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Preface
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Food allergy is an immune-based disease that has become a
serious health concern in the United States. A recent study1 esti-
mates that food allergy affects 5% of children under the age of 5
years and 4% of teens and adults, and its prevalence appears to be
on the increase. The symptoms of this disease can range from
mild to severe and, in rare cases, can lead to anaphylaxis, a severe
and potentially life-threatening allergic reaction. There are no
therapies available to prevent or treat food allergy: the only pre-
vention option for the patient is to avoid the food allergen, and
treatment involves the management of symptoms as they appear.
And because the most common food allergens—eggs, milk, pea-
nuts, tree nuts, soy, wheat, crustacean shellfish, and fish—are
highly prevalent in the US diet, patients and their families must
remain constantly vigilant.

The development of the Guidelines for the Diagnosis and Man-
agement of Food Allergy in the United States began in 2008 to
meet a long-standing need for harmonization of best clinical
practices related to food allergy across medical specialties. The
resulting Guidelines reflect considerable effort by a wide range
of participants to establish consensus and consistency in defini-
tions, diagnostic criteria, and management practices. They
provide concise recommendations on how to diagnose and man-
age food allergy and treat acute food allergy reactions. In addi-
tion, they provide guidance on addressing points of controversy
in patient management and also identify gaps in our current

knowledge, which will help focus the direction of future research
in this area.

The Guidelines were developed over a 2-year period through
the combined efforts of an Expert Panel and Coordinating
Committee representing 34 professional organizations, federal
agencies, and patient advocacy groups. The Expert Panel drafted
the Guidelines using an independent, systematic literature review
and evidence report on the state of the science in food allergy, as
well as their expert clinical opinion. The National Institute of
Allergy and Infectious Diseases (NIAID), a component of the
National Institutes of Health (NIH), provided funding for this
project and played a pivotal role as organizer and “honest broker”
of the Guidelines project.

As the lead NIH institute for research on food allergy, NIAID is
deeply committed to improving the lives of patients with food
allergy and is proud to have been involved in the development of
these Guidelines. As our basic understanding of the human
immune system and food allergy in particular increases, we hope
to translate this information into improved clinical applications.
Although there are many challenges, the potential benefit for
human health will be extraordinary.

Anthony S. Fauci, MD
Director
National Institute of Allergy and Infectious Diseases
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Guidelines for the Diagnosis and Management of Food
Allergy in the United States: Report of the NIAID-Sponsored

Expert Panel

Food allergy is an important public health problem that affects
children and adults and may be increasing in prevalence.
Despite the risk of severe allergic reactions and even death,
there is no current treatment for food allergy: the disease can
only be managed by allergen avoidance or treatment of
symptoms. The diagnosis and management of food allergy also
may vary from one clinical practice setting to another. Finally,
because patients frequently confuse nonallergic food reactions,
such as food intolerance, with food allergies, there is an
unfounded belief among the public that food allergy prevalence
is higher than it truly is. In response to these concerns, the
National Institute of Allergy and Infectious Diseases, working
with 34 professional organizations, federal agencies, and patient
advocacy groups, led the development of clinical guidelines for
the diagnosis and management of food allergy. These Guidelines
are intended for use by a wide variety of health care
professionals, including family practice physicians, clinical
specialists, and nurse practitioners. The Guidelines include a
consensus definition for food allergy, discuss comorbid
conditions often associated with food allergy, and focus on both
IgE-mediated and non-IgE-mediated reactions to food. Topics
addressed include the epidemiology, natural history, diagnosis,
and management of food allergy, as well as the management of
severe symptoms and anaphylaxis. These Guidelines provide 43
concise clinical recommendations and additional guidance on
points of current controversy in patient management. They also
identify gaps in the current scientific knowledge to be addressed
through future research. (J Allergy Clin Immunol
2010;126:S1-S58.)

Key words: Food, allergy, anaphylaxis, diagnosis, disease manage-
ment, guidelines

SECTION 1. INTRODUCTION

1.1. Overview

Food allergy (FA) is an important public health problem that
affects adults and children and may be increasing in prevalence.
Despite the risk of severe allergic reactions and even death, there
is no current treatment for FA: the disease can only be managed by
allergen avoidance or treatment of symptoms. Moreover, the
diagnosis of FA may be problematic, given that nonallergic food
reactions, such as food intolerance, are frequently confused with
FAs. Additional concerns relate to the differences in the diagnosis
and management of FA in different clinical practice settings.

Due to these concerns, the National Institute of Allergy and
Infectious Diseases (NIAID), part of the National Institutes of
Health, working with more than 30 professional organizations,

Received for publication October 12, 2010; accepted for publication October 13, 2010.
0091-6749
doi:10.1016/j.jaci.2010.10.007
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federal agencies, and patient advocacy groups, led the develop-
ment of “best practice” clinical guidelines for the diagnosis and
management of FA (henceforth referred to as the Guidelines).
Based on a comprehensive review and objective evaluation of the
recent scientific and clinical literature on FA, the Guidelines were
developed by and designed for allergists/immunologists, clinical
researchers, and practitioners in the areas of pediatrics, family
medicine, internal medicine, dermatology, gastroenterology,
emergency medicine, pulmonary and critical care medicine, and
others.

The Guidelines focus on diseases that are defined as FA (see
section 2.1) and include both IgE-mediated reactions to food and
some non-IgE-mediated reactions to food. The Guidelines do not
discuss celiac disease, which is an immunologic non-IgE-
mediated reaction to certain foods. Although this is an immune-
based disease involving food, existing clinical guidelines for
celiac disease will not be restated here.*

In summary, the Guidelines:

e Provide concise recommendations (guidelines numbered
1 through 43) to a wide variety of health care professionals
on how to diagnose FA, manage ongoing FA, and treat
acute FA reactions

e Identify gaps in the current scientific knowledge to be ad-
dressed through future research

e Identify and provide guidance on points of current contro-
versy in patient management

A companion Summary of the NIAID-Sponsored Expert
Panel Report has been prepared from the Guidelines. This
Summary contains all 43 recommendations, all “In summary”
statements, definitions, 1 diagnostic table for FA, and 1 summary
table for the pharmacologic management of anaphylaxis. It does
not contain background information, supporting evidence for
the recommendations and “In summary” statements, and other
summary tables of data. The Summary is not intended to be the
sole source of guidance for the health care professional, who
should consult the Guidelines for complete information.

Finally, these Guidelines do not address the management of
patients with FA outside of clinical care settings (for example,
schools and restaurants) or the related public health policy issues.
These issues are beyond the scope of this document.

1.2. Relationship of the US Guidelines to other
guidelines

Other organizations have recently developed, or are currently
developing, guidelines for FA.

e The European Academy of Allergy and Clinical Immunol-
ogy (EAACI) has created a task force that is currently
developing guidelines for the diagnosis and management
of FA. The model for development of guidelines by this
task force is very similar to that used to generate these
US Guidelines. Following completion of the EAACI guide-
lines, additional efforts will be made to harmonize the US
Guidelines with the EAACI guidelines.

e Clinical practice guidelines on FA in children and young
people are being developed for use in the National Health
Service in England, Wales, and Northern Ireland by the Na-
tional Institute for Health and Clinical Excellence (NICE).
These guidelines are intended for use predominantly in pri-
mary care and community settings. The model used for

J ALLERGY CLIN IMMUNOL
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development of the NICE guidelines is also very similar
to that used to generate the EAACI and US Guidelines. It
is expected that NICE will release the final guidelines in
early 2011.

e In 2008, the World Allergy Organization (WAO) Special
Committee on Food Allergy identified cow’s milk allergy
(CMA) as a topic that would benefit from a reappraisal
of the more recent literature and an updating of existing
guidelines, which summarized the achievements of the pre-
ceding decade and dealt mainly with prevention. It is in this
context that the WAO Diagnosis and Rationale for Action
against Cow’s Milk Allergy (DRACMA) was created.*
The evidence-based DRACMA guidelines cover diagnostic
algorithms, challenge-testing methodology, consideration
of appropriate sensitization tests, and the limitations of
diagnostic procedures for CMA. In addition, there is dis-
cussion of appropriate substitute feeding formulas that
can be used in various clinical situations, with consider-
ation, for example, of patient preferences, costs, and local
availability.

e In 2006, an FA practice parameter was published by a task
force established by the American College of Allergy,
Asthma and Immunology, the American Academy of
Allergy, Asthma, and Immunology, and the Joint Council
of Allergy, Asthma and Immunology.5 The document,
Food Allergy: A Practice Parameter, has been an outstand-
ing resource for the allergy and immunology clinical com-
munity, but may not have had broad impact outside of this
community.

Notably, the new US Guidelines are specifically aimed at all
health care professionals who care for adult and pediatric patients
with FA and related comorbidities. Thus, it is hoped that these
Guidelines will have broad impact and benefit for all health care
professionals.

1.3. How the Guidelines were developed
1.3.1. The Coordinating Committee. NIAID established a
Coordinating Committee (CC), whose members are listed in
Appendix A, to oversee the development of the Guidelines; re-
view drafts of the Guidelines for accuracy, practicality, clarity,
and broad utility of the recommendations in clinical practice; re-
view the final Guidelines; and disseminate the Guidelines. The
CC members were from 34 professional organizations, advocacy
groups, and federal agencies, and each member was vetted for fi-
nancial conflict of interest (COI) by NIAID staff. Potential COIs
were posted on the NIAID Web site at http://www.niaid.nih.gov/
topics/foodAllergy/clinical/Pages/FinancialDisclosure.aspx.
1.3.2. The Expert Panel. The CC convened an Expert Panel
(EP) in March 2009 that was chaired by Joshua Boyce, MD
(Brigham and Women’s Hospital, Boston, Mass). Panel members
were specialists from a variety of relevant clinical, scientific, and
public health areas (see Appendix B). Each member was vetted for
financial COI by NIAID staff and approved by the CC. Potential
COlIs were posted on the NIAID Web site provided in section 1.3.1.
The charge to the EP was to use an independent, systematic
literature review (see section 1.3.3), in conjunction with consen-
sus expert opinion and EP-identified supplementary documents,
to develop Guidelines that provide a comprehensive approach for
diagnosing and managing FA based on the current state of the
science.
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The EP organized the Guidelines into 5 major topic areas:

e Definitions, prevalence, and epidemiology of FA (section 2)

e Natural history of FA and associated disorders (section 3)

e Diagnosis of FA (section 4)

e Management of nonacute food-induced allergic reactions
and prevention of FA (section 5)

e Diagnosis and management of food-induced anaphylaxis
and other acute allergic reactions to foods (section 6)

Subtopics were developed for each of these 5 broad topic areas.
1.3.3. The independent, systematic literature review
and report. RAND Corporation prepared an independent,
systematic literature review and evidence report on the state of
the science in FA. RAND had responded to the NIAID Request
for Proposal AI2008035, Systematic Literature Review and
Evidence Based Report on Food Allergy, and was subsequently
awarded the contract in September 2008. The contract’s principal
investigator was Paul G. Shekelle, MD, PhD, an internationally
recognized expert in the fields of practice guidelines and
meta-analysis.

