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Preface

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 theGuidelines for the Diagnosis andMan-

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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Abbreviations used

AAP: American Academy of Pediatrics

ACD: Allergic contact dermatitis

ACIP: Advisory Committee on Immunization Practices

AD: Atopic dermatitis

AP: Allergic proctocolitis

APT: Atopy patch test

BP: Blood pressure

CC: Coordinating Committee

CDC: Centers for Disease Control and Prevention

CI: Confidence interval

CMA: Cow’s milk allergy

COI: Conflict of interest

DBPCFC: Double-blind, placebo-controlled food challenge

DRACMA: Diagnosis and Rationale for Action against Cow’s Milk

Allergy

EAACI: European Academy of Allergy and Clinical Immunology

EG: Eosinophilic gastroenteritis

EGID: Eosinophilic gastrointestinal disorder

eHF: Extensively hydrolyzed infant formula

eHF-C: Extensively hydrolyzed casein formula

eHF-W: Extensively hydrolyzed whey infant formula

EoE: Eosinophilic esophagitis

EP: Expert Panel

FA: Food allergy

FAAN: Food Allergy and Anaphylaxis Network

FALCPA: Food Allergen Labeling and Consumer Protection Act

FPIES: Food protein-induced enterocolitis syndrome

GI: Gastrointestinal

GINI: German Nutritional Intervention Study

GRADE: Grading of Recommendations Assessment, Development

and Evaluation

ICD-9-CM: International Classification of Diseases, Ninth Revision,

Clinical Modification

ICU: Intensive-care unit

IM: Intramuscular

IV: Intravenous

MDI: Metered-dose inhaler

MMR: Measles, mumps, and rubella

MMRV: Measles, mumps, rubella, and varicella

NIAID: National Institute of Allergy and Infectious Diseases

NICE: National Institute for Health and Clinical Excellence

(England/Wales)

NSAID: Nonsteroidal anti-inflammatory drug

OAS: Oral allergy syndrome

pHF: Partially hydrolyzed infant formula

pHF-W: Partially hydrolyzed whey formula

PI: Package insert

RCT: Randomized controlled trial

RR: Relative risk

SAFE: Seek support, Allergen identification and avoidance,

Follow up with specialty care, Epinephrine for
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 bemanaged 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,
emergencies

sIgE: Allergen-specific IgE

SPT: Skin prick test

WAO: World Allergy Organization
Received for publication October 12, 2010; accepted for publication October 13, 2010.

0091-6749
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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.2,3

In summary, the Guidelines:

d 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

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

d 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.

d 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.

d 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
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.

d 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.4

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.

d 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). Eachmember was vetted for
financial COI by NIAID staff and approved by the CC. Potential
COIswere posted on the NIAIDWeb 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.

http://www.niaid.nih.gov/topics/foodAllergy/clinical/Pages/FinancialDisclosure.aspx
http://www.niaid.nih.gov/topics/foodAllergy/clinical/Pages/FinancialDisclosure.aspx
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The EP organized the Guidelines into 5 major topic areas:

d Definitions, prevalence, and epidemiology of FA (section 2)
d Natural history of FA and associated disorders (section 3)
d Diagnosis of FA (section 4)
d Management of nonacute food-induced allergic reactions
and prevention of FA (section 5)

d 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:

d Article type

– Included: Original research or systematic reviews
– Excluded: Background or contextual reviews; nonsys-
tematic reviews; commentary; other types of articles

d 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,7 and the full version of the report with
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,8 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 criteria9,10:

d 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.

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

d 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 aGRADE 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

http://www.rand.org/pubs/working_papers/WR757-1/
http://www.rand.org/pubs/working_papers/WR757-1/
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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 MMRV, 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:

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

d 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.
TheGuidelines 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 accountwhen 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
educationalmaterials for patients, their families, and the public. It is
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-I.)
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 termsallergy andal-
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 symptomswith 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. Individualsmay 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,11 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.
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&Cyellow 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.12,13 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:

d 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.14,15 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.

d Eosinophilic esophagitis (EoE) involves localized eosino-
philic inflammation of the esophagus.16-18 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.

d Eosinophilic gastroenteritis (EG) also is both IgE- and non-
IgE-mediated and commonly linked to FA.15 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.

d 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.15 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



FIG 1. Types of adverse reactions to food
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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.

d 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.

d 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:

d Acute urticaria is a commonmanifestation of IgE-mediated
FA, although FA is not the most common cause of acute ur-
ticaria and is rarely a cause of chronic urticaria.19 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.

d 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.19 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.
d 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.20 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.21-23 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.24 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.19

d 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.

d 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 ofmilk, it is characterized
by chronic or recurrent lower respiratory symptoms often associ-
ated with27,28:

d Pulmonary infiltrates
d Upper respiratory symptoms
d GI symptoms
d Failure to thrive
d 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.28 The immunopathogenesis of this
disorder is not understood, but seems to combine cellular and
immune-complex reactions, causing alveolar vasculitis. In severe



TABLE I. Prevalence of allergy to peanut, milk, egg, fish, and crustacean shellfish30

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; SPT, 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 soy31

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)

2% (sensitization)

NE

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

NE, Not estimated; SPT, skin prick test.
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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.

d 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.

d 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.1,29

d 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. Onemeta-analysis30 and 1 systematic review31 of the lit-
erature on the prevalence of FA have recently been published.
Themeta-analysis by Rona et al,30 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 amuch 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,31 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 studies1,32 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.1

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.32 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-II
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

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

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

Tree nut summary

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

d Prevalence of tree nut allergy in France, Germany,
Israel, Sweden, and theUnitedKingdomvaries between
0.03% and 8.5%.

Seafood allergy
Sicherer et al33 used randomcalling by telephone of aUS sample

to estimate the lifetime prevalence rate for reported seafood allergy.

d Rates were significantly lower for children than for adults:
fish allergy, 0.2% for children vs 0.5% for adults (p50.02);
crustacean shellfish allergy, 0.5% vs 2.5% (p < 0.001); any
seafood allergy, 0.6% vs 2.8% (p 5 0.001).

d 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

d 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.

d 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%.

d In the second phase of the study,36,37 those children who
had persistent complaints of milk or egg allergy underwent
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.38-42

These studies foundwidedifferences in the rates (from1/100,000
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.1

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

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

In patients with both AD and FA46:

d 75% have another atopic condition
d 44% have allergic rhinitis and asthma
d 27% have allergic rhinitis
d 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)47 or a
definite history of immediate reactions to food.48

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.49

Thus, childrenwith FAmay 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:

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

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

d 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 childrenwith 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-
drenvaries by food andmay 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.

d 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.
d 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 FAvaries 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 Sweden50 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 review52 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.

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

d 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.

d Based on a study at a US university referral hospital, virtually
all infantswhohadmilk allergydeveloped this condition in the
first year of life, with clinical tolerance developing in about
80% by their fifth birthday.53 Approximately 35% developed
allergies to other foods.

d Amore 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
hadhighermilk sIgE levels in the first 2 years of life, compared
with thosewhodeveloped tolerance (median19.0 kUa/Lvs1.8
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.45

d 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.54

3.1.3. Peanut. Several US studies, all involving selected
populations from specialist clinics, provide data for the natural
history of peanut allergy.44,55-60 (Table III presents a summary of
results from some of these studies.) Inmost 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,58 68 children (median age at
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TABLE III. Summary of US studies of the natural history of peanut allergy in children

Ref # Clinical site Criteria for diagnosis

Sample

size

Years

of study

Population

characteristics Natural history

55 National Jewish

Medical and

Research Center

d History of clinical peanut

hypersensitivity and/or a

positive oral food challenge

d Positive SPT response

102 (83

contributed

data to the

analysis)

Mean duration

of follow-up

5.9 years

d 2-4 years old at start

of study

d Male 69%

d Initial symptoms non-

life-threatening in 73%

d 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

d 0.33/year was the

mean adverse

reaction due to

unintentional

exposure

(approximately 1

every 3 years)

d 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

44 95% from Johns

Hopkins University
d History of acute reaction

to peanut, and positive

SPT response, sIgE,

or oral food challenge

d In some cases, positive

results to sIgE or SPT

with no history

of ingesting peanut

223 1998-2000 d >4 years old

d Male 63%

d Median age at diagnosis

1.5 years

d Median age at evaluation

6.5 years

d 33% of patients identified

based on a positive SPT

response or peanut sIgE

without history of

peanut exposure

d 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

d 8 patients selected due to

low peanut sIgE had

negative food challenges

at a median age of 6 years
56 Duke University

pediatric clinic
d Convincing clinical history

and sIgE or oral

food challenge

140 2000-2006 d Male 66%

d Median age at first

visit 28 months

d 39% had an unintentional

exposure to peanut after

diagnosis

d 3% developed tolerance
57 National Jewish

Medical and

Research Center

d All had symptoms

and a positive DBPCFC

32 1973-1985 d 2-14 years old

d Median age at

diagnosis 7 years

d No patients developed

tolerance

60 Children’s Hospital

of Philadelphia
d History of peanut allergy 293 1997-2000 d Children challenged at

mean age of 3.8 years

(range 1.5 to 8 years)

d Challenge was 1.8 years

following last known

clinical reaction (range

0.5 to 6.8 years)

d 33 patients challenged

d Patients with a history

of peanut anaphylaxis did

not develop tolerance

d Patients with a history

of urticaria and with

flaring of their AD

developed tolerance

d Small size of SPT wheal

predicted a negative

challenge to peanut

d 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:

d 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

d Possible tolerance in 26% (18 of 68)
d Recurrence in 4% (3 of 68) who consumed peanut infre-
quently or in limited amounts

3.1.4. Tree nuts. In a US evaluation61 of 278 patients with pos-
itive tree nuts sIgE:

d 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.

d 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.

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

d 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 study62 of 103 patients with wheat allergy
(IgE mediated, not celiac disease), rates of resolution were:

d 29% by age 4
d 56% by age 8
d 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. Themedian age of resolution of wheat allergywas 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,63 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:

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

d Four reported the subjective symptom of oropharyngeal
pruritus.
d 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 review64 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 2months to 17.5 years); themedian
duration of follow-up was 5 years (ranging from 1 to 19 years).
Kaplan-Meier analysis predicted resolution of soy allergy in:

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

By age 6, tolerance to soy developed in:

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

d 53% of children with a peak soy sIgE level of 5 to 9.9 kUa/L
d 45% of children with a peak soy sIgE level of 10 to 49.9
kUa/L

d 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 study54 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.

d 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.

d For egg, decreases in sIgE levels were significantly related to
the probability of developing clinical tolerance (p5 0.0014).

d For milk, a significant relationship also existed between the
decrease in sIgE levels and the probability of developing
the ability to tolerate milk (p 5 0.0175).

d 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.

d Themedian 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 (p5 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 study65 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 study66 compared 30 adults with milk allergy to 25

control individuals whowere milk-sensitized but tolerant. The in-
vestigators found that:

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

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

d 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).

d 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.

d Patients with allergy had larger SPT reactivity than tolerant
control individuals for whole milk, alpha-lactalbumin, and
beta-lactoglobulin (p 5 0.002, p 5 0.014, and p 5 0.004,
respectively), but not for casein. In contrast, sIgE to casein
was higher in patients than in control individuals (p 5
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.15 Allergy to crustacean
shellfish, which most commonly develops in adulthood, is a rela-
tively common allergy in adulthood, and usually persists.30,33

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 FAmay 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 studies67-70 assessed the relationship of FA to asthma.

These studies drew several conclusions:

d 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.

d Childrenwithasthmawhoare sensitized to foods, such asmilk,
wheat, peanut, or egg (as shown by the presence of sIgE), have
a higher rate of hospitalization than children with asthmawho
are not sensitized. They also require more steroid use.

d 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.

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

Two other studies71,72 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.47 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,73

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 studies74-76

found an improvement in pruritus when patients with egg allergy
and AD were placed on an egg-free diet.
In aUS study46 of the natural history of FA in childrenwithAD,

75 children with a mean age of 8 months (ranging from 3 to 18
months) were diagnosed using a DBPCFC.

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

d 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.

d 26% of patients lost all evidence of symptomatic FA.
d Overall, 31% of the 1,221 FAs had resolved.
d 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.

d 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 studies77-79 examined the natural history of EoE in

children, and the results are presented in Appendix D, Table S-
IV. Briefly:

d 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.77

d One study78 noted that 60% of tested patients had a positive
sIgE to food.

d In 1 study,79 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.

d In 2 of the studies77,79 with adequate follow-up, most
patients remained symptomatic and resolution was uncom-
mon (14% and 2%). One study77 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 studies80,81 evaluated the effect of spe-
cific food elimination diets or elemental diets in treating EoE and
found:

d A decrease in the number of esophageal eosinophils per
high power field in 78% (112 of 146) of patients.80

d 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, andmustard, is often detected.
Some retrospective studies in children have shown that removal of
the sensitizing foods may lead to resolution of EoE.79 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 FAwithout 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 survey82 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:
d 37% of the patients reported a food trigger, most commonly
crustacean shellfish (16%), alcohol (11%), tomatoes (8%),
cheese (8%), and celery (7%).

d 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.

d 75% of the patients were female.
d Themean agewas 37 years with an onset of symptoms at age
26, and the mean duration of symptoms was 10.6 years.

d 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.

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

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

d 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 ingestedwithout 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.83

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:

d 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.47

d 82% of 138 patients allergic to peanut seen in a referral
clinic had AD.56

d 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.84

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 study85 has suggested that peanut sensitization is inde-
pendently associated with:



FIG 2. The severity of the subsequent reactions to peanuts. LTR, Life-

threatening reaction.
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d Dermatitis over joints and in skin creases (clinical features
of AD)

d 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.67,71,72,86,87 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:

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

The severity also may be influenced by:

d The age of the patient
d The degree of sensitization at the time of ingestion
d 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:

d Concomitant asthma, especially severe asthma with adrenal
suppression caused by chronic glucocorticoid therapy87

d Lack or delayed administration of epinephrine
d Lack of skin symptoms
d Denial of symptoms
d Concomitant intake of alcohol (which may increase absorp-
tion of the food allergen)

d 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.
In 1 study,55 83 children who had been diagnosed with clinical

hypersensitivity to peanut prior to the age of 4 yearswere followed
for 5 years. The nature and frequency of adverse reactions caused
by accidental peanut exposure are shown in Fig 2. Briefly:

d 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.

d 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
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 study56 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 study89 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:

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

d The natural history of IgE-mediated FA in adults, with the
exception that crustacean shellfish allergy is thought to be



TABLE IV. Symptoms of food-induced allergic reactions

Target organ Immediate symptoms Delayed symptoms

Cutaneous Erythema

Pruritus

Urticaria

Morbilliform eruption

Angioedema

Erythema

Flushing

Pruritus

Morbilliform eruption

Angioedema

Eczematous rash

Ocular Pruritus

Conjunctival erythema

Tearing

Periorbital edema

Pruritus

Conjunctival erythema

Tearing

Periorbital edema

Upper respiratory Nasal congestion

Pruritus

Rhinorrhea

Sneezing

Laryngeal edema

Hoarseness

Dry staccato cough

Lower respiratory Cough

Chest tightness

Dyspnea

Wheezing

Intercostal retractions

Accessory muscle use

Cough, dyspnea,

and wheezing

GI (oral) Angioedema of the

lips, tongue, or palate

Oral pruritus

Tongue swelling

GI (lower) Nausea

Colicky abdominal pain

Reflux

Vomiting

Diarrhea

Nausea

Abdominal pain

Reflux

Vomiting

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

d 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

d The differences and similarities between pediatric and
adult FA

d The natural history of non-IgE but immunologic FA

No information is available on:

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

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

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

d The effect of standard management approaches for FA (for
example, targeted food elimination diets) and more novel
approaches (for example, anti-IgE, TH2 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:

d 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

d 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)

d 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 onmore 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:

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

d 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.90 Another study found that the younger the
child and the more severe the AD, the greater the likelihood that
the child had an FA.91 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:

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

d 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.92

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,93 although the causative role of IgE-
mediated mechanisms in EoE is unclear.

4.1.3. Mixed IgE- and non-IgE-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.17 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
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-
analysis30 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:

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

d 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).

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

d 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.94

d 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.95

d 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.96

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

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

d 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.97

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.

d 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.

d 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:Themedical 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.98,99 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.100

Critical questions should include the following:

d What are the symptoms of concern?
d What food precipitates the symptoms, and has this food
caused such symptoms more than once?

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

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

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

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

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

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

d 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
alsomay reveal findingsmore 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.
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 FAwas 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.99

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 SPTare 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.101-103 However,
there are no standard reagents for SPT testing, and no international
standards for administering the test and interpreting the results.101

A positive SPT is generally considered a wheal with a mean
diameter 3 mm or greater than the negative control.102 Various
studies use different methods to define a positive test, frommeasur-
ing the absolute wheal size to measuring the wheal size relative to
the negative (diluent) and positive (histamine) controls. A positive
SPT simply correlates with the presence of sIgE bound to the sur-
face of cutaneous mast cells. Although the larger the mean wheal
diameter provoked, the more likely that a food allergen will be of
clinical relevance, the SPT alone is not diagnostic of FA.104-107
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When diagnosing OAS, or in cases where SPTs with commer-
cial extracts do not correlate with clinical histories, the SPT
technique with fresh or native foods, especially fruits and
vegetables, may prove more sensitive.108,109

Negative SPTs occasionally occur in patients with IgE-
mediated FA. Therefore, in cases where the history is highly
suggestive, further evaluation (for example, physician-supervised
oral food challenge) is necessary before telling a patient that he or
she is not allergic to a suspected food and may ingest it.
4.2.2.2. Intradermal tests.

