its rising prevalence and increasing health care utiliza-
tion, food allergy (FA) has become a condition of growing concern for
patients, physicians, and policymakers around the world. Food
allergy (FA) has been reported to affect people of all socioeconomic
and demographic backgrounds, including patients of all ages."> Most
epidemiologic work to date has focused on estimating the burden of
disease among pediatric populations; however, increasing attention
is now being paid to affected adults—both those who retain their
childhood allergies into adulthood and those who develop novel,
adult-onset allergies to previously tolerated foods.? The need to bet-
ter understand the distribution of FA among adult populations is
increasingly urgent because effective allergy prevention and treat-
ment modalities are emerging, which overwhelmingly target pediat-
ric populations.

Awareness of FA among US adults is arguably at a historical high,
both with respect to primary immunoglobulin E (IgE)-mediated food
hypersensitivity* and other food-triggered conditions that operate
through a variety of immunologic mechanisms (eg, pollen-FA syn-
drome, food protein-induced enterocolitis syndrome, eosinophilic
esophagitis [EoE]). Consequently, this review aims to summarize
what is currently known regarding the epidemiology and popula-
tion-level burden of FA among adult populations and what we need
to know as we look to the future to support effective care and prevent
FAs.

North American Food Allergy Epidemiology Among Adult
Populations

“Random Digit Dial” Prevalence Surveys Assessing Specific Food Allergy
Prevalence

In the North American context, there have been numerous sur-
veys conducted over the past 25 years that have assessed the preva-
lence of IgE-mediated FA among US adults. Sicherer et al,”® in 1999°
and 2002,° reported the prevalence of peanut allergy (PA) to be 0.7%
and 0.6% among US adults aged 18 and above, whereas tree nut
allergy was estimated to affect 0.7% and 0.5% of US adults, respec-
tively. The 2002 survey reported that around half of respondents
with peanut or tree nut allergy reported allergies to additional
(unspecified) foods, suggesting that more than 1 FA (or multi-FA) is
common among US adults with FA. In 2004, this group conducted a
seafood allergy prevalence survey,’” in which 0.5% of US adults
reported allergy to at least 1 finned fish and 2.5% reported allergy to
at least 1 shellfish—identifying shellfish as an allergen of major con-
cern in adults. Women were more affected than men by both shell-
fish (2.6% vs 1.5%) and finned fish (0.6% vs 0.2%) allergies. These
findings stand in stark contrast to the available pediatric data, which
found a preponderance of boys were allergic to shellfish relative to
girls. Among both children and adults, individuals of non-Hispanic
Black race were more likely to be allergic to finned fish (1.1% [0.6%-
1.7%] vs 0.3% [0.2%-0.4%]) or shellfish (3.1% [2.3%-4.1%] vs 1.8% [1.5%-
2.0%]), than those of non-HIspanic White race. In a 2008 follow-up
survey of PA and tree nut allergy prevalence, Sicherer et al® incorpo-
rated an assessment of sesame allergy prevalence. This survey found
similar rates of PA and tree nut allergy to those reported in 1997 and
2002 among US adults, and estimated the prevalence of sesame
allergy to be 0.1%.

Food and Drug Administration Food Safety Surveys

Over a similar time period, repeated cross-sectional data’ from
the US Food and Drug Administration (FDA) food safety surveys—
administered in 2001, 2006, and 2010—suggested that the preva-
lence of self-reported allergy to any food—not just peanut, tree nut,

and shellfish—increased substantially among US adults during that
time, rising from 9.1% in 2001 to 14.9% in 2010, whereas the number
self-reporting physician-diagnosed FA also increased, rising from
5.3% to 7.6% over this same time frame. These data were collected
from random digit dial landline telephone surveys conducted by the
FDA every 3 to 5 years, which included a version of the following
question: “Do you currently have any food allergy or suspect that you
have a food allergy?” Individuals responding affirmatively to this
question were then asked about reaction symptoms, and whether
the allergy was physician-diagnosed.

In the 2010 food safety survey® among adults reporting physician-
diagnosed FAs, only 2% reported being diagnosed by means of an oral
food challenge, whereas 6% reported receiving a physician diagnosis
after a combination of clinical history, physical examination, and skin
prick test and specific IgE (sIgE) testing. Only 15% of adults with phy-
sician-diagnosed FA reported being prescribed epinephrine—the one
and only first-line treatment for food-induced anaphylaxis. Partici-
pants with self-reported FA and physician-diagnosed FA, 45% and
41.6%, respectively, reported experiencing an allergic reaction within
the past 12 months; and 26% and 24%, respectively, reported
experiencing their last allergic reaction in the past 1 to 5 years,
whereas 29% and 34%, respectively, reported having gone 5-plus
years without experiencing a food-allergic reaction. Among adults
with physician-diagnosed FA, 15% reported having an allergic reac-
tion treated in a hospital, with three-quarters of adults with reported
FAs reporting reactions to at least 1 of the major food allergens
defined by the Food Allergen Labeling and Consumer Protection Act'®
at the time (ie, cow’s milk, dairy, eggs, finned fish, shellfish, tree nuts,
peanuts, wheat, gluten, soy).

Centers for Disease Control and Prevention’s National Health and
Nutrition Examination Surveys

The National Health and Nutrition Examination Surveys
(NHANES) 2005 to 2006 serologic data,'! collected from 8000 partici-
pants, estimated sensitization rates to cow’s milk, egg, peanut, and
shrimp to be approximately 15% of US adults, with significant racial,
and socioeconomic differences in food-allergic sensitization. Self-
reported non-Hispanic Black adults and those reporting lower annual
incomes were most likely to report any sensitization (>0.35 kU/L),
and higher levels of sensitization indicative of likely FA to these 4
specific foods. However, overall rates of possible and likely allergy to
these foods on the basis of serologic data were generally low—
though substantially higher among participants with comorbid
asthma and allergic rhinitis.