NIAID and the EP developed an extensive set of key questions,6
which were further refined in discussions with RAND. Literature
searches were performed on PubMed, Cochrane Database of Sys-
tematic Reviews, Cochrane Database of Abstracts of Reviews of
Effects, Cochrane Central Register of Controlled Trials, and the
World Allergy Organization Journal, a relevant journal that is
not included in PubMed. In most cases, searches were limited to
the years 1988 (January) to 2009 (September), with no language
restrictions. Additional publications identified by the EP and
others involved in the review process also were included in the
RAND review if and only if they met the RAND criteria for
inclusion.

RAND researchers screened all titles found through searches,
as well as those that were submitted by the EP or NIAID.
Screening criteria were established to facilitate the identification
of articles concerning definitions, diagnoses, prevention, treat-
ment, management, and other topics. Articles were included or
excluded based on article type and study purpose as follows:

e Article type
— Included: Original research or systematic reviews
— Excluded: Background or contextual reviews; nonsys-
tematic reviews; commentary; other types of articles
e Study purpose
— Included: Incidence/prevalence/natural history; diagno-
sis; treatment/management/prevention
— Excluded: Not about FA; about some aspect not listed in
the “included” category

RAND screened more than 12,300 titles, reviewed more than
1,200 articles, abstracted nearly 900 articles, and included 348
articles in the final RAND report. Two RAND investigators
independently reviewed all titles and abstracts to identify poten-
tially relevant articles. Articles that met the inclusion criteria were
independently abstracted by a single RAND investigator. Because
of the large number of articles and the short time for the review,
articles were not independently abstracted by 2 RAND investi-
gators (dual-abstracted). However, team members worked to-
gether closely and data were double-checked. Selected
conclusions from the report have been published in a peer-
reviewed journal,” and the full version of the report with
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a complete list of references is available at http://www.rand.org/
pubs/working_papers/WR757-1/.

1.3.4. Assessing the quality of the body of evidence.
For each key question, in addition to assessing the quality of each
of the included studies, RAND assessed the quality of the body of
evidence using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach,® which was
developed in 2004. GRADE provides a comprehensive and trans-
parent methodology to develop recommendations for the diagno-
sis, treatment, and management of patients. In assessing the body
of evidence, GRADE considers study design and other factors,
such as the precision, consistency, and directness of the data. Us-
ing this approach, GRADE then provides a grade for the quality of
the body of evidence.

Based on the available scientific literature on FA, which in
some areas was minimal, RAND used the GRADE approach to
assess the overall quality of evidence for each key question
assigned by the EP and assigned a grade according to the
following criteria®'®:

o High—Further research is very unlikely to have an impact
on the quality of the body of evidence, and therefore the
confidence in the recommendation is high and unlikely to
change.

o Moderate—Further research is likely to have an impact on
the quality of the body of evidence and may change the
recommendation.

o Low—Further research is very likely to have an important
impact on the body of evidence and is likely to change the
recommendation.

A GRADE designation of “Low” for the quality of evidence
does not imply that an article is not factually correct or lacks
scientific merit. For example, a perfectly designed and executed
study of a treatment in a small sample that is from a single site of
highly selected patients might still yield an overall GRADE of
“Low.” This is because a single small study is characterized as
“sparse” data, and the patient population may not be represen-
tative of the larger population of patients with FA. Each of these
factors reduces the level of evidence from “High,” which is how
randomized controlled trial (RCT) evidence is designated ini-
tially. It is worth emphasizing that these 2 limitations are not of
the study per se, but of the body of evidence. Replication of the
study’s result on other populations would result in a GRADE of
“High.” It should be noted that the EP recommendations made in
these Guidelines are often based on a GRADE classification of the
quality of evidence as “Low,” thus necessitating more contribu-
tion to the recommendation from expert opinion.

For additional information to understand the concept of
“quality of the body of evidence,” please see Appendix C.
1.3.5. Preparation of draft Guidelines and Expert Panel
deliberations. The EP prepared a draft version of the Guide-
lines based on the RAND evidence report and also supplementary
documents that were identified by the EP but not included in the
RAND report.

The supplementary documents contained information of sig-
nificant value that was not included in the systematic literature
review due to the objective criteria for inclusion or exclusion
established by RAND, such as limits on demographics, study
population size, and study design. The EP used this additional
information only to clarify and refine conclusions drawn from
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sources in the systematic literature review. These documents are
denoted with an asterisk (*) in References.

It also should be noted that included references are illustrative
of the data and conclusions discussed in each section, and do not
represent the totality of relevant references. For a full list of
relevant references, the reader should refer to the full version of
the RAND report.

In October 2009, the EP discussed the first written draft version
of the Guidelines and their recommendations. Following the
meeting, the EP incorporated any panel-wide changes to the
recommendations within the draft Guidelines. These revised
recommendations were then subject to an initial panel-wide vote
to identify where panel agreement was less than 90%. Contro-
versial recommendations were discussed via teleconference and
e-mail to achieve group consensus. Following discussion and
revision as necessary, a second vote was held. All recommenda-
tions that received 90% or higher agreement were included in the
draft Guidelines for public review and comment.

In addition to the 43 recommendations, sections 3, 5, and 6 of the
Guidelines contain “In summary” statements. These statements are
intended to provide health care professionals with significant infor-
mation that did not warrant a recommendation, or are in place of a
recommendation when the EP or the CC could not reach consensus.
All “In summary” statements received 90% or higher agreement.
1.3.6. Public comment period and draft Guidelines
revision. The draft Guidelines were posted to the NIAID Web
site in March 2010 for a period of 60 days to allow for public
review and comment. More than 550 comments were collected
and reviewed by the CC, the EP, and NIAID. The EP revised the
Guidelines in response to some of these comments.

Further deliberation between the CC and the EP resulted in the
revision of 5 recommendations. In addition, section 5.1.11, which
discusses vaccination in patients with allergy to hen’s egg (hence-
forth referred to as egg), also underwent substantial revision to
bring it into better alignment with national vaccine policies.
Consequently, the EP developed 1 recommendation for vaccina-
tion with MMR and MMRY, and 3 “In summary” statements for
influenza, yellow fever, and rabies vaccinations. All new recom-
mendations and “In summary” statements were subjected to a
panel-wide vote and achieved 90% consensus or more.

The final Guidelines were reviewed by the CC.

1.3.7. Dissemination of the final Guidelines. The final
Guidelines were published and made publically available via the
Internet.

1.4. Defining the strength of each clinical guideline

The EP has used the verb “recommends” or “suggests” in each
clinical guideline. These words convey the strength of the
guideline, defined as follows:

o Recommend is used when the EP strongly recommended
for or against a particular course of action.

e Suggest is used when the EP weakly recommended for or
against a particular course of action.

1.5. Summary

The Guidelines present 43 recommendations by an indepen-
dent EP for the diagnosis and management of FA and food-
induced anaphylaxis. Three “In summary” statements provide a
brief review of US national vaccine policy specifically related to
vaccination of patients with egg allergy.
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The Guidelines are intended to assist health care professionals in
making appropriate decisions about patient care in the United
States. The recommendations are not fixed protocols that must be
followed. Health care professionals should take these Guidelines
into account when exercising their clinical judgment. However, this
guidance does not override their responsibility to make decisions
appropriate to the circumstances of the individual patient, in
consultation with the patient, guardian, or caregiver. Clinical
judgment on the management of individual patients remains
paramount. Health care professionals, patients, and their families
need to develop individual treatment plans that are tailored to the
specific needs and circumstances of the patient. This document is
intended as a resource to guide clinical practice and develop
educational materials for patients, their families, and the public. Itis
not an official regulatory document of any government agency.

SECTION 2. DEFINITIONS, PREVALENCE, AND
EPIDEMIOLOGY OF FOOD ALLERGY

2.1. Definitions

2.1.1. Definitions of food allergy, food, and food aller-
gens. The EP came to consensus on definitions used throughout
the Guidelines.

A food allergy is defined as an adverse health effect arising
from a specific immune response that occurs reproducibly on
exposure to a given food.

A food is defined as any substance—whether processed, semi-
processed, or raw—that is intended for human consumption, and
includes drinks, chewing gum, food additives, and dietary supple-
ments. Substances used only as drugs, tobacco products, and cos-
metics (such as lip-care products) that may be ingested are not
included.

Food allergens are defined as those specific components of
food or ingredients within food (typically proteins, but sometimes
also chemical haptens) that are recognized by allergen-specific
immune cells and elicit specific immunologic reactions, resulting
in characteristic symptoms. Some allergens (most often from
fruits and vegetables) cause allergic reactions primarily if eaten
when raw. However, most food allergens can still cause reactions
even after they have been cooked or have undergone digestion in
the stomach and intestines. A phenomenon called cross-reactiv-
ity may occur when an antibody reacts not only with the original
allergen, but also with a similar allergen. In FA, cross-reactivity
occurs when a food allergen shares structural or sequence similar-
ity with a different food allergen or aeroallergen, which may then
trigger an adverse reaction similar to that triggered by the original
food allergen. Cross-reactivity is common, for example, among
different shellfish and different tree nuts. (See Appendix D,
Table S-1.)

Food oils—such as soy, corn, peanut, and sesame—range from

very low allergenicity (if virtually all of the food protein is
removed in processing) to very high allergenicity (if little of the
food protein is removed in processing).
2.1.2. Definitions of related terms. The terms allergy and al-
lergic disease are broadly encompassing and include clinical con-
ditions associated with altered immunologic reactivity that may be
either IgE mediated or non-IgE mediated. IgE is a unique class of
immunoglobulin that mediates an immediate allergic reaction.

The term food hypersensitivity also is often used to describe
FA, although other groups have used this term more broadly to
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describe all other food reactions, including food intolerances. In
these Guidelines, the EP has refrained from using the term food
hypersensitivity except for the term immediate gastrointestinal
(GI) hypersensitivity, which is IgE mediated.

Because individuals can develop allergic sensitization (as evi-
denced by the presence of allergen-specific IgE (sIgE)) to food al-
lergens without having clinical symptoms on exposure to those
foods, an sIgE-mediated FA requires both the presence of sensiti-
zation and the development of specific signs and symptoms on
exposure to that food. Sensitization alone is not sufficient to de-
fine FA.