Guideline 5: The EP recommends that intradermal testing
should not be used to make a diagnosis of FA.
Rationale: Insufficient evidence exists to support the use of in-

tradermal testing for the diagnosis of FA. Moreover, intradermal
tests carry a higher risk of adverse reactions than SPTs.
Balance of benefits and harms: Although intradermal testing

may be more sensitive than skin prick testing for the diagnosis of
IgE-mediated FA, there is no evidence to support such claims for
protein-induced FA and insufficient evidence to support its rou-
tine use in diagnosing carbohydrate-induced FA. In addition,
there is a greater risk of systemic adverse allergic reactions
from intradermal tests compared with SPTs.
Quality of evidence: Low
Contribution of expert opinion: Significant
Intradermal testing for FA does not provide increased sensi-

tivity in detecting food protein-induced allergic reactions.102

There is suggestive but unconfirmed evidence to support its use
in diagnosing a form of carbohydrate-induced IgE-mediated al-
lergy that is a characteristic of some types of red meat allergy.110

4.2.2.3. Total serum IgE.

Guideline 6: The EP recommends that the routine use of mea-
suring total serum IgE should not be used to make a diagnosis of
FA.
Rationale: Insufficient evidence exists to support the proposal

that measurements of total serum IgE levels can be a sensitive and
specific test for FA.
Balance of benefits and harms:Although an elevated total se-

rum IgE level is frequently found in atopic individuals and some
investigators suggest that it may be useful when interpreting
allergen-specific IgE levels, the EP could find no studies to sup-
port such a claim. In addition, the sensitivity and specificity of
this test compared with the outcome of oral food challenges is in-
sufficient to warrant routine use in evaluating FA.
Quality of evidence: Low
Contribution of expert opinion: Significant
Mehl et al looked at the predictive value of the ratio of sIgE to

total IgE for the diagnosis of FA compared with the DBPCFC and
concluded that the ratio offered no advantage over sIgE alone in
diagnosing FA.111

4.2.2.4. Allergen-specific serum IgE.

Guideline 7: The EP recommends sIgE tests for identifying
foods that potentially provoke IgE-mediated food-induced aller-
gic reactions, but alone these tests are not diagnostic of FA.
Rationale: sIgE tests are useful for identifying foods poten-

tially provoking IgE-mediated food-induced allergic reactions,
and specified ‘‘cutoff’’ levels, defined as 95% predictive values,
may be more predictive than SPTs of clinical reactivity in certain
populations, but when used alone they are not diagnostic of FA.
Balance of benefits and harms: sIgE tests are very useful for

detecting the presence of sIgE antibodies, which indicates the
presence of allergic sensitization. Fluorescence-labeled antibody
assays have comparable sensitivity to that of SPTs, and the abso-
lute levels of sIgE antibodies may directly correlate with the like-
lihood of clinical reactivity when compared with oral food
challenges for the identification of foods provoking IgE-
mediated FA.
Quality of evidence: Moderate
Contribution of expert opinion: Significant
sIgE testing and skin prick testing both depend on the presence

of allergen-specific antibodies. Because the former test measures
sIgE in the serum and the latter reflects IgE bound to cutaneous
mast cells, their results may not always correlate. Serum testing
can be especially useful when SPTs cannot be done (for example,
due to extensive dermatitis or dermatographism), or when anti-
histamines cannot be discontinued.
sIgE levels were originally measured using the radioallergo-

sorbent test (RAST), but this test has been replaced by more
sensitive fluorescence enzyme-labeled assays and the term RAST
should be abandoned.
It is important to note that results from different laboratories or

different assay systems may not be comparable. Wang et al112 ex-
amined 50 patients who were between 2 and 20 years of age and
used 3 different systems (Phadia ImmunoCAP, Agilent Turbo-
MP, and Siemens Immulite 2000) to assess for allergy to milk,
egg, and peanut, as well as 3 aeroallergens.112 Each system
used slightly different forms of the antigens (for example, skim
milk vs freeze-dried milk vs whole milk). Of the 50 patients, 42
had diagnosed FA. Each system provided significantly different
measurements of sIgE for the same serum samples. Thus, the pre-
dictive values associated with clinical evidence of allergy for Im-
munoCAP cannot be applied to other test methods, for example,
Turbo-MP and Immunlite.
The presence of sIgE reflects allergic sensitization and not

necessarily clinical allergy. Several studies comparing the quantity
of sIgE to oral food challenges have reported that the greater the
levels of sIgE, the higher the probability that ingestion of the food
will lead to an allergic reaction. However, the predictive values
varied from one study to another.44,51,113-120 This inconsistency
may be due to multiple factors, such as patients’ ages, duration
of food allergen avoidance at the time of testing, selection of pa-
tients, and clinical disorders of patients being studied.
Undetectable sIgE levels occasionally occur in patients with

IgE-mediated FA. Therefore, in cases where the history is highly
suggestive, further evaluation (for example, physician-supervised
oral food challenge) is necessary before telling a patient that he or
she is not allergic to a suspected food and may ingest it.
4.2.2.5. Atopy patch test.

Guideline 8: The EP suggests that the APT should not be used
in the routine evaluation of non-contact FA.
Rationale: Insufficient evidence exists to support the use of the

APT for the evaluation of FA.
Balance of benefits and harms:Although a number of studies

have reported that the APT may be useful in the evaluation of FA
in patients with AD and EoE, there is no agreement on the appro-
priate reagents, methods, or interpretation of these tests. When
compared with oral food challenges, APTs show highly variable
sensitivity and specificity among different studies.
Quality of evidence: Low
Contribution of expert opinion: Significant
In general, a patch test is used to determine allergic sensitivity

by applying small pads soaked with allergen to the unbroken skin.
The APT is a specific type of patch test.121 The only difference
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between the APT and other patch tests is the antigen that is being
tested. The APT uses allergens (for example, food allergens) that
provoke only IgE-mediated reactions, whereas all other patch
tests use antigens that typically provoke T cell-mediated reac-
tions. All patch tests are performed the same way.
The APT is an investigational tool for diagnosing FA and is

generally used to assess delayed, or non-IgE-mediated, reac-
tions to an allergen. However, there are no standard reagents
available, and no studies that specifically addressed the meth-
odology of APTs met the criteria to be included in the RAND
evidence report. Some studies reported that test material was
applied directly to the skin for 48 hours and read at 72 hours
following application,122,123 although most studies reported ap-
plying foods (fresh or from powders) in aluminum discs to the
skin for 48 hours, with a final reading at 72 hours after applica-
tion. The sensitivity and specificity of the test varied between
studies and may have been affected by the presence of AD
and the age of the patient. No studies compare the use of differ-
ent food allergen preparations. Two large studies conclude that
there is no significant clinical value in using APTs for diagnos-
ing FA.121,124

4.2.2.6. Use of skin prick tests, sIgE tests, and atopy

patch tests in combination.

Guideline 9: The EP suggests not using the combination of
SPTs, sIgE tests, and APTs for the routine diagnosis of FA.
Rationale: No literature supports the proposal that the use of

SPTs, sIgE tests, and APTs in combination for the evaluation of
FA provides any significant advantage over the use of SPTs or
sIgE tests alone.
Balance of benefits and harms: Combining the results of

SPTs, sIgE tests, and APTs may provide higher positive and neg-
ative predictive values than any test alone, but use of all 3 tests is
time consuming, inconvenient for the patient, and provides mar-
ginally improved positive and negative predictive values that
may not be clinically relevant. However, a combination of 2 of
these methods is sometimes more helpful for identifying foods
likely to induce allergic reactions.
Quality of evidence: Low
Contribution of expert opinion: Significant
A few studies show that various combinations of SPTs, sIgE

tests, and APTs improved the sensitivity and specificity over the
use of individual tests.121,124,125 However, the small number of
studies that calculated the proportion of patients for whom 2 or
more tests could obviate the need for a DBPCFC found these pro-
portions to be quite small.
4.2.2.7. Food elimination diets.

Guideline 10: TheEP suggests that elimination of 1 or a few spe-
cific foods from the diet may be useful in the diagnosis of FA, espe-
cially in identifying foods responsible for some non-IgE-mediated
food-induced allergic disorders, such as FPIES, AP, and Heiner syn-
drome, and some mixed IgE- and non-IgE-mediated food-induced
allergic disorders, such as EoE.
Rationale: The use of an elimination diet in combination with

a convincing history may be sufficient to diagnose FA in several
food-induced allergic disorders, including FPIES, AP, and Heiner
syndrome, and some mixed IgE- and non-IgE-mediated food-
induced allergic disorders, such as EoE.
Balance of benefits and harms: In several non-IgE-mediated

FA disorders and EoE, a suggestive medical history plus the elim-
ination of the suspected food resulting in the resolution of symp-
toms provides evidence for the diagnosis of FA. In these
situations, there are no known laboratory tests that are diagnostic
of the causative food, and the oral food challenge, while a poten-
tially useful diagnostic test, may provoke significant morbidity.
Thus, many health care professionals base the initial diagnosis
on history and clearing of symptoms while on the elimination
diet, and reserve the oral food challenge for evaluating the even-
tual resolution of the disorder (ie, development of tolerance).
Quality of evidence: Low
Contribution of expert opinion: Significant
RAND found no studies meeting the inclusion criteria to

support the diagnostic value of using dietary elimination trials or
of food/symptoms diaries for the diagnosis of FA. However,
given the morbidity of oral food challenges in some non-IgE-
mediated food-induced allergic disorders, some investigators
believe that a convincing history plus clearing of symptoms with
the initiation of an elimination diet for a particular food is
sufficient to make the diagnosis of FA. However, prolonged
elimination diets that omit multiple foods have been reported to
induce severe malnutrition;126-128 therefore, confirmatory diag-
nostic studies must be performed in such cases to confirm the di-
agnosis of FA.
4.2.2.8. Oral food challenges.

Guideline 11: The EP recommends using oral food challenges
for diagnosing FA. The DBPCFC is the gold standard. However, a
single-blind or an open-food challengemay be considered diagnos-
tic under certain circumstances: if either of these challenges elicits
no symptoms (ie, the challenge is negative), then FA can be ruled
out; but when either challenge elicits objective symptoms (ie, the
challenge is positive) and those objective symptoms correlate
with medical history and are supported by laboratory tests, then
a diagnosis of FA is supported.
Rationale: DBPCFC is the most specific test for diagnosing

FA. However, due to the expense and inconvenience of
DBPCFCs, single-blind and open-food challenges may be used
in the clinical setting.
Balance of benefits and harms: The DBPCFC markedly re-

duces potential bias of patients and supervising health care pro-
fessionals that may interfere with the appropriate interpretation
of oral food challenges, and corresponds most closely to the nat-
ural ingestion of food. Other diagnostic tests lack specificity and
may lead to the unnecessary exclusion of foods from patients’
diets. However, the DBPCFC is time consuming, expensive,
and, like any form of oral food challenge, subjects the patient to
potential severe allergic reactions. Single-blind and open-food
challenges are frequently used to screen patients for FA. When
negative, they may be considered diagnostic in ruling out FA,
and when positive (ie, when ‘‘immediate’’ objective allergic
symptoms are elicited), they may be considered diagnostic in pa-
tients who have a supportive medical history and laboratory data.
Quality of evidence: High
Contribution of expert opinion: Moderate
Note: Because of the inherent risk, an oral food challenge must

be conducted at a medical facility that has onsite medical super-
vision and appropriate medicines and devices on hand.
A positive SPT or sIgE test result is indicative of allergic

sensitization, but these findings alone may or may not be
clinically relevant. Most investigators in the field agree that
verification of clinical reactivity requires well-designed oral food
challenge testing.102,103,129-133

Prior to initiating an oral food challenge, suspected foods are
eliminated from the diet for 2 to 8weeks, depending on the type of
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food-induced allergic reaction being examined (for example,
urticaria vs EoE).133,134 All foods in question must be strictly
avoided simultaneously. An infant’s diet can be limited to a hypo-
allergenic formula. For exclusively breast-fed infants, either the
suspected food is eliminated from the mother’s diet or the baby
is fed a hypoallergenic formula until the allergic food is identified.
After documenting significant improvement on dietary elimi-

nation, the challenge test is carried out while the patient is on
minimal or no symptomatic medication. The test should be
designed and performed under medical supervision to document
the dose that provokes the reaction and to administer symptomatic
treatment, which may require management of anaphylaxis (sec-
tion 6), and the medical personnel should have experience in
carrying out such challenges. Oral food challenge begins with a
low dose (intended to be lower than a dose that can induce a
reaction135,136). While monitoring for any allergic symptoms, the
dose is gradually increased, until a cumulative dose at least equiv-
alent to a standard portion for age is consumed. The challenge
may be carried out in an open fashion in infants, but in older chil-
dren, single-blind food challenges or DBPCFCsmay be necessary
to minimize patient and physician bias.
Using DBPCFC, several studies have shown that only about

one third of the suspected foods are found to be truly allergic.103

In addition to verifying FA, challenge testing prevents unneces-
sary dietary avoidance and enhances compliance with the elimi-
nation diet. Nevertheless, because of the risk of a severe
reaction, intentional challenge should be avoided in patients
who have recently experienced a life-threatening reaction to a
particular food, particularly if it occurred more than once. In
the case of post-prandial exercise-induced reactions, food chal-
lenge should be followed by exercise.92

There is currently no internationally accepted, standardized
protocol for performing and interpreting DBPCFCs, although
reviews outlining benefits and deficiencies have been
published.133,135-137

4.2.2.9. Nonstandardized and unproven procedures.

Guideline 12: The EP recommends not using any of the
following nonstandardized tests for the routine evaluation of
IgE-mediated FA:

d Basophil histamine release/activation138,139

d Lymphocyte stimulation140,141

d Facial thermography142

d Gastric juice analysis143

d Endoscopic allergen provocation144-146

d Hair analysis
d Applied kinesiology
d Provocation neutralization
d Allergen-specific IgG4

d Cytotoxicity assays
d Electrodermal test (Vega)
d Mediator release assay (LEAP diet)

Rationale: There is a lack of evidence demonstrating that any
of these nonstandardized tests has any value in the diagnosis of
FA. However, although basophil histamine release/activation is
not a routine diagnostic test for IgE-mediated FA, it is commonly
used as a research tool.
Balance of benefits and harms: The utility of these tests has

not been validated for the diagnosis of FA and may result in false
positive or false negative diagnoses, leading to unnecessary
dietary restrictions or delaying the appropriate diagnostic
workup, respectively.
Quality of evidence: Low
Contribution of expert opinion: Significant

4.3. Diagnosis of non-IgE-mediated immunologic

adverse reactions to food
The diagnosis of non-IgE-mediated FA can be challenging.

Prior to a diagnostic workup, it may be difficult to distinguish an
IgE-mediated allergy from a non-IgE-mediated allergy based on
medical history and physical examination alone. Some distinct
non-IgE-mediated conditions are associated with FA. T cells have
been shown to play a central role in celiac disease. Studies have
also shown that T cells may mediate the pathogenesis of some
other non-IgE-mediated adverse reactions to food. A number of
diagnostic tools have been suggested for use in diagnosing non-
IgE-mediated reactions, including DBPCFC, contact dermatitis
patch testing, APT, intradermal testing, lymphocyte activation
assays, food-specific IgG testing, and endoscopic biopsy.
Specific examples of non-IgE-mediated adverse reactions to

foods include:

d Eosinophilic GI diseases (EGIDs)
d Food protein-induced enterocolitis syndrome (FPIES)
d Food protein-induced allergic proctocolitis (AP)
d Food protein-induced enteropathy syndrome
d Allergic contact dermatitis (ACD)
d Systemic contact dermatitis
d Heiner syndrome (see section 2.1.3)

4.3.1. Eosinophilic gastrointestinal diseases.

Guideline 13: The EP suggests that SPTs, sIgE tests, and APTs
may be considered to help identify foods that are associated with
EoE, but these tests alone are not sufficient to make the diagnosis
of FA. The role of these tests in the diagnosis of other EGIDs has
not been established.
Rationale: SPTs, sIgE tests, and APTs alone are insufficient to

establish a causal role for FA in EoE, but they may be useful in
identifying foods that should be investigated further with other di-
agnostic tests, such as dietary elimination, oral food challenge,
and endoscopy and esophageal biopsy.
Balance of benefits and harms: Some studies suggest that

SPTs, sIgE tests, and APTs may be of value in identifying foods
that cause symptoms of EoE. However, the utility of these tests
has not been validated for the diagnosis of FA in EoE or other
EGIDs andmay result in false positive or false negative diagnoses.
Quality of evidence: Low
Contribution of expert opinion: Significant
EGIDs are a diverse group of intestinal diseases that require

endoscopic analysis with mucosal biopsy to make the diagnosis.
The diagnosis of EoE, which is a common form of EGID, is defined
by an esophageal biopsy with the finding of >15-20 eosinophils per
high power field. A method for demonstrating that FA is relevant
to the course of EoE is resolution of symptoms and esophageal
eosinophilia following dietary elimination, and recurrence of
esophageal eosinophiliawith reintroduction of the suspected food.17

Because food allergens are thought to play a large role in the
pathogenesis of these diseases, sIgE tests and SPTs are used to
identify potentially relevant foods and design an optimal elimi-
nation diet. However, little evidence supports the use of these tests
in predicting the severity of EGID symptoms,147 and no studies
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have systematically assessed the positive and negative predictive
values of SPT or sIgE results in evaluating the potential relevant
role of FA in EoE. Results from 1 study suggest some benefit of
APT in identifying suspect food allergens,147 but this has not
been confirmed in other studies.
4.3.2. Food protein-induced enterocolitis syndrome.

Guideline 14: The EP recommends using the medical history
and oral food challenge to establish a diagnosis of FPIES.However,
when history indicates that infants or children have experienced
hypotensive episodes or multiple reactions to the same food, a di-
agnosismaybe based on a convincing history and absence of symp-
toms when the causative food is eliminated from the diet.
Rationale: FPIES is diagnosed based on a supportive medical

history, resolution of symptoms with the elimination of the caus-
ative food, and, in many cases, provocation of symptoms follow-
ing an open or single-blind oral food challenge.
Balance of benefits and harms:There are no laboratory studies

with demonstrated specificity and sensitivity to diagnose FPIES, so
an oral food challenge is necessary to establish the diagnosis. Al-
though the oral food challenge may induce significant symptoms,
there are no alternative methods with adequate predictability to di-
agnose FPIES. However, when the history is very compelling (for
example, 2 or more reactions with classic symptoms to the same
food in a 6-month period and elimination of symptoms when the
causative food is removed from the diet), an oral food challenge
may not be necessary to make the diagnosis. Because this disorder
often lasts only a few years, however, subsequent oral food chal-
lenge is warranted to determine when FPIES has resolved and
the food elimination diet can be terminated.
Quality of evidence: High
Contribution of expert opinion: Moderate
FPIES is a severe systemic response to food protein that

typically occurs 1 to 4 hours after the ingestion of the causative
food and frequently develops in the first few years of life. FPIES
can manifest in young infants who frequently are breast-fed and
presents as blood-streaked or hemoccult-positive stools in an
infant who otherwise appears healthy. Symptoms include vom-
iting, diarrhea, acidosis, and in some cases shock.13,148-150 Labo-
ratory studies consistent with this diagnosis include an elevated
white blood cell count with a left shift and elevated platelet count.
Since FPIES occurs when the infant’s diet is quite limited,

history is often helpful in identifying food triggers. Because
FPIES is a non-IgE-mediated disorder, sIgE tests and SPTs are
typically negative. Endoscopy may reveal a mixed eosinophilic
and neutrophilic infiltrate but is not required to make the
diagnosis. Young infants who develop FPIES in response to one
formula or food are at greater risk of developing allergic reactions
to other whole-protein formulas. Therefore, hypoallergenic for-
mulas are recommended.148,151 Because hypotension may de-
velop in up to 15% of cases, children should be challenged in a
setting where intravenous hydration is readily available.133

4.3.3. Food protein-induced allergic proctocolitis.

Guideline 15: The EP recommends using the medical history,
resolution of symptoms when the causative food is eliminated
from the diet, and recurrence of symptoms following an oral
food challenge to diagnose AP.
Rationale: The evidence supports the conclusion that food

protein-induced AP can be diagnosed based on a supportive med-
ical history, resolution of symptoms with the elimination of the
causative food, and recurrence of symptoms following an oral
food challenge.
Balance of benefits and harms: Because there are no labora-
tory studies with sufficient specificity and sensitivity to diagnose
food protein-induced AP, an oral food challenge is necessary to
establish the diagnosis. Although the food challenge may induce
blood in the stools, symptoms of AP are generally benign, and
there are no alternative methods with adequate predictability to
diagnose AP. In cases with a classic history of AP, a normal phys-
ical examination and resolution of symptoms following elimina-
tion of the causative food leads many investigators to believe that
an oral food challenge is not required to establish the diagnosis.
Since this disorder often lasts only 1 to 2 years, repeated chal-
lenges are warranted to determine when food elimination diets
can be terminated.
Quality of evidence: Moderate
Contribution of expert opinion: Significant
AP is a common transient disease of infancy, typically resolv-

ing in the first 1 to 2 years of life,152 that manifests itself as the
passage of mucoid, blood-streaked stools in an otherwise healthy
infant. AP also can manifest as chronic emesis, diarrhea, and fail-
ure to thrive. Upon re-exposure to the offending food after a pe-
riod of elimination, a subacute syndrome can present with
repetitive emesis and dehydration. Typically AP is associated
with the ingestion of cow’s milk, soy milk, or human breast
milk during infancy. Reports also exist of adults experiencing
crampy abdominal pain, severe vomiting, light-headedness, and
lethargy 2 to 3 hours following the ingestion of crustacean shell-
fish.153 Because AP is a non-IgE-mediated FA, sIgE and SPT re-
sults are typically negative. Although colonoscopy and biopsy are
not generally necessary to make the diagnosis, they will reveal le-
sions that are confined to the large bowel and consist of mucosal
edema with infiltration of eosinophils in the epithelium and lam-
ina propria. In severe lesions with crypt destruction, polymorpho-
nuclear leukocytes are also prominent.154 A recent study found
that about one third of suspected infants had no evidence of eosin-
ophils on biopsy, and AP resolved without a change in breast-
feeding or formula.155

4.3.4. Food protein-induced enteropathy syndrome.

Food protein-induced enteropathy syndrome is an uncommon
disorder that presents in young infants as chronic diarrhea
(steatorrhea in up to 80% of cases), weight loss, and growth
failure. Symptoms are similar to those observed in patients with
celiac disease, except that they appear in young infants. The
disorder is characterized by generalized malabsorption156 (of fat,
carbohydrates, and other nutrients), thought to be due to changes
in the structure of the intestinal mucosa. It is most often due to
milk allergy,157 but also has been reported due to an allergy to
soy, chicken, rice, and fish. Moderate anemia, hypoproteinemia,
and deficiency of the vitamin K factors may occur. Diagnosis is
based on the clinical symptoms, resolution with allergen elimina-
tion, and recurrence of symptoms following an oral food chal-
lenge. Treatment consists of strict allergen elimination from
the diet. Virtually all affected patients ‘‘outgrow’’ their symptoms
by 2 to 3 years of age, and therefore follow-up oral food chal-
lenges are recommended to determine when allergen elimination
diets can be terminated.
4.3.5. Allergic contact dermatitis.