Between 2007 and 2010, the NHANES assessed the prevalence of
self-reported FA to wheat, cow’s milk, eggs, finned fish, shellfish,
corn, peanuts, other nuts, soy products, and other foods. Because
NHANES also assesses dietary consumption patterns in the previous
30 days along with reported FA status, secondary analyses by McGo-
wan et al'? were able to identify the subset of FA cases who also
reported no consumption of specific allergens (ie, cow’s milk, shell-
fish, finned fish) in the previous 30 days for which dietary intake data
were available. By excluding cases with reported consumption of the
specific allergen, the authors argued they were able to derive a more
precise estimate of FA prevalence. This analysis of more than 20,000
individuals estimated adult self-reported FA prevalence at 9.7%,
which was only slightly attenuated after excluding those adults who
consumed cow’s milk, shellfish, or finned fish in the past 30 days.
Among reported FAs, those to cow’s milk (2.6%; 95% confidence inter-
val [CI], 2.2-3.1), shellfish (2.0%; 95% CI, 1.8-2.4), peanut (0.9%; 95% CI,
0.6-1.2], and tree nuts (0.8%; 95% CI, 0.6-1.0) were most common, fol-
lowed by egg (0.5%; 95% CI, 0.4-0.7), wheat (0.5%; 95% CI, 0.4-0.7),
and finned fish (0.45%; 95% CI, 0.34-0.57). This study also found FA
rates to be highest among women, individuals with higher
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educational attainment, those reporting non-Hispanic Black race, and
individuals with comorbid atopy (eg, asthma, and allergic rhinitis).
Notably, among adults reporting an asthma attack in the past year,
nearly a quarter (23.1%; 95% CI, 19.1-28.3) reported at least 1 current
FA.

United States Population-based Surveys by the Gupta Research Team

From 2015 to 2016, Gupta et al'® leveraged the nationally-repre-
sentative AmeriSpeak panel—a market research panel recruited by
means of probability-based sampling methods—to estimate the prev-
alence and burden of FA among US adults aged 18 years and older. A
51% survey completion rate was observed, and complex survey-
weighting was used to adjust for nonresponse among the 40,443
total survey respondents. After applying stringent symptom report
—based criteria to rule out suspected cases of food intolerance or pol-
len-food allergy syndromes (PFAS), the authors estimated the current
FA prevalence to be 10.8% (95% CI, 10.4%-11.1%), with an additional
8.2% reporting reaction symptomatology that was not convincingly
IgE-mediated. Approximately half of these convincing FA cases were
physician-confirmed, for an estimated 5.1% (95% CI, 4.9-5.4%) of US
adults. Among all adults surveyed, the most common convincing
allergies were shellfish (2.9%), cow’s milk (1.9%), peanut (1.8%), and
tree nuts (1.2%). The estimated rates of specific allergies are reported
in Figure 1. This study also estimated that more than half of US adults
report multi-FA, half reported a history of at least 1 severe food-aller-
gic reaction (characterized by multiple organ system involvements),
and roughly 1 in 3 had experienced at least 1 FA-related emergency
department visit in their lifetime. Despite this relatively high rate of
severe reactions, only 24% reported a current epinephrine autoinjec-
tor (EAI) prescription, suggesting suboptimal FA management. Pre-
dictors of FA status again included female sex, race other than White ,
ethnicity, comorbid atopy, higher levels of educational attainment,
and younger age.

Canadian Food Allergy Prevalence From Surveying Canadians to Assess
the Prevalence of Food Allergy and Attitudes Toward Food Labeling and
Risk, SPAACE, and SPAACE to SPAACE

The Surveying Canadians to Assess the Prevalence of Food Allergy
and Attitudes Toward Food Labeling and Risk (SCAALAR) study'* lev-
eraged a national cross-sectional telephone interview to estimate the
prevalence of FA among Canadian adults in 10 provinces. The SCAA-
LAR survey was conducted from 2008 to 2009, using a comparable
random digit dial telephone methodology to that used in previous
work by Sicherer et al,>>~7 A 35% survey completion rate was

Reported Food Allergy = Convincing Food Allergy

observed among the 3613 respondents who provided data for 7469
individual Canadians. Food allergy was defined as perceived (on the
basis of self-report), probable (on the basis of convincing history or
self-report of physician diagnosis), or confirmed (on the basis of his-
tory and evidence of confirmatory tests). Among all respondents,
8.3% of adults reported at least 1 allergy to any food, which was atten-
uated to 6.6% after adjusting for survey nonresponse and conserva-
tively excluding any adult who only reported allergy to cow’s milk,
egg, wheat, or soy. The most typically reported FAs were shellfish
(1.9%; 95% CI, 1.6-2.2), cow’s milk (1.9%; 95% CI, 1.6-2.2), fruits (1.6%;
95% (I, 1.3-1.9), vegetables (1.3%; 95% CI, 1.0-1.6), tree nuts (1.1%;
95% (I, 0.8-1.3), peanut (0.8%; 95% CI, 0.6-1.0) and egg (0.7%; 95% (I,
0.5-0.9). When cases that were undiagnosed or did not meet strin-
gent symptom report criteria were excluded, these estimates were
only slightly attenuated. The FAs were more typically reported by
respondents with higher degrees of educational attainment (OR,
1.24; 95% CI, 1.03-1.51) and those who were born in Canada (OR,
1.47; 95% CI, 1.10-1.92). However, when compared with the general
Canadian population, SCAAALAR survey respondents were more edu-
cated, had higher income, and were more likely to be born in Canada.