Although FA is most often caused by sIgE-mediated reactions
to food, the EP also considered literature relevant to reactions
likely mediated by immunologic but non-IgE-induced mecha-
nisms, including food protein-induced enteropathy, exacerbations
of eosinophilic GI disorders (EGIDs) (eosinophilic gastritis,
eosinophilic enteritis, eosinophilic colitis, and eosinophilic gas-
troenteritis), and food-induced allergic contact dermatitis. In
these conditions, sensitization to food protein cannot be demon-
strated based on sIgE. The diagnosis of non-IgE-mediated FA is
based on signs and symptoms occurring reproducibly on exposure
to food, resolution of those signs and symptoms with specific food
avoidance, and, most often, histologic evidence of an immuno-
logically mediated process, such as eosinophilic inflammation of
the GI tract.

These Guidelines generally use the term tolerate to denote a
condition where an individual has either naturally outgrown an
FA or has received therapy and no longer develops clinical symp-
toms following ingestion of the food. This ability to tolerate food
does not distinguish 2 possible clinical states. Individuals may tol-
erate food only for a short term, perhaps because they have been
desensitized by exposure to the food. Alternatively, they may de-
velop long-term tolerance. The specific term tolerance is used in
these Guidelines to mean that an individual is symptom free after
consumption of the food or upon oral food challenge weeks,
months, or even years after the cessation of treatment. The immu-
nological mechanisms that underlie tolerance in humans are
poorly understood.

Although many different foods and food components have
been recognized as food allergens,'! these Guidelines focus on
only those foods that are responsible for the majority of observed
adverse allergic or immunologic reactions. Moreover, foods or
food components that elicit reproducible adverse reactions but
do not have established or likely immunologic mechanisms are
not considered food allergens. Instead, these non-immunologic
adverse reactions are termed food intolerances. For example,
an individual may be allergic to cow’s milk (henceforth referred
to as milk) due to an immunologic response to milk protein, or al-
ternatively, that individual may be intolerant to milk due to an in-
ability to digest the sugar lactose. In the former situation, milk
protein is considered an allergen because it triggers an adverse
immunologic reaction. Inability to digest lactose leads to excess
fluid production in the GI tract, resulting in abdominal pain and
diarrhea. This condition is termed lactose intolerance, and lactose
is not an allergen because the response is not immune based.

Note: The words tolerance and intolerance are unrelated
terms, even though the spelling of the words implies that they
are opposites.

Adverse reactions to food can therefore best be categorized as
those involving immune-mediated or non-immune-mediated
mechanisms, as summarized in Fig 1.
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Non-immune mediated reactions or food intolerances include
metabolic, pharmacologic, toxic, and undefined mechanisms. In
some cases, these reactions may mimic reactions typical of an
immunologic response. It is therefore important to keep these
food components or mechanisms in mind when evaluating
adverse food reactions. Most adverse reactions to food additives,
such as artificial colors (for example, FD&C yellow 5 [tartrazine])
and various preservatives (for example, sulfites), have no defined
immunologic mechanisms. These food components, as well as
other foods contributing to food intolerances, are not specifically
discussed in these Guidelines.

2.1.3. Definitions of specific food-induced allergic con-
ditions. A number of specific clinical syndromes may occur as a
result of FA, and their definitions are as follows:

Food-induced anaphylaxis is a serious allergic reaction that is
rapid in onset and may cause death.'*'? Typically, IgE-mediated
food-induced anaphylaxis is believed to involve systemic media-
tor release from sensitized mast cells and basophils. In some
cases, such as food-dependent, exercise-induced anaphylaxis,
the ability to induce reactions depends on the temporal associa-
tion between food consumption and exercise, usually within 2
hours.

GI food allergies include a spectrum of disorders that result
from adverse immunologic responses to dietary antigens. Al-
though significant overlap may exist between these conditions,
several specific syndromes have been described. These are de-
fined as follows:

o Immediate GI hypersensitivity refers to an IgE-mediated
FA in which upper GI symptoms may occur within minutes
and lower GI symptoms may occur either immediately or
with a delay of up to several hours.'*!> This is commonly
seen as a manifestation of anaphylaxis. Among the GI con-
ditions, acute immediate vomiting is the most common re-
action and the one best documented as immunologic and
IgE mediated.

o Eosinophilic esophagitis (EoE) involves localized eosino-
philic inflammation of the esophagus.'®'® In some patients,
avoidance of specific foods will result in normalization of
histopathology. Although EoE is commonly associated
with the presence of food-specific IgE, the precise causal
role of FA in its etiology is not well defined. Both IgE-
and non-IgE-mediated mechanisms appear to be involved.
In children, EoE presents with feeding disorders, vomiting,
reflux symptoms, and abdominal pain. In adolescents and
adults, EoE most often presents with dysphagia and esoph-
ageal food impactions.

o Eosinophilic gastroenteritis (EG) also is both IgE- and non-
IgE-mediated and commonly linked to FA.'® EG describes a
constellation of symptoms that vary depending on the por-
tion of the GI tract involved and a pathologic infiltration of
the GI tract by eosinophils, which may be localized or wide-
spread. EoE is a common manifestation of EG.

e Food protein-induced allergic proctocolitis (AP) typically
presents in infants who seem generally healthy but have vis-
ible specks or streaks of blood mixed with mucus in the
stool.'” IgE to specific foods is generally absent. The lack
of systemic symptoms, vomiting, diarrhea, and growth fail-
ure helps differentiate this disorder from other GI FA disor-
ders that present with similar stool patterns. Because there
are no specific diagnostic laboratory tests, the causal role
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FIG 1. Types of adverse reactions to food

of food allergens such as those found in milk or soy is in-
ferred from a characteristic history on exposure. Many in-
fants present while being breast-fed, presumably as a result
of maternally ingested proteins excreted in breast milk.

e Food protein-induced enterocolitis syndrome (FPIES) is
another non-IgE-mediated disorder that usually occurs in
young infants and manifests as chronic emesis, diarrhea,
and failure to thrive. Upon re-exposure to the offending
food after a period of elimination, a subacute syndrome
can present with repetitive emesis and dehydration.13’15
Milk and soy protein are the most common causes, al-
though some studies also report reactions to other foods, in-
cluding rice, oat, or other cereal grains. A similar condition
also has been reported in adults, most often related to crus-
tacean shellfish ingestion.

e Oral allergy syndrome (OAS), also referred to as pollen-
associated FA syndrome, is a form of localized IgE-
mediated allergy, usually to raw fruits or vegetables, with
symptoms confined to the lips, mouth, and throat. OAS
most commonly affects patients who are allergic to pollens.
Symptoms include itching of the lips, tongue, roof of the
mouth, and throat, with or without swelling, and/or tingling
of the lips, tongue, roof of the mouth, and throat.

Cutaneous reactions to foods are some of the most common
presentations of FA and include IgE-mediated (urticaria, angioe-
dema, flushing, pruritus), cell-mediated (contact dermatitis, der-
matitis herpetiformis), and mixed IgE- and cell-mediated
(atopic dermatitis) reactions. These are defined as follows:

e Acute urticaria is a common manifestation of IgE-mediated
FA, although FA is not the most common cause of acute ur-
ticaria and is rarely a cause of chronic urticaria.'” Lesions de-
velop rapidly after ingesting the problem food and appear as
polymorphic, round, or irregular-shaped pruritic wheals,
ranging in size from a few millimeters to several centimeters.

e Angioedema most often occurs in combination with urti-
caria and, if food induced, is typically IgE mediated. It is
characterized by nonpitting, nonpruritic, well-defined
edematous swelling that involves subcutaneous tissues
(for example, face, hands, buttocks, and genitals), abdomi-
nal organs, or the upper airway.'® When the upper airway is
involved, laryngeal angioedema is a medical emergency re-
quiring prompt assessment. Both acute angioedema and ur-
ticaria are common features of anaphylaxis.

e Atopic dermatitis (AD), also known as atopic eczema, is
linked to a complex interaction between skin barrier dys-
function and environmental factors such as irritants, mi-
crobes, and allergens.zo Null mutations of the skin barrier
protein filaggrin may increase the risk for transcutaneous al-
lergen sensitization and the development of FA in subjects
with AD.>'"3 Although the EP does not mean to imply
that AD results from FA, the role of FA in the pathogenesis
and severity of this condition remains controversial.”* In
some sensitized patients, particularly infants and young chil-
dren, food allergens can induce urticarial lesions, itching,
and eczematous flares, all of which may aggravate AD."

e Allergic contact dermatitis (ACD) is a form of eczema
caused by cell-mediated allergic reactions to chemical hap-
tens that are additives to foods or occur naturally in foods,
such as mango.25 Clinical features include marked pruritus,
erythema, papules, vesicles, and edema.

e Contact urticaria can be either immunologic (IgE-medi-
ated reactions to proteins) or non-immunologic (caused
by direct histamine release).

Respiratory manifestations of IgE-mediated FA occur fre-
quently during systemic allergic reactions and are an important
indicator of severe anaphylaxis.26 However, FA is an uncommon
cause of isolated respiratory symptoms, namely those of rhinitis
and asthma.

Heiner syndrome is a rare disease in infants and young chil-
dren. Caused primarily by the ingestion of milk, it is characterized
by chronic or recurrent lower respiratory symptoms often associ-
ated with®”?*;

e Pulmonary infiltrates
e Upper respiratory symptoms
e GI symptoms

e Failure to thrive

e Iron-deficiency anemia

The syndrome is associated with non-IgE-mediated immune
responses, such as precipitating antibodies to milk protein
fractions. Evidence often exists of peripheral eosinophilia, iron
deficiency, and deposits of immunoglobulins and C3 in lung
biopsies in some cases. Milk elimination leads to marked
improvement in symptoms within days and clearing of pulmo-
nary infiltrates within weeks.”® The immunopathogenesis of this
disorder is not understood, but seems to combine cellular and
immune-complex reactions, causing alveolar vasculitis. In severe
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TABLE I. Prevalence of allergy to peanut, milk, egg, fish, and crustacean shellfish®

Diagnostic criteria Overall prevalence Peanut Milk Egg Fish Crustacean shellfish

Self-reported symptoms: Children 12%

Self-reported symptoms: Adults 13%

Self-reported symptoms: All ages 0.6% 3%* 1% 0.6% 1.2%

Symptoms plus SPT or serum IgE: All ages 3% 0.75% 0.6% 0.9% 0.2% 0.6%

Food challenge: All ages 3% NE 0.9% 0.3% 0.3% NE

NE, Not estimated; SP7, skin prick test.

*Greater prevalence in children than adults, not specifically estimated but it appears to be about 6% to 7% in children and 1% to 2% in adults.