Guideline 16: The EP recommends using the medical history,
including the absence of symptoms while the causative food is
avoided, and positive patch tests to diagnose ACD.
Rationale: There are a limited number of well-controlled stud-

ies demonstrating the utility of thesemethods in diagnosing ACD.
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However, the concept that patch testing can be useful in establish-
ing the diagnosis of ACD is based on both the underlying immu-
nologic mechanism involved in the disease and observations from
general medical practice.
Balance of benefits and harms: Traditionally, patch testing

has been used to support history in diagnosing ACD. Although
there are insufficient well-controlled studies to demonstrate the
benefits of these methods in diagnosing ACD, the concept of
patch testing largely fits with the immunopathogenic mechanism
involved. The harm of avoiding contact with the food identified by
this method appears minimal.
Quality of evidence: Moderate
Contribution of expert opinion: Significant
ACD is a cell-mediated allergic reaction and may be triggered

by foods or contaminants in foods. The immediate reactions in
ACD may be initiated by contact with chemical moieties in the
food, such as oleoresins in fruits and vegetables or spices.
Examples include garlic causing contact dermatitis of the hands,
mango causing perioral dermatitis, or raw chestnut causing hand
and perianal dermatitis.27 A detailed medical history will aid in
the diagnosis of ACD. Patch testing may be performed with stan-
dardized contact allergens or suspected allergens (ie, food aller-
gens) applied to a healthy area of the skin, with eczematous
reactions assessed 48 to 72 hours later.28 Positive reactions
must be distinguished from simple irritant reactions. Further-
more, positive tests are a sign of sensitization to the allergen,
but the clinical relevance of such sensitization needs to be as-
sessed in the context of other clinical signs.
4.3.6. Systemic contact dermatitis.

Guideline 17: The EP suggests using the medical history, in-
cluding the resolution of symptoms while the causative food is
avoided, and positive patch tests to establish the diagnosis of sys-
temic contact dermatitis.
Rationale: Insufficient well-controlled studies exist to demon-

strate the utility of these methods in diagnosing systemic contact
dermatitis.
Balance of benefits and harms: Traditionally, patch testing

has been used to support a suggestive history in diagnosing this
rare condition. Although there are few well-controlled studies
to demonstrate the benefits of these methods in diagnosing sys-
temic contact dermatitis, those that exist support the utility of
these methods. The harm of eliminating a small number of foods
on this basis appears minimal.
Quality of evidence: Low
Contribution of expert opinion: Significant
Systemic contact dermatitis158 is a rare disorder consisting of

generalized eczematous dermatitis associated with systemic
symptoms such as fever, headache, rhinitis, and GI complaints
that develop after oral or parenteral exposure to an allergen, to
which the individual has been sensitized through the skin. Metals
and fragrances are allergens that play an important role in food-
associated systemic contact dermatitis. Metals found in foods159

and associated with systemic contact dermatitis include nickel,
cobalt, and chromium. Balsam of Peru, a fragrance associated
with systemic contact dermatitis, consists of several chemicals,
including cinnamic acid, cinnamaldehyde, cinnamic alcohol, va-
nillin, eugenol, methyl cinnamate, and benzyl cinnamate. This
fragrance may be present in alcohol, chocolate, citrus fruits, pick-
led vegetable, spices, and tomatoes.27 Patch testing with standard-
ized contact allergens or suspected allergens may assess contact
allergen sensitization, but sIgE testing is usually negative.
Clinical relevance of positive patch testing requires assessment
of the clinical context and may require food elimination or food
challenges.

4.4. Diagnosis of IgE-mediated contact urticaria

Guideline 18: The EP suggests using the medical history, in-
cluding the absence of symptoms while the causative food is
avoided, positive sIgE tests or SPTs, and positive immediate epi-
cutaneous skin tests (for example, positive immediate responses
to APTs), to establish the diagnosis of food-induced IgE-medi-
ated contact urticaria.
Rationale: There are a limited number of well-controlled stud-

ies demonstrating the utility of these methods in diagnosing IgE-
mediated contact urticaria, but traditionally these methods have
been used and found to correlate with clinical symptoms.
Balance of benefits and harms: Although there are few well-

controlled studies to demonstrate the benefits of these methods in
diagnosing IgE-mediated contact urticaria, test results appear to
correlate with clinical symptoms. The potential harm of avoiding
contact with foods provoking contact urticaria appears to be
minimal.
Quality of evidence: Low
Contribution of expert opinion: Significant
Contact urticaria can be of 2 types, either IgE mediated or non-

IgE mediated.160 In IgE-mediated contact urticaria, substances
present in foods interact with sIgE bound to cutaneous mast cells,
leading to the release of histamine and other inflammatory medi-
ators. Localized or generalized urticaria, as well as systemic
symptoms,may result. sIgE-mediated contact urticariamay be as-
sessed with APTs, SPTs, or sIgE tests, although there is no stan-
dardization of diagnostic methodology. In non-IgE-mediated
contact urticaria, systemic symptoms are rarely seen.

4.5. Knowledge gaps
At the current time, the oral food challenge is the gold standard

for diagnosing FA. This test is accurate and sensitive, but also
presents the greatest risk to the patient. Other laboratory tests used
to diagnose FA, although safer for the patient, all have significant
drawbacks, for example:

d SPTs and measurements of sIgE antibodies to detect
sensitization to foods provide very sensitive means of iden-
tifying foods that may be responsible for IgE-mediated
food-induced allergic reactions. However, these tests have
poor specificity and show relatively poor overall correlation
with clinical reactivity. Consequently, if used alone, they
lead to a gross over-diagnosis of clinical allergic reactivity.

d Assaysbasedon foodallergenepitope specificity161,162or com-
ponent protein-based assays163 may prove to be more specific,
but further studies are necessary to determine their efficacy.

d Sensitive and specific laboratory tests for diagnosing non-
IgE-mediated FA are almost completely lacking.

The lack of objective data available to adequately evaluate
existing tests to diagnose FA is reflected in the fact that of 18
guidelines proposed in this section, 15 are heavily dependent on
expert opinion and only 3 are based on evidence of ‘‘high quality.’’
In conclusion, studies to identify sensitive and specific bio-

markers that correlate with clinical reactivity to both IgE- and
non-IgE-mediated food-induced allergic reactions and clinical
FA are needed for the development of newer and safer laboratory
tests.
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SECTION 5. MANAGEMENT OF NONACUTE

ALLERGIC REACTIONS AND PREVENTION OF

FOOD ALLERGY

This section of the Guidelines addresses the management and
prevention of nonacute and nonsevere allergic reactions to food in
individuals diagnosed with FA. Management and prevention of
individuals at risk for developing FA and specific concerns about
vaccination in individuals with egg allergy also are addressed.

5.1. Management of individuals with food allergy
5.1.1. Dietary avoidance of specific allergens in IgE-

mediated food allergy.

Guideline 19: The EP recommends that individuals with docu-
mented IgE-mediated FA should avoid ingesting their specific al-
lergen or allergens.
Rationale: The EP recognizes that allergen avoidance is a

strategy that is unproven in RCTs. However, allergen avoidance
is currently the safest strategy for managing FA.
Balance of benefits and harms: For individuals with FA, in-

gesting food allergens can cause allergic reactions ranging in se-
verity from mild to life-threatening. Carefully planned allergen-
free diets can provide sufficient nutrients to maintain a healthy
and active life. In addition, there is no evidence that strict food
avoidance (compared with less strict avoidance) has any effect
on the rate of natural remission to a specific food allergen.
Quality of evidence: Low
Contribution of expert opinion: Significant
Individuals with documented IgE-mediated FA should avoid

ingesting their specific allergen or allergens. However, health
care professionals should work with their patients to decide
whether certain cross-reactive foods also should be avoided. For
patients with a known allergy to a food, the rate of clinically
relevant cross-reactivity to related foods varies, as indicated in
Appendix D Table S-I, which shows data based on limited stud-
ies. Therefore, the health care professional may need to individ-
ualize additional testing and patient instructions depending on
the foods involved in these situations, taking into consideration
that:

d Skin prick or serum testing to related foods may be positive
in many cases where the food may be tolerated.

d Cross-contact among foods in preparation may be a
concern.

d Patients may have specific food preferences.

5.1.2. Dietary avoidance of specific allergens in non-

IgE-mediated food allergy.

Guideline 20: The EP recommends that individuals with docu-
mented non-IgE-mediated FA should avoid ingesting their spe-
cific allergen or allergens.
Rationale:The literature cannot readily be divided on the basis

of IgE-mediated and non-IgE-mediated reactions. In general, the
management of non-IgE-mediated FA is similar to that of IgE-
mediated FA, in that the medical history, the age of the individual,
and the specific food allergen are all-important considerations in
developing the management plan. Although there are relatively
few high-quality studies regarding treatment for non-IgE-
mediated FA, the bulk of the evidence suggests that food avoid-
ance is the best management plan.
Balance of benefits and harms: For individuals with FA, in-

gesting trigger foods can cause allergic reactions and serious
illness. Carefully planned allergen-free diets can provide suffi-
cient nutrients to maintain a healthy and active life. In addition,
there is no evidence that strict food avoidance (compared with
less strict avoidance) has any effect on the rate of natural remis-
sion to a specific food allergen.
Quality of evidence: Low
Contribution of expert opinion: Significant

5.1.3. Effects of dietary avoidance on associated and

comorbid conditions, such as atopic dermatitis,

asthma, and eosinophilic esophagitis.

Guideline 21: In individuals with documented or proven FA
who also have 1 or more of the following—AD, asthma, or EoE
—the EP recommends avoidance of their specific allergen or
allergens.
Rationale:Only limited study data exist on this issue. In appro-

priately diagnosed individuals with FA, food allergen avoidance
may reduce the severity of AD or EoE. Current evidence is not
available to indicate whether food allergen avoidance will alter
the course of AD, asthma, or EoE.
Balance of benefits and harms: This approach is not an addi-

tional burden for individuals already practicing food avoidance to
manage FA.
Quality of evidence: Low
Contribution of expert opinion: Significant
In a nonrandomized comparative study, Agata et al75 concluded

that an elimination diet was a good treatment for AD associated
with FA and that sIgEs to food antigens were useful as indices
of the effect of elimination diets. However, it is important to
note that the study was conducted in a small number of patients
and the evidence quality is considered low.

Guideline 22: In individuals without documented or proven
FA, the EP does not recommend avoiding potentially allergenic
foods as a means of managing AD, asthma, or EoE.
Rationale: No conclusive evidence exists to suggest that

avoiding food allergens reduces the severity of AD, asthma, or
EoE in individuals who are not sensitized and have not demon-
strated specific clinical reactivity to foods.
Balance of benefits and harms: Unnecessary food avoidance

could place individuals at risk for nutritional deficiencies and
growth deficits. There is no known benefit to avoiding potentially
allergenic foods (such as (cow’s) milk, egg, peanut, tree nuts,
wheat, soy, fish, and crustacean shellfish).
Quality of evidence: Moderate
Contribution of expert opinion: Moderate
The EP identified 2 systematic, high-quality reviews that

evaluated the effect of dietary exclusion for treating AD.

d The review by Kramer et al164 assessed whether maternal
dietary antigen avoidance during lactation by mothers of
infants with AD could reduce severity. One small trial (n
5 17) that met inclusion criteria for this part of the review
found no significant reduction in the eczema area score
(mean difference 20.8; 95% confidence interval (CI)
24.43 to 2.83) or eczema activity score (mean difference
21.4; 95% CI 27.18 to 4.38) between infants whose
mothers avoided dietary antigens and those whose mothers
followed a usual diet.

d The review by Bath-Hextall et al165 evaluated the effect of
dietary exclusion by patients for treating established AD.
Nine low-quality RCTs were found, of which only 2 were
sufficiently similar to combine. Six of the RCTs examined
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milk and egg exclusion, 1 was a study of a diet including
only a few foods, and 2 evaluated elemental diets. The
authors found no evidence to support the use of these dietary
exclusion strategies for treating AD in an unselected
population.

Similarly, the EP found no high-quality studies specifically
addressing food allergen avoidance in which the patients did not
have documented or proven FA but did have other comorbid
conditions, such as asthma or EoE.
5.1.4. Food avoidance and nutritional status.

Guideline 23: The EP recommends nutritional counseling and
regular growth monitoring for all children with FA.
Rationale: Although few studies have evaluated whether food

allergen avoidance results in nutritional deficiency, the EP ac-
knowledges that obtaining adequate nutrition is a concern in
this population.
Balance of benefits and harms: Avoidance of specific aller-

gens can limit the availability of nutritious food choices. Nutrition
counseling can help patients plan and consume an allergen-free
yet nutritionally adequate diet.
Quality of evidence: Low
Contribution of expert opinion: Significant
No randomized clinical studies have been undertaken to

address whether food allergen avoidance diminishes nutritional
status. However, studies166,167 in which growth measurements
were evaluated against diet records suggest that children with
FA are at risk for inadequate nutritional intake.
Christie et al166 estimated energy and nutrient intakes based on

3-day diet records. The age-matched, consecutive sampling,
cross-sectional study had 98 children with FA and 99 without.
The study found that:

d Children with 2 or more FAs were shorter than those with
1 FA (p < 0.05), based on height-for-age percentiles.

d Children with milk allergy or multiple FAs were more
likely to consume dietary calcium at levels that were less
than the age- and gender-specific recommendations, com-
pared with children without milk allergy and/or 1 FA.

d The possibility of consuming a less-than-recommended in-
take of calcium and vitamin D in children with FAwas less
if the child received nutrition counseling (p < 0.05) or con-
sumed a safe infant/toddler commercial formula or
calcium-fortified soy beverage.

Tiainen et al167 collected 6-day diet records for 18 children
with milk allergy and 20 healthy children, and found that:

d There was no difference in caloric intake between the
2 groups.

d Protein intake by the children with milk allergy was lower
(39 g vs 48 g; p < 0.05) and fat intake was higher (47 g vs
39 g; p < 0.05) than that of the healthy children.

d Although no overt nutritional problems were found, the
height-for-age percentile was lower in the children with
milk allergy (-0.6 vs 0.2 SD units; p < 0.05), compared
with healthy children.

5.1.5. Food labeling in food allergy management.

Guideline 24: The EP suggests that individuals with FA and
their caregivers receive education and training on how to inter-
pret ingredient lists on food labels and how to recognize label-
ing of the food allergens used as ingredients in foods. The EP
also suggests that products with precautionary labeling, such as
‘‘this product may contain trace amounts of allergen,’’ be
avoided.
Rationale: Although current requirements under the Food Al-

lergen Labeling and Consumer Protection Act (FALCPA) require
food labels to disclose the presence of any of the 8 major food al-
lergens when used as ingredients, the law does not address pre-
cautionary labeling. Precautionary labeling is voluntary and is
used at the manufacturer’s discretion. Ingredient labeling is not
completely effective in preventing unintentional exposure to
allergens.
Balance of benefits and harms: Ingredient lists on food pack-

ages can help consumers identify the contents of products, but
may be difficult to interpret. FALCPA provides for the use of
plain-language labels for ingredients that are, or that contain, ma-
jor food allergens. Difficult-to-interpret voluntary precautionary
labeling statements place individuals at risk for unintentional ex-
posure to allergens.
Quality of evidence: Low
Contribution of expert opinion: Significant
FALCPA, which was passed by the US Congress in 2004,

identified 8major food allergens (milk, egg, peanut, tree nuts, soy,
wheat, fish, and crustacean shellfish) that are responsible for 90%
or more of serious adverse food-induced reactions in the United
States. Under FALCPA, products containing these major food
allergens must clearly list the food allergen on the label in simple
language. The 1 exemption is for highly refined oils and their
derivatives that are produced from these major foods. However,
less well-refined and cold-pressed oils can contain protein and can
be hazardous for individuals with FA.168

FALCPA does not currently regulate voluntary disclaimers
such as ‘‘this product does not contain peanuts, but was prepared
in a facility that makes products containing peanuts’’ or ‘‘this
product may contain trace amounts of peanut.’’ Such disclaimers
can leave consumers without adequate knowledge to make
objective decisions.
The EP identified 10 studies that examined whether standards

for precautionary food labeling are effective in preventing food-
induced allergic reactions. No study explicitly attempted to infer a
cause-and-effect relationship between changes in frequency of
severe symptoms from unintentional exposure (for example, to
peanut) as a consequence of implementing food labeling. The
identified studies mostly assessed knowledge and preferences for
food labeling.
Two studies undertaken prior to FALCPA, and 1 published after

FALCPA, were particularly helpful in evaluating food labels.

d The first study involved 91 parents of children attending the
pediatric allergy clinic at Mount Sinai Medical Center in
New York. The parents were asked to review 23 food pro-
duct labels and name the food allergens to which their child
was allergic and which also were present in the particular
product.169

– 7% of parents (4 of 60) correctly identified all 14
products containing milk.

– 22% of parents (6 of 17) correctly identified all 7 pro-
ducts containing soy.

– 54% of parents (44 of 82) correctly identified all 5 pro-
ducts containing peanut.