To better understand the prevalence of FA among vulnerable pop-
ulations in Canada—defined as individuals of low education or
income, those who immigrated less than 10 years ago, and First-
Nation individuals—the SCAALAR study investigators initiated the
Surveying Prevalence of FA in All Canadian Environments (SPAACE)
study,'® which aimed to estimate FA prevalence in these populations
and to identify demographic characteristics predictive of FA. To
accomplish this, the authors deliberately oversampled 100 Canadian
census tracts with a high representation of individuals meeting their
definition of vulnerable populations and surveyed them by means of
telephone between September 2010 and 2011. Among the 14,113
households that were reached, 1351 households were ineligible to
participate because of a language barrier or unavailability of an adult
or individual residing in the household. A 45% response rate was
observed among the remaining eligible households, resulting in esti-
mates for 15,022 individuals. On the basis of these data, the research-
ers found that FA was less typically reported among adults (and
children) who lived in households with lower educational attain-
ment, and among immigrant populations—who were more likely to
be food-allergic the longer they had resided in Canada. The research-
ers also estimated FA prevalence to be comparable among Canadians
of First-Nation identity. As in previous work, the authors relied on FA
case definitions on the basis of self-report of a convincing history or
self-report of a physician diagnosis.

To improve and update estimates of Canadian population-level
adult FA prevalence, the SCAAALAR and SPAACE study investigators

m Physician-confirmed Food Allergy

Reported FA Prevalence = 19.0% (95% Cl: 18.5-19.5%)
Convincing FA Prevalence = 10.8% (95% Cl: 10.4-11.1%)
Physician-Confirmed, Convincing FA Prevalence = 5.1% (95% Cl: 4.9-5.4%)
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Figure 1. Estimated overreporting and clinical underrepresentation of IgE-mediated food allergy among US adults. CI, confidence interval; FA, food allergy; IgE, immunoglobulin E.
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Cross-sectional North American Peanut Allergy
Prevalence Estimates Over Time
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Figure 2. Rising pediatric peanut allergy prevalence estimates from North American population-based studies.

launched a follow-up study to Surveying Prevalence of FA in All Cana-
dian Environments called SPAACE to SPAACE'® in 2016. This survey was
completed by 15,322 individuals. Researchers made special efforts to
sample new Canadians (ie, those who immigrated within the past 10
years), individuals of First-Nation identity, and lower-income house-
holds. Once again, estimates were derived for reported and convincing
IgE-mediated FA, with specific attention paid to peanut, tree nut, shell-
fish, fish, cow’s milk, egg, wheat, sesame, and soy. The SPAACE to
SPAACE study estimated that the prevalence of FA stayed stable relative
to the SCAAALAR data collected 8 years before (with 7.1% and 9.3% of
adults reporting at least 1 FA at each wave, which attenuated to 5.9%
and 6.1%, respectively after application of more stringent case defini-
tions.) Figure 2 situates these Canadian prevalence estimates—for pea-
nut allergy in particular-in the context of the aforementioned
epidemiologic studies of pediatric food allergy prevalence in the US,
indicating a growing burden over recent decades.

Key Questions and Next Steps

When considering the findings from each of these North American
FA prevalence surveys together, the reliable discrepancy between
“perceived” (ie, self-reported) and “convincing” or “probable” FA as
defined by symptom-report and dietary intake highlights important
knowledge gaps for future work. It is imperative that we better under-
stand to what extent the observed differences in reported or perceived
vs convincing or probable vs physician-confirmed FA cases reflect the
clinical underrepresentation of adults living with true IgE-mediated
FA. It is also essential that we better understand to what extent these
adults with survey-reported FA who meet symptom-based criteria for
FA are truly at risk of anaphylaxis or severe outcomes owing to pri-
mary sensitization to trigger foods, or whether their reported allergic
reaction history is attributable to PFAS oe oral allergy syndrome (OAS)
or other differential diagnoses. Refining and validating current epide-
miologic survey-based FA case definitions to identify true FA cases
accurately and reliably is not only vital for improving the quality of
epidemiologic prevalence estimates but could also provide a pathway
through which adults with self-diagnosed or perceived FA can be
responsibly triaged and clinically evaluated.

Pollen-Food Allergy Syndrome and Oral Allergy Syndrome

Pollen-FA syndrome (PFAS), including the mild form of OAS,'” is
another form of IgE-mediated food-induced allergic reactions that
impact adult populations. It stands in contrast to “traditional” IgE-
mediated immunologic reactions to food proteins insofar as they
involve reactions resulting from respiratory allergy to pollens and
subsequent cross-binding between pollens and homologous epitopes
present in plant-derived food proteins. The symptomatology of PFAS
may take various forms ranging in severity, whereas OAS symptoms
are restricted to oropharyngeal reactions and allergens and are typi-
cally denatured by heat and stomach acids resulting in a lower risk of
reactions involving multiple organ systems or resulting in potentially
life-threatening anaphylaxis. For these reasons, recommended man-
agement of OAS generally does not include the prescription of epi-
nephrine, recommendation of continuous EAI carriage, or associated
patient education that are fundamental to patient management of
“traditional” FAs. Unfortunately, PFAS epidemiology is limited, and
its prevalence and distribution remain unclear, particularly in the
general US population, although its prevalence in adults with allergic
rhinitis seems to be high. A 2018 national survey'® of Korean adult
patients with allergic rhinitis reported a PFAS prevalence of 43%.
Recent data from Turkey,'® Italy,?° and Croatia®' suggest that 20% to
30% of children with allergic rhinitis have PFAS, with higher PFAS
rates observed in those children who experienced allergic rhinitis for
a longer period. Unfortunately, no corresponding adult data are avail-
able. Common PFAS triggers include legumes, seeds, soy, barley, rice,
and wheat. Additional work is needed to better characterize the dis-
tribution and determinants of PFAS to achieve a more comprehensive
understanding of its etiology and public health burden.