TABLE II. Prevalence of allergy to fruits, vegetables/nonpeanut legumes, tree nuts, wheat, and soy®’

Diagnostic criteria Fruits Vegetables/nonpeanut legumes Tree nuts Wheat Soy

Self-reported symptoms 0.02-8.5% 0.01-13.7% 0-4.1% 0.2-1.3% 0-0.6%

SPT 0.02-4.2% 0.01-2.7% 0.04-4.5% 0.2-1.2% 0.03-0.2%

Food challenge 0.1-4.3% 0.1-0.3% 0.1-4.3% 0-0.5% 0-0.7%

Meta-analysis: Adult studies 1.22% (symptoms) 0.1% (symptoms) NE 0.4% (symptoms) NE
2% (sensitization)

Meta-analysis: Children studies NE NE 0.5% (symptoms) 0.4% (sensitization) NE

NE, Not estimated; SP7, skin prick test.

cases, alveolar bleeding leads to pulmonary hemosiderosis.
There is no evidence for involvement of milk-specific IgE in
this disease.

2.2. Prevalence and epidemiology of food allergy
The true prevalence of FA has been difficult to establish for
several reasons.

e Although more than 170 foods have been reported to cause
IgE-mediated reactions, most prevalence studies have fo-
cused on only the most common foods.

The incidence and prevalence of FA may have changed
over time, and many studies have indeed suggested a true
rise in prevalence over the past 10 to 20 years."?’

Studies of FA incidence, prevalence, and natural history
are difficult to compare because of inconsistencies and
deficiencies in study design and variations in the definition
of FA.

These Guidelines do not exclude studies based on the diag-
nostic criteria used, but the results must be viewed critically based
on these diagnostic differences. In addition, prevalence and
incidence studies from the United States and Canada are the
focus of these Guidelines, but key studies from elsewhere also are
included.

2.2.1. Systematic reviews of the prevalence of food
allergy. One meta-analysis®° and 1 systematic review” ' of the lit-
erature on the prevalence of FA have recently been published.

The meta-analysis by Rona et al,>® which includes data from 51
publications, stratifies to children and adults and provides sepa-
rate analyses for the prevalence of FA for 5 foods: milk, egg, pea-
nut, fish, and crustacean shellfish. As shown in Table I, the
investigators report an overall prevalence of self-reported FA of
12% and 13% for children and adults, respectively, to any of these
5 foods. This compares to a much lower value of 3% for adults and
children combined when assessed by self-reported symptoms

plus sensitization or by double-blind, placebo-controlled food
challenge (DBPCFC). These data emphasize the fact that FAs
are over-reported by patients and that objective measurements
are necessary to establish a true FA diagnosis. For specific foods,
results for all ages show that prevalence is highest for milk (3% by
symptoms alone, 0.6% by symptoms plus positive skin prick test
(SPT), and 0.9% by food challenge).

The systematic review by Zuidmeer et al,>' which includes data
from 33 publications, presents an epidemiological data review of
allergy to fruits, vegetables/nonpeanut legumes, tree nuts, wheat,
and soy. The results, summarized in Table II, demonstrate that the
reported prevalence for these foods is generally lower than for the
5 foods reported in Table I. Once again, the prevalence of FA is
much higher when assessed using self-reporting than when using
sensitization or food challenge.

Two additional studies'* also provide US prevalence data on
FA.

In data obtained via proxy that reported on FA from the
National Health Interview Survey in 2007, the Centers for Disease
Control and Prevention (CDC) found that approximately 3
million children under age 18 years (3.9%) reported an FA in
the previous 12 months. In addition, from 2004 to 2006, there was
an increase from approximately 2,000 to 10,000 hospital dis-
charges per year of children under age 18 years with a diagnosis
related to FA.!

Another US study analyzed national data from the Infant
Feeding Practices Study II, a longitudinal mail survey from
2005 to 2007 of women who gave birth to a healthy single child
after a pregnancy of at least 35 weeks. The survey began in the
third trimester of pregnancy and continued periodically there-
after up to age 1 of the infant.*” In this analysis, probable FA
was defined either as a doctor-diagnosed FA or as the presence
of food-related symptoms (ie, swollen eyes, swollen lips, or
hives). Of 2,441 mothers, 60% completed all serial question-
naires with detailed questions about problems with food. About
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500 infants were characterized as having a food-related prob-
lem, and 143 (6%) were classified as probable FA cases by
1 year of age.
2.2.2. Prevalence of allergy to specific foods, food-
induced anaphylaxis, and food allergy with comorbid
conditions.

Peanut and tree nut allergy

Investigators from the United States and several other countries
have published prevalence rates for allergy to peanut and tree
nuts. The results, which are presented in Appendix D, Tables S-1I
and S-III, include sensitization rates and other clinical results.
Where prevalence and sensitization are measured in the same
study, prevalence is always less than sensitization.

Peanut summary

e Prevalence of peanut allergy in the United States is
about 0.6% of the population.

e Prevalence of peanut allergy in France, Germany,
Israel, Sweden, and the United Kingdom varies
between 0.06% and 5.9%.

Tree nut summary

e Prevalence of tree nut allergy in the United States is
0.4% to 0.5% of the population.

e Prevalence of tree nut allergy in France, Germany,
Israel, Sweden, and the United Kingdom varies between
0.03% and 8.5%.

Seafood allergy
Sicherer et al** used random calling by telephone of a US sample
to estimate the lifetime prevalence rate for reported seafood allergy.

e Rates were significantly lower for children than for adults:
fish allergy, 0.2% for children vs 0.5% for adults (p =0.02);
crustacean shellfish allergy, 0.5% vs 2.5% (p < 0.001); any
seafood allergy, 0.6% vs 2.8% (p = 0.001).

e Rates were higher for women than for men: crustacean
shellfish allergy, 2.6% for women vs 1.5% for men (p <
0.001); any fish, 0.6% vs 0.2% (p < 0.001).

Milk and egg allergy

Two European studies have examined the prevalence of milk
and egg allergy.

In a Danish cohort of 1,749 children followed from birth
through age 3, children were evaluated by history, milk elimina-
tion, oral food challenge, and SPTs or sIgE.34

e Allergy to milk was suspected in 6.7% (117 children) and
confirmed in 2.2% (39). Of the 39 children, 54% had
IgE-mediated allergy, and the remaining 46% were classi-
fied as non-IgE mediated.

In a Norwegian cohort of 3,623 children followed from birth
until age 2, parents completed questionnaires regarding adverse
food reactions at 6-month intervals.

o In the first phase of the study,35 the cumulative incidence of
adverse food reactions was 35% by age 2, with milk being
the single food item most commonly associated with an ad-
verse food reaction, at 11.6%.

e In the second phase of the study, those children who
had persistent complaints of milk or egg allergy underwent

36,37
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a more detailed evaluation at the age of 2 years, including
skin prick testing and open- and double-blind oral food
challenges. At the age of 2.5 years, the combination of
prevalence of allergy and intolerance to milk was estimated
to be 1.1%. Most reactions to milk were not IgE mediated.
The prevalence of egg allergy was estimated to be 1.6%,
and most egg reactions were IgE mediated.

Food-induced anaphylaxis

Five US studies assessed the incidence of anaphylaxis related
to food; all used administrative databases or medical record
review to identify cases of anaphylaxis.>®*?

These studies found wide differences in the rates (from 1/100,000
population to as high as 70/100,000 population) of hospitalization
or emergency department visits for anaphylaxis, as assessed by
International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes or medical record review. These
variations may be due to differences in the study methods or
differences in the populations (Florida, New York, Minnesota).

The proportion of anaphylaxis cases thought to be due to foods
also varied between 13% and 65%, with the lowest percentages
found in studies that used more stringent diagnostic criteria for
anaphylaxis.

One study reported that the number of hospitalizations for
anaphylaxis increased with increasing age, while another study
reported that total cases of anaphylaxis were almost twice as high
in children as in adults.

The EP agreed that any estimate of the overall US incidence of
anaphylaxis is unlikely to have utility because such an estimate
fails to reflect the substantial variability in patient age, geographic
distribution, criteria used to diagnose anaphylaxis, and the study
methods used.

Food allergy with comorbid conditions

According to a recent CDC study, children with FA are about 2
to 4 times more likely to have other related conditions such as
asthma (4.0 fold), AD (2.4 fold), and respiratory allergies (3.6
fold), compared with children without FA.!

Several studies report on the co-occurrence of other allergic
conditions in patients with FA,43 45 such as:

® 35% to 71% with evidence of AD
® 33% to 40% with evidence of allergic rhinitis
® 34% to 49% with evidence of asthma

In patients with both AD and FA*®:

® 75% have another atopic condition

® 44% have allergic rhinitis and asthma

® 27% have allergic rhinitis

e 4% have asthma, without another atopic condition

The prevalence of FA in individuals with moderate to severe
AD is 30% to 40%, and these patients have clinically significant
IgE-mediated FA (as assessed by some combination of convinc-
ing symptoms, SPTs, sIgE levels, or oral food challenges)*” or a
definite history of immediate reactions to food.*®

A retrospective review of the records of 201 children with an
ICD-9 diagnosis of asthma found that 44% (88 of 201) have
concomitant FA.*°

Thus, children with FA may be especially likely to develop other
allergic diseases. However, the above studies should be interpreted
with caution, since they may be subject to selection bias.
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2.3. Knowledge gaps

Studies on the incidence, prevalence, and epidemiology of FA
are lacking, especially in the United States. It is essential that
studies using consistent and appropriate diagnostic criteria be
initiated to understand the incidence, prevalence, natural history,
and temporal trends of FA and associated conditions.

A recent example of a comprehensive approach to assessing the
prevalence, health care costs, and basis for FA in Europe is the
EuroPrevall project (http://www.europrevall.org). This European
Union-supported effort has focused on characterizing the patterns
and prevalence of FA in infants, children, and adults across 24
countries. The project also has investigated the impact that FA
has on the quality of life and associated economic costs. EuroPre-
vall data have already revealed an unexpected diversity in the va-
riety of foods to which Europeans are allergic, as well as the
prevalence of FA across relatively small geographic distances.
Given the size and diversity of the US population, it is likely
that using a similar approach could yield important information
about FA in the United States.

SECTION 3. NATURAL HISTORY OF FOOD
ALLERGY AND ASSOCIATED DISORDERS

The EP reviewed the literature on the natural history of FA and
summarized the available data for the most common food
allergens in the United States: egg, milk, peanut, tree nuts, wheat,
crustacean shellfish, and soy. Natural history data for fish allergy
were unavailable as of the completion of the systematic literature
review (September 2009). In addition, the EP sought to:

o Identify changes in the manifestations of FA over time, as
well as changes in coexisting allergic conditions

o Identify the risk factors for FA and severity of the allergic
reaction

e Identify the frequency of unintentional exposure to food
allergens and whether this has an impact on the natural
history of FA

It should be noted that published studies from the United States
or Canada addressing the natural history of FA typically come
from selected populations (for example, from a single clinic or
hospital) that may not be representative of the general or
community-based patient population with a specific FA condi-
tion. Thus, the findings of these studies may not necessarily be
extrapolated to all patients with the condition.