– Identification was much better for products containing
wheat and egg.
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d The second relevant study assessed 489 respondents (84%
response rate) from attendees at a Food Allergy and Ana-
phylaxis Network (FAAN) conference.170

– Survey results indicated that ingredient labels were ‘‘al-
ways’’ or ‘‘frequently’’ read before purchasing a product
by 99% of consumers doing the shopping and by 94% of
people doing the cooking for individuals with FA.

– Adverse reactions were attributed to misunderstanding
of the food label in 16% of cases and to ingredients
not declared on the label in 22% of cases.

d The third study171 sought to determine the frequency and
language used in voluntary advisory labels among commer-
cially available products and to identify labeling ambigui-
ties affecting consumers with allergy. Trained surveyors
performed a supermarket survey of 20,241 unique manu-
factured food products (from an original assessment of
49,604 products) for use of advisory labels. Overall, 17%
of the products surveyed contained advisory labels, and
analysis of the language of these labels identified many am-
biguities that present challenges to consumers with FA.

Similar problems in identification were reported in a study of
parents of children with milk allergy in Brazil,172 and difficulties
interpreting labels and general dissatisfaction with current labels
were noted in studies from the United States, the United King-
dom, the Netherlands, and Greece.173-175

With global variations in culinary practices, labeling laws vary
among geographic regions. In the European Union, for example,
celery, mustard, sesame, lupine, and molluscan shellfish have been
identified as major allergens. In Japan, buckwheat is a major
allergen. The globalization of the food supply and exposure of
Americans to new foods or culinary practices may lead to increases
in the number of major food allergens in the United States.
5.1.6. When to re-evaluate patients with food allergy.

Guideline 25: The EP suggests follow-up testing for individ-
uals with FA depending on the specific food to which the individ-
ual is allergic. Whether testing is done annually or at other
intervals depends on the food in question, the age of the child,
and the intervening medical history.
Rationale: Insufficient evidence exists to make a specific

recommendation as to the timing for re-evaluating individuals
for FA.
Balance of benefits and harms: It is recognized that children

will likely outgrow allergies to certain foods, such as milk, egg,
soy, and wheat, and be less likely to outgrow allergies to other
foods, such as peanut, tree nuts, fish, and crustacean shellfish. Re-
sults of follow-up testing can guide decision making regarding
whether and when it is safe to introduce or re-introduce allergenic
food into the diet.
Quality of evidence: Moderate
Contribution of expert opinion: Significant
Insufficient evidence exists for the EP to recommend a specific

optimal interval for FA follow-up testing for each food. It is
known that allergy to some foods (such as milk and egg) is
outgrown quickly, whereas allergy to other foods (such as peanut
and tree nuts) is not. If the patient has had a recent FA reaction,
then there is little reason to retest for several years. Annual testing
is often the practice for determining whether allergy to milk, egg,
soy, and wheat have been outgrown, and the testing interval is
extended to 2 to 3 years for allergy to peanut, tree nuts, fish, and
crustacean shellfish. However, the EP noted that these testing
schedules are not supported by objective evidence.45,52,176

5.1.7. Pharmacologic intervention for the prevention of

food-induced allergic reactions.

5.1.7.1. IgE-mediated reactions.

Guideline 26: There are no medications currently recommen-
ded by the EP to prevent IgE-mediated food-induced allergic re-
actions from occurring in an individual with existing FA.
Rationale: The current evidence does not support the use of

pharmacologic therapy for IgE-mediated reactions to food.
Balance of benefits and harms: Pharmacologic agents have

the potential to prevent or lessen the severity of food-induced al-
lergic reactions by altering the immune response, but these agents
may display significant side effects and predispose individuals to
an increased risk for infection. Only limited safety and cost-
effectiveness data are currently available.
Quality of evidence: Moderate
Contribution of expert opinion: Significant

5.1.7.2. Non-IgE-mediated reactions.

Guideline 27: There are no medications currently recommen-
ded by the EP to prevent non-IgE-mediated food-induced allergic
reactions from occurring in an individual with existing FA.
Rationale: The current evidence does not support the use of

pharmacologic therapy to prevent non-IgE-mediatedFA reactions.
Balance of benefits and harms: The use of swallowed cortico-

steroids has the potential to lessen the severity of or prevent future
food-induced allergic reactions, but these medications may cause
significant side effects and predispose individuals to an increased
risk for infection. Nevertheless, swallowed corticosteroids have
been shown to be beneficial in the treatment of EoE.177,178

Quality of evidence: Moderate
Contribution of expert opinion: Significant

5.1.8. Pharmacologic intervention for the treatment of

food-induced allergic reactions. Allergen avoidance is the
first line of treatment for FA, and use of antihistamines, as needed,
remains the mainstay of managing (as opposed to preventing)
symptoms of nonsevere food-induced allergic reactions. How-
ever, drug therapy has been used to treat FA in cases where
allergen avoidance is extremely difficult or results in nutritional
deficiencies. Drugs that alter the immune response to the allergen
are commonly considered the most likely candidates for such
therapy in the future, but these treatments are not currently
recommended (see Guideline 28).
The EP identified several RCTs that have evaluated immune-

altering drugs to treat FA.178-182 These RCTs studied the effect of:

d Astemizole (an antihistamine that is no longer available) on
OAS induced by consumption of hazelnuts in patients with
a positive SPT to birch pollen179

d Cromolyn in children with AD and documented allergy to
egg180

d Anti-IgE therapy in patients with peanut allergy166

Because astemizole and anti-IgE therapy showed positive
results (cromolyn results were negative), these studies provide
support for the value of antihistamine therapy and the continued
evaluation of anti-IgE therapy for the treatment of FA.
5.1.9. Immunotherapy for food allergy management.

5.1.9.1. Allergen-specific immunotherapy.

Guideline 28: The EP does not recommend using allergen-
specific immunotherapy to treat IgE-mediated FA.
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Rationale: Allergen-specific immunotherapy improves clini-
cal symptoms of FAwhile on treatment. However, it is currently
difficult to draw conclusions on the safety of such an approach and
whether clinical tolerance (ie, improvement in clinical symptoms
that persists even after allergen-specific immunotherapy is dis-
continued) will develop with long-term treatment.
Balance of benefits and harms:Allergen-specific immunother-

apy can improve clinical symptoms of FA for some patients. How-
ever, additional safety and efficacy data are needed before such
treatment can be recommended. Because of the risk of severe reac-
tions, the approach should only be used in highly controlled
settings.
Quality of evidence: Low
Contribution of expert opinion: Significant
Immunotherapy, which alters the immune response to allergens

as a means to treat FA, can be accomplished by using small
amounts of the allergic food (allergen-specific immunotherapy)
or cross-reactive allergens (specific immunotherapy with cross-
reactive allergens) to desensitize the patient. Immunotherapy is a
promising approach for achieving desensitization and perhaps
even long-term tolerance. Achieving either of these outcomes is
likely to depend, in part, on:

d The dose of allergen
d The dose escalation
d The duration of therapy
d The route of administration (for example oral, sublingual,
or subcutaneous)

In several research clinical trials, oral and sublingual immu-
notherapy for FA have been found to be generally well-tolerated
and safe in highly controlled clinical settings.183-189 However,
few studies have provided extensive safety data, and systemic re-
actions can occur at previously tolerated doses of allergen, espe-
cially after exercise or viral illness.190

5.1.9.2. Immunotherapy with cross-reactive allergens.

Guideline 29: The EP does not recommend immunotherapy
with cross-reactive allergens for treating IgE-mediated FA.
Rationale: Although some evidence exists to suggest that spe-

cific immunotherapy with cross-reactive allergens is beneficial in
treating FA, additional safety and efficacy data are needed before
such treatment can be recommended.
Balance of benefits and harms: It has been hypothesized that

immunotherapy with cross-reactive antigens could benefit pa-
tients with FA, yet the safety of this approach has been evaluated
in a highly controlled setting in only 1 study to date.191 Replica-
tion of these findings with additional safety and efficacy data in
clinical practice settings is needed.
Quality of evidence: Low
Contribution of expert opinion: Significant
Food allergen cross-reactivity was previously defined in

section 2.1.1.

5.1.10. Quality-of-life issues associated with food

allergy.

Guideline 30: The EP recommends that patients with FA and
their caregivers be provided with information on food allergen
avoidance and emergency management that is age and culturally
appropriate.
Rationale: Food-allergen avoidance and the risk of severe al-

lergic reactions can have substantial daily consequences for pa-
tients and their caregivers.
Balance of benefits and harms: Patients with FA and their
caregivers (especially mothers) can experience anxiety and di-
minished quality of life because of the risk of anaphylaxis and
the burden of selecting or preparing allergen-free foods. Concerns
may change as patients with FAmature. Knowledge and skills re-
lated to management of FA may improve patient and caregiver
self-efficacy, quality of life, and successful allergen avoidance.
Quality of evidence: Low
Contribution of expert opinion: Significant

5.1.10.1. Effects of food allergy on anxiety and quality

of life. There is a moderate amount of evidence on the disruptive
impact of FA on patient anxiety and quality of life, yet only
limited information exists on successful therapeutic strategies by
caregivers. A survey by King et al192 of 46 families who had a
child with peanut allergy asked members of the family to com-
plete quality of life, anxiety, and perceived stress scales. The sur-
vey found that:

d Mothers rated their own psychological (p < 0.01) and phys-
ical (p < 0.05) quality of life significantly worse than fa-
thers rated theirs, and mothers also had higher scores
than fathers for anxiety (p < 0.05) and stress (p < 0.001).

d Children with peanut allergy had significantly poorer phys-
ical health-related quality of life (p < 0.05), quality of
life within school (p < 0.01), and general quality of life
(p < 0.05) than their siblings did, as well as greater separa-
tion anxiety (p < 0.05).

Another survey, by Ostblom et al,193 compared 212 children
who were 9 years old with FAwith 221 children with allergic dis-
eases and no FA. The survey found that:

d Children with FA exhibited significantly lower scores on 2
subscales, physical functioning and social limitations,
within the Child Health Questionnaire Parent Form 28.

d Children with food-related symptoms from the lower air-
ways scored lower on self-esteem and family cohesion
subscales.

As children transition into adolescence and adulthood, they
have increased responsibility regarding food selection. Their
vigilance in avoiding allergens may depend in part on whether
they remember experiencing anaphylaxis. One study found that
young adults with FA, who were aged 18 to 22 years and reported
having experienced an anaphylactic reaction, described their
disease as more severe, reported more worry about their disease,
and rated their parents as more overprotective than young adults
without FA who reported never having experienced anaphy-
laxis.194 In contrast, 7 teenagers interviewedwhen theywere 13 to
16 year old and who had a history of clinically diagnosed anaphy-
laxis reported perceiving anaphylaxis as ‘‘no big deal.’’195 How-
ever, most of the teens did not remember experiencing
anaphylaxis. Interviewed parents reported anxiety about ‘‘hand-
ing over’’ responsibility for avoidance and emergency manage-
ment to their children.
5.1.10.2. Effects of food allergy on family activities.

Bollinger et al196 asked caregivers of children with FA to com-
plete a questionnaire that evaluated their perception of the impact
of their child’s FA on family activities. Among the 87 families
who completed the study:

d More than 60% of caregivers reported that FA significantly
affected meal preparation.



TABLE V. 2010 ACIP and AAP Red Book recommendations and PI information for administering vaccines to patients with egg allergy

Vaccine ACIP AAP Red Book PI

MMR/MMRV May be used197 May be used198 May be used with cautions, citing

the 1997 AAP recommendations199

Influenza Consult a physician200 Contraindicated201 Contraindicated199

Rabies Use caution202 No specific recommendation May be used with caution203

Yellow fever Contraindicated, but desensitization

protocols may be followed to

administer vaccine if necessary

(citing PI)204

Contraindicated, but desensitization

protocols may be followed to

administer vaccine if necessary

(citing PI)205

Skin testing and desensitization protocols

(citing 2000 AAP recommendations)

provided in the PI206

AAP, American Academy of Pediatrics; ACIP, Advisory Committee on Immunization Practices; PI, package insert.
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d 49% or more indicated that FA affected family social
activities.

d 10% chose to home school their children because of FA.

5.1.11. Vaccinations in patients with egg allergy.

In summary: Patients who have generated IgE antibodies
to an allergen are at risk for anaphylaxis with systemic expo-
sure to that allergen. Thus, patients who have IgE-mediated
egg allergy are at risk for anaphylaxis if injectedwith vaccines
containing egg protein. More detailed information on specific
egg-containing vaccines (MMR, MMRV, influenza, yellow fe-
ver, and rabies) is provided in sections 5.1.11.1 to 5.1.11.4.
Several vaccines are grown in chick embryos or embryonic

tissues and always contain egg protein, although the concentration
varieswidely. Recommendations from theAdvisory Committee on
Immunization Practices (ACIP) and American Academy of Pedi-
atrics (AAP)RedBook and vaccinemanufacturer’s package inserts
(PIs) for administering such vaccines to patients with egg allergy
(summarized in Table V) vary on the basis of the concentration of
egg protein in the vaccine and patient history of reactions.
The EP recognizes that changes in these recommendations may

occur in the future as there is an increased understanding of the
risk factors for allergic reactions and as vaccine manufacturing
processes improve and decrease the final egg protein content of
vaccines. For the most current recommendations, health care
professionals should refer to the AAP and ACIP Web sites:

d http://aapredbook.aappublications.org
d http://www.cdc.gov/vaccines/recs/acip

Although ovalbumin is only 1 of the egg proteins in vaccines
grown in chick embryos or embryonic tissues, the ovalbumin
concentration is often used as a surrogate for the total egg protein
concentration. The risk of an egg-allergic reaction to the vaccine
appears to correlate with increasing ovalbumin concentration.
Therefore manufacturers often, but not always, report the oval-
bumin concentration or concentration range in final vaccine lots.
Health care professionals should consider this information when
evaluating the benefits and risks of the vaccine for a patient with
egg allergy. It should be noted that the actual ovalbumin content is
often much lower than reported207 and careful testing may permit
the eventual safe and efficacious use of the vaccine.
Among vaccines potentially contaminated with egg proteins,

MMR,MMRV, and Imovax (rabies vaccine) are the only currently
available vaccines that may be given without concern in patients
with egg allergy because the ovalbumin concentrations are known
to be very low.
For vaccines with higher concentrations of ovalbumin, their

administration to patientswith egg allergy presents risk. Published
studies describe approaches to reduce the risk, including choosing
vaccines with the lowest possible concentrations of ovalbumin
and using 2-dose or multiple-dose protocols for administering the
vaccine. Although the EP is not able to recommend these
approaches at this time, they are briefly described, in the context
of influenza vaccine, in section 5.1.11.2.
In conclusion, the EP believes that insufficient evidence exists

to make broad recommendations concerning the use of all of the
vaccines containing egg protein. Moreover, based on their expert
opinion and recently published data, the EP suggests that the
current ACIP and AAP Red Book recommendations and PI
information may be too conservative.
5.1.11.1. Measles, mumps, rubella, and varicella vaccine.

Guideline 31: The EP recognizes the varying consensus recom-
mendations of the different organizations on this particular vaccine
and recommends that children with egg allergy, even those with a
history of severe reactions, receive vaccines for measles, mumps,
and rubella (MMR) and for MMR with varicella (MMRV). The
safety of this practice has been recognized by ACIP and AAP and
is noted in the approved product prescribing information for these
vaccines.198,199,208

Rationale: MMR and MMRV vaccines are safe for children
with egg allergy, even for those with a history of severe reactions.
Balance of benefits and harms: Vaccinations can prevent se-

vere disease, and in most states proof of MMR vaccination is re-
quired for school entry. Varicella vaccine also is required in most
states. The measles component of the vaccine is produced in
chicken-embryo fibroblasts, which may be of concern to parents
of children with egg allergy. However, MMR and MMRV vac-
cines are safe to administer to these children because the egg pro-
tein content of these vaccines is very low. Severe allergic adverse
events attributable to varicella vaccination are extremely rare, and
serious allergic reactions could be due to non-egg vaccine compo-
nents, including gelatin.
Quality of evidence: Moderate
Contribution of expert opinion: Significant
Although the measles component of the MMR vaccine is

produced in chicken-embryo fibroblast culture, the vaccine is safe
for children with egg allergy, even those with a history of
anaphylaxis.209 The monovalent varicella vaccine does not con-
tain egg protein. Therefore, children with egg allergy may be
givenMMR or the quadrivalent MMRV vaccine without previous
skin prick testing.210 Many reactions to the MMR and other vac-
cines originally attributed to egg have been shown to be due to
gelatin in the vaccine.209

5.1.11.2. Influenza vaccine.

In summary: The EP concludes that insufficient evidence
exists to recommend administering influenza vaccine, either

http://aapredbook.aappublications.org
http://www.cdc.gov/vaccines/recs/acip
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inactivated or live-attenuated, to patients with a history of se-
vere reactions to egg proteins. Severe reactions include a his-
tory of hives, angioedema, allergic asthma, or systemic
anaphylaxis to egg proteins (or chicken proteins). Less severe
or local manifestations of allergy to egg or feathers are not
contraindications. However, the EP notes that egg allergy is
relatively common among the very patients who would highly
benefit from influenza vaccination. Such patients include chil-
dren and young adults (from 6 months to 18 years old for sea-
sonal influenza, and from 6 months to 24 years old for H1N1
influenza) and all patients with asthma. It should be noted
that live-attenuated vaccine is not licensed for use in patients
with asthma.211

Although ACIP and AAP, and also the vaccine manufacturers,
do not recommend influenza vaccination in patients who are
allergic to egg (see Table V), several publications have described
different approaches to giving the influenza vaccine to patients
with severe allergic reactions to egg. These approaches, which
depend on the ovalbumin content and the results of SPTs or in-
tradermal tests with the vaccine, include a single dose of vaccine,
2 doses of vaccine, or multiple doses. However, the evidence
supporting these approaches is limited by the small numbers of
patients included in each study. Moreover, data indicate that,
although the vaccines are relatively safe, there remains some, al-
beit low, risk of systemic reactions. Also, negative SPT results
do not accurately predict safety of vaccination, in that 5% of
patients with negative SPTs had systemic reactions to
vaccination.212

Briefly:

d The single-dose approach described by Zeiger213 uses SPT
to egg, followed by SPT and intradermal testing with influ-
enza vaccine with appropriate saline and histamine con-
trols. If the skin tests are negative, a single dose of
vaccine can be given safely, but a positive SPT or intrader-
mal test would require that vaccination occur only after a
careful evaluation of risks and benefits by a health care pro-
fessional skilled in managing anaphylaxis.

d In the 2-dose approach described by James,214 the approach
is used only if the maximum ovalbumin content of the vac-
cine is less than 1.2 mg/mL. The vaccine is administered in
2 divided doses—first a 10% dose, and if no reaction after
30 minutes, then the remaining 90% of the dose. The results
suggest that the influenza vaccine can be safely given to indi-
viduals with egg allergy, evenwith a history of asthma or sys-
temic anaphylaxis.Amore recent study byChung212 used the
2-dose approachwith a vaccine of unknown egg content. Ap-
proximately 95%of the children had no systemic reactions to
the vaccine, but 5% of children did have systemic allergic re-
actions, albeit nonewere severe. In the Chung study, subjects
with recent egg anaphylaxis were excluded.

d The multiple-dose approach described by Kletz215 and Rank
and Li216 divides the vaccine into 4 to 6 doses, gradually in-
creasing the amount of vaccine given to reach the total vac-
cine dose.