Other Select Epidemiologic Data From Around the Globe
Europe

As part of the EuroPrevall (the prevalence, cost and basis of food
allergy across Europe) study,’??* screening questionnaires were
administered to a random sample of adults in 8 major European met-
ropolitan regions—Athens, Greece; Reykjavik, Iceland; Utrecht, The
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Netherlands; Lodz, Poland; Madrid, Spain; and Zurich, Switzerland.
Respondents who reported reaction symptoms to 24 “priority” aller-
gens (hen’s egg, cow’s milk, fish, shrimp, peanut, hazelnut, walnut,
peach, apple, kiwi, melon, banana, tomato, celery, carrot, corn, lentils,
soy, wheat, buckwheat, sesame seed, mustard seed, sunflower seed,
and poppy seed) were invited for clinical follow-up, which included
sIgE testing, and detailed clinical history. Individuals with a convinc-
ing IgE-mediated history and sensitization (sIgE > 0.35 KUA/L) to
either cow’s milk, egg, fish, shrimp, peanut, hazelnut, apple, peach, or
celery were invited for double-blind placebo-controlled oral food
challenges (DBPCFC). This process allowed the authors to estimate
the prevalence of self-reported allergy to any food, self-reported
allergy to at least 1 of the 24 priority foods, and probable FA to at least
1 priority food (which required food-specific sensitization). The prev-
alence of challenge-confirmed allergy could not be reliably estimated
owing to a very high rate of refusal to undergo challenge testing. Oral
food challenge testing provided evidence of FA in approximately
three-quarters of participants with probable FA who underwent
DBPCFC.

The authors observed tremendous between-country variability in
FA prevalence, with rates of self-reported allergy to any food ranging
from 1.7% in Vilnius to 37.3% in Zurich; rates of self-reported allergy
to at least 1 priority food ranging from 0.5% in Vilnius to 16.7% in Zur-
ich; and rates of probable allergy to at least 1 priority food ranging
from 0.3% in Athens to 5.6% in Zurich.?>**> The most common foods
causing probable allergy across all 6 urban centers were hazelnut,
peach, apple, carrot, walnut, melon, shrimp, sunflower seed, and
banana. These data suggest that both FA prevalence and causative
foods are remarkably heterogeneous across these European regions
and are likely related to pollen exposure, given the predominance of
plant-based allergies.

Middle East

Although generally sparse, emerging data from outside Europe
and North America also indicate a substantial burden of FA among
adult populations. For example, a recent cross-sectional study®® of
5497 Saudi Arabian young adults enrolled at a large national univer-
sity between 2008 and 2018 estimated the prevalence of clinically-
diagnosed FA to be 9.6% with an additional 8.1% reporting a perceived
but clinically undiagnosed FA. Of these young adults, approximately 1
in 5 reported an adult-onset FA.

Only a quarter of respondents reported having a prescription for
an EAI because of limited domestic availability—highlighting data
from earlier studies?>%° that found that EAls with epinephrine doses
appropriate for adults were only available in 26 of 44 World Allergy
Organization member countries. Only approximately 5% of all
respondents with clinically-diagnosed FA reported always carrying
an EAl—a similar rate as previously observed in comparably-aged
student populations living in the United States.?”

In a 2015 to 2016 survey-based study of Kuwaiti students attend-
ing Kuwait University,”® 12% reported perceived FA, with 5.4% meet-
ing the criteria for physician-confirmed FA. This study observed a
high (86%) response rate among the 1000 students surveyed. Cow’s
milk, egg, peanut, tree nut, and shellfish allergies were the most
reported allergies that met study criteria for IgE-mediated allergy (ie,
report of physician diagnosis by means of 1 or more confirmatory
tests). Half of the participants reported multi-FA and 71% reported a
history of food-induced anaphylaxis. Conversely, reported rates of
EAI prescription were very low.

Whereas the above studies only engaged college students,
another more recent study,”® which surveyed a national sample of
4709 Saudi adults in June 2020, observed a 75% response rate with
respondents well-distributed by sex, age, and education level. The
study reported that the weighted national prevalence of Saudi adults

reporting at least 1 current FA was 19.7%, with 20% reporting multi-
FA. Interestingly, there was no difference in FA prevalence by sex or
age although respondents with asthma were at increased risk. Com-
mon allergens were peanut (3.0%), shellfish (3.7%), cow’s milk (2.6%),
and finned fish (2.5%), whereas tree nuts (1.7%), soy (0.9%), and wheat
(0.8%) were the next most common specific allergens, although 8.8%
of the sample reported other allergies.

Asia

The EuroPrevall INCO study>° provided the first estimates of food
sensitization and probable FA prevalence in a large sample of South
Indian adults recruited from the general population of the state of
Karnataka. The authors sampled and screened 11,791 adults aged 20
to 54 years, resulting in 588 participants in a case-control study (236
cases and 352 controls). These individuals completed a detailed ques-
tionnaire and provided samples for sIgE estimation to 24 common
foods. More than 1 in 4 respondents were sensitized at greater than
0.35kU/L to at least 1 of the 24 foods. In contrast, the rates of probable
FA to any of these foods were very low, with only 1.2% meeting the
criteria—mostly to cow’s milk (0.5%) and apple (0.5%), with cases of
probable egg (0.05%), banana (0.05%), sesame (0.02%), wheat (0.02%),
and tomato (0.02%) allergy also identified. The highest levels of sensi-
tization were observed for shrimp (15.5%), sesame (14.0%), buck-
wheat (12.4%), wheat (11.9%), corn (10.8%), tomato (9.8%), banana
(9.3%), and soy (9.2%). The levels of food-allergic sensitization
observed in this Indian sample are higher than those observed in the
large multisite European cohort study (EuroPrevall)>’ despite
extremely low rates of probable FA. It is notable that, relative to Euro-
pean, and US samples, these Indian study participants had elevated
total IgE with nearly half exceeding 300 IU/mL.

Africa

Unfortunately, few epidemiologic studies of FA have been con-
ducted in Africa,' and most used allergic sensitization as a surrogate
marker for allergy or were conducted in high-risk pediatric popula-
tions. A single South African study,>? which used oral food challenge
—proven FA as an outcome in an unselected population, found
marked urban-rural differences®> with the prevalence of FA 2.5% in
children aged 1 to 3 years in Cape Town, but only 0.5% in the rural
Eastern Cape. No comparable work has sampled African adults,
although such studies would provide a valuable contribution to the
epidemiologic literature. Among African studies to characterize FA
among adults, 1 study®® used DBPCFC to confirm reported cases of
seafood allergy among adults living in the Western Cape. This study
of 105 participants with suspected fish allergy recruited by means of
local press identified prawns, crayfish, abalone, and black mussels to
be the most common clinically confirmed seafood allergens, whereas
hake, yellowtail, salmon, and mackerel were the most common trig-
gers of allergy to bony fish in this cohort.