3.1. Natural history of food allergy in children

In summary: Most children with FA eventually will tolerate
milk, egg, soy, and wheat; far fewer will eventually tolerate
tree nuts and peanut. The time course of FA resolution in chil-
dren varies by food and may occur as late as the teenage years.
A high initial level of sIgE against a food is associated with a
lower rate of resolution of clinical allergy over time.

An important part of the natural history of FA is determining
the likelihood and the actual time of resolution of the FA.

o In children, a drop in sIgE levels over time is often a marker
for the onset of tolerance to the food. In contrast, for some
foods, the onset of allergy can occur in adult life, and the
FA may persist despite a drop in sIgE levels over time.
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o Changes in immediate SPTs in association with resolution of
the FA are less well defined, since an SPT response to a food
can remain positive long after tolerance to the food has de-
veloped. Nevertheless, a reduction in the size of the SPT
wheal may be a marker for the onset of tolerance to the food.

Because the natural history of FA varies by the food, the natural

history of each of the most common FAs for which data are
available is addressed below.
3.1.1. Egg. Numerous studies, such as 1 from Sweden® and
1 from Spain,51 indicate that most infants with egg allergy be-
come tolerant to egg at a young age. An estimated 66% of children
became tolerant by age 7 in both studies.

In a retrospective review’> of 4,958 patient records from a uni-
versity allergy practice in the United States, the rate of egg allergy
resolution was slower than in the studies mentioned above.

o 17.8% (881) were diagnosed with egg allergy.

e Egg allergy resolution or tolerance, defined as passing an
egg challenge or having an egg sIgE level <2 kUa/L and
no symptoms in 12 months, occurred in:

— 11% of patients by age 4
— 26% of patients by age 6
— 53% of patients by age 10
— 82% of patients by age 16

o Risk factors for persistence of egg allergy were a high ini-
tial level of egg sIgE, the presence of other atopic disease,
and the presence of an allergy to another food.

3.1.2. Milk.

e Based on a study at a US university referral hospital, virtually
all infants who had milk allergy developed this condition in the
first year of life, with clinical tolerance developing in about
80% by their fifth birthday.”® Approximately 35% developed
allergies to other foods.

o A more recent US study at a different university referral hospi-
tal indicates a lower rate of development of clinical tolerance.
As assessed by passing a milk challenge, 5% were tolerant at
age 4 and 21% at age 8. Patients with persistent milk allergy
had higher milk sIgE levels in the first 2 years of life, compared
with those who developed tolerance (median 19.0kUa/L vs 1.8
kUa/L; p < 0.001). Additional factors predictive of the acqui-
sition of tolerance included the absence of asthma or allergic
rhinitis and never having been formula fed.*

o The rate of decline of sIgE levels over time predicted the
development of tolerance to milk in children, as confirmed
by oral food challenge. However, this study was performed
in a highly selected patient population.>*

3.1.3. Peanut. Several US studies, all involving selected
populations from specialist clinics, provide data for the natural
history of peanut allergy.**3>"°° (Table III presents a summary of
results from some of these studies.) In most of the studies, patients
were diagnosed based on history, except in 1 study,44 where 33%
of the patients were diagnosed based on SPTs and sIgE to peanut.
These studies examined the development of tolerance and found
that a small percentage of children tolerated peanut several years
after their initial diagnoses.

In a study of the recurrence of peanut allergy after the
development of apparent tolerance,”® 68 children (median age at
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TABLE lll. Summary of US studies of the natural history of peanut allergy in children
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Ref # Clinical site

Sample Years
of study

Criteria for diagnosis size

Population
characteristics

Natural history

55 National Jewish
Medical and
Research Center

44 95% from Johns
Hopkins University

56 Duke University
pediatric clinic

57 National Jewish
Medical and
Research Center

60 Children’s Hospital
of Philadelphia

History of clinical peanut 102 (83
hypersensitivity and/or a
positive oral food challenge
Positive SPT response

data to the
analysis)

History of acute reaction 223 1998-2000

to peanut, and positive
SPT response, sIgE,

or oral food challenge

In some cases, positive
results to sIgE or SPT

with no history

of ingesting peanut

Convincing clinical history 140 2000-2006

and sIgE or oral

food challenge

All had symptoms 32 1973-1985
and a positive DBPCFC

History of peanut allergy 293 1997-2000

Mean duration
contributed  of follow-up
5.9 years

® 2-4 years old at start

of study

® Male 69%
@ Initial symptoms non-

life-threatening in 73%

>4 years old

Male 63%

Median age at diagnosis
1.5 years

Median age at evaluation
6.5 years

33% of patients identified
based on a positive SPT
response or peanut sIgE
without history of
peanut exposure

Male 66%

Median age at first

visit 28 months

2-14 years old

Median age at
diagnosis 7 years
Children challenged at
mean age of 3.8 years
(range 1.5 to 8 years)
Challenge was 1.8 years
following last known
clinical reaction (range
0.5 to 6.8 years)

60% had accidental
exposure to peanut
during follow-up,
and the severity of
the initial reaction
did not predict the
severity of the
subsequent reactions
0.33/year was the
mean adverse
reaction due to
unintentional
exposure
(approximately 1
every 3 years)

4 children selected
on the basis of

a low peanut

sIgE had oral food
challenges that
were negative at
ages 10, 8, 6, and
4 years

Based on the history

and a low level of peanut
sIgE, 85 patients underwent
either open peanut
challenge or DBPCFC
with 48 (57%) passing the
challenge

8 patients selected due to
low peanut sIgE had
negative food challenges
at a median age of 6 years
39% had an unintentional
exposure to peanut after
diagnosis

3% developed tolerance
No patients developed
tolerance

33 patients challenged
Patients with a history

of peanut anaphylaxis did
not develop tolerance
Patients with a history

of urticaria and with
flaring of their AD
developed tolerance
Small size of SPT wheal
predicted a negative
challenge to peanut
Patients with positive
SPT responses and
histories of only refusing
to eat peanut had positive
challenges to peanut

AD, Atopic dermatitis; DBPCFC, double-blind placebo-controlled food challenge; SPT, skin prick test.
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diagnosis 1.1 years) who had outgrown peanut allergy were eval-
uated (median age at evaluation 8.5 years). The results showed:

e Tolerance in 69% (47 of 68), of whom 34 ingested concen-
trated peanut products at least once per month and 13 ate
peanut infrequently or in limited amounts

e Possible tolerance in 26% (18 of 68)

e Recurrence in 4% (3 of 68) who consumed peanut infre-
quently or in limited amounts

3.1.4. Tree nuts. In a US evaluation®' of 278 patients with pos-
itive tree nuts sIgE:

® 36% (101) had a history of acute reactions to tree nuts, 12%
(12) of whom had reactions to multiple tree nuts and 63%
(73) of whom had a history of moderate-to-severe reac-
tions. Of the 115 reactions experienced by these 101 pa-
tients, 73 (63%) were moderate-to-severe.

e Testing by DBPCFC was offered to patients if all sIgE
levels were less than 10 kUa/L. Nine of 20 patients who
had previously reacted to tree nuts, including some who
had prior severe reactions, passed the oral food challenge.
Thus, 9% of 101 patients with a history of prior reactions
to tree nuts outgrew the allergy.

® 74% (14 of 19) of patients who had never ingested tree
nuts, but had detectable tree nuts sIgE levels, passed oral
food challenges.

e Looking at sIgE cutoffs, 58% with sIgE levels of 5 kUa/L or
less and 63% with sIgE levels of 2 kUa/L or less passed an
oral food challenge. Although an ideal sIgE cutoff for chal-
lenge cannot be firmly determined on the basis of these
data, the authors conclude that patients aged 4 years or older
with all sIgE levels of 5 kUa/L or less should be considered
for challenge.

3.1.5. Wheat. In a US study® of 103 patients with wheat allergy
(IgE mediated, not celiac disease), rates of resolution were:

® 29% by age 4
® 56% by age 8
® 65% by age 12

Higher wheat sIgE levels were associated with poorer out-

comes. The peak wheat sIgE level recorded was a useful predictor
of persistent allergy (p < 0.001), although many children with
even the highest levels of wheat sIgE outgrew their allergy to
wheat. The median age of resolution of wheat allergy was approx-
imately 6.5 years in this population. In a significant minority of
patients, wheat allergy persisted into adolescence.
3.1.6. Crustacean shellfish. Few studies have systematically
assessed the natural history of allergy to crustacean shellfish,
which commonly has onset in adult life. In 1 US study,®* 25 sera
were collected sequentially during a 24-month interval from 11
individuals, each with a clinical history suggesting allergy to
shrimp, and 10 control individuals. The sera were evaluated for
shrimp sIgE.

Of the 11 individuals with suggestive histories and positive
sIgE who underwent DBPCFC to shrimp:

e Seven exhibited positive food challenges based on objec-
tive signs and symptoms.

e Four reported the subjective symptom of oropharyngeal
pruritus.
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e All had relatively constant shrimp sIgE levels during the 24
months of the study, and these levels were not affected by
shrimp challenge.

3.1.7. Soy. In a retrospective review® of US patients with soy
allergy seen in a tertiary referral clinic, 133 patients were studied
(96 male and 37 female patients). The median age at the initial
visit was 1 year (ranging from 2 months to 17.5 years); the median
duration of follow-up was 5 years (ranging from 1 to 19 years).
Kaplan-Meier analysis predicted resolution of soy allergy in:

® 25% by age 4
® 45% by age 6
® 69% by age 10

By age 6, tolerance to soy developed in:

® 59% of children with a peak soy sIgE level of less than
5 kUa/L

® 53% of children with a peak soy sIgE level of 5 to 9.9 kUa/LL

® 45% of children with a peak soy sIgE level of 10 to 49.9
kUa/L

o 18% of children with a peak soy sIgE level of greater than
50 kUa/L

These data demonstrate that absolute soy sIgE levels are useful
predictors of developing tolerance to soy.

3.2. Natural history of levels of allergen-specific IgE
to foods in children

In summary: For many patients, sIgE antibodies to foods
appear within the first 2 years of life. Levels may increase
or decrease; a decrease is often associated with the ability to
tolerate the foods.