A 2010 editorial by Kelso217 strongly argues that patients with
egg allergy for whom influenza vaccine is indicated can and
should be vaccinated to decrease the morbidity and mortality as-
sociated with the disease. The author suggests that based on
available data, consideration should be given to administering
an influenza vaccine with a stated ovalbumin content of less
than 1 mg per 0.5 mL dose as a single dose without prior vaccine
skin testing. Such immunization would have to take place in a
setting where personnel and equipment are available to recog-
nize and treat anaphylaxis. Certainly, the author continues, fu-
ture studies are needed to validate this approach. However, the
editorial concludes with an ‘‘editorial opinion’’ stating that if
a low-ovalbumin vaccine is not available, or in the case of
more severe egg allergy, a more conservative approach might
be warranted.
5.1.11.3. Yellow fever vaccine.

In summary: The EP recognizes the current guidelines
from the different organizations and recommends against ad-
ministering yellow fever vaccine to patients with a history of
hives, angioedema, allergic asthma, or systemic anaphylaxis
to egg proteins, unless an allergy evaluation and testing with
the vaccine is done first. This approach has been recognized
by ACIP and AAP and is noted in the approved product pre-
scribing information for this vaccine.204,205

Although yellow fever vaccines may contain egg protein, no
data are available on whether the concentrations of ovalbumin in
these vaccines are low enough to administer without allergy
evaluation and testing. Allergy evaluation and testing can provide
insight into the potential for risk to an individual.
5.1.11.4. Rabies vaccines.

In summary: The EP recognizes the current guidelines
from the different organizations and recommends against ad-
ministering rabies vaccines to patients with a history of hives,
angioedema, allergic asthma, or systemic anaphylaxis to egg
proteins, unless an allergy evaluation and testing with the vac-
cine is done first. This approach has been recognized by ACIP
and AAP and is noted in the approved product prescribing in-
formation for these vaccines.204,205

One rabies vaccine (Imovax) is not made in chick embryos and
does not contain egg protein. This vaccine is not contraindicated
in egg-allergic individuals. All other rabies vaccines may contain
egg protein but no data are available on whether the concentra-
tions of ovalbumin in these vaccines are low enough to administer
without allergy evaluation and testing.

5.2. Management of individuals at risk for food

allergy
5.2.1. Nonfood allergen avoidance in at-risk patients.

Guideline 32: The EP suggests that patients at risk for develop-
ing FA do not limit exposure to potential nonfood allergens (for ex-
ample, dust mites, pollen, or pet dander). Patients at risk for
developing FA are defined as those with a biological parent or sib-
lingwith existing, or history of, allergic rhinitis, asthma,AD, orFA.
This definition of ‘‘at risk’’ is used throughout sections 5.2 and 5.3.
Rationale: Insufficient evidence exists to suggest that avoid-

ance of allergens that are not food allergens has any effect on
the natural history of FA.
Balance of benefits and harms: It has been hypothesized that

exposure to nonfood allergens could increase the likelihood of de-
veloping an FA in patients at risk for atopic disease, but there are
insufficient data to support this hypothesis.
Quality of evidence: Low
Contribution of expert opinion: Significant
It should be noted that the definition of ‘‘at risk’’218-220 used

above differs from the definition of ‘‘high risk’’ used below in sec-
tion 5.2.3.
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5.2.2. Dietary avoidance of foods with cross-

reactivities in at-risk patients.

Guideline 33: The EP suggests that patients at risk for devel-
oping FA do not need to limit exposure to foods that may be
cross-reactivewith the 8 major food allergens in the United States
(milk, egg, peanut, tree nuts, soy, wheat, fish, and crustacean
shellfish).
Rationale: Insufficient evidence exists to determine whether

eating foods that cross-react with the major allergenic foods
will cause symptoms.
Balance of benefits and harms: It has been hypothesized that

exposure to possible cross-reactive foods could result in an aller-
gic response. However, unnecessary food avoidance can result in
inadequate nutrient intake and growth deficits.
Quality of evidence: Low
Contribution of expert opinion: Significant
This guideline addresses the question of whether an individual

at risk for developing FA (but without a documented allergy to
food) should avoid cross-reactive foods that could induce either
sensitization or allergy to another food in that food family. For
example, should a person be told to avoid eating any legume
because it could induce sensitization or allergy to peanut?
Because allergenic food proteins may share structural or se-
quence similarity with other allergenic substances, sensitization
to a particular food or even an aeroallergen can result in allergic
responses to other foods containing homologous proteins. De-
spite this theoretical justification for limiting exposure to cross-
reactive foods, insufficient evidence exists to evaluate the
individual for allergenic cross-reactivity or to limit eating of
cross-reactive foods. In addition, there is the potential for
inadequate nutrition and growth if otherwise healthful foods
are not eaten.
5.2.3. Testing of allergenic foods in patients at high

risk prior to introduction.

In summary: The EP concludes that insufficient evidence
exists to recommend routine FA testing prior to the introduc-
tion of highly allergenic foods (such as milk, egg, and peanut)
in children who are at high risk of reacting to the introduction
of such foods. The definition of children at high risk, in this
specific situation, is children with pre-existing severe allergic
disease and/or a family history of FA. Nevertheless, there may
be some value in FA evaluations that include an oral food chal-
lenge for a select group of patients with certain risk factors,
such as having a sibling with peanut allergy221 or evidence
of another underlying FA (for example, testing for tree nut al-
lergy in a child with peanut allergy). It is possible that an FA
evaluation prior to introduction of a food could potentially
prevent allergic reactions. However, widespread SPTs and
sIgE tests are not recommended because of their poor predic-
tive value. These tests would lead to many clinically irrelevant
results and unnecessary dietary restrictions, especially if un-
confirmed by oral food challenges. Overall, the risk-to-
benefit ratio of FA evaluation should be considered on an in-
dividual basis, especially for the highly allergenic foods in
high-risk young children.

Guideline 34: The EP suggests that the general population of
children not be tested for FA to highly allergenic foods prior to
their introduction into the diet. The general population of children
does not have pre-existing severe allergic disease and also does
not have a family history of FA.
Rationale: Insufficient evidence exists to suggest whether, or
which, foods should be tested prior to introduction.
Balance of benefits and harms: Testing prior to introduction

could potentially prevent allergic reactions, but there is currently
no practical consensus on which (if any) foods should be tested.
Quality of evidence: Low
Contribution of expert opinion: Significant

5.2.4. Testing in infants and children with persistent

atopic dermatitis.

Guideline 35: The EP suggests that children less than 5 years
old with moderate to severe AD be considered for FA evaluation
for milk, egg, peanut, wheat, and soy, if at least 1 of the following
conditions is met:

d The child has persistent AD in spite of optimized manage-
ment and topical therapy.

d The child has a reliable history of an immediate reaction af-
ter ingestion of a specific food.

Rationale: Insufficient evidence exists to determine the appro-
priate age to test for response to foods known to commonly cause
IgE-mediated FA in infants or young children with AD or other
risk factors. In spite of the lack of evidence, the opinion of the
EP is that if a child is less than 5 years old and has persistent
AD, there is benefit to finding out whether the child is allergic
to a food.
Balance of benefits and harms: Early diagnosis can lead to

better management of FA and reduce the risk of exposure to
food antigens. However, testing is time-consuming and costly
for patients and their families. In addition, severely restrictive
diets may be harmful. Care should be taken to ensure these chil-
dren are clinically allergic to a food prior to removing it com-
pletely from their diet.
Quality of evidence: Low
Contribution of expert opinion: Significant
The question of when to evaluate a child who is less than 5

years old and has moderate to severe AD for FA has been
somewhat controversial in the past 20 years. The EP identified the
group of children thought to be most at risk for having FA and
described them in Guideline 32 (section 5.2.1). It should be noted
that milk, egg, and peanut are most often found to be allergenic in
this population. Many of these children also have sIgE to wheat
and soy.
The question of what to recommend for children with

delayed food-induced reactions also was considered by the
EP. Although a history of a possible delayed reaction to a food
is clinically important, it is not diagnostic of FA, and a proper
evaluation (medical history and diagnostic testing) should be
completed.

5.3. Prevention of food allergy
5.3.1. Maternal diet during pregnancy and lactation.

Guideline 36: The EP does not recommend restricting mater-
nal diet during pregnancy or lactation as a strategy for preventing
the development or clinical course of FA.
Rationale: Insufficient evidence exists that maternal diet dur-

ing pregnancy or lactation affects the development or clinical
course of FA.
Balance of benefits and harms: Restricting exposure to food

antigens either during pregnancy or through breast milk has been
hypothesized as ameans of preventing the development of FA, but
it has not been shown conclusively to prevent FA. Adequate



J ALLERGY CLIN IMMUNOL

DECEMBER 2010

S34 BOYCE ET AL
nutritional status during pregnancy and lactation is essential for
optimal infant health, growth, and development.
Quality of evidence: Low
Contribution of expert opinion: Significant
Several authors have observed that maternal dietary antigens

can pass into breast milk and have hypothesized a protective
effect of a diet in which certain common allergens are reduced or
avoided during pregnancy and lactation by women at risk of
having infants likely to go on to develop atopic disease. However,
the results of several studies are conflicting, as follows:

d Kramer et al164 conducted a systematic review that evalu-
ated the effect of maternal dietary avoidance on either treat-
ing or preventing atopic disease in children. The authors
found no significant difference in the incidence of AD (rel-
ative risk (RR) 1.01; 95% CI 0.57-1.79), asthma (RR 2.22;
95% CI 0.39-12.67), positive SPTs to egg (RR 0.95; 95%
CI 0.52-1.74), or milk (RR 0.86; 95% CI 0.16-4.59) during
the first 18 months of life in infants whose mothers avoided
dietary antigens during pregnancy. Avoidance of dietary an-
tigens had no significant effect on the incidence of AD (RR
0.73; 95% CI 0.32-1.64).

d A nonrandomized comparative study evaluated the effect of
restricting maternal diet during lactation for the first 3
months after birth on the incidence of FA. Hattevig et al222

reported study results at 18 months, and Sigurs et al223 re-
ported results at 4 years of age. The authors found signifi-
cantly reduced cumulative incidence and prevalence of AD
at 4 years in children in the intervention group, compared
with the control group. Although this study was rated as
low quality, the authors report that the 2 groups were compa-
rable and matched through recruitment.

5.3.2. Breast-feeding.

Guideline 37: The EP recommends that all infants be exclu-
sively breast-fed until 4 to 6 months of age, unless breast-
feeding is contraindicated for medical reasons.
Rationale: There is not strong evidence that breast-feeding has

a protective role in preventing atopic disease. However, because
of other benefits of breast-feeding, it is recommended that all in-
fants, including those with a family history of atopic disease, be
exclusively breast-fed until 4 to 6 months of age, unless breast-
feeding is contraindicated for medical reasons.
Balance of benefits and harms: Whether exclusive breast-

feeding has a beneficial role in preventing atopic disease is un-
clear, but there are no potential harms associated with exclusive
breast-feeding until 4 to 6 months of age.
Quality of evidence: Low
Contribution of expert opinion: Significant
The protective role of breast-feeding (compared with formula

feeding) in preventing atopic disease is uncertain, with some
studies reporting favorable outcomes associated with breast-
feeding224,225 and others reporting no effects.226,227 One RCT
showed that early exposure to infant formula instead of breast
milk increased the risk of a wide range of allergic reactions, espe-
cially AD, in neonates with a family history of atopy.228 The ef-
fectiveness of combining exclusive breast-feeding with other
interventions, such as dietary avoidance of potential allergenic
foods by the mother, to prevent atopic disease is also unclear.
In the German Nutritional Intervention Study (GINI), partic-

ipants were randomly assigned to partial or complete cow’s milk
formula, if they were not going to exclusively breast-feed. The
incidence of AD was compared.

d In a subgroup analysis, Schoetzau et al229 found a signifi-
cantly lower risk of AD at 1 year of age in infants who
were exclusively breast-fed, compared with infants who
were not (9.5% vs 14.8%, respectively; p 5 0.015).

d Filipiak et al230 compared breast-feeding, use of hydrolyzed
infant formulas, and delayed introduction of solid foods in
intervention group infants with a separate control group of
infants whose mothers did not receive these recommenda-
tions. They concluded that there was no evidence to support
a protective effect of delayed introduction of solids for AD.

The quality of evidence for whether breast-feeding reduces the
likelihood of AD is low because there is only 1 fair-quality
nonrandomized comparative study addressing this question, and
the evidence from the study is conflicting.
5.3.3. Special diets in infants and young children.

5.3.3.1. Soy infant formula versus cow’s milk infant

formula.

Guideline 38: The EP does not recommend using soy infant for-
mula insteadof cow’smilk infant formula as a strategy for preventing
the development of FA or modifying its clinical course in at-risk in-
fants (‘‘at risk’’ is defined in Guideline 32, section 5.2.1).

Rationale: The literature reports little difference between soy
infant formula and cow’smilk infant formula for the prevention of
FA in at-risk infants.
Balance of benefits and harms: There appears to be neither

long-term harm nor significant benefit in using soy infant formula.
Quality of evidence: Moderate
Contribution of expert opinion: Minimal
Osborn and Sinn231 conducted a review to determine the effect

of feeding adapted soy infant formula compared with humanmilk,
hydrolyzed infant formulas, or cow’s milk infant formula to in-
fants who did not have a clinical FA in the first 6 months of life.
They found 3 studies that compared soy infant formula with
cow’s milk infant formula. They reported no significant differ-
ences in incidence of childhood allergies, infant or childhood
asthma, infant or childhood AD, or infant or childhood allergic
rhinitis.
5.3.3.2. Hydrolyzed infant formulas versus cow’s milk

infant formula or breast-feeding.

Guideline 39: The EP suggests that the use of hydrolyzed in-
fant formulas, as opposed to cow’s milk formula, may be consid-
ered as a strategy for preventing the development of FA in at-risk
infants who are not exclusively breast-fed (‘‘at risk’’ is defined in
Guideline 32, section 5.2.1). Cost and availability of extensively
hydrolyzed infant formulas may be weighed as prohibitive
factors.
Rationale: Only a limited number of studies exist to indicate

that extensively or partially hydrolyzed infant formulas reduce
the development of CMA in at-risk infants.
Balance of benefits and harms: The preventive effects of hy-

drolyzed infant formulas on allergy in infants and children vary
considerably from study to study. Evidence from a small number
of large-population studies shows that feeding hydrolyzed infant
formulas, as compared with cow’s milk infant formula, to at-risk
infants may reduce, albeit to a small extent, allergy in infants and
children and CMA in infants. None of the studies show reduction
in allergy to foods other than cow’smilk.232-235Practical and cost



J ALLERGY CLIN IMMUNOL

VOLUME 126, NUMBER 6

BOYCE ET AL S35
considerations of extensively hydrolyzed infant formulas may
limit their use to infants who are at risk and not being exclusively
breast-fed. There is no evidence to suggest exclusive feeding with
a hydrolyzed infant formula is more likely to prevent atopic
disease than exclusive breast-feeding. The influence of duration
of use on the effect of hydrolyzed infant formula on the develop-
ment of allergy is not known.
Quality of evidence: Moderate
Contribution of expert opinion: Moderate
The documented benefits of nutritional intervention that may

prevent or delay the onset of atopic disease are largely limited to
infants at risk of developing allergy. Current evidence does not
support a major role for maternal dietary restrictions during
pregnancy or lactation. There is evidence that breast-feeding for
at least 4 months, compared with feeding formula made with
intact cow’s milk protein, prevents or delays the occurrence of
AD, CMA, and wheezing in early childhood. In studies of infants
who are at risk of developing atopy and not exclusively breast-fed
for 4 to 6 months, there is modest evidence that the onset of atopic
disease (particularly AD) may be delayed or prevented by the use
of hydrolyzed infant formulas, compared with formula madewith
intact cow’s milk protein. Comparative studies of the various
hydrolyzed formulas also indicate that not all formulas have the
same protective benefit. There is also little evidence that delaying
the timing of the introduction of complementary foods beyond 4
to 6 months of age prevents the occurrence of atopic disease. At
present, there are insufficient data to document a protective effect
of any dietary intervention beyond 4 to 6 months of age for the
development of atopic disease.
Several studies have examined the effect of infant formulas and

breast-feeding on the development of subsequent atopic disease.
For example:

d Osborn and Sinn conducted a Cochrane review comparing
the effect of hydrolyzed infant formulas to cow’s milk in-
fant formula or human milk in preventing FA.232

– Among 4 trials comparing short-term hydrolyzed infant
formula feeding to human milk or cow’s milk infant for-
mula, there were no significant differences in infant or
childhood CMA.

– In a meta-analysis of 7 studies comparing prolonged
feeding with hydrolyzed infant formula or cow’s milk
infant formula in infants at risk, the hydrolyzed infant
formula resulted in a significant decrease in infant aller-
gies (RR 0.79; 95% CI 0.66 to 0.94), but no difference
in the incidence of childhood allergy (2 studies, RR
0.85; 95% CI 0.68 to 1.04). There were no significant
differences in infant or childhood AD or infant or child-
hood asthma, allergic rhinitis, and FA. The review pro-
vides limited evidence that prolonged feeding with
hydrolyzed infant formulas in at-risk infants may reduce
infant allergy and infant CMA when compared with
cow’s milk infant formula.

d A review by Hays and Wood233 included controlled trials to
assess the effect of hydrolyzed infant formulas in prevent-
ing allergies when compared with breast-feeding, cow’s
milk infant formula, or soy infant formula, and the differ-
ence between extensively (eHF) and partially (pHF) hydro-
lyzed infant formulas. The authors included 9 trials on
eHFs (all were casein hydrolysate formulas) and 11 studies
on pHFs (10 whey formulas and 1 casein formula). They
concluded that, for both eHFs and pHFs, ‘‘the data support
a protective effect.but the research falls short of meeting
the American Academy of Pediatrics criteria234 for evi-
dence of allergy prevention.’’

d In the GINI study,235,236 2,252 infants, who were less than 2
weeks old and had a parent or sibling with a history of at-
opy, were randomly assigned to receive 1 of 3 hydrolyzed
infant formulas or cow’s milk infant formula. Children
were followed to 6 years. Children fed with partially hydro-
lyzed whey formula (pHF-W) and extensively hydrolyzed
casein formula (eHF-C) were less likely to have ‘‘any al-
lergy diagnosis from a physician’’ compared with children
fed cow’s milk infant formula (47.1%, 46.1%, and 56%, re-
spectively). However, there was no difference between ex-
tensively hydrolyzed whey infant formula (eHF-W) and
cow’s milk infant formula.

The EP found no information in the literature on the effects of
specialized diets on overall growth and development.
A summary of 5 RCTs that evaluated specialized infant

formulas is provided in Appendix D, Table S-V.
5.3.4. Timing of introduction of allergenic foods to

infants.