A 2004 cross-sectional survey>” of 509 adult volunteers (age range
18-60 years) from a university in Mozambique estimated the lifetime
prevalence of self-reported FA at 19%, with the most common aller-
gen eliciting foods as seafood (55 %), meat (13 %), and fruit and vege-
tables (13 %). Another cross-sectional survey>® of randomly selected
households in the Dar es Salaam region of Tanzania, conducted in
2008, estimated that 17 % of adult respondents reported at least 1
self-perceived FA. However, no further information was provided
regarding the specific eliciting allergens or allergic symptomatology.

A 2009 cross-sectional study®’ in Kinshasa in the Democratic
Republic of Congo tested patients with allergic rhinitis in an outpa-
tient ear-nose-throat clinic with skin prick testing to aeroallergens
and foods (crab, soybean, and wheat flour). Of these individuals
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(among whom 87% were adults), 5% were sensitized to 1 of the 3
foods, with 3% sensitized to crab.

Higher rates of seafood sensitization were observed in a Zimbab-
wean study>® of 50 urban-dwelling patients with allergy who were
randomly selected from a larger cohort (N = 650) and tested for sensi-
tization to 20 foods. Of these foods, sensitization to apple (24 %),
tomato (24 %), crab (22 %), soy (22 %), and peanut (20 %) were the
most common. Notably, 60% of individuals were sensitized to dust
mites, which was identified as a possible mechanism through which
sensitization to crab may have occurred by means of cross-binding
with tropomyosin.

On the northern side of the African continent, a 2009 Moroccan
study>® of 180 adults and 20 children screened by means of sIgE to
food and aeroallergens identified no cases of sensitization (and,
therefore, allergy) to cow’s milk, egg, soy, wheat, peanut, or fish
among the adult participants, despite the fact that half of the adult
participants were sensitized to at least 1 aeroallergen.

Better Understanding the Natural History of Food Allergy in
Adults

Recent data®® suggest that allergies that develop during childhood
may be more likely to persist into adulthood than was previously
assumed—leading to a greater burden of adult FA. At the same time,
adult-onset allergies, especially to shellfish, seem increasingly com-
mon. In a chart review of Chicago-area patients with clinically con-
firmed FAs, 15% were adult-onset. In a subsequent national, US
population-based cross-sectional survey® of 40,443 adults, 21% of
adults with FA developed all their current FAs during adulthood.
However, a remarkable 48% of adults with FA reported at least 1
adult-onset FA. The specific FA with the highest rates of adult-onset
both in terms of the absolute number of cases and proportion of cases
that are adult- vs childhood-onset is shellfish.

Survey data suggest that the estimated 14 million US adults with
solely childhood-onset FA are more likely to report a severe reaction
history and greater psychosocial impact from the FA compared with
the approximately 6 million adults with only adult-onset FA. In addi-
tion, adults with childhood-onset FA reported higher rates of health
care utilization, with more than half having a physician-confirmed FA
diagnosis, compared with only approximately 30% of adults with
adult-onset FA.?

Whereas extant epidemiologic data remain of limited use in help-
ing us understand how and why some adults develop allergies to pre-
viously tolerated foods, a recent case series*' of 22 Israeli patients
presenting with FA to previously tolerated foods does permit some
insights. First, FAs to previously tolerated foods primarily appear after
an elimination diet in atopic patients. Specifically, in this case series,
patients avoided the trigger food for a median of 45 weeks, and in
70% of patients, the avoidance period was greater than 4 weeks. In
72% of patients, the avoidance was deliberate, and among these
patients, most avoidance was initiated because of physician recom-
mendation. It was also notable that anaphylactic reactions were com-
mon in this group of patients, with more than half experiencing at
least 1 anaphylactic episode and 1 in 3 experiencing multiple such
episodes.

Sex Differences

Numerous studies and systematic reviews*>**> have identified sex
differences in the prevalence of IgE-FA, which mirror those observed
for other atopic conditions (eg, allergic rhinitis, asthma, and atopic
dermatitis).** For example, the Mirabel cohort study®® observed a
male-female sex ratio of 1.50 in children with FA, which flipped to
0.67 among young adults. More recent data from a large electronic
health records allergy module“® found a comparable sex ratio of 0.69
for adverse food reactions among a mostly adult population.

Age Differences

Whereas longitudinal data®’ are sparse among older adults, find-
ings from cross-sectional surveys'>” suggest that FA prevalence and
indicators of FA-related health care utilization (eg, emergency
department visits)'> are lowest among the older adult populations.
This is consistent with a cohort effect whereby changes in environ-
mental exposures that have occurred gradually across recent decades
have increased FA risk at the population level. Consistent with this
theory, findings from the Isle of Wight birth cohort®° that began in
1989, which followed approximately 1500 live births through age
18 years, estimated that the reported prevalence of FA did not differ
substantially across assessments made at age 1, 2, 4, 10, and 18 years
(ranging between 8.0% and 9.1%). Although these estimates were
attenuated when restricting FA cases to those that were clinically
confirmed, particularly at the 10-year assessment, rates of FA were
only slightly more prevalent at age 1 (5.3%) and 2 (4.4%) years than at
the 18-year (4.1%) follow-up. This suggests that FA is not only a major
concern during infancy, as currently understood,*® but that many
children develop new-onset FAs later in childhood and retain FAs
from infancy into adolescence and beyond.