Based on the previously discussed studies pertaining to individ-
ual foods (section 3.1), sIgE to a food commonly appears within the
first 2 years of life, with the levels increasing or decreasing over
time depending on the food. In a study™ of patients with allergy to
egg and milk who had repeated DBPCFC, sIgE levels to egg and
milk were retrospectively determined from stored serum samples
obtained at the time of the food challenges.

o 42% (28 of 66) of patients with egg allergy and 48% (16 of
33) of patients with milk allergy developed clinical toler-
ance, and therefore lost their allergy over time.

e Foregg, decreases in sIgE levels were significantly related to
the probability of developing clinical tolerance (p = 0.0014).

e For milk, a significant relationship also existed between the
decrease in sIgE levels and the probability of developing
the ability to tolerate milk (p = 0.0175).

e Stratification into those patients below vs above 4 years of
age at the time of first challenge revealed that in the youn-
ger age group the rate of decrease in sIgE levels over time
was more predictive of the likelihood to develop clinical
tolerance.

o The median level of sIgE at diagnosis was significantly lower
for the group developing tolerance to egg (p < 0.001), and a
similar trend was seen for milk allergy (p = 0.06).

3.3. Natural history of food allergy in adults

In summary: FA in adults can reflect persistence of pediat-
ric FAs (for example, milk, peanut, and tree nuts) or de novo
sensitization to food allergens encountered after childhood.
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Although there is a paucity of data from US studies, FA that
starts in adult life tends to persist.

In a retrospective study®® of anaphylaxis in 601 patients with a
mean age of 37 years (ranging from 1 to 79 years), 22% (133) of
cases were food-related. The causative foods in descending order
of frequency were crustacean shellfish, peanut, food additives or
spices, tree nuts, beef, almond, and peach. In this study, however,
it should be noted that anaphylaxis was used as a surrogate for the
incidence of FA as measured by oral food challenge and includes
non-life-threatening, and largely cutaneous, reactions.

A non-US study“’ compared 30 adults with milk allergy to 25
control individuals who were milk-sensitized but tolerant. The in-
vestigators found that:

e 67% (20 of 30) of patients with milk allergy reported severe
symptoms on milk ingestion.

e Milk allergy was confirmed in all 11 patients participating
in a DBPCFC.

e The dose of milk protein (0.3 to 300 mg) that elicited sub-
jective symptoms was significantly lower than the dose that
elicited objective signs of reaction (300 to 9,000 mg).

e The severity of milk allergy by history and eliciting dose
did not correlate with the size of the SPT wheal or the level
of milk sIgE.

e Patients with allergy had larger SPT reactivity than tolerant
control individuals for whole milk, alpha-lactalbumin, and
beta-lactoglobulin (p = 0.002, p = 0.014, and p = 0.004,
respectively), but not for casein. In contrast, sIgE to casein
was higher in patients than in control individuals (p =
0.016). No difference was observed for sIgE to alpha-
lactalbumin and beta-lactoglobulin.

The foods widely recognized to cause IgE-mediated FA in
young children are, in order of prevalence, milk, egg, peanut, tree
nuts, fish, and crustacean shellfish, followed by wheat and soy.
Allergy to milk, egg, wheat, and soy generally resolves, thus
becoming less prevalent in adults. In contrast, allergy to peanut
and tree nuts is more likely to persist.'> Allergy to crustacean
shellfish, which most commonly develops in adulthood, is a rela-
tively common allergy in adulthood, and usually persists.>*?

3.4. Natural history of conditions that coexist with
food allergy

In summary: FA may coexist with asthma, AD, EoE, and
exercise-induced anaphylaxis. In patients with asthma, the co-
existence of FA may be a risk factor for severe asthma exacer-
bations. Moreover, food may be a trigger for exercise-induced
anaphylaxis. Elimination of food allergens in sensitized indi-
viduals can improve symptoms of some comorbid conditions.

3.4.1. Asthma.

In summary: Asthma and FA often coexist in pediatric and
adult patients. FA is associated with severe asthma.

Four US studies®” " assessed the relationship of FA to asthma.
These studies drew several conclusions:

o Asthma patients who have FA are more likely than
asthma patients who do not have FA to have a hospitali-
zation for asthma and more emergency department visits
for asthma.

o Children with asthma who are sensitized to foods, such as milk,
wheat, peanut, or egg (as shown by the presence of sIgE), have
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a higher rate of hospitalization than children with asthma who
are not sensitized. They also require more steroid use.

e The presence of self-reported FA is significantly more likely
in patients with asthma admitted to the intensive-care unit
(ICU), compared with patients with asthma who seek ambu-
latory care or are admitted to the hospital, but not to the ICU.

e Patients with asthma with self-reported FA have signifi-
cantly greater asthma severity and are more likely to be
hospitalized for asthma.

Two other studies’"”> dealing with fatal or near-fatal anaphy-
laxis due to foods in US children reported that all or almost all pa-
tients who died also had asthma. Furthermore, as already noted in
numerous studies, concomitant asthma is highly prevalent among
patients diagnosed with FA.

Although the EP did not find evidence for a causal link, the
coexistence of FA and asthma is a risk factor for asthma
exacerbations. Moreover, a high prevalence of asthma is reported
among deaths from anaphylaxis due to food.

3.4.2. Atopic dermatitis.

In summary: AD and FA are highly associated. When toler-
ance develops to a food, the reintroduction of the food in the
diet will not result in recurrence or worsening of the AD.

Up to 37% of children under 5 years of age with moderate to
severe AD will have IgE-mediated FA.*” Whether FA can exacer-
bate AD is still controversial, in part because the signs and symp-
toms of food allergen exposure are so pleomorphic and because
well-designed relevant food allergen avoidance trials have rarely
been done in patients with AD. A systematic review of 9 RCTs,”?
which assessed the effects of dietary exclusions for the treatment
of established AD in unselected patients, found little evidence to
support the role for food avoidance. However, several studies’*’®
found an improvement in pruritus when patients with egg allergy
and AD were placed on an egg-free diet.

InaUS study46 of the natural history of FA in children with AD,
75 children with a mean age of 8 months (ranging from 3 to 18
months) were diagnosed using a DBPCFC.

® 60%, 28%, 8%, and 4% were allergic to 1, 2, 3, and 4
foods, respectively.

e Milk, peanut, and egg were most likely to produce positive
food challenges.

All the children were placed on allergen-restricted diets, with a
history of compliance of 90%. After 1 or 2 years, the patients
underwent repeat food challenge tests.

e 26% of patients lost all evidence of symptomatic FA.

e Overall, 31% of the 1,221 FAs had resolved.

e All patients who became tolerant to a specific food had the
food reintroduced into their diets with no recurrence of
symptoms and no worsening of AD at a follow-up from 6
months to 4 years.

e Patients who developed both skin and respiratory tract symp-
toms at the initial food challenge were much less likely to
have their FA resolve than patients whose initial symptoms
were limited to skin only or skin and GI tract symptoms.

3.4.3. Eosinophilic esophagitis.
In summary: EoE is commonly associated with sensitiza-
tion to foods. The natural history of EoE is that of a chronic
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condition that resolves spontaneously or with therapy, and
then relapses. There are insufficient data to judge the impact
of food sensitization on the natural history of EoE, and vice
versa. Only retrospective data exist that support a beneficial
effect of dietary changes on the histopathologic changes in
the esophagus in EoE.

Three US studies’””® examined the natural history of EoE in
children, and the results are presented in Appendix D, Table S-
IV. Briefly:

e Most children were diagnosed within the first 3 years of life,
with symptoms including emesis, abdominal pain, heart-
burn, dysphagia, airway symptoms, cough, and chest pain.”’

e One study’® noted that 60% of tested patients had a positive
sIgE to food.

e In 1 study,”’ symptoms were grouped into age-related cat-
egories as “refusal to eat” in toddlers, gastroesophageal re-
flux or vomiting in young school-aged children, and
dysphagia and food impaction in older children.

e In 2 of the studies’”’® with adequate follow-up, most
patients remained symptomatic and resolution was uncom-
mon (14% and 2%). One study’’ reported a high preva-
lence (77%) of limited mucosal eosinophilia and other
abnormalities in parts of the GI tract other than the esoph-
agus, although the significance of those changes was
unclear.

Two other retrospective studies®*®! evaluated the effect of spe-

cific food elimination diets or elemental diets in treating EoE and
found:

e A decrease in the number of esophageal eosinophils per
high power field in 78% (112 of 146) of patients.®

e A reduction in clinical symptoms in 57% (75 of 132) of
patients. Almost all patients (160 of 164) who underwent
complete dietary elimination and feeding with only an
amino-acid-based formula showed clinical improvement.81

The influence of concomitant EoE on the natural history of FA
is poorly understood. As discussed above, EoE is associated with
a frequent sensitization to food allergens, as evidenced by the
presence of sIgE by SPTs, or delayed reactions to food antigens
by atopy patch tests (APTs). Patients who present with EoE often
have either a medical history of, or ongoing, clinical FA. Food
sensitization in patients with EoE is mainly against the most
common food allergens, but sensitization to other uncommon
food allergens, such as beans, peas, and mustard, is often detected.
Some retrospective studies in children have shown that removal of
the sensitizing foods may lead to resolution of EoE.”® The natural
history of clinical FA in patients with EoE has not been well stud-
ied, but clinical experience suggests that it is the same as in pa-
tients with clinical FA without EoE.

3.4.4. Exercise-induced anaphylaxis.

In summary: Exercise-induced anaphylaxis in adults is
triggered by foods in about one third of patients and has a nat-
ural history marked by frequent recurrence of the episodes.

There are no natural history studies of exercise-induced
anaphylaxis in children. However, a US survey® of 279 adult pa-
tients (aged 18 or older) from a single center between 1980 and
1993 examined the natural history of exercise-induced anaphy-
laxis and found that:
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® 37% of the patients reported a food trigger, most commonly
crustacean shellfish (16%), alcohol (11%), tomatoes (8%),
cheese (8%), and celery (7%).

e All patients met criteria for exercise-induced anaphylaxis
(anaphylactic symptoms, urticaria, or angioedema with
symptoms consistent with upper respiratory obstruction)
or had cardiovascular collapse during exercise.

® 75% of the patients were female.

o The mean age was 37 years with an onset of symptoms at age
26, and the mean duration of symptoms was 10.6 years.

o The average number of episodes per year at the time of ini-
tial presentation was 14.5, but this frequency decreased to
8.3 at the time of the survey.

o Approximately 33% of the patients had no attacks in the 12
months prior to the survey.

e The most frequently occurring symptoms were pruritus
(92%), urticaria (86%), angioedema (72%), flushing
(70%), and shortness of breath (51%).

e About 50% of the patients reported seasonal rhinitis or dust
allergies, 19% also reported having asthma, and 10% had
eczema.

In most cases of exercise-induced anaphylaxis associated with
food, the food can be ingested without symptoms in the absence of
exercise. Although this study suggests a role for FA in the
pathophysiology of exercise-induced anaphylaxis, the results
must be interpreted cautiously since the diagnosis of FA was
not based on objective testing.