Guideline 40: The EP suggests that the introduction of solid
foods should not be delayed beyond 4 to 6 months of age. Poten-
tially allergenic foods may be introduced at this time as well.
Rationale: Insufficient evidence exists for delaying introduc-

tion of solid foods, including potentially allergenic foods, beyond
4 to 6 months of age, even in infants at risk (as defined in Guide-
line 32, section 5.2.1) of developing allergic disease.
Balance of benefits and harms: Restricting exposure to food

antigens during infancy has been hypothesized as a means of pre-
venting development of FA.However, restricting developmentally
appropriate solid food variety beyond age 6months can lead to in-
adequate nutrient intake, growth deficits, and feeding problems.
Quality of evidence: Low
Contribution of expert opinion: Significant
Several guidelines developed by other organizations recom-

mend delaying the introduction of solid foods to infants for 4 or 6
months after birth in an effort to prevent atopic disease.78,237-240

However, no clear consensus exists regarding the risks and bene-
fits of delaying the introduction of solid foods in infants beyond 4
to 6 months after birth.
The EP identified the following 2 studies that evaluated the

effect of breast-feeding in combination with delayed introduction
of solid foods in infants at risk for all allergies.

d Halmerbauer et al241 conducted an RCT on environmental
procedures to reduce house dust mites and an educational
intervention to delay introduction of solid foods. They
found a significantly reduced risk of parent-reported food
intolerance (vomiting, prolonged crying, diarrhea, and
swollen lips after eating) in the intervention group. How-
ever, the study findings should be interpreted with caution
because the study was only of fair quality and the interven-
tion included both breast-feeding and education on delayed
introduction of solid foods.

d Kajosaari242 reported results from a comparative study that
evaluated the effect of exclusive breast-feeding and delayed
introduction of solid foods until 6 months in at-risk infants.
She found a possible protective effect of exclusive breast-
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feeding for 6 months. This study was rated as poor quality
because it was not randomized and no information was pro-
vided on the comparability of the 2 groups.

In a comparative study of more than 900 families by Venter
et al,243 introduction of solid foods after weaning or after 16
weeks increased the likelihood of FA at 1 and 3 years (p 5 0.02
for both ages).
The quality of evidence for when to introduce allergenic solid

foods to infants is low, given that only 2 controlled trials of
relatively low quality address it. No controlled studies have
addressed delayed introduction of solid foods in children who are
not at risk for atopic disease.

5.4. Knowledge gaps
With the lack of large numbers of well-controlled studies in

managing and preventing FA, there are several areas where expert
opinion was important in making either recommendations or
suggestions. These areas, in need of further research, include:

d Food avoidance and the rate of remission of a specific FA
d The possibility of avoiding potentially allergenic foods as a
means of managing AD, asthma, or EoE in patients without
documented or proven FA

d Determination of the timing of follow-up testing for indi-
viduals with FA on the basis of the specific allergenic food

d The safety and efficacy of allergen-specific immunotherapy
as primary treatment for FA in clinical practice settings

d The practice of restricting maternal diet during pregnancy
or lactation as a strategy to prevent the development or clin-
ical course of FA

d The exclusive use of extensively or partially hydrolyzed in-
fant formulas in infants who are not exclusively breast-fed
and are at risk for developing atopic disease
SECTION 6. DIAGNOSIS AND MANAGEMENT OF

FOOD-INDUCED ANAPHYLAXIS AND OTHER

ACUTE ALLERGIC REACTIONS TO FOODS

This section of the Guidelines focuses on the diagnosis and
management of food-induced anaphylaxis that arises through
IgE-mediated immune mechanisms.
Food-induced anaphylaxis is a potentially fatal disorder and,

like other forms of anaphylaxis, is increasing in incidence in
industrialized countries.30,42,244-247 Although food-induced ana-
phylaxis is not always easily recognized, the early recognition of
specific signs and symptoms associated with a reaction, the timing
of the reaction, and the existence of concomitant factors and dis-
ease processes help make the diagnosis. Prompt recognition and
management are essential to ensure a good outcome.12 Anaphy-
laxis is significantly under-recognized andunder-treated.244-246,248

One possible reason for this is the failure to appreciate that anaphy-
laxis can present without obvious cutaneous symptoms, which
happens in 10% to 20% of cases, or without overt shock.
The systematic review of the literature on food-induced

anaphylaxis found a paucity of studies meeting standards for
inclusion in these Guidelines. Thus, the evidence base for the
recognition, diagnosis, and especially the management of food-
induced anaphylaxis is significantly limited. Consequently, the
EP supplied much of this section’s information and provided
literature based on individual citations deemed to be relevant and
their own experience. In addition, much of this information is
gleaned from the available literature related to anaphylaxis in
general and applied specifically to FA.

6.1. Definition of anaphylaxis
Anaphylaxis is defined as a serious allergic reaction that is rapid

in onset andmay cause death.245,249 Typically, IgE-mediated food-
induced anaphylaxis is believed to involve systemic mediator
release from sensitized mast cells and basophils.250 The term
anaphylactoid has been used in the past to indicate adverse reac-
tions that are not IgE mediated and typically are not life-
threatening. This term is imprecise and will not be used in these
Guidelines.

6.2. Diagnosis of acute, life-threatening, food-

induced allergic reactions

Guideline 41: The EP recommends that the health care profes-
sional considering a diagnosis of food-induced anaphylaxis
should understand:

d The signs and symptoms characteristic of anaphylaxis
d The timing of symptoms in association with food ingestion/
exposure

d Comorbid conditions, such as asthma, that may affect treat-
ment and outcome

d The limited utility of laboratory parameters in the acute-
care setting

Rationale: The evidence and expert opinion support prompt
recognition and diagnosis of food-induced anaphylaxis.
Balance of benefits and harms: Prompt recognition and diag-

nosis of food-induced anaphylaxis are essential and necessary to
ensure appropriate health outcomes and to prevent progression to
life-threatening reactions. Potential harm, including the possibil-
ity of death, exists if the diagnosis is delayed or not recognized.
Quality of evidence: Low
Contribution of expert opinion: Significant
The diagnosis of anaphylaxis in general is based on clinical

findings and a detailed description of the acute episode. Food-
induced anaphylaxis also includes the association with known or
suspected food exposure. The contribution of laboratory testing to
the diagnosis of anaphylaxis is minimal, except where it may be
important to diagnose the condition of FA. Themost common food
triggers for anaphylaxis are peanut, tree nuts, milk, egg, fish, and
crustacean shellfish. The incidence is variable depending on age,
regional diets, food preparation, amount of exposure, and timing of
first exposure.153,251 A review of findings from administrative da-
tabases and acute-care settings38,40-42,252-257 shows that association
with a specific food is reported in up to 80% of anaphylaxis cases.
The patient’s medical history is essential in establishing a

diagnosis of food-induced anaphylaxis. A history of prior food-
induced allergic reactions or prior diagnosis of FA (as defined in
section 4) in association with known ingestion of a food protein
aids in making a diagnosis. However, anaphylaxis in association
with first-time food ingestion can occur at any age and is more
common in young children. Studies have shown that 20% of
episodes of anaphylaxis in the school setting occur with exposure
to a food for the first time.258

6.2.1. Diagnostic criteria for anaphylaxis. New diagnostic
criteria for anaphylaxis were published in 200612 to help health
care professionals both recognize the spectrum of signs and
symptoms that constitute anaphylaxis and establish a more
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systematic approach to its diagnosis and management. The fol-
lowing 3 criteria were established, and the presence of any 1 of
these criteria indicates that anaphylaxis is highly likely:

d Acute onset of an illness (over minutes to several hours) in-
volving skin, mucosal tissue, or both (for example, general-
ized hives, pruritus or flushing, swollen lips-tongue-uvula),
and at least 1 of the following:

– Respiratory compromise (for example, dyspnea,
wheeze-bronchospasm, stridor, reduced peak expiratory
flow rate, hypoxemia)

– Reduced blood pressure (BP) or associated symptoms of
end-organ dysfunction (for example, hypotonia (circula-
tory collapse), syncope, incontinence) OR

d Two or more of the following that occur rapidly after expo-
sure to a likely allergen for that patient (minutes to several
hours):

– Involvement of the skin-mucosal tissue (for example,
generalized hives, itch-flush, swollen lips-tongue-uvula)

– Respiratory compromise (for example, dyspnea, wheeze-
bronchospasm, stridor, reduced peak expiratory flow rate,
hypoxemia)

– Reduced BP or associated symptoms of end-organ dys-
function (for example, hypotonia, syncope, incontinence)

– Persistent GI symptoms (for example, crampy abdomi-
nal pain, vomiting) OR

d Reduced BP after exposure to a known allergen for that
patient (minutes to several hours). Reduced BP is
defined:

– In adults, as a systolic BP of less than 90 mm Hg or
greater than 30% decrease from that person’s baseline

– In infants and children, as a low systolic BP (age-spe-
cific) or greater than 30% decrease in systolic BP.
Low systolic BP is defined as:
B Less than 70 mm Hg for ages 1 month to 1 year
B Less than (70 mm Hg plus twice the age) for ages

1 to 10 years
B Less than 90 mm Hg for ages 11 to 17 years
Note: In infants and young children, hypotension may be a late
manifestation of hypovolemic shock. Tachycardia, in the absence
of hypotension, also may indicate shock.259

6.2.2. Signs and symptoms of food-induced anaphy-

laxis. Usually, anaphylaxis involves more than 1 organ system,
which helps distinguish it from other acute reactions such as
asthma exacerbations, respiratory symptoms, urticaria/angioe-
dema, or GI symptoms. The signs and symptoms for anaphylaxis
in general are the same for food-induced anaphy-
laxis12,247,251,260-262 and include:

d Cutaneous symptoms—occur in the majority of patients,
and include flushing, pruritus, urticaria, and angioedema.
However, 10% to 20% of cases have no cutaneous
manifestations.

d Respiratory symptoms—occur in up to 70% of cases, and
include nasal congestion and rhinorrhea, throat pruritus
and laryngeal edema, stridor, choking, wheeze, cough,
and dyspnea.

d GI symptoms—occur in up to 40% of cases, and include
cramping, abdominal pain, nausea, emesis, and diarrhea.

d Cardiovascular symptoms—occur in up to 35% of cases, and
include dizziness, tachycardia, hypotension, and hypotonia.
d Other symptoms—may include anxiety, mental confusion,
lethargy, and seizures.

6.2.3. Time course of food-induced anaphylaxis. Food-
induced anaphylaxis is typically characterized by a defined
exposure to a food allergen that is followed by a rapid onset and
evolution of symptoms over minutes to several hours. Deaths
from food-induced anaphylaxis have been reported within 30
minutes to 2 hours of exposure71,72,263 and usually result from
cardiorespiratory compromise.251 Food-induced anaphylaxis
also can have a milder course and resolve spontaneously,
most likely due to endogenous production of vasoconstrictors
(for example, epinephrine, endothelin, angiotensin II, and
others).261,264,265

The time course of an anaphylactic reaction may be uniphasic,
biphasic, or protracted. Each is defined as follows:

d A uniphasic reaction occurs immediately after exposure
and resolves with or without treatment within the first min-
utes to hours, and then does not recur during that anaphy-
lactic episode.

d A biphasic reaction includes a recurrence of symptoms
that develops after apparent resolution of the initial reac-
tion. Biphasic reactions have been reported to occur in
1% to 20% of anaphylaxis episodes and typically occur
about 8 hours after the first reaction, although recurrences
have been reported up to 72 hours later.72,266,267

d A protracted reaction is any anaphylaxis episode that lasts
for hours or days following the initial reaction.72

Fatalities associated with food-induced anaphylaxis are most
commonly associated with peanut or tree nut ingestion.71,72,263

Such fatalities are associated with delayed use or lack of proper
epinephrine dosing. The highest risk groups for fatal anaphylaxis
associated with food ingestion are:

d Adolescents and young adults
d Individuals with known FA and with a prior history of
anaphylaxis

d Individuals with asthma, especially those with poor control
(although fatal reactions may occur even in individuals
with mild asthma)

6.2.4. Comorbid diseases and factors that increase the

risk of food-induced anaphylaxis. Comorbidities may
affect symptom severity and treatment response in patients with
food-induced anaphylaxis.261,262,264,268

d Asthma is an important risk factor for death fromanaphylaxis,
especially in adolescents and young adults.71,72,263,269,270

d Cardiovascular disease is also an important risk factor for
death from anaphylaxis, especially in middle-aged and
older individuals.270

d Other disorders, such as mastocytosis, chronic lung disease
(chronic obstructive pulmonary disease and recurrent pneu-
monia), and anatomic airway obstruction (for example, air-
way hemangiomas and laryngotracheomalacia), also may
increase the risk of anaphylaxis.

Certain medications also may affect symptom severity and
treatment response in patients with food-induced anaphylaxis, for
example:
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d b-adrenergic antagonists may decrease the response to ep-
inephrine therapy in patients undergoing anaphylaxis.

d Angiotensin-converting enzyme inhibitors and, to a lesser
extent, angiotensin II receptor blockers may interfere with
endogenous compensatory mechanisms, resulting in more
severe or prolonged symptoms.271

d a-adrenergic blockers may decrease the effects of endoge-
nous or exogenous epinephrine at a-adrenergic receptors,
rendering patients less responsive to epinephrine.272

6.2.5. Other diseases associated with acute reactions

to food. Several other FA disorders, both IgE and non-IgE
mediated, described in detail in sections 2, 3, and 4, may have
acute symptoms after food ingestion.
Some disorders share IgE-mediated mechanisms such as

localized urticaria or angioedema, generalized flushing, OAS,
and food-dependent exercise-induced anaphylaxis and may pro-
gress to life-threatening anaphylaxis.
Other non-IgE-mediated disorders such as FPIES and AP may

presentwith acute, repetitiveGI symptoms. In particular, FPIESmay
be confusedwith anaphylaxis because,minutes to hours after foodor
formula ingestion, patients often develop repetitive emesis in
association with pallor, diarrhea, lethargy, and hypotension due to
massive intravascular fluid shifts. Patients with FPIES require
treatment via aggressive fluid resuscitation and possibly corticoste-
roids. These patients typically do not respond to epinephrine, in
contrast to patientswith acute reactions due to IgE-mediated disease.
6.2.6. Value of laboratory testing in the acute setting.

Laboratory testing is of limited value while a patient is experi-
encing an anaphylaxis reaction when immediate treatment is
paramount. However, the diagnosis of food-induced anaphylaxis
may be supported by tests that identify sensitization to the suspect
food allergen. The diagnosis is rarely supported by tests that
document elevated mast cell and basophil mediators, including
plasma histamine and serum or plasma total tryptase.273-277 The
use of these assays to diagnose food-induced anaphylaxis is unre-
alistic86,275,276,278 because (1) histamine is very labile and sam-
ples require special handling prior to processing and (2)
tryptase lacks specificity and is not typically elevated in food-
induced anaphylaxis. However, in a case of suspected anaphy-
laxis, elevated serum tryptase or urinary histamine levels may
confirm the diagnosis of anaphylaxis unrelated to food (or possi-
bly systemic mastocytosis). A negative tryptase finding also does
not rule out food-induced anaphylaxis.
Epicutaneous skin prick testing (section 4.2.2.1) and serum

allergen-specific IgE testing (for example, ImmunoCAP) may
provide information regarding a specific FA (section 4.2.2.4), but
do not yield information about the cause of or risk for anaphy-
laxis. Rather, these tests evaluate allergen sensitization, while
other tests (such as DBPCFC) determine clinical allergy (section
4.2.2.8). Correlation of testing with timing of ingestion and
associated reaction, symptom profile, and response to therapy are
important tomake a definitive diagnosis. Additionally, no tests are
available to predict severity of IgE-mediated reactions.

6.3. Treatment of acute, life-threatening, food-

induced allergic reactions
6.3.1. First-line and adjuvant treatment for food-

induced anaphylaxis.

Guideline 42: The EP recommends that treatment for food-
induced anaphylaxis should focus on the following:
d Prompt and rapid treatment after onset of symptoms (see
Table VI for a summary of treatment in an outpatient or
hospital setting)

d Intramuscular (IM) epinephrine as first-line therapy
d Other treatments, which are adjunctive to epinephrine
dosing

Rationale: Evidence supports the implementation of rapid re-
sponse and treatment for food-induced anaphylaxis and the use of
IM epinephrine as first-line therapy.
Balance of benefits and harms: The benefits of appropriate

treatment for anaphylaxis begin with IM epinephrine injection.
Benefits of epinephrine treatment far outweigh the risks of unnec-
essary dosing. Delays in instituting therapy with epinephrine are
associated with risks of death and morbidity.
Quality of evidence: Moderate
Contribution of expert opinion: Significant
As in all cases of anaphylaxis, whether food induced or not,

prompt assessment and treatment are critical. Failure to respond
promptly can result in rapid decline and death within 30-60
minutes.72,257,263,269,280,281

Epinephrine is the first-line treatment in all cases of anaphy-
laxis. All other drugs have a delayed onset of action. When there
is suboptimal response to the initial dose of epinephrine, or if
symptoms progress, repeat epinephrine dosing remains first-line
therapy over adjunctive treatments.
The cornerstones of initial management should begin with the

following concurrent steps282:

d Elimination of additional allergen exposure
d IM injection of epinephrine
d Call for help (summon a resuscitation team in the hospital
setting, call 911 or an equivalent service in the community
setting), although attempts to summon help should not de-
lay use of epinephrine

These actions should be quickly followed by these additional
steps279,283-285:

d Placement of the patient in a recumbent position (if toler-
ated), with the lower extremities elevated

d Provision of supplemental oxygen
d Administration of intravenous (IV) fluid (volume
resuscitation)

Administer epinephrine as soon as possible once anaphylaxis
is recognized, and transport the patient to the nearest emer-
gency facility. Delayed administration of epinephrine has been
implicated in contributing to fatalities.71,72,86,263 In a study of
13 fatal or near-fatal food-induced anaphylactic reactions in
children, 6 of the 7 children who survived received epinephrine
within 30 minutes of ingesting the food, whereas only 2 of the
6 children who died received epinephrine within the first hour.72

Similar outcomes have been found in a fatal anaphylaxis regis-
try71,263 established through the American Academy of Allergy,
Asthma, and Immunology with the assistance of the Food Allergy
and Anaphylaxis Network. Epinephrine, therefore, should be
available at all times to patients at risk. A recent study in schools
also highlights the fact that children with FA often do not have
ready access to epinephrine at school, thus placing them at
increased risk.286

Pharmacologic treatment of food-induced anaphylaxis is based
on extrapolation from therapies used in cardiac arrest and asthma,



TABLE VI. Summary of the pharmacologic management of anaphylaxis (modified279)

Note: These treatments often occur concomitantly, and are not meant to be sequential, with the exception of epinephrine as first-line

treatment.