Non—-Immunoglobulin E-mediated food allergies

Emerging data also suggest that the burden of non—IgE-medi-
ated FAs is increasing among adult populations.**~>* For example,
food protein-induced enterocolitis syndrome (FPIES)°*°° is a non
—IgE-mediated FA (non-IgE FA)°®°” with onset during early
infancy that is typically triggered by cow’s milk or soy formula in
late infancy during the introduction of oats and rice and other
foods. Whereas it is often outgrown in the first 3 to 5 years of
life, infantile FPIES®® can persist into older childhood and adult-
hood. In contrast, the adult-onset phenotype of FPIES is typically
triggered by seafood.’®>!>® Whereas the natural history of adult-
onset FPIES remains poorly understood, data indicate that it is
persistent though no clear prognostic factors have been able to
determine if or when clinical reactivity will resolve.

In a recent case series of 42 patients with adult-onset FPIES,®® the
mean age of onset was 40 years, with a mean time from ingestion to
symptom onset of 2.8 hours (SD = 1.7 hours). Most reactions were
characterized by diarrhea (93%) and abdominal cramps (71%), with
nausea (69%) and repetitive vomiting (59%) also common. Most cases
were treated with intravenous fluids, antiemetics, and analgesics. As
in IgE-mediated FA, women were overrepresented relative to men
(83% vs 17%), despite a slight male predominance in pediatric cases.
High rates of comorbid IgE-mediated disease were estimated in this
cohort, which is consistent with 2 Spanish®"®° (72% and 48% of adult
FPIES cases, respectively) and 1 Australian®! (52% of adult FPIES
cases) case series, and a large US population-based survey® in which
43% had comorbid IgE-mediated FA. However, this may not be uni-
versal, as a recent small Canadian case series®® documented comorbid
atopy in only 16% of adult patients with suspected FPIES.

Other emerging data from a Northeastern US academic medical
center suggest that the most common triggers of acute FPIES among
adult patients are cow’s milk, shellfish, wheat, hen’s egg, and soy. In
contrast, the most common triggers of chronic FPIES among adult
patients are wheat, cow’s milk, hen’s egg, soy, and oat.®* A US popula-
tion-based survey conducted from 2015 to 201652 estimated the life-
time FPIES prevalence in US adults at 0.21% of the general population.

To date, no published studies have evaluated FPIES-related health
care utilization and economic impact. However, it is well docu-
mented® % that among adult patients with FPIES, diagnosis is often
delayed, after multiple office and emergency department visits and
extensive diagnostic testing, including sepsis work up, abdominal
ultrasound, radiographic studies, electrocardiograms, electroence-
phalograms, metabolic studies, and genetic testing. Severe, acute,
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and chronic FPIES may require intravenous rehydration and, in
extreme cases, life support. The delayed and missed diagnosis of
FPIES can be attributed to a delayed onset after food ingestion, lack of
typical IgE-mediated allergic symptoms, and lack of accurate labora-
tory diagnostic tests. As such, improved awareness of FPIES among
clinicians treating adults with suspected FA is critical. The advance-
ment of clinical FPIES diagnostics and more widespread utilization of
oral food challenges for disease confirmation would be helpful in
improving epidemiologic surveillance of this emerging FA.°

Eosinophilic Esophagitis

Eosinophilic esophagitis (EoE) is characterized by eosinophilic
inflammation in the esophagus. In adults, it typically presents with
food impaction or dysphagia and can cause esophageal remodeling
and stricture formation.®® The highest disease burden is in Western
industrialized countries, with recent survey data® indicating that
0.18% of US adults have been diagnosed with EoE at some point in
their lifetime. Whereas evidence suggests that EoE can be induced by
oral immunotherapy (OIT), affecting an estimated 3% of treated
patients, most patients with EoE have not undergone OIT.

Alpha-Gal

Alpha-gal syndrome is a unique clinical entity in many ways.”®
The origin of sensitization is being bitten by hard-bodied tick species
resulting in the localized geographic distribution of the allergy. The
food allergen is a glycoprotein found in red meat. The food-related
reactions are typically IgE-mediated in their manifestations but occur
after a substantial delay. There is considerable intraindividual varia-
tion in the dose of food that may cause the reaction with reactions
occurring with large amounts on some occasions and small amounts
on others. Alpha-gal allergy occurs predominantly in adults rather
than children. In addition to reactions on ingestion of mammalian
meats, meat products, and medications with mammalian meat con-
stituents, alpha-gal sensitization also results in xenotransplantation
reactions (organ rejection) and immediate-type allergy to parenter-
ally administered medications containing alpha-gal epitopes such as
cetuximab’! and gelatin.”?

In North America, the major culprit tick species is Amblyomma
americanum,”® which is predominantly geographically localized to
the East Coast and Midwest, particularly North Carolina, Virginia,
Tennessee, Arkansas, and Missouri. The lone star tick, however, is
expanding its habitat northwards and westwards partially in
response to climate change,”* and cases now occur outside of the
East Coast and Midwest, possibly because of a broader distribution of
the tick in North America than previously understood rather than
predominantly through patient travel to affected areas.

Outside of North America, major focused areas of high prevalence
include Australia, Central Europe, Japan, and South Africa. The culprit
tick species in these locations are Ixodes holocyclus (Australia),”® Ixo-
des ricinis (Europe),”® Haemaphysalis longicornis and Amblyomma tes-
tudinarium (Japan),””’® Ixodes cajennense (Central America)’® and
possibly Amblyomma sculptum (Brazil),*C Amblyomma variegatum
(Ivory Coast)®® and Amblyomma hebraeum (South Africa).®' Other
ticks might also be vectors and it is possible that other organisms
may cause sensitization to alpha-gal®’ and elicit alpha-gal
syndrome.®*

Alpha-gal syndrome is an acquired allergy with onset generally
occurring after infancy. Affected individuals are not affected by atopy
any more than the general population.® Because of the insect vector,
people who spend more time outdoors are more affected. This results
in a higher prevalence in adults such as forest workers,”?#>%5 hunt-
ers,”> and recreational hikers®” in North America and Europe, in
which the animal vectors for the tick are usually wild animals such as
deer. In the African cohorts, however, very close everyday contact

between tick-infested domesticated animal livestock results in a high
proportion of affected individuals being children.?! In both groups,
there may be a history of the tick bite with the syndrome occurring
shortly thereafter. However, even when the eliciting trigger is not
identified, it is typical for patients to have a history of tolerating
mammalian meat for many years before the onset of the syndrome.