3.4.5. Allergic rhinitis

IgE-mediated FA does not commonly manifest as allergic
rhinitis. Similarly, allergic rhinitis is not thought to be a risk factor
for the development of FA.3

3.5. Risk factors for the development of food allergy
In summary: Family history of atopy and the presence of
AD are risk factors for the development of both sensitization
to food and confirmed FA.
A family history of atopy is a risk factor for FA as well
as all other atopic disorders, as illustrated by the following 3
studies:

® 25% to 33% of children seen in a referral clinic under 5
years of age with moderate to severe AD had IgE-
mediated FA, as determined by both the presence of sIgE
to 1 of 6 common food allergens (milk, egg, wheat, soy,
peanut, and fish) and either a positive DBPCFC, positive
open food challenge, or a strong history of an allergic reac-
tion to a food product.*’

® 82% of 138 patients allergic to peanut seen in a referral
clinic had AD.*®

e Patients with AD who developed severe dermatitis within
the first 3 months of age most often had sIgE to milk,
egg, and peanut, suggesting that this group is at risk for
manifesting IgE-mediated FA.%*

These studies strongly suggest that FA and moderate to severe
AD occur frequently in the same child and that early-onset severe
AD is associated with risk for sensitization to food.

The mechanism of early sensitization to foods is unclear.
A recent study® has suggested that peanut sensitization is inde-
pendently associated with:
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e Dermatitis over joints and in skin creases (clinical features
of AD)
e Household consumption of peanut

3.6. Risk factors for severity of allergic reactions to
foods

In summary: The severity of allergic reactions to foods is
multifactorial and variable.®””1728687 The severity of a reac-
tion cannot be accurately predicted by the degree of severity
of past reactions nor by the level of sIgE or the size of the
SPT wheal. The factor most commonly identified with the
most severe reactions is the coexistence of asthma.

The severity of allergic reactions to food varies based on:

e The amount ingested
e The food form (cooked, raw, or processed)
e The co-ingestion of other foods

The severity also may be influenced by:

e The age of the patient
e The degree of sensitization at the time of ingestion
e The rapidity of absorption, based on whether
— The food is taken on an empty stomach
— The ingestion is associated with exercise
— The patient has other comorbid conditions (for example,
asthma or AD)

Some patients who have had near-fatal or fatal reactions also
had 1 or more of the following:

e Concomitant asthma, especially severe asthma with adrenal
suppression caused by chronic glucocorticoid therapy®’
Lack or delayed administration of epinephrine

Lack of skin symptoms

Denial of symptoms

Concomitant intake of alcohol (which may increase absorp-
tion of the food allergen)

e Reliance on oral antihistamines alone to treat symptoms

3.7. Incidence, prevalence, and consequences of
unintentional exposure to food allergens

In summary: Self-reported reactions to food frequently oc-
cur in patients with a known diagnosis of FA. Although a sub-
set of these reactions is due to intentional exposure, most are
due to unintentional exposure. Both types of exposure can be
life-threatening. There is no evidence that unintentional or in-
tentional exposures to the food allergen alter the natural his-
tory of the FA.

Data on the incidence and prevalence of unintentional exposures
to a food allergen and subsequent reactions are derived from
several longitudinal studies of patients with individual FAs.

Inl study,55 83 children who had been diagnosed with clinical
hypersensitivity to peanut prior to the age of 4 years were followed
for 5 years. The nature and frequency of adverse reactions caused
by accidental peanut exposure are shown in Fig 2. Briefly:

o 60% (50 of 83) reported a total of 115 unintentional
exposures to peanuts with adverse reactions, for a rate of
0.33 adverse reactions due to unintentional exposure per year.

e When the 83 patients were followed over time, the severity
of the initial reaction to peanut did not predict the severity
of subsequent reactions on unintentional exposures to
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83 patients with
peanut allergy

61 with initial
non-LTRs

43 had subsequent
reactions
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FIG 2. The severity of the subsequent reactions to peanuts. LTR, Life-
threatening reaction.

l 22 with initial LTRs J

17 had subsequent
reactions

24 non-
LTRs

peanut. Among these subsequent reactions, the rate of
life-threatening reactions was high.

— In patients who had an initial reaction that was not life-
threatening and had a subsequent reaction, 44% (19 of
43) had potentially life-threatening reactions during at
least 1 of these subsequent reactions.

— In patients who had an initial reaction that was life-
threatening and had a subsequent reaction, 71% (12 of
17) had potentially life-threatening symptoms during

at least 1 of these subsequent reactions.
A retrospective chart review study”” of pediatric patients with

peanut allergy seen in a university practice between 2000 and
2006 found that unintentional ingestions occurred in 39% of
140 patients, with a mean of 1.8 unintentional ingestions per pa-
tient and a range of 1 to 10 ingestions. The median time to first
unintentional ingestion was 12.5 months after diagnosis, and
25% of patients reported a subsequent reaction that was more se-
vere than the first.

A telephone survey88 about unintentional exposures to peanuts
in 252 children found that 35 unintentional exposures occurred in
29 children over a period of 244 patient-years, yielding an annual
incidence rate of 14.3%. Of interest, 85% of these children at-
tended schools prohibiting peanuts.

A survey study® of university students with FA found that 44%
(122 of 278) reported having had a reaction to a food while en-
rolled in the university and 27% (76 of 278) had the reaction while
on campus. When the students provided the locations where reac-
tions occurred (could be multiple locations), the results were: res-
taurant (21.3%), residence hall (19.9%), parent’s house (18.8%),
apartment (17.1%), friend’s house (16.7%), dining hall (13.6%),
and other (5%).

3.8. Knowledge gaps

Many gaps exist in the published literature on the natural
history of FA. In particular, although there are several follow-up
studies from single clinics, there are no data from community-
based populations in the United States. Thus, the true natural
history of symptoms, comorbid conditions, and the frequency and
impact of inadvertent exposures are largely unknown.

Little is known about:

e The factors that may cause higher morbidity and mortality
from FA (aside from the association with asthma)

e The natural history of IgE-mediated FA in adults, with the
exception that crustacean shellfish allergy is thought to be
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TABLE IV. Symptoms of food-induced allergic reactions

Target organ

Immediate symptoms

Delayed symptoms

Cutaneous Erythema Erythema
Pruritus Flushing
Urticaria Pruritus
Morbilliform eruption Morbilliform eruption
Angioedema Angioedema
Eczematous rash
Ocular Pruritus Pruritus
Conjunctival erythema Conjunctival erythema
Tearing Tearing

Periorbital edema

Periorbital edema

Upper respiratory  Nasal congestion

Pruritus

Rhinorrhea

Sneezing

Laryngeal edema

Hoarseness

Dry staccato cough

Lower respiratory Cough Cough, dyspnea,
and wheezing

Chest tightness

Dyspnea

Wheezing

Intercostal retractions

Accessory muscle use

GI (oral) Angioedema of the
lips, tongue, or palate
Oral pruritus
Tongue swelling
GI (lower) Nausea Nausea
Colicky abdominal pain Abdominal pain
Reflux Reflux
Vomiting Vomiting
Diarrhea Diarrhea
Hematochezia
Irritability and food
refusal with weight
loss (young children)
Cardiovascular Tachycardia (occasionally
bradycardia in
anaphylaxis)
Hypotension
Dizziness
Fainting
Loss of consciousness
Miscellaneous Uterine contractions

Sense of “impending doom”

GI, Gastrointestinal.

more common in adults than children and is possibly the
most commonly recognized FA in adults

e The differences in the range of symptoms of FA based on
the age of the patient, his or her comorbidities (for exam-
ple, other atopic disorders), the food allergen, its mode of
preparation, or the dose of allergen

e The differences and similarities between pediatric and
adult FA

e The natural history of non-IgE but immunologic FA

No information is available on:

e The impact of treatment for ongoing asthma on the out-
come of food-induced anaphylaxis
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Other important areas that need to be addressed include:

e The clinical and immunopathogenic impact of relevant al-
lergen avoidance in atopic individuals with FA

e The clinical and immunopathogenic impact of asthma on
the clinical course of AD and EoE

e The effect of standard management approaches for FA (for
example, targeted food elimination diets) and more novel
approaches (for example, anti-IgE, Ty2 antagonists) on
the severity or magnitude of the other comorbid conditions
observed in patients with FA

SECTION 4. DIAGNOSIS OF FOOD ALLERGY

4.1. When should food allergy be suspected?
Guideline 1: The EP recommends that FA should be
considered:

e In individuals presenting with anaphylaxis or any combina-
tion of symptoms listed in Table IV that occur within min-
utes to hours of ingesting food, especially in young children
and/or if symptoms have followed the ingestion of a spe-
cific food on more than 1 occasion

e In infants, young children, and selected older children diag-
nosed with certain disorders, such as moderate to severe AD,
EoE, enterocolitis, enteropathy, and allergic proctocolitis (AP)

o In adults diagnosed with EoE

Rationale: Sufficient evidence exists to support the evaluation
of FA in patients presenting with specific allergic signs and symp-
toms following the ingestion of food or with certain disorders fre-
quently associated with allergic reactions to food, even in some
cases without an apparent relationship to eating.

Balance of benefits and harms: Identification and avoidance of
foods responsible for food-induced allergic reactions improve qual-
ity of life and potentially prevent life-threatening reactions and dis-
orders. With the appropriate evaluation, there is a low risk of
erroneously diagnosing someone as food allergic and adversely af-
fecting his or her nutritional well-being and social interactions.

Quality of evidence: Moderate

Contribution of expert opinion: Significant

When an individual presents with anaphylaxis or any combina-
tion of the symptoms listed in Table IV shortly after ingesting food,
a diagnosis of FA should be considered, especially if symptoms
have followed the ingestion of a specific food on more than 1 occa-
sion. However, as mentioned in section 2.1.3, FA rarely causes iso-
lated respiratory symptoms, namely those of rhinitis and asthma.

Food-induced allergic reactions may be mediated only by IgE
mechanisms, only by non-IgE-mediated mechanisms, or by both
IgE- and non-IgE-mediated mechanisms. Furthermore, some
diseases (for example, contact urticaria) can be mediated by
either IgE- or non-IgE-mediated mechanisms. The diagnosis of
IgE-mediated allergy is generally easier to make when tests for
sIgE antibodies are positive.

4.1.1. Timing of food-induced allergic reactions. Allergic
reactions to a food or food additive may present with a variety of
symptoms (Table IV). These reactions may be:

o Immediate, occurring within minutes to a few hours, and
typically involve IgE-mediated mechanisms

e Delayed, occurring within several hours to a few days, and
thought to typically involve cellular mechanisms
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4.1.2. IgE-mediated reactions to food. IgE-mediated reac-
tions to foods are more common in young children, affecting up to
6% of children under 5 years old, and are more frequently seen in
children with certain atopic disorders, such as AD. For example,
1 study found that approximately 35% of children with moderate
to severe AD had FA.”® Another study found that the younger the
child and the more severe the AD, the greater the likelihood that
the child had an FA.°" Although any food may cause an allergic
reaction, symptoms following the ingestion of certain foods
should raise greater suspicion of FA, especially in atopic individ-
uals. For example:

e Milk, egg, and peanut account for the vast majority of aller-
gic reactions in young children.

e Peanut, tree nuts, and seafood (fish and crustacean shell-
fish) account for the vast majority of reactions in teenagers
and adults.