In the outpatient setting

d First-line treatment:

– Epinephrine, IM; auto-injector or 1:1,000 solution

B Weight 10 to 25 kg: 0.15 mg epinephrine autoinjector, IM (anterior-lateral thigh)

B Weight >25 kg: 0.3 mg epinephrine autoinjector, IM (anterior-lateral thigh)

B Epinephrine (1:1,000 solution) (IM), 0.01 mg/kg per dose; maximum dose, 0.5 mg per dose (anterior-lateral thigh)

– Epinephrine doses may need to be repeated every 5-15 minutes

d Adjunctive treatment:

– Bronchodilator (b2-agonist): albuterol

B MDI (child: 4-8 puffs; adult: 8 puffs) or

B Nebulized solution (child: 1.5 ml; adult: 3 ml) every 20 minutes or continuously as needed

– H1 antihistamine: diphenhydramine

B 1 to 2 mg/kg per dose

B Maximum dose, 50 mg IV or oral (oral liquid is more readily absorbed than tablets)

B Alternative dosing may be with a less-sedating second generation antihistamine

– Supplemental oxygen therapy

– IV fluids in large volumes if patient presents with orthostasis, hypotension, or incomplete response to IM epinephrine

– Place the patient in recumbent position if tolerated, with the lower extremities elevated

In the hospital-based setting

d First-line treatment:

– Epinephrine IM as above, consider continuous epinephrine infusion for persistent hypotension (ideally with continuous non-invasive monitoring of

blood pressure and heart rate); alternatives are endotracheal or intra-osseous epinephrine

d Adjunctive treatment:

– Bronchodilator (b2-agonist): albuterol

B MDI (child: 4-8 puffs; adult: 8 puffs) or

B Nebulized solution (child: 1.5 ml; adult: 3 ml) every 20 minutes or continuously as needed

– H1 antihistamine: diphenhydramine

B 1 to 2 mg/kg per dose

B Maximum dose, 50 mg IV or oral (oral liquid is more readily absorbed than tablets)

B Alternative dosing may be with a less-sedating second generation antihistamine

– H2 antihistamine: ranitidine

B 1 to 2 mg/kg per dose

B Maximum dose, 75 to 150 mg oral and IV

– Corticosteroids

B Prednisone at 1 mg/kg with a maximum dose of 60 to 80 mg oral or

B Methylprednisolone at 1 mg/kg with a maximum dose of 60 to 80 mg IV

– Vasopressors (other than epinephrine) for refractory hypotension, titrate to effect

– Glucagon for refractory hypotension, titrate to effect

B Child: 20-30 mg/kg

B Adult: 1-5 mg

B Dose may be repeated or followed by infusion of 5-15 mg/min

– Atropine for bradycardia, titrate to effect

– Supplemental oxygen therapy

– IV fluids in large volumes if patients present with orthostasis, hypotension, or incomplete response to IM epinephrine

– Place the patient in recumbent position if tolerated, with the lower extremities elevated

Therapy for the patient at discharge

d First-line treatment:

– Epinephrine auto-injector prescription (2 doses) and instructions

– Education on avoidance of allergen

– Follow-up with primary care physician

– Consider referral to an allergist

d Adjunctive treatment:

– H1 antihistamine: diphenhydramine every 6 hours for 2-3 days; alternative dosing with a non-sedating second generation antihistamine

– H2 antihistamine: ranitidine twice daily for 2-3 days

– Corticosteroid: prednisone daily for 2-3 days

IM, Intramuscular; IV, intravenous; MDI, metered-dose inhaler.
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from uncontrolled human trials of anaphylaxis during insect sting
challenges, and from studies of anaphylaxis in animal models.245

RCTs that meet current standards have not been performed for
any therapeutic interventions during anaphylaxis in humans.
Placebo-controlled trials for epinephrine use have not been per-
formed during anaphylaxis and likely will never be performed
due to ethical considerations regarding a disease that can kill
within minutes and requires prompt intervention.287

The evidence base for the pharmacologic management of an
acute anaphylaxis episode has been extensively studied in 3
Cochrane collaborative reviews.288-290 Although these reviews do
not include any RCTs on epinephrine use in anaphylaxis, they do
highlight that epinephrine has been relatively well-investigated in:

d Observational studies
d RCTs in patients not experiencing anaphylaxis at the time
of administration

d Epidemiologic studies
d Fatality studies
d In vitro studies and studies in animal models

Experts in the field agree that epinephrine is the only first-line
treatment for anaphylaxis. There is no substitute for epinephrine,
thus all other treatments are adjunctive. In the treatment of
anaphylaxis, H1 and H2 antihistamines and corticosteroids are
commonly used, but little or no data exist demonstrating their
functional role or effectiveness.
In summary: The use of antihistamines is the most common

reason reported for not using epinephrine265 and may place a
patient at significantly increased risk for progression toward a
life-threatening reaction.
6.3.1.1. Epinephrine—first-line treatment. Epinephrine is
the drug of choice for anaphylaxis and should be administered as
first-line therapy. The pharmacologic actions of this agent address
the pathophysiologic changes that occur in anaphylaxis better
than any other single drug. Failure to administer epinephrine early
in the course of treatment has been repeatedly implicated in
anaphylaxis fatalities.71,72,244,247,248,263,291 Despite this fact, phy-
sicians often fail to prescribe epinephrine. In addition, the timing
of emergency responses can determine when epinephrine is
injected.40,65,245,265,292

The therapeutic actions of epinephrine, which encompass a
broad range of effects germane to themechanisms of anaphylaxis,
include the following285:

d Increased vasoconstriction, increased peripheral vascular
resistance, and decreased mucosal edema via a1-adrenergic
agonist receptor effects

d Increased inotropy and increased chronotropy via b1-adre-
nergic receptor agonist effects

d Bronchodilation and decreased release of mediators of in-
flammation from mast cells and basophils via b2-adrenergic
receptor agonist effects

Epinephrine has a narrow toxic-therapeutic index (risk-to-
benefit ratio). In therapeutic doses and by any route, epinephrine
frequently causes mild transient adverse effects in individuals of
all ages. These include anxiety, fear, restlessness, headache,
dizziness, palpitations, pallor, and tremor.285 Rarely, epinephrine
may lead to ventricular arrhythmias, angina, myocardial infarc-
tion, pulmonary edema, sudden sharp increase in BP, and intracra-
nial hemorrhage.285 These severe adverse effects are more likely
to occur when epinephrine is given in overdose by any route; for
example, after an intravenous bolus injection or intravenous in-
jection of a 1:1,000 epinephrine solution instead of a 1:10,000 ep-
inephrine solution.
Epinephrine has an onset of action withinminutes but is rapidly

metabolized. Therefore, the effect is often short-lived and
repeated doses may be necessary.265,293,294 If a patient responds
poorly to the initial dose or has ongoing or progressive symptoms
despite initial dosing, repeated dosing may be required after 5 to
15 minutes. Reports of patients receiving epinephrine for food-
induced or nonfood-induced anaphylaxis293,294 note that as high
as 10% to 20% of individuals who receive epinephrine will re-
quire more than 1 dose before recovery of symptoms. In many
of the cases, the subsequent doses of epinephrine were given
more than 15 minutes after the first dose (some more than
1 hour), despite recommendations to repeat dosing as frequently
as every 5 to 15 minutes. The optimal dosing interval for repeated
dosing has not been studied prospectively.
Epinephrine can be delivered through a variety of routes,

including IM, IV, and endotracheal or intraosseous.284

d IM epinephrine is recommended over subcutaneous injec-
tion because it provides a more rapid increase in plasma
and tissue concentrations of epinephrine.12,269,284 The IM
dose should be given in the anterolateral thigh in the vastus
lateralis muscle. The needle used should be of adequate
length to reach the muscle beneath the subcutaneous adi-
pose tissue over the vastus lateralis muscle. IM injection
into the thigh may be impossible in overweight or obese in-
dividuals, especially women who have thicker subcutane-
ous fat tissue.295,296 In the circumstance of inadequate IM
dosing, subcutaneous dosing will provide some benefit
but will be less effective than IM dosing. When an epineph-
rine auto-injector is used, children weighing less than 25 kg
should receive the 0.15 mg dose.297 Children over 25 kg
through adults should receive the 0.3 mg dose auto-
injector. When a 1:1,000 epinephrine solution is used, pa-
tients should receive a dose of 0.01 mg/kg with a maximum
dose of 0.5 mg.

d IV epinephrine (1:10,000 solution) is recommended for
patients who do not respond to an initial (or repeated) IM
injection of epinephrine and fluid resuscitation and may
not be adequately perfusing muscle tissues.261

d Endotracheal or intra-osseous epinephrine can be deliv-
ered if IV access cannot be obtained immediately. The effi-
cacy of this delivery method is based on a single study of a
small number of patients experiencing cardiac arrest.262

6.3.1.2. Adjunctive treatment (pharmacologic and

other). Note: These treatments often occur concomitantly, and
are not meant to be sequential, with the exception of epinephrine
as first-line treatment.

d Bronchodilatormedications. For the treatment of broncho-
spasm not responsive to IM epinephrine, inhaled bronchodi-
lators such as albuterol should be used as needed and should
be considered to be adjunctive therapy to the administration
of epinephrine. Albuterol does not relieve airway edema (for
example, laryngeal edema) and should not be substituted for
IM epinephrine dosing in the treatment of anaphylaxis. In
most emergency care settings, nebulized therapy may be
more practical than metered-dose inhalers (MDIs) (with
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spacers) for patients with respiratory distress, but MDIs also
can be helpful when the respiratory distress is mild or when
nebulized therapy is not available. Moreover, the effective-
ness of albuterol delivery via nebulizer vsMDI (with spacer)
remains uncertain for patients with severe respiratory dis-
tress. Therefore, albuterol administration via nebulizer (if
available) is recommended in this setting.

d H1 antihistamines. In contrast to epinephrine, very limited
scientific evidence supports the use of H1 antihistamines in
the emergency treatment of anaphylaxis.246 H1 antihista-
mines are useful only for relieving itching and urticaria.
They do not relieve stridor, shortness of breath, wheezing,
GI symptoms, or shock. Therefore, they should be consid-
ered adjunctive therapy and should not be substituted for
epinephrine.71,72,254,263,281,288,298

For oral and IV dosing, first-generation H1 antihistamines
such as diphenhydramine 25-50 mg are used. Sedation and
cognitive and psychomotor impairment are recognized side
effects of the first-generation H1 antihistamines, and these
may contribute to decreased awareness of anaphylaxis symp-
toms.288,298 Alternative oral dosing with a less-sedating, sec-
ond-generation H1 antihistamine (such as cetirizine 10 mg)
may be used because it has a relatively rapid onset of action
compared with other second-generation H1 antihistamines
and is available in generic formulations.

d H2 antihistamines. Minimal evidence supports the use of
H2 antihistamines in the emergency treatment of anaphy-
laxis.299 Some health care professionals use these medica-
tions concurrently with H1 antihistamines for relief of
symptoms; however, rigorous studies in anaphylaxis that
support this idea are lacking.

d Corticosteroids. Very little information is available to sup-
port or refute the use of corticosteroids for the treatment of
acute anaphylaxis. However, their empiric use is prevalent
and supported by many health care professionals. Cortico-
steroids are not helpful in the treatment of acute anaphylaxis
due to their slow onset of action (4 to 6 hours). These agents
often are given because of their anti-inflammatory properties
that benefit allergic and inflammatory disease and also be-
cause they may help prevent biphasic or protracted reac-
tions, which occur in up to 20% of individuals.244,267

Treatment should be stopped within 2 to 3 days, since all
biphasic reactions reported to date have occurred within
3 days.267

d Vasopressors. Patients who have persistent hypotension
despite the administration of epinephrine and IV fluids
should receive vasopressor medications titrated to the de-
sired effect of restoring BP. Ideally, continuous non-
invasive monitoring of blood pressure and heart rate should
be performed. Due to the narrow risk-to-benefit ratio of
these medications,300 patients requiring vasopressors
should be transferred to a hospital setting for acute care.
No compelling evidence exists to support one vasopressor
over another in this clinical scenario.

d Glucagon. Treatment of anaphylaxis may be complicated
by concomitant use of b-adrenergic receptor antagonists.
When administered orally, parenterally, or topically (for ex-
ample, eye drops), these antagonists may decrease the
effects of endogenous or exogenous epinephrine at b-adre-
nergic receptors and render patients less responsive to
epinephrine.301 This class of drugs may cause patients to
be resistant to treatment with epinephrine, and they can de-
velop refractory hypotension and bradycardia. Glucagon
should be administered in this setting because it has inotro-
pic and chronotropic effects that are not mediated through b-
receptors.65 A single dose of 1 to 5 mg in adults (in children,
20 to 30 mg/kg, to a maximum of 1 mg) administered intra-
venously over 5 minutes is recommended, which may be re-
peated or followed by an infusion of 5 to 15 mg/minute.262

Rapid administration of glucagon can induce vomiting.
d Atropine. Consider intravenously administered atropine
for patients with bradycardia.

d Supplemental oxygen therapy. Oxygen should be admin-
istered initially to all patients experiencing anaphylaxis, es-
pecially those with evidence of hypoxia or respiratory
distress. Supplemental oxygen helps not only with optimi-
zation of oxygen delivery and organ perfusion, but also
with bronchodilation.260

d IV fluids. Many patients with anaphylaxis require IV
fluids. Massive fluid shifts can occur rapidly in anaphylaxis
due to increased vascular permeability, with transfer of up
to 35% of the intravascular volume into the extravascular
space within minutes.273 Any patient who does not respond
promptly and completely to injected epinephrine should be
assumed to have intravascular volume depletion causing
persistent hypotension despite maximum vasoconstriction.
These patients should receive large-volume fluid resuscita-
tion, with normal saline being the preferred treatment.
Large-volume fluid resuscitation should be initiated imme-
diately in patients who present with orthostasis, hypoten-
sion, or incomplete response to IM epinephrine.260

d Patient positioning.Thepatient should be placed in a recum-
bent position (when tolerated) with the lower extremities el-
evated to maximize perfusion of vital organs. This also helps
prevent empty ventricle syndrome, in which severe hypoten-
sion leads to inadequate cardiac filling and electrical cardiac
activity without a pulse.302 Individuals with respiratory dis-
tress or vomiting may not tolerate a recumbent position.

6.3.2. Treatment of refractory anaphylaxis. No published
prospective studies exist on the optimalmanagement of refractory
anaphylactic shock. Repeated use of epinephrine, as well as IV
fluids, corticosteroids, and vasopressor agents, may be needed.260

Prompt transfer to an acute-care facility and ICU for treatment
and monitoring is essential.
6.3.3. Possible risks of acute therapy for anaphylaxis.

There are no absolute contraindications to epinephrine use in
anaphylaxis.260,276 However, there are subgroups of patients who
might theoretically be at higher risk for adverse effects during ep-
inephrine therapy. Because the risk of death or serious disability
fromanaphylaxis itself usually outweighsother concerns,260,276 ex-
isting evidence clearly favors the benefit of epinephrine administra-
tion inmost situations. Some level of decisionmaking regarding the
risk-to-benefit ratio may be warranted, and especially for patients:

d Who have cardiovascular disease and are reluctant to
receive epinephrine due to fear of adverse cardiac effects.
These patients should be made aware that myocardial
ischemia and dysrhythmias can occur in untreated
anaphylaxis.273
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d Receiving monoamine oxidase inhibitors (which block ep-
inephrine metabolism) or tricyclic antidepressants (which
prolong epinephrine duration of action).

d Receiving stimulant medications (for example, ampheta-
mines or methylphenidate used in the treatment of
attention-deficit-hyperactivity disorder) or abusing cocaine.

d With certain pre-existing conditions, such as recent intra-
cranial surgery, aortic aneurysm, uncontrolled hyperthy-
roidism, or hypertension.

6.3.4. Treatment to prevent biphasic or protracted

food-induced allergic reactions. Very little information
exists that defines the mechanism of biphasic or protracted
allergic reactions. Similarly, little information exists to support
specific therapy to prevent biphasic or protracted food-induced
allergic reactions. In general, induction and recruitment of
inflammatory cells and release of preformed, long-acting medi-
ators from mast cells have been implicated as mechanisms.267

Due to their anti-inflammatory properties, systemic corticoste-
roids are often recommended to prevent biphasic or protracted
food-induced allergic reactions, but little data support their use.
6.3.5. Management of milder, acute food-induced al-

lergic reactions in health care settings. Milder forms of
allergic reactions, such as flushing, urticaria, isolated mild
angioedema, or symptoms of OAS, can be treated with H1 and
H2 antihistamine medications.153,299 When antihistamines alone
are given, ongoing observation and monitoring are warranted to
ensure a lack of progression to more significant symptoms of an-
aphylaxis. If progression or increased severity is noted, epineph-
rine should be administered immediately. Additionally, if there is
a history of a prior severe allergic reaction, epinephrine should be
administered promptly and earlier in the course of treatment (for
example, at the onset of even mild symptoms).

6.4. Management of food-induced anaphylaxis

Guideline 43: The EP recommends that the management of
food-induced anaphylaxis should focus on the following:

d Dosing with IM epinephrine followed by transfer to an
emergency facility for observation and possible further
treatment

d Observation for 4 to 6 hours or longer based on severity of
the reaction

d Education for patient and family on:

– Allergen avoidance
– Early recognition of signs and symptoms of anaphylaxis
– Anaphylaxis emergency action plan implementation
– Appropriate IM epinephrine administration
– Medical identification jewelry or an anaphylaxis wallet
card

d Epinephrine auto-injector prescription and training pro-
vided at the time of discharge

d Continuation of adjunctive treatment after patient
discharge:

– H1 antihistamine: diphenhydramine every 6 hours for 2-
3 days; alternative dosing with a non-sedating second
generation antihistamine

– H2 antihistamine: ranitidine twice daily for 2-3 days
– Corticosteroid: prednisone daily for 2-3 days

d Follow-up appointment with primary health care profes-
sional (after the food-induced anaphylactic reaction), with
consideration for additional follow-up with a clinical spe-
cialist such as an allergist/immunologist

Rationale: Despite the lack of evidence, the EP recommends
close monitoring, scheduled follow-up, and patient education
for effective management following anaphylaxis.
Balance of benefits and harms: The benefits of appropriate

management following food-induced anaphylaxis should serve
to further protect the patient through long-term follow-up care
and education, with the benefit of preventing subsequent events.
The potential harm is minimal if appropriate education is
employed.
Quality of evidence: Low
Contribution of expert opinion: Significant

6.4.1. Observation period. There is no consensus in the
literature regarding the optimal amount of time that a patient who
has been successfully treated for anaphylaxis should be observed
prior to discharge. All patients who receive epinephrine for food-
induced anaphylaxis should proceed to an emergency facility for
observation and possibly additional treatment. A reasonable
length of time for observation of most patients who have
experienced anaphylaxis is 4 to 6 hours, with prolonged obser-
vation times or hospital admission for patients with severe or
refractory symptoms.249,262

6.4.2. Discharge plan following treatment for food-

induced anaphylaxis. All patients who have experienced
anaphylaxis should be sent home with the following:

d Anaphylaxis emergency action plan
d Epinephrine auto-injector (2 doses)
d Plan for monitoring auto-injector expiration dates
d Plan for arranging further evaluation
d Printed information about anaphylaxis and its treatment265

The treating health care professional should consider referral of
the patient to a specialist such as an allergist/immunologist for
further evaluation.
6.4.2.1. Anaphylaxis emergency action plan. Patients
should be given a written anaphylaxis emergency action plan that
contains information about self-injection of epinephrine prior to
discharge261,303 (see sample action plan in Appendix E). Patients
should be instructed on the value of medical identification jewelry
to easily identify themselves as patients with anaphylaxis poten-
tial and their food allergen triggers.
6.4.2.2. Epinephrine auto-injector (or 2-dose prescrip-

tion). All patients experiencing anaphylaxis should be provided
directly with an epinephrine auto-injector or, if this is not
possible, with a prescription (recommended prescription is for 2
doses of epinephrine), and advised to fill it immediately.
Other patients who should be prescribed an epinephrine auto-

injector include:

d Patients with a history of a prior systemic allergic reaction
d Patients with FA and asthma
d Patients with a known FA to peanut, tree nuts, fish, and
crustacean shellfish (ie, allergens known to be associated
with more fatal and near-fatal allergic reactions)

In addition, consideration should be given to prescribing an
epinephrine auto-injector for all patients with FA having
IgE-mediated reactions because it is impossible to predict the
severity of any subsequent reactions with accuracy.
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Instructions in the proper use of epinephrine auto-injectors
should be reviewed verbally with the patient and accompanied by
a DVD (if available) and a written anaphylaxis emergency action
plan. Special care should be taken to explain the importance of
carrying epinephrine at all times and on advising the patient to
make sure that family and friends are aware of the risks of
anaphylaxis, the patient’s triggers, and how to administer epi-
nephrine. Where allowed by state law, students should be advised
to carry their epinephrine auto-injector at school and at all school-
related events and activities and to self-administer when needed.
6.4.2.3. Plan for monitoring auto-injector expiration

dates. Patients and family members should be advised to
regularly check the epinephrine auto-injector expiration dates
(these expire after 1 year) and to ensure that the color of the liquid
within the device remains clear. Ideally, the prescribing physi-
cian’s office should see patients annually or notify patients (or the
family members of patients who are minors) by telephone or mail
that their auto-injector will soon reach its expiration date and that
the prescription should be renewed. Patients are also encouraged
to register for automated pharmacy reminders for epinephrine
renewal. Epinephrine auto-injectors are temperature sensitive and
should be stored at room temperature to prevent degradation of
the medication.
6.4.2.4. Plan for arranging further evaluation. Advice
should be provided to the patient regarding follow-up with his or
her primary health care professional within 1 to 2 weeks after a
food-induced anaphylaxis event. Additional information may be
needed about obtaining a referral to a specialist such as an
allergist/immunologist for testing, diagnosis, and ongoing man-
agement of the allergy. Direct communication between the
treating physician and the primary health care professional is
recommended to ensure that appropriate follow-up is attained.
6.4.2.5. Printed information about anaphylaxis and its

treatment. The emergency doctor, treating physician, or health
care professional should give the patient who has been treated for
anaphylaxis and is subsequently leaving the emergency department
or hospital printed information about anaphylaxis and its treat-
ment.304 The mnemonic ‘‘SAFE’’ has been developed to remind
health care professionals of the 4 basic action steps suggested for
these patients.304 The SAFE (Seek support,Allergen identification
and avoidance, Follow up with specialty care, Epinephrine for
emergencies) counseling is outlined below and has been incorpo-
rated within printable patient information materials.

d Seek support—The health care professional should advise
patients that:

– They have experienced anaphylaxis, which is a life-
threatening condition.