The clinical manifestations of alpha-gal syndrome are noteworthy.
In stark contrast to other IgE-mediated FA, the reaction to alpha-gal
—containing foods and medications occurs after a delay, likely
because of a delay in absorption of the antigen.®® Few studies have
performed oral food challenges thus affording an accurate measure
of the time between exposure and onset of symptoms. In North
America, a delay of 3 to 6 hours after ingestion of mammalian meat
was initially reported,*°° whereas in South Africa a more rapid onset
of symptoms (median: 100 minutes) was described.”!

Symptoms include typical IgE-mediated reactions such as urti-
caria, angioedema, and anaphylaxis®*°?; however, reactions may also
manifest with abdominal pain in addition to skin reactions, and, in
some cohorts, as isolated abdominal pain without any other manifes-
tations.”! The onset of symptoms does not seem to vary between par-
ticipants with isolated abdominal symptoms and those with skin
symptoms, and there are no clear differences in clinical or laboratory
parameters between the 2 groups.”!

However, there is a large interindividual variation in the dose
required to cause an alpha-gal reaction.”® Although most patients
react only to ingestion of meat, particularly alpha-gal rich “organ
meats” or offal,”®> some react to very low dose exposures and even to
medications and sweets containing small amounts of gelatin.”? In
addition, there is large intraindividual variation in the dose required
for a reaction and the severity of a resultant reaction, which may be
because of the large role that cofactors play® in absorption and reac-
tion to the antigen.*®

Patients with alpha-gal sensitization are also at risk of nonfood
reactions, including immediate-type reactions to parenterally admin-
istered medications. Most notably, the original description of alpha-
gal reactions identified the concomitant syndrome of anaphylaxis to
cetuximab, a chimeric antibody to the epidermal growth factor
receptor containing the alpha-gal antigen’' on the mouse-derived
antigen-binding portion of the antibody. Reactions to cetuximab (and
gelatin and other alpha-gal—containing parenteral medications) are,
thus, also highly localized to the geographic areas in which alpha-gal
syndrome typically occurs.?%”

Food-Dependent Exercise-Induced Anaphylaxis

Food-dependent exercise-induced anaphylaxis (FDEIA) is a rare
condition with a reported prevalence of 0.048%. It is the best-stud-
ied model of cofactor anaphylaxis in adults.”® Ingesting the causative
allergen without exertion or exertion in the absence of the causative
allergen does not lead to clinical symptoms. Anaphylaxis occurs
when exercise occurs within 4 to 6 hours after ingestion of the causa-
tive food. Anaphylaxis typically occurs within 30 to 60 minutes after
starting moderate-intensity exercise, although episodes can vary,
and do not always have the same intensity.'°° The most common
triggers are wheat with components of omega-5 gliadin, cereals,
apples, cow’s milk, tree nuts, beef, pork, peanuts, egg, chickpea, and
chicken. The proposed pathogeneses of FDEIA include increased gas-
tric permeability, increased activity of tissue transglutaminase in the
gut mucosa, redistribution of blood flow and mast cell heterogeneity,
increase in plasma osmolality inducing basophil histamine release,
exercise-induced acidosis, and mast cell degranulation.'®’ A food
exercise challenge is essential in the diagnosis if the allergenic trigger
is uncertain. The variability of the testing makes it difficult to accu-
rately assess a positive challenge. False-negative challenges can occur
in 30% of cases because of difficulty reproducing the environmental
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factors triggering the episodes.'®? There are no standard treatment
protocols for FDEIA, but challenges should include a negative exercise
challenge and a negative challenge to the food in the absence of exer-
cise. All FDEIA challenges should be done by experienced staff in an
experienced center with available resuscitation equipment and epi-
nephrine available. Patient education includes recognition of early
symptoms and administration of epinephrine if symptoms progress
to anaphylaxis. Preventive management includes avoidance of the
allergen and other cofactors 4 to 6 hours before exercise.'°%1%2

Other Allergies to “Adult” Substances
Cannabis

As both recreational and medicinal cannabis become increasingly
accessible to adults in edible formats,'® allergies to these com-
pounds may become an increasingly relevant public health concern
especially given the known allergenicity of inhaled and topical forms
of cannabis.'®* Cannabis allergens include profilin (Can s 2), nonspe-
cific lipid transfer protein (Can s 3), oxygen-evolving enhancer pro-
tein 2 (Can s 4), and pathogenesis-related protein 10 homolog (Can s
5). There are no population-based epidemiologic studies of the preva-
lence of allergy to orally-consumed forms of cannabis—which
include tinctures, beverages, and a wide variety of prepared foods—
and therefore, the extent to which it is a true FA remains unknown.
However, it has been suggested that cannabis sativa acts as a primary
sensitizing allergen,'® given that many patients with cannabis
allergy are sensitized to Can s 3'°°—a nonspecific lipid transfer pro-
tein found in cannabis—and have severe allergies to plant foods.'®’
~109 Data also indicate that cross-binding between nonspecific lipid
transfer proteins in patients sensitized to Can s 3 may result in clini-
cal allergy symptoms to an array of fruits, vegetables, cereals, wine,
beer, Hevea latex, and tobacco.!%%110-112

Alcoholic Beverages

A rare allergy among adults is to alcoholic beverages. Case stud-
ies'"® implicate sensitization to nonspecific lipid transfer proteins
from cereals in causing reactions to beer but not to other alcoholic
beverages. In the United States, the Food Allergen Label and Protec-
tion Act does not apply to alcoholic products and, therefore, unla-
beled allergens may be present (eg, nuts like almonds, fruits, seeds,
spices such as coriander; wheat, and other grains) albeit likely in
denatured, less-allergenic forms particularly if added before distilla-
tion."'* Allergic reactions to alcohol itself have also been reported,''”
but the prevalence of alcohol allergy is unknown. However, alcohol is
a well-known allergic cofactor that reportedly is implicated in an
estimated 1.5% to 2% of anaphylaxis cases.” Whereas its mechanism
of action in this context is not completely understood, it is believed
that alcohol increases intestinal permeability and thereby can lead to
increased antigen uptake, and therefore, allergic symptomatology.''®