Symptoms of FA should occur consistently following the
ingestion of the causative food allergen, although small, sub-
threshold quantities of a food allergen or extensively baked, heat-
denatured foods (for example, milk and egg) may sometimes be
ingested without inducing symptoms.

When evaluating older patients, certain complementary factors
must be considered, such as exercise, alcohol consumption, and
use of aspirin or nonsteroidal anti-inflammatory drugs (NSAIDs).
Some individuals will only experience allergic reactions if they
ingest specific foods in association with these factors. For
example, anaphylaxis that occurs following exercise is associated
with sensitization to specific foods in approximately 30% of
cases.”

Sensitization to food proteins and allergic reactions to food are
much more prevalent in individuals with certain clinical disor-
ders. For example, more than 95% of a population consisting of
children and adolescents with EoE experienced marked clinical
and histological improvement when placed on a food elimination
(often elemental) diet,” although the causative role of IgE-
mediated mechanisms in EoE is unclear.

4.1.3. Mixed IgE- and non-lgE-mediated reactions to
food. Mixed IgE- and non-IgE-mediated mechanisms should be
suspected when symptoms, which generally involve the GI tract,
are of a more chronic nature, do not resolve quickly, and are not
closely associated with ingestion of an offending food. An
example of such a disorder is EoE. Thus, the presence of FA
should be suspected but the differential diagnosis will be broader
as compared with IgE-mediated FA.

FA should be suspected when the results of an esophageal
biopsy—performed as part of an evaluation for chronic/intermit-
tent symptoms of gastroesophageal reflux—reveal EoE, as
evidenced by greater than 15-20 eosinophils per high-powered
field on biopsy.'” EoE can be diagnosed at any age, but is most
common in infants, children, and adolescents. In adults, symp-
toms of EoE include abdominal pain, dysphagia, and food impac-
tion. Allergic eosinophilic gastroenteritis can manifest at any age
and present as chronic abdominal pain, emesis, poor appetite, fail-
ure to thrive, weight loss, anemia, or protein-losing enteropathy.

Although a single disease may have underlying pathophysio-
logical mechanisms that involve both IgE-dependent and IgE-
independent pathways (for example, EoE), some diseases can
manifest in response to either IgE-dependent or IgE-independent
triggers. An example is contact urticaria, which can be triggered
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by direct contact between the skin and offending food, but the
symptoms may be IgE-mediated or non-IgE-mediated.

4.1.4. Differential diagnosis of food allergy. In a meta-
analysis®® of studies evaluating the prevalence of FA, up to 35%
of individuals reporting a reaction to food believe they have FA,
whereas studies confirming FA by oral food challenge suggest a
much lower prevalence of about 3.5%. Much of this discrepancy
is due to a misclassification of adverse reactions to foods that are
not allergic in origin, for example lactose intolerance causing
bloating, abdominal pain, and diarrhea after consuming milk
products. Many causes of reactions to foods are not allergic in
origin.

In the differential diagnosis of FAs, allergic disorders from other
causes, such as drugs, as well as disorders that are not immuno-
logic in nature, must be considered. The patient’s medical history
is vital in excluding these alternative diagnoses. For example:

e Acute allergic reactions initially attributed to a food may be
triggered by other allergens (for example, medications, in-
sect stings).

e In children with AD, eczematous flares erroneously attrib-
uted to foods are sometimes precipitated by irritants, hu-
midity, temperature fluctuations, and bacterial infections
of the skin (for example, Staphylococcus aureus).

e Chronic GI symptoms may result from reflux, infection, an-
atomical disorders, metabolic abnormalities (for example,
lactose intolerance), and other causes.

e Chemical effects and irritant effects of foods may mimic al-
lergic reactions. For example, gustatory rhinitis may occur
from hot or spicy foods due to neurologic responses to tem-
perature or capsaicin.’*

e Tart foods may trigger an erythematous band on the skin of
the cheek along the distribution of the auriculotemporal
nerve in persons with gustatory flushing syndrome.””

e Food poisoning due to bacterial toxins, such as toxigenic E.
coli, or scombroid poisoning caused by spoiled dark-meat
fish, such as tuna and mahi-mahi, can mimic an allergic
reaction.”®

e For persons with EGIDs, alternative diagnoses such as par-
asite infections, gastroesophageal reflux disease, systemic
eosinophilic disorders, and vasculitis should be considered.

e Behavioral and mental disorders may result in food aver-
sion (for example, anorexia nervosa, bulimia, and Mun-
chausen syndrome by proxy).

e Pharmacologic effects of chemicals that occur in foods (for
example, tryptamine in tomatoes) and food additives may
mimic some allergic symptoms of the skin and GI tract.”’

4.2. Diagnosis of IgE-mediated food allergy

4.2.1. Medical history and physical examination.
Guideline 2: The EP recommends using medical history and

physical examination to aid in the diagnosis of FA.

e Medical history: The EP recommends using a detailed
medical history to help focus the evaluation of an FA. Al-
though the medical history often provides evidence for
the type of food-induced allergic reaction and the potential
causative food(s) involved, history alone cannot be consid-
ered diagnostic of FA.

e Physical examination: The EP recommends performing a
focused physical examination of the patient, which may
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provide signs consistent with an allergic reaction or disor-
der often associated with FA. However, by itself, the phys-
ical examination cannot be considered diagnostic of FA.

Rationale: Medical history is useful for identifying food aller-
gens that may be responsible for IgE-mediated allergic reactions,
but it lacks sufficient sensitivity and specificity to definitively
make a diagnosis of FA. Moreover, medical history is more useful
in diagnosing immediate food-induced allergic reactions com-
pared with delayed reactions. Further evaluation, for example lab-
oratory studies or oral food challenges, is required to confirm a
diagnosis of FA.

Balance of benefits and harms: The medical history and phys-
ical examination provide evidence for suspecting FA and focus
the evaluation. However, basing the diagnosis of FA on either his-
tory or physical examination alone may lead to an erroneous di-
agnosis of FA and unnecessarily restrictive diets that could have
adverse nutritional and social consequences.

Quality of evidence: Low

Contribution of expert opinion: Significant

In evaluating a patient with suspected FA, a thorough medical
history is very important in identifying symptoms associated with
FA (Table IV) and focusing the diagnostic workup, but alone can-
not be considered diagnostic.”®*° The nature of the reaction often
suggests the underlying mechanism, either IgE mediated (imme-
diate) or non-IgE mediated (delayed), and will determine the di-
agnostic tests to be used. Because none of the symptoms of FA are
pathognomonic for the disorder, the medical history may be used
to help identify causative allergens or to differentiate the reaction
from nonallergic disorders, even though history alone does not
provide sufficient sensitivity or specificity to make a diagnosis
of FA.'®

Critical questions should include the following:

e What are the symptoms of concern?

e What food precipitates the symptoms, and has this food
caused such symptoms more than once?

e What quantity of food was ingested when the symptoms
occurred?

e Was the food in a baked (extensively heated) or uncooked
form?

e When did symptoms occur in relation to exposure to a
given food?

e Can the food ever be eaten without these symptoms
occurring?

o Were other factors involved, such as exercise, alcohol, or
use of aspirin or NSAIDs?

e Have the symptoms been present at times other than after
exposure to a given food?

e What treatment was given, and how long did the symptoms
last?

No findings in a physical examination are diagnostic of FA. The
presence of physical signs at the time of the physical examination
may verify the diagnosis of an atopic disorder (for example,
urticaria or AD) or suggest prolonged symptoms (for example,
loss of body weight in patients with EoE). Physical examination
also may reveal findings more suggestive of a nonallergic disorder
that would require further investigation and testing.

Guideline 3: The EP recommends that parent and patient re-
ports of FA must be confirmed, because multiple studies demon-
strate that 50% to 90% of presumed FAs are not allergies.
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Rationale: Given the low positive predictive value of self-
reported symptoms, it is important that all suspected FA be
confirmed by appropriate evaluation (for example, oral food
challenge or tests for allergic sensitization).

Balance of benefits and harms: Because unnecessary food
avoidance affects quality of life and nutrition, there is possible
harm in over-diagnosing FA.

Quality of evidence: High

Contribution of expert opinion: Minimal

As described in section 2.2 (Tables I and II), 2 systematic
reviews/meta-analyses found that the prevalence of FA based on
self-reported symptoms of FA was several-fold higher compared
with when the diagnosis was based on sensitization alone, sensi-
tization with symptoms, or DBPCFC.

4.2.2. Methods to identify the causative food. When
evaluating a patient for FA, the diagnostic tests selected are based
on a comprehensive medical history. The history should suggest
the possible allergic mechanism involved (ie, IgE mediated or
non-IgE mediated), which then determines the types of testing to
be pursued and the possible foods involved. Tests selected to
evaluate FA should be based on the patient’s medical history and
not comprise large general panels of food allergens. In addition,
diagnostic tests for nonallergic disorders may be needed, depend-
ing on the differential diagnosis.”

4.2.2.1. Skin prick test.

Guideline 4: The EP recommends performing an SPT (also
known as a skin puncture test) to assist in the identification of foods
that may be provoking IgE-mediated food-induced allergic reac-
tions, but the SPT alone cannot be considered diagnostic of FA.

Rationale: SPTs are safe and useful for identifying foods po-
tentially provoking IgE-mediated food-induced allergic reac-
tions, but they have a low positive predictive value for the
clinical diagnosis of FA.

Balance of benefits and harms: The reagents and methods for
performing SPTs are not standardized. Nevertheless, SPTs effec-
tively detect the presence of sIgE, but many patients have sIgE
without clinical FA. Compared with oral food challenges, SPTs
have low specificity and low positive predictive value for making
an initial diagnosis of FA. Thus, use of SPTs in the clinical setting
may lead to over-diagnosis. However, in a patient with confirmed
FA, an SPT is valuable in identifying the food(s) responsible for
IgE-mediated FA. In the clinical setting, when compared with
oral food challenges, SPTs have high sensitivity and high negative
predictive values.

Quality of evidence: Moderate

Contribution of expert opinion: Significant

The results of an SPT are considered “immediate” because the
wheal and flare develop typically within 30 minutes following
injection of allergen. SPTs are the most commonly performed
procedure in the evaluation of IgE-mediated FA.'"""19 However,
there are no standard reagents for SPT testing, and no international
standards for administering the test and interpreting the results."!

A positive SPT is generally considered a wheal with a mean
diameter 3 mm or greater than the negative control.'® Various
studies use different methods t