– Symptoms of the current episode may recur up to 3 days
after the initial onset of symptoms.

– They are at risk for repeat episodes of anaphylaxis in the
future.

– At the first sign of recurrence of symptoms, the patient
should give himself/herself epinephrine and then imme-
diately call an ambulance or go to the nearest emergency
facility.

d Allergen identification and avoidance—The health care
professional should:

– Make efforts to identify the patient’s trigger (through
history and with follow-up for further testing) before
the patient is discharged.
– Emphasize the importance of subsequent testing to de-
termine and verify the trigger, so that it can be success-
fully avoided in the future.

d Follow-up with specialty care—The health care profes-
sional should:

– Advise the patient that he or she may benefit from con-
sulting a specialist for an allergy evaluation.

d Epinephrine for emergencies—The health care profes-
sional should:

– Provide the patient with self-injectable epinephrine or a
prescription, and educate the patient about its use prior
to discharge.

– Advise the patient and/or family members to routinely
check the expiration date of the auto-injector.

Other sources of accurate patient information, accessible
through the Internet, include the American Academy of Allergy,
Asthma and Immunology (www.aaaai.org) and the American
College of Allergy, Asthma and Immunology (www.acaai.org).

6.5. Knowledge gaps
Due to a lack of controlled studies in the area of food-induced

anaphylaxis management, significant knowledge gaps exist in
several areas, including:

d The role of a variety of medications (for example, cortico-
steroids, antihistamines, others) in acute management and
prevention of follow-up reactions

d The true incidence of biphasic and protracted reactions
related to food-induced anaphylaxis and appropriate
medical management to prevent or effectively treat these
reactions

d The relative benefits of certain alternative routes of epi-
nephrine administration (for example, sublingual)

d The most effective methods for appropriate education of
patients, families, health care professionals, and others to
most effectively protect patients at risk for anaphylaxis re-
lated to food proteins
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APPENDIX C. UNDERSTANDING ‘‘QUALITY OF THE

BODY OF EVIDENCE’’

Quality is a technical term adopted by guidelines developers to
describe the body of evidence used to develop a recommendation
or guideline. The body of evidence refers to all the papers re-
viewed about a given clinical topic, for example, the prevalence
of food allergies (FAs) or the effectiveness of immunotherapy.
It usually is applied to a group of relevant papers, but in some
cases could be applied to a single paper if that is the only one pub-
lished on that topic. Quality is dependent on both objective fea-
tures of the studies and their conclusions. The quality rating
ultimately reflects the confidence in the literature under review.
Objective features include the study population size, how the

clinical trial was blinded (for example, no blinding, single-blinded,
or double-blinded), and whether the trial was placebo-controlled.
For example, a body of evidence obtained from randomized
controlled trials (RCTs) is rated as high quality, whereas evidence
obtained from observational studies is rated as low quality.
However, if strong conclusions can be made from an observational
study, this can raise the quality from ‘‘Low’’ to a higher grade (see
below for the grading system used in these Guidelines).
Quality also reflects the likelihood that the conclusions of the

study or studies will affect the confidence of the recommendation
being made and whether further research is likely to affect that
confidence.
For these Guidelines, RAND reviewed the available scientific

literature and assessed the quality of the evidence relating to each
key question provided by the Expert Panel and NIAID. Using the
Grading of Recommendations Assessment, Development and
Evaluation (GRADE) approach, RAND provided a grade of high,
moderate, or low as a measure of the quality of evidence,
according to the following criteria:

d 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.

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

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

Assessment of the quality of evidence does not necessarily
question the veracity of the scientific results in the papers re-
viewed, although serious limitations in study quality would re-
sult in a lowering of the quality grade. Similarly, the quality
grade does not necessarily question the accuracy of the methods
used to generate the scientific results. A guideline with a
GRADE rating of ‘‘Low’’ indicates that the objective features
of the relevant clinical studies were low. However, the conclu-
sions of the studies are presumed to be correct (in the absence
of clear bias, lack of appropriate contrails, or methodological
deficiencies) and the data presumed to have been generated
and reported accurately.
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APPENDIX D. SUMMARY TABLES
TABLE S-I. Food allergen cross-reactivity

Ref # Food group Major allergens Sensitization (%)

Clinical

reactivity (%) Comments

305-308 Avian and mammalian

proteins

Milk: cow vs other 20-100 4-92 d High cross-reactivity with goat, sheep,

and buffalo milk

d Low cross-reactivity with mare, donkey,

and camel milk

309-311 Milk vs beef/meat 10-20 d Sensitization to bovine serum albumin

is predictor

d 73-93% of children with beef allergy

reactive to cow’s milk

312 Egg: hen vs other Common - d Cross-reactivity varies among species, but

common

313 Egg vs chicken/meat 22-32 d Bird-egg syndrome—sensitization to

alpha-livetin

33, 314-316 Shellfish Shrimp vs other

crustacea

Crustacea vs molluscsa

Molluscsa vs molluscsa

50-100

47

-

38*

14*

49*

d Tropomyosins are panallergens

that also are responsible for cross-

reactions to crustacea in those with

dust mite and cockroach allergy

33, 317-320 Fish Codfish vs other fish 5-100 30-75 d Gad c 1 (codfish parvalbumin) is

panallergen

61, 321-323 Tree nuts Tree nut vs other

tree nut

92 12-37* d Higher serum IgE correlations between

cashew and pistachio and between pecan

and walnut

321, 322 Tree nuts vs peanut

(legume)

59-86 33-34* d Higher sIgE correlations with

almond and hazelnut

57, 324-327 Legumes Peanut vs soy (other) 19-79 3-5; (28-30)� d Sensitization to lentils and chick

peas may be associated with

increased chance for multiple

legume allergy

328, 329 Cereals Wheat vs other 47-88 21 d Most available data from patients

with atopic dermatitis

*Percentage based on reported clinical reactions and not systematically evaluated by double-blind, placebo-controlled food challenge (DBPCFC).

�Represents DBPCFC data for lupine challenge in peanut-sensitized patients.

TABLE S-II. Peanut allergy prevalence studies

Ref #

Age

(years) Country Prevalence (%) Sensitized (%)

Oral

challenge 1 SPT

330 1-65 US 0.6% (71/12,032) - -

330 1-65 US 0.6% (84/13,493) - -

331 1-85 US - 7.6% (625/8203) -

332 20-45 Australia - - 0.6% (7/1,141)

333 2-14 France 0.7% (20/2,716) - -

334 9-11 France 0.3% (21/6,672) 1.1% (70/6672) -

335 25-74 Germany 2.1% (33/1,537) 11.1% (170/1537) -

336 0-2 Israel 0.06% (6/9,040) - 0.04% (4/9,040)

337 13-21 Sweden 5.9% (86/1,451) - -

338 4 UK - 1.1% (13/1218) 0.5% (6/1,218)

339 3-4 UK 1.0% (13/1,273) 3.3% (41/1246) 1.4% (18/1,246)

340 3 UK - 2.0% (13/642) 1.2% (11/891)

341 6 UK 1.9% (15 of 798) 2.6% (18/700) 0.8% (6/798)

342 11 UK 1.8% (14/775) 3.7% (26/699) 1% (8/775)

342 15 UK 2.5% (19/757) 2.6% (17/649) 0.8% (6/757)

343 4-18 UK UK: 1.9% (73/3,943)

Israel: 0.2% (8/4,657)

- -

SPT, skin prick test.



TABLE S-III. Tree nut allergy prevalence studies

Ref # Age (years) Country Prevalence (%) Sensitized Oral challenge 1 SPT

330 1-65 US 0.5% (64/12,032) - -

330 1-65 US 0.4% (57/13,493) - -

333 2-14 France 0.7% (19/2,716) - -

335 25-74 Germany 8.5% (130/1,537) 17.8% (274/1,537) -

336 0-2 Israel 0.03% (3/9,040) - 0.02% (2/9,040)

337 13-21 Sweden 4.1% (60/1,451) - -

338 4 UK - 0.2% (2/1,218) 0.2% (2/1,218)

340 3 UK - - 0.7% (6/891)

341 6 UK 1.4% (11/798) - 0.4% (3 of 798)

342 11 UK 1.2% (9/775) - -

342 15 UK 2.2% (17/757) - -

SPT, skin prick test.

TABLE S-IV. US studies of the natural history of EoE

Ref # Clinical site

Sample

size

Years of

study

Population

characteristics Sensitization Clinical EoE

77 Cincinnati Children’s

Hospital

89 (57 to data

follow-up)

1997-2004 d Male 79%

d White 94%

d Age at diagnosis:

– Mean 6 years

– Mode 1 year

d 39% to egg

d 39% to peanut

d 34% to soy

d 29% to beans

d 29% to milk

d 29% to pea

d 26% to mustard

d 14% resolved

d 53% resolved with relapse

d 33% persisted

d 77% had mucosal eosinophilia

or non-eosinophilic

histopathology in stomach,

duodenum, and colon

78 Mayo Clinic 71 1992-2003 d Male 65%

d Age at diagnosis:

– Mean 10.5 years

– Mode 12 years

60% of patients had food

allergies; most common

foods:

B Milk

B Peanuts

B Soy beans

d 17 of 26 patients treated

with fluticasone had ‘‘complete

response’’

79 Children’s Hospital

of Philadelphia

562 1996-2006 d Male 75%

d White 90%

d Age at diagnosis:

– Mean 6 years

– Mode 1 to 3 years

d 17% to milk

d 11% to egg

d 10% to wheat

d 8% to soy

d 8% to corn

d 5% to peanut

d 2% resolved

d 6% partial resolution

d 0% progression to eosinophilia

in colon or stomach

EoE, Eosinophilic esophagitis.
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TABLE S-V. RCTs of specialized formulas for infants and young children

Ref #

Study

quality

Experimental intervention

description Control Timing info

Experimental

sample size

Control

sample size Results

235, 236 Good Received one of

these formulas:

d pHF-W

d eHF-W

d eHF-C

Cow’s milk infant formula 6 years d 557 pHF-W

d 559 eHF-W

d 580 eHF-C

556 At 3 years of follow-up, there

was no statistically significant

effect on the incidence of asthma

344 Fair Lactating mothers and infants

on elimination diets for cow’s

milk, egg, and fish, then assigned

to either:

d eHF-W

d CMF

Continued breast milk for >

9 months. Lactating mothers

and infants were on elimination

diets for cow’s milk, egg, and fish

18 months d 32 eHF-W

d 39 CMF

20 No statistical difference in the presence

of atopic disease as judged by positive

SPT response or serum IgE

345 Good Preterm infants were

assigned either eHF, pHF,

or BMF (with extensively

hydrolyzed mixture) for

4-5 months

Infants received a standard infant

formula for 4-5 months

Evaluated 4-5 months after

intervention and again at

12 months

d 20 eHF

d 22 pHF

d 32 BMF

26 No difference in the incidence of allergic

diseases in preterm infants

346 Fair Formula made from chicken meat Soy infant formula 14 days 20 18 66% (12/18) of children who received soy

formula were intolerant, compared with

25% (4/20) of children who received the

chicken-based formula (p 5 0.009)

347 Good Hypoallergenic formula

supplemented with a mixture

of short- and long-

chain oligosaccharides

Hypoallergenic infant formula

without the added supplement

2 years 66 68 The cumulative incidences of atopic

dermatitis, recurrent wheezing, and allergic

urticaria were lower in the treatment group

than the control group (13.6% vs 27.9%,

7.6% vs 20.6%, 1.5% vs 10.3%,

respectively; p < 0.05)

BMF, Fortified breast milk; CMF, cow’s milk formula; eHF, extensively hydrolyzed infant formula; eHF-C, extensively hydrolyzed casein formula; eHF-W, extensively hydrolyzed whey formula; pHF, partially hydrolyzed formula;

pHF-W, partially hydrolyzed whey formula; RCT, randomized clinical trial; SPT, skin prick test.
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APPENDIX E. SAMPLE ANAPHYLAXIS EMERGENCY ACTION PLAN
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APPENDIX F. ADDITIONAL RESOURCES

Allergy & Asthma Network Mothers of Asthmatics
(AANMA)

http://www.aanma.org/

American Academy of Allergy, Asthma & Immunology
(AAAAI)

http://www.aaaai.org/

American College of Allergy, Asthma and Immunology
(ACAAI)

http://www.acaai.org/

Association of Asthma Educators (AAE)
http://www.asthmaeducators.org/

Asthma and Allergy Foundation of America (AAFA)
http://www.aafa.org/

Coalition of Skin Disease
http://www.coalitionofskindiseases.org/

Consortium of Food allergy Research, Food Allergy
Education Program

http://web.emmes.com/study/cofar/EducationProgram.htm

The EuroPrevall Project
www.europrevall.org/

Food Allergy & Anaphylaxis Network (FAAN)
http://www.foodallergy.org/

Food Allergy Initiative (FAI)
http://www.faiusa.org/

Immune Deficiency Foundation (IDF)
http://www.primaryimmune.org/

The Itchy Kids Club
http://www.itchykidsclub.com/

Kids With Food Allergies (KFA)
http://www.kidswithfoodallergies.org/

National Eczema Association (NEA)
http://www.nationaleczema.org/

National Institute of Allergy and Infectious Diseases
(NIAID)

http://www.niaid.nih.gov/
Northwestern University Eczema Care & Education Center
http://www.eczemacarecenter.com/

Rady’s Children’s Hospital Eczema Center
http://www.eczemacenter.org/eczema_center/

Related guidelines of interest

American Gastroenterological Association (AGA) Institute
Medical Position Statement on the Diagnosis and Man-
agement of Celiac Disease

http://www.gastrojournal.org/article/S0016-5085(06)02226-8/
fulltext/

American Gastroenterological Association (AGA) Institute
Technical Review on the Diagnosis and Management of
Celiac Disease

http://www.gastrojournal.org/article/S0016-5085(06)02227-
X/fulltext/

Guidelines for the Diagnosis and Management of Asthma
(EPR-3)

http://www.nhlbi.nih.gov/guidelines/asthma/

Guideline for theDiagnosisandTreatmentofCeliacDisease in
Children: Recommendations of the North American
Society for Pediatric Gastroenterology, Hepatology and
Nutrition

http://www.naspghan.org/user-assets/Documents/pdf/
PositionPapers/celiac_guideline_2004_jpgn.pdf

Eosinophilic Esophagitis in Children and Adults:
A Systematic Review and Consensus Recommendations
for Diagnosis and Treatment: Sponsored by the Ameri-
can Gastroenterological Association (AGA) Institute
and North American Society of Pediatric Gastroenterol-
ogy, Hepatology and Nutrition

http://www.gastrojournal.org/article/PIIS0016508507014746/
fulltext/

World Allergy Organization (WAO) Diagnosis and Ratio-
nale for Action against Cow’s Milk Allergy (DRACMA)
Guidelines

http://journals.lww.com/waojournal/Fulltext/2010/04000/
World_Allergy_Organization__WAO__Diagnosis_and.1.aspx

National Guidelines Clearinghouse
Apublic resource for evidence-based clinical practice guidelines
http://www.guidelines.gov/

http://www.aanma.org/
http://www.aaaai.org/
http://www.acaai.org/
http://www.asthmaeducators.org/
http://www.aafa.org/
http://www.coalitionofskindiseases.org/
http://web.emmes.com/study/cofar/EducationProgram.htm
http://www.europrevall.org/
http://www.foodallergy.org/
http://www.faiusa.org/
http://www.primaryimmune.org/
http://www.itchykidsclub.com/
http://www.kidswithfoodallergies.org/
http://www.nationaleczema.org/
http://www.niaid.nih.gov/
http://www.eczemacarecenter.com/
http://www.eczemacenter.org/eczema_center/
http://www.gastrojournal.org/article/S0016-5085(06)02226-8/fulltext/
http://www.gastrojournal.org/article/S0016-5085(06)02226-8/fulltext/
http://www.gastrojournal.org/article/S0016-5085(06)02227-X/fulltext/
http://www.gastrojournal.org/article/S0016-5085(06)02227-X/fulltext/
http://www.nhlbi.nih.gov/guidelines/asthma/
http://www.naspghan.org/user-assets/Documents/pdf/PositionPapers/celiac_guideline_2004_jpgn.pdf
http://www.naspghan.org/user-assets/Documents/pdf/PositionPapers/celiac_guideline_2004_jpgn.pdf
http://www.gastrojournal.org/article/PIIS0016508507014746/fulltext/
http://www.gastrojournal.org/article/PIIS0016508507014746/fulltext/
http://journals.lww.com/waojournal/Fulltext/2010/04000/World_Allergy_Organization__WAO__Diagnosis_and.1.aspx
http://journals.lww.com/waojournal/Fulltext/2010/04000/World_Allergy_Organization__WAO__Diagnosis_and.1.aspx
http://www.guidelines.gov/
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