Advancing Adult Food Allergy Epidemiology
Improving Access to Quality Allergy Care

As infants and children with FA age into adulthood and adults
develop new-onset FAs, it is clear that the burden of FA among the
adult population is growing. This is happening, as noted throughout
this review, in concert with an increasing prevalence of other allergic
conditions, including allergic asthma, PFAS, and other environmental
allergies, wherein cross-reactivity with foods is implicated and
requires careful clinical evaluation. Despite the increased number of
individuals who require allergy evaluation, the number of board-cer-
tified allergists in the United States has not grown
commensurately.''”''® The relative dearth of allergists is one of the

numerous factors that has contributed to the large, estimated propor-
tion of US adults who are currently living with undiagnosed FA,
which in turn is neither clinically documented nor available for sec-
ondary analysis by researchers aiming to characterize the burden and
natural history of FA in adults.

Establishing Standardized Survey-based Food Allergy Surveillance
Systems to Estimate Burden of Disease

Rigorous estimation of FA prevalence is not incorporated into key
North American population-based health surveys (eg, NHANES,
National Health Interview Survey [NHIS]), and its execution currently
relies on inconsistently funded efforts like those reported above. This
is a major barrier to understanding the current and future burden of
both IgE and non-IgE-mediated FAs. The growing need for a more
systematic assessment of FA prevalence was recently codified into
law when the US federal government passed the Food Allergy Safety,
Treatment, Education and Research Act of 2021, the first section
(317U) of which directs the Centers for Disease Control and Preven-
tion to “expand and intensify the collection of information on the
prevalence of food allergies for specific allergens in the US, such as
through the NHANES.”!'°

Until 2019, the CDC’s NHIS'?° only asked questions regarding FA
status among children in the sampled households. The survey was
subsequently redesigned in 2019 to incorporate a limited assessment
of adult FA status on a triennial basis beginning in 2021. Specifically,
all sampled adults are now asked the following “rotating core” ques-
tions (exact text from the NHIS survey follows):

“The next question is about food allergies. People with food aller-
gies have reactions such as hives, vomiting, trouble breathing, or
throat tightening that occur within 2 hours of eating a specific
food.”

“Do you have an allergy to one or more foods? (Read if necessary:
Food allergies are different from food intolerances, such as lactose
and gluten intolerance, and other digestive disorders, including
irritable bowel syndrome.)”

“Have you ever been told by a doctor or other health professional
that you had an allergy to one or more foods? Food allergies are
different from food intolerances, such as lactose and gluten intol-
erance, and other digestive disorders, including irritable bowel
syndrome.”

Beginning in 2019, the NHIS sample is expected to yield com-
pleted interviews from 30,000 adults and 9000 children. Although
limited, these standardized, repeated assessments will be of some
public health use moving forward. As feasible, we recommend that
other state and federal disease surveillance surveys consider incorpo-
rating similar assessments of perceived and physician-diagnosed FA
(preferably incorporating a more detailed assessment of triggers,
symptomatology, and onset-timing, leading to a fuller understanding
of the population-level burden of FA). Ideally, such work will aug-
ment population-based sIgE seroprevalence data, such as that incor-
porated into the 2005 to 2006 NHANES allergy component.'?!

Expansion and Harmonization of Clinical Food-Induced Anaphylaxis
Registries

In 2018, the Australian State of Victoria established the first stan-
dardized governmental anaphylaxis registry,'>? which includes both
pediatric and adult patients. By mandating reporting of all anaphy-
laxis cases identified by the public and private emergency depart-
ments using a structured case report form, these data can provide
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valuable insights into current trends of food-induced anaphylaxis.
The requirement to report all cases of food-induced anaphylaxis
caused by exposure to packaged foods within 24 hours also provides
an opportunity to promptly address labeling errors and prevent acci-
dental allergen exposures. Evaluations of the effectiveness of this
new mandate are ongoing and—if effective—may provide a template
that can be broadly adopted.

Furthermore, the expansion of ongoing national and international
collaborative efforts holds promise for building the necessary infra-
structure to collect standardized epidemiologic data on adult FA.
These efforts include the US-based Food Allergy Research and Educa-
tion (FARE) Clinical Network of Centers of Distinction,'?> and the
Anaphylaxis Centers of Reference and Excellence organized by The
Global Allergy and Asthma European Network (ie, GAZLEN
ANACARE).'?*

Conclusion

Whereas most US and international epidemiologic studies of FA
have focused on pediatric populations, it is increasingly clear that FA
affects large numbers of adults around the world. Not only does FA
persist into adulthood among patients diagnosed during childhood,
but an increasing number of adults are developing new-onset aller-
gies later in life.

More systematic regional, national, and international FA surveil-
lance efforts are warranted to better understand and ameliorate the
growing burden of allergic disease. At the same time, therapeutic
advances in the treatment of FA, which recently led to the first FDA-
approved peanut allergen OIT for children aged 4 to 17 years,'*® have
generally not been as effective in treating older patients compared
with young children. Therefore, there remains a substantial need for
safe, effective, accessible, FDA-approved food allergen immunothera-
pies that can reduce the burden of FA among affected adults, includ-
ing those living with multiple food allergies. Because disease
management also seems suboptimal among adults with FA, further
efforts are needed to facilitate prompt, accurate diagnosis of sus-
pected adult FA cases and support individuals in the day-to-day man-
agement of their allergic disease. In so doing, these efforts are not
only likely to improve FA outcomes and reduce the psychosocial bur-
den of disease,'?® but by reducing the number of adults with sus-
pected yet clinically unconfirmed allergies these efforts will also
facilitate efforts to advance the epidemiology of adult FA.